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ABSTRACT

Water related issues such as water treatment atrebdiion have become extremely important
all over the world due to population growth, grogriarbanization, health and environmental
pollutions. Contamination of water bodies espegiallAfrica with antibiotic resistant bacteria
strains is a cause for conceBscherichia coliO157 H:7, and various strains of non O1a7

coli and Acinetobacter spp. are known for antibiotic resistance. Both é&aat are

environmental organisms found coexisting togethéh vinigh potentials of exchange of
resistance genes. Despite the stress conditiorfsooting these bacteria in water, food and
the human body, in the form of disinfectants, aatibs, salts and the innate immunity, they
appear to develop adaptive mechanisms that enhaéte survive and cause infection. This
therefore necessitates the need for investigatiogffective virulence factor-targeted control

measures.

Culture of 62 water samples on BrillianEecolicoliform selective medium (BECSM, Oxoid),
Eosin Methylene Blue (EMB) agar, or Baumann's dmment medium (BEM) and Leeds
Acinetobacter Medium (LAM) for the isolation &. coli and Acinetobacterspp. was carried
out. Isolates were investigated for virulence festantibiotic resistance and transformation of
resistance genes. The effect of oxidative stresgtex by 0.3% Crystal violet, 0.3% Bile salt,
4.0% NaCl, and 8% ethanol on some of the multi-dagjstant strains as well as the effect of
stem back extracts @@urtisia dentataon verotoxin production by the verotoxic strainsswa

also investigated.
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Out of the 69 isolates dE. coli (including O26:H11, O55, O111:NM, 0126, 044, 0124,
096:H9, 0103:H2, 0145:NM and O145:H2.) and 41 isslaof Acinetobacterspp. with 26
(53.06%) of theE. coliand 6 (14.63%) of thA. haemolyticussolates producing verotoxins,
and noA. Iwoffii isolate produced the toxins. Twenty five - 25(384, 14(20.30%) and
28(40.58%) of theE. coli isolates were positive for VTx1&2, Vix1l and Vix2spectively,
49(71.015%), were positive for extended-spectruita-tectamases (ESBLS), 7(77.78%) for
serum resistance, 57(82.61%) for cell surface pfobicity, 48(69.57%) for gelatinase
production and 37(53.62%) for haemolysin productM#hile transformation occurred among
the E. coliandAcinetobacteisolates (transformation frequency: 13.3 X'183.4"), there was
poor curing of the plasmid genes, a confirmatiopresence of stable antibiotic resistant genes
(DNA concentration between 42.7-123.8 pg) and igeaetic transfer of multidrug resistant

genes among isolates.

Oxidative stress due to chemicals, salts, alcohdte®ze-thawing (blow temperature stress)
exerted various degrees of lethality Bncoliisolates with some bacterial strains losing their
potential to express virulence factors with timaefle was however, generally insignificant (
test; P<0.05 lethal effect against all th&. haemolyticussolates, but crystal violet exerted the
highest lethal effect on some individual isolateiofived by ethanol, bile salt and NacCl.
Isolates from wastewater demonstrated the higla¢staf resistance compared to isolates from
river water. The cell kill index (CKI) increased smmperature stress (-5; -18; and -28°C)
increased with time. But the rate of loss of expi@s of virulence factors or viability was
slower in isolates from wastewater and abattoir gamad to those from river water. Sixty
percent of theE. coli isolates showed various levels of resistance tterdifit antibiotics
\Y
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(ampicillin (10 pg), cefuroxime, cephalexin, ceftime and tetracycline (30 pg in each case))
(multidrug resistance index (MDRI) values 4.20-84)0 Relative inhibition zone diameters
(R1ZD) of C. dentataextracts againgk. coli serotypes ranged between 8-28% (MIC, 100-2500
pag/ml), while againsA. lwoffiiandA. haemolyiticusthe RIZD values ranged between 10-28%
(MIC, 100-850 pg/ml) and 6-28% (MIC 150-2500 pg/md¥pectivelyHowever, higher MICs
(MIC, 70-2500 mg/ml) were recorded for isolates with high MDRI valuesxtricts
demonstrated inhibitory action against the expogssi both Vix1 and Vitx2 genes & coli,

A. haemolyticusand A. Iwoffii. Saponins, tannins, glycosides, anthraguinonesofioids,
steroids, phenols quinones, anthocyanins, amindscarboxylic acids were present @
dentata.Ethanol root bark extracts consistently showedhilgbest DPPH radical scavenging
activity (62.43%), total phenol content (TPH) (57 % mg GAE/g) and reducing power (RP)
(41.32%), followed by those of the stem bark araf Extracts with the respective values of
54.68%, 37.77 mg GAE/g and 21.83%. The extracts ialduced the leakage of Nand K

ions from both test bacteria.

Detection of virulence factors, antibiotic resistangenes and transformation among these
isolates is a very significant outcome that wilfluence approaches to proactive preventive
and control measures and future investigationsisiRed verotoxicA. haemolyticuscould
further complicate treatment in verotoxic food-b®mr nosocomial infections. Induction of
cationic leakage by extracts Gf dentatas an indication of one of its mechanism of acton
bacterial cells. The plant can therefore be a geodrce of antibiotic substances for
composition as antioxidants or antimicrobials witlbvel mechanism of action for the

treatment of verotoxic bacterial infections.
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1.1.1 ABSTRACT

Water related issues such as water treatment asigibdiion have become extremely
important all over the world due to population gtbwgrowing urbanization, health and
environmental pollutions. The majority of drinkingater sources in Africa are still the
traditional ones including dams, wells, riverseams and ponds which might harbor or are
prone to contamination with water-borne and vebton disease agents that introduce various
toxins most importantly verocytotoxins into the embodies. These toxins are responsible for
various health problems including diarrhea, hemagit colitis (HC), hemolytic uremic
syndrome (HUS) and thrombotic thrombocytopenic ptap(TTP). These conditions often
present difficult chemotherapeutic control measudhge to physiological complexity
development of antimicrobial resistance among tathggens. Poverty, inadequate potable
water supply, unhygienic environments such as slant refugee camps are predisposing
factors abundant in developing countries. Ther¢hésefore the need to investigate water
bodies for the prevalence of these toxin produtiagteria and their antimicrobial resistance
profiles. Medicinal plant sources with potentiafiedcy in controlling these bacteria should
also be investigated with a view to influencingippland chemotherapy direction for effective

control measures.

Key words: Antimicrobial resistance, environmental pollutionEscherichia coli

Acinetobacter haemolyticuslums, poverty.
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1.1.2 INTRODUCTION: BACKGROUND

An increasing number of countries can be consideratér stressed (Hunter, 1997). Of all
environmental questions, those related to wateparkeaps the most far reaching in their long-
term consequences and the most difficult to taflden the scientific and medical point of
view. In many parts of the world there is a widesgl scarcity, gradual destruction and
increasing pollution of fresh water sources, andnynaations face growing problems
associated with guaranteeing an adequate drinkiagmnmsupply. Today in the developing
world, one person in three lacks safe drinking wated sanitation, the basic requirement for
survival, health and dignity and the prospectstiar future do not look any better (Hunedr
al., 2003). At the turn of the millennium there werg@agximately 6.2 billion people alive on
this planet (Hunteet al.,2002). By 2025 this number would have risen toahé 9.1 billion
(Hunter, 1997). In the developing countries, theylation of people in the urban cities alone
stands at 1.9 billion and this figure is expectethtrease to 3.3 billion by 2030 (Huntsral.,
2002). The provision of safe drinking water for #Hiese people will be one of the major
challenges facing humanity. In addition, most @& World’s 6.9 million displaced people and
refugees reside in refugee camps or temporaryeshah developing countries (Houmseu
al., 2010). In these often crowded environments, wipeoxision of sanitation, clean water,
food and health care services are typically inadegjuvhere barriers to vectors and animals
carrying infectious diseases are usually absennsufficient, and where person-to-person
contact is amplified, diarrheal infections are commnand often devastating. In this paper the
dearth in information on the occurrence of verotytm diarrhogenic bacteria in unhygienic
water, food and environments in developing coustaerd the need to step up research in this
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area with a view to developing proactive preventiveasures against widespread outbreaks is

highlighted.

1.1.3 Global diarrheal burden and safe drinking wagr

Safe drinking water or potable water is water tbdtee of injurious chemicals or microbial
contamination (Smith, 1980). Contaminated or petiuvater may contain injurious chemicals
or microbial waterborne pathogens. Waterborne ppthe represent a serious and growing
hazard, and infectious diseases continue to affepulations throughout the world. Other
problems such as aging of water treatment infragiras, and the increasing occurrence or
perhaps, the increasing recognition and detectibrorganisms resistant to conventional
disinfection treatments also increases the indafethese infections. Diarrheal illness thus
remain the sixth leading cause of death worldwrdgsponsible for an estimated 2,219,000
deaths in 1998, representing approximately 4.1%llofleaths, mostly among children under
the age of five (WHO, 1999; WHO, 2002). Diarrhedhass makes an even greater
contribution about 5.3%, to disease burden (WH®@9)9Most of this burden of iliness (Table
1.1) falls on the inhabitants of the underdevelopedeveloping world, where it is responsible
for 8.1% of the disease burden, ranked second tontgspiratory illness (9.1%) (Murray and
Lopez, 1996). Diarrheal illness is often attributéd contaminated water (or food)
consumption although the percentage specificallg do waterborne pathogens is still
unknown. This is because many countries includimg most advanced Organization for
Economic Cooperation and development (OECD) coemitio not have effective surveillance
systems in place to detect waterborne disease @dantal., 2003). Even in those countries
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416  with effective surveillance systems, the systemesrofail to identify the sources of infection.
417  There is therefore still considerable uncertairitpla the proportion of waterborne disease
418  outbreaks detected and the burden of such diseasssociated with sporadic diseases.

419

420  Protection of drinking and recreational waters froomtamination by human or animal waste
421 in sewage, food processing wastes, and storm wateoff is therefore of paramount
422  importance to everyone. Public health concernsidelsafe water (water that does not contain
423  harmful chemicals or microorganisms in concentratidghat could cause illness) and an
424  adequate water supply (one that provides safe watquantities sufficient for drinking and
425 domestic purposes) (WHO, 2002). Water is unsafenfonan consumption when it contains
426  pathogenic, or disease-causing microorganisms. oBatiic microorganisms (and their
427 associated disease(s)) may include bacteria, ssi8alenonella typh{typhoid fever),Vibrio
428 cholerae(cholera),Shigella(dysentery, shigellosis), viruses, such as polis/or Hepatitis A
429 virus and protozoa such aSiardia lamblia (giardiasis) or Cryptosporidium parvum
430  (cryptosporidiosis)Giardia is a protozoan parasite that infects the upperg@odf the small
431 intestine of humans and many other species of masn(@yeleke and Istifanus, 2008). The
432  usual mode of transmission is from person-to-petboough what is termed the “fecal-oral
433 route.”

434

435

436
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Table 1.1. Global burden of diarrheal diseasesildien < 5 years

S/No. Region

Population <5 Snyder &

Episode per child

(millions) Merson, 1982 IOM, 1986

Bern & Glass, Annual cases
1994 (Millions)

1 Africa

2 Asia

89.8 2.2 5

351.0 2.2 3

3 Latin America  62.5 2.2 4

Total

2.5 197-450

2.3 772-1053

3.9 137-250

1106-1753

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

(Hunteret al.,2003)
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The least common mode of transmission is waterbo@rgptosporidiumis a protozoan
parasite, likeGiardia, both humans and animals may serve as sources afoemental
contamination and human infection. In 1993-199¢ptasporidiosis caused Ify. parvumwas
the leading cause of illness associated with comtaied drinking water in the United States
(Yoder and Beach, 2007). Other disease outbrealtsgdinat time were caused Ky lamblig
Salmonella Shigella Campylobacter jejuni and V. cholerae (Environmental Protection

Agency, 1989).

Acute diarrhea, the second biggest killer of clefdunder 5 years old worldwide, is very high
in urban communities where there is lack of sugiiti housing, sanitation and clean water
(UNESCO, 2003; Thapar and Sanderson, 2004). Ofntecencern is the emergence of
verocytotoxin (Shiga toxin) producing bacteria tlmintaminates water and food sources
(Grotiuz et al.,2006). Verocytotoxin or Shiga toxin-producing k&l strains are associated
with a broad spectrum of human illnesses throughtmtvorld, ranging from mild diarrhea to
hemorrhagic colitis (HC), hemolytic uremic syndrom@HUS) and thrombotic
thrombocytopenic purpura (TTP) (Ewing, 1999; Gethal., 2000). Currently, hundreds of
distinct serotypes dE. coliare recognized as Shiga toXtscherichia col(STEC) associated
with human diseases (Savarieb al., 1996).E. coli serotypes such as 0157:H7, O111:H8,
026:H11, 0103:H2, referred to as enterohemorrhagmli (EHEC) and bearing theaegene
and the EHEC plasmid, are more frequently relatedevere human illnesses (Guhal.,
2000; Guth et al.,, 2003; Doughariet al., 2009). Verotoxin producingAcinetobacter
haemolyticus(VAH) is also gaining significance due to increagireports of multi-drug
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497

resistance among various isolates. Unfortunatedgpide the lethal nature of these diarrheal
infections associated with verocytotoxic bactemahoth adults and children, little research is

done in this area in the developing countries.

Domestic and wild animals are reported as sourcés verocytotoxin producing
microorganisms; but cattle, sheep and goat aredenesl as the main reservoirs (Bewdiral.,
1998). Excreta from these animals frequently comate water bodies including drinking and
recreational waters especially in Africa. Foodsamimal origin, especially ground beef,
probably contaminated during the grinding procésse been identified as the main vehicles
for transmission oE.coli O157:H7 and other non-O157 STEC strains to hunf@ameronet

al., 1995; Grotiuzet al., 2006). Foods like raw milk, fruits and vegetablas,well as cross
contamination due to inadequate food manipulatéord person-to-person transmission have
already been associated with human disease (Bemganial., 2007). Infected cattle, via
contaminated meat and dairy products, elevate itketihat these foodborne pathogens will
enter the human food chain (Weés al., 2001). Food deprivation and transportation to the
slaughterhouse stress the cattle’s immune systechsnauce fecal shedding of the bacteria.
Contamination then occurs through interchange cdlfenatter between carcasses. Thus water
sources, used either for drinking, recreationaldomestic purposes can also be affected
(Pederseret al., 2006). Human sewage is also source of fecal cantimon and is known to
contain pathogenic microorganisms. Direct and autirexposure to sewage has been

associated with illnesses from drinking and recoeal water sources (Wade al.,2006).
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1.1.4 The challenges of supply of potable water aritle risk of diarrheal infections

A water supply may come from (i) rain or snow, @urface water (shallow wells, rivers,
ponds, lakes and wastewater), (iii) ground wateepdwells and springs). Generally, surface
water contains more microbes than do either undargt or rain water (Smitbkt al., 2003).
Surface water contains many microbes from the smit in the vicinity of cities is often
contaminated with sewage bacteria. Generally ssui@memicrobes in water are many - soil,
air, decaying bodies and excreta of humans andasirconsequently building up pathogenic
populations (ECDGE, 2001). Water related issue$ aagc water treatment and distribution
have become extremely important all over the wallet to population growth, growing
urbanization, health and environmental pollutiol&inicipal water supplies are purified or
treated to get rid of harmful substances or redbeen to the minimum permissible limit to
make them safe and fit for human consumption alablé for the intended general domestic
uses (IOM, 1986). However, the majority of drinkimgter sources in Africa are still the
traditional ones including dams, wells, riversgeams and ponds which might harbor or are
prone to contamination with water-borne and vebtann disease agents (IOM, 1986; Zvidzai
et al., 2007). In addition to the poor water supply, thesea limited resource for water
treatment and distribution and worst still, inadagusanitation that usually results in the fecal

contamination of surface and ground water.

From the global perspective, waterborne diseasairenone of the major health problems in
the developing world, especially for young child@@NESCO, 2003; Younes and Bartram,
2001; Wrightet al.,2004). It is estimated that 80% of all illnesses lanked to use of water of
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poor microbiological quality (Snyder and Merson,829 The World Health Organization
(WHO) currently estimates that 1.1 billion peoplerldwide lack access to improved water
supplies and 2.4 billion do not have access to grganitation facilities (WHO, 2000). In
Africa, despite the efforts made by some countreggroximately 340 million people are
without access to safe drinking water and only @éntries will reach the water target. The
situation of sanitation is even more worrying a® 38illion people do not have access to
improved sanitation facilities, and only six couedr will achieve the ‘millennium
development goals (MDG)’ target for sanitation (WMQICEF, 2008; Abong’o and Momba,

2009) set by most governments.

Under these circumstances, water supplies can beeowery efficient means of transmitting
enteric infections within and between communiti8gveral estimates have been made of
global pediatric morbidity associated with diarrhéisease. One of the estimates by Bern and
Glass (Bern and Glass, 1994), suggests that théewaoh diarrheal episodes per child per year
ranges from 2.3 in Asia to 3.9 in Africa (Table )1.1The magnitude of the overall disease
burden associated with pediatric diarrhea, estich&bebe between 1106 and 1753 million
cases per year, is staggering, and the proportidhi® disease that is directly or indirectly
associated with poor water quality and inadequaatemwquantity is difficult to determine
(Snyder and Merson, 1982). Furthermore, it has lbeparted that 2/3 of diarrheal outbreaks,
1/2 of hospitalized cases, 1/2 of “dysentery” casesl 4/5 of outpatient cases in the
developing countries remain undiagnosed furtherpmmding the problem (Sherwood and
Gorbach, 2004). A closer examination of data frdtrsfidies of diarrhea incidence in Africa,
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542  Asia and Latin America indicates that the highasease rates are in children 6 to 11 months
543  of age (Hunteet al.,2003). This vulnerable time in a child’s life isYan water and weaning
544 foods are introduced into the child’s diet. At thime levels of maternal antibodies are
545 declining as the child’s immune system begins twdpce its own antibodies. In addition, the
546  child begins to crawl, thus coming into contacthnilusty and dirty floors as well as objects
547 that are frequently introduced into the child’s iouThus, multiple transmission routes of
548 infectious agents aswell as poor sanitary stateefnother, increase the disease burden in the
549 infants (Hunteet al.,2003).

550 Water supply in developing countries is bedevilgdsbveral problems as compared to the
551 developed world:

552 1. There is a wide spectrum of drinking water sesrused in developing countries. Many of
553 these water sources are unprotected, often haveléigls of fecal contamination, and are
554 used with little or no treatment. The microbiolagiquality of these water sources can be
555  quite poor. Fecal or thermo tolerant coliform cartcations in drinking water sources have
556  been reported up to 100,000 per 100 ml (Table B@).WHO guidelines for drinking water
557 quality recommend that no thermo tolerant colifopacteria be detectable in any 100-ml
558 sample(Hunteret al.,2003). Piped water supplies in developing cousitare also vulnerable
559  to contamination due to illegal connections andguee loss.

560 2. In tropical areas, ambient water temperaturesvearmer (typically around 30°C) than
561 waters in temperate climates. Traditional measofewmicrobiological water quality such as
562 total or fecal coliform indicator bacteria may rw¢ appropriate for tropical source waters
563 because of higher ambient temperature and nutoads in the water.
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3. Many households do not have a water tap or puwitipn the house or compound. Water is
collected and transported within a variety of véssd@ransport and storage of water in
contaminated vessels have been shown to be a sofuveater contamination (Roberts, 2001,
Wright et al.,2004; Hoqueet al.,2006).

4. Fecal pathogens are transmitted by multiplee®due to poor sanitation, food hygiene and
personal hygiene. These routes are closely linkeddterborne transmission and make it
difficult to assess the risk of disease associaelly with drinking water. Often both
inadequate water quality and water quantity coatdhto waterborne disease (Hun&tral.,

2003).
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Table 1.2. Reported microbiological quality of datie water sources in developing countries

S/No Country Water source Fecal coliforms per 100 m
1 Gambia Open, hand-dug wells Up to 100,000
2 Nigeria Open, hand-dug wells 200-580

3 Philippines Open dug wells 190°

4 Uganda Hand-dug wells 8-200

5 Tanzania Open wells 343

6 Tanzania Protected wells 7

7 Lesotho Unprotected springs 900

8 Lesotho Protected springs 200

9 Philippines Springs 727

10 Philippines Boreholes 3?

11 Philippines Municipal piped water 3?

12 Philippines Community piped water 18¢

&= Geometric mean fecal coliform concentration @0 ml(Hunteret al., 2003.
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598 Despite innovations of strategies which include phevision of protected sources such as
599  boreholes, standpipes, protected wells and spriaggsackling this problem, the facilities
600 however, are located some distances requiring gategion to homes (Ahmeet al., 1998).
601  During transportation, water gets contaminated watcteria which grow and proliferate
602 during storage in the homes, consequently posingska of infection with water-borne
603  pathogens (Wrighet al.,2004; Hoqueet al.,2006). Many parts of Africa have been associated
604  with high pit latrine coverage (Taulet al, 2008). These latrines often collapse because of
605 poor soils (sand) on which they are dug. Leachifgib latrine contents and flooding of
606 human and animal wastes into drinking or recreatiorater sources during rainy season could
607 be possible sources of contamination (Mathetssl., 1988). Furthermore, recreational waters
608 can also be contaminated considering that finge¥spaone to faecal contamination during
609 toilet use, cross contamination of water bodiesthisrefore very easy thus promoting
610 occurrence of diarrhoeal disease outbreaks. Thenpal of water to harbour microbial
611 pathogens and causing subsequent illness is welundented for both developed and
612 developing countries. Dysentery caused Shygellaspp. (fecal bacteria) for example is a
613  public health problem in many regions of the woddd is very significant in the developing
614  countries (Lucet al., 2002). Several pathotypes Bf coli are also responsible for the rising
615 incidences of infantile diarrhea all over the woddd especially in developing countries
616 (Table 1.3). The problem is becoming complicatedhvthe rapid increase in multidrug
617  resistance among pathogenic microbes, rendering ambibiotics currently used for treatment
618 less or ineffective (Levy, 2005). Monitoring ofede water bodies for pathogenic microbes
619 and antimicrobial resistance is therefore very irtgd.
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620 Table 1.3.Epidemiology ofE. coli pathotypes causing diarrhea in developed and dewejo

621 countries

_ Epidemiology
S/No  E. colipathotype Developed Countries Developing Countrie
1. Diffusely adherent (DAEC) ? Up to 10% of cases in the UK ?
2. Enteroaggregative (EAggEC) Rare - mostly sporadic cases Common - persistent
3. Enterohaemorrhagic (EHEC) Rare epidemics in contaminated fooddiarrhea
4 Enteroinvasive (EIEC) Rare - food borne Rare
5. Enteropathogenic (EPEC)  Very rare Endemic
6. Enterotoxigenic (ETEC) Common Common cause of

persistent diarrhea

Very common

622  (Thapar and Sanderson, 2004)
623
624
625
626
627
628
629
630
631
632

633

16

_—
‘ Cape

Beninsula James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

Inadequate diagnosis of verocytotoxic bacteridimaal, food and environmental samples is a
widespread problem in Africa.E. coli and Acinetobacterinfections have assumed a very
threatening clinical significance especially in id&, due to the deplorable hygienic
conditions, inadequate water supply and over crog/barticularly in rural areas. Increasing
multi-drug resistance, verocytotoxin production adity to withstand harsh and unfavorable
environments and antibiotic selective pressureosphial environments has further heightened
the prowess of the organisms to cause human iofectiReports on African dysentery
outbreaks attributed t8higellaspp.sometimes indicate that specimens were not tested f
verotoxic bacteria or do not describe laboratoryhoés that are suitable for detecting EHEC
(Wittenberg, 1999; Rajet al., 2006). This is unfortunate because the spectriclimcal
illness resulting fronShigellaspp infection overlaps considerably with that Bf coli and

mixed outbreaks have been reported (Wittenbergd)199

1.1.5 Challenges of unhygienic environments

Most developing countries are bedeviled with poad ainhygienic conditions. This is
predicated largely on poverty and ignorance wheedpfe are more concerned and
preoccupied with struggling for survival. In addii most inhabitants live in slums. In such
areas, unhygienic practices such as disposalled fdeptic tanks directly into gutters, throwing
of faeces wrapped in polythene bags directly itt@asns, rivers or the nearby bush or burying
the solid faecal matter in soil, are very commormshurban centers are also characterized by
huge refuse dumps in which faeces, left over amdiyleg foods, animal carcasses and rotting
vegetable parts are left for ages. Such practiodsavironments facilitate the rapid spread of
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670
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672
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674
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676

677

gastrointestinal pathogens amongst the populag@epecially the enteric bacteria. Food and
water bodies easily gets contaminated due to rarffloods thus serving as ready sources of
human infection. Outbreaks of diarrhea and cholexge been reported especially among
school children or refugee camps in various devetpgountries such as Nigeria, Rwanda,
Congo, Zimbabwe, Sudan Afghanistan, Chile and B(#2M, 1986; Thapar and Sanderson,
2004; Field, 2003). Urban populations in developoauntries are characterized by much
higher densities of people, poor housing, inadexganitation and solid waste removal, and
unsafe drinking water, thus more people are fotoeshare the same toilets or spaces in rented
apartments or slums. In such conditions, diarraadlother bacterial infections are much more
easily transmitted. It has been reported that efpbpulation of the developing countries, 1.1
billion people do not have access to safe drinkuager, and 2- 4 billion are without adequate
sanitation (Thapar and Sanderson, 2004). This lieddhe need to investigate drinking and
recreational water, food, water bodies and wasieshie presence of important diarrhogenic

agents including verocytotoxygenic bacteria.

Although occurrence of Shiga toxin producing baaten different animal reservoirs have
been reported (Giraldit al.,1990; Griffin and Tauxe, 1991; Saridakis, 1994tadconcerning

isolation of these microorganisms from drinking aedreational water bodies, especially in
Africa, is limited and in most cases absent. Iniald though there are few reports on multi-
drug resistant EHEC (Table 4), there is non@ometobactespp and reports on research into
antimicrobial resistance (including resistance taditional herbs) amongst verotoxin
producing bacteria is completely lacking. Even veh&higa toxin producinde. coli were
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678  reported, the information was scanty in most regjioh Africa, and totally absent in others.
679 The few studies carried out were also concentratedtool samples, not much research was
680 carried out on water samples. With the prevalencabundance of predisposing factors such
681 as poor hygiene, poverty, inadequate medical cawk @otable water, Africa is highly
682  vulnerable to such and other bacterial infections.

683

684 E. coli, member of the enterobactereaceae family in additio diarrhea and other
685  gastroenteritis, is also associated with urinaagttand ear infections. Other serotypes also
686  produces Shiga toxin and has been implicated amanlyer enteric bacteria in many water
687 and food contaminations. Of recet, haemolyticuoof the Moraxellaceae family has also
688 been reported to produce Shiga toxins and the factds also reported to be a notorious
689  causative agent of multidrug resistant nosoconmédctions (Cergole-Novella et al., 2006;
690 Doughariet al., 2009). There is thus the need to investigate driqland recreational water
691 sources for the occurrence or contamination bsnbess of Enterobactereacg&e coli) and

692 Moraxellaceade.g.A. haemoliticushoth known to be causative agents of gastroeisteniid

693  nosocomial infections, for Shiga-toxin productiomdaother virulence and resistance factors
694 including resistance genes and beta lactamase @szyamd susceptibility of these Shiga-
695 positive isolates to some medicinal plants traddity used in treating diarrhea-related
696 infections. Such study approach will provide infatron such as whether:

697 i). there aréA. haemolyticusndE. coli present in some wastewater samples in South Africa;
698 ii). the A. haemolyticusand E. coli isolates produces extended spectrum betalactamases,
699  verocytotoxins and other virulence factors; iiilnete are multidrug antimicrobial resistant
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strains among thA. haemolyticugndE. coliisolates; iv). low-temperature exerts any stress
on the viability and virulence of th&. haemolyticuendE. coliisolates; v). chemical agents,
ionic salts and phytochemicals have any impact fen wiability and virulence of thé.
haemolyticusand E. coli isolates; and vi). phytochemicals have any effecthe verotoxin
and betalactamase producing-multidrug resista@instrof theA. haemolyticusand E. coli

isolates.

1.1.6 Current status of research on verocytotoxicdxrteria in Africa

Since the first reported case and descriptiorEofcoli O157: H7 in the United States of
America (USA) in 1982, EHEC has become an imporfaridlic health problem worldwide.
Morbidity and mortality associated with O157:H7 ahd threat to public health of infections
with EHEC 0157 and other EHEC in particular, led #ublic Health Laboratories Services
(PHLS) to develop interim guidelines for controlO8C, 1996). Given the magnitude and
severity of recent outbreaks Bf coliO157: H7 infection, there is an urgent need to cedte
human hazard caused by this pathogen (Bajl., 2006). Despite the increasing medical
significance of these agents, only few reported@atks ofE.coli 0157 in Africa have been
documented (Table 1.4), and there is relatively information on the occurrence of

Acinetobacterand other verocytotoxin producing bacteria.
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722  Table 1.4. Status of research on verocytotoxialkagenicE. coliand other bacteria in

723  African countries

S/No Region/Country Type of Sample Method used Authors
Investigated
A South Africa
1 South Africa Stool Sorbitol MacConkey agar (Browninget al.,1990)

(SMAC), pulsed field gel
electrophoresis patterns.

2 Swaziland, South Africa Stool, water Molecular techniques, (Effer et al.,2001)
culture on CT-SMAC agar,
chromogenic

3 Gouteng, South Africa  Stool Rainbow agar 0157 medium, (Galane and Le Roux, 2001)
4 South Africa Water, sewage Immunomagnetic separation (Muller et al.,2003)
(IMS), PCR, Immunoassay
B EastAfrica
1 Kampala, Uganda stool (infants, cattle) Sorbitol MacConkey agar (SMAC)YKaddu-Mulindwet al.,2001
2 Nairobi, Kenya milk PCR (Arimis et al.,2000)
3 Ifaraka, Tanzania stool Sorbitol MacConkey agar (SMAC (Gaswnet al.,2000)
4 Ifaraka, Tanzania beef Sorbitol MacConkey agar (SMAC (Hayghaimoet al.,2001)
C West Africa
1 Lagos, Nigeria stool (children and  Sorbitol MacConkey agar (SMACYAkinyemi et al.,1998)
adults)
2 Lagos, Nigeria stool Sorbitol MacConkey agar (SMAC)YOgunsanyat al.,1994)
colony blot hybridization
3 Lagos, Nigeria Stool (children and  Sorbitol MacConkey agar (SMAC)Okekeet al.,2000)
adults)
4 South Western Nigeria  stool cytotoxicity in verocells, PCR (Olorunsholeet al.,2000)
5 Lagos, Nigeria Stool (cattle) Sorbitol MacConkey agar (SMAC (Eduardcet al, 2000)
6 Cote d'lvoire Stool (children and a PCR (Dadieet al.,2000)
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7 Gabon Stool (children and a Sorbitol MacConkey agar (SMAC (Presterkt al.,2003)
PCR
Sorbitol MacConkey agar (SMAC)

D Central Africa
1 Zémio, DRC Congo Stool (bloody diarrhe Sorbitol MacConkey agar (SMAC)Germaniiet al.,1997)
2 Cameroun Stool (bloody diarrhe Sorbitol MacConkey agar (SMAC)( Germaniiet al.,1998)
E North Africa
1 Middle Egypt Stool Sorbitol MacConkey agar (SMAC)YAbdul-Raoufet al.,1996)

724  *only study with antimicrobial susceptibility tesg of verocytotoxic bacteria including

725  Enterohaemorrhagi€. coliand MDRS. dysenteriag/pe 1 ands. boydii

726

727

728

729

730

731

732

733

734

735

736

737

738

739
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1.1.7 Significance of investigating food and watdpor verocytotoxic diarrhogenic bacteria

in developing countries

Research on water contamination by bacteria produgrotein toxins and their antimicrobial
resistance profiles is of considerable interestdeveral reasons. A number of the protein
toxins are produced by bacteria and are responsiblesevere diseases caused by these
organisms (Sandvig and van Deurs, 1994). Thisoisinstance, the case for diphtheria toxin
(although vaccination of the population has helged control this disease), and for
pseudomonas toxin, tetanus toxin, botulinum toamg Shiga toxin. Verocytotoxins or Shiga
toxins are not only produced I8; dysenteriaayhich is the infective agent in dysenteries, but
also produced b¥. coli and some species @fcinetobacter,giving rise to infections and
diseases resulting into serious health problemseireral countries (Sandvig and van Deurs,
1994). Knowledge about the toxins and their actinrcells is important for the understanding
of these diseases. Furthermore, protein toxins fangebeen used to construct immunotoxins
and other toxin conjugates in attempts to find nedfigient drugs in the therapy of cancer and
other diseases (Olsnet al., 1989). Also, toxins are very attractive tools irodarn cell
biology, for instance, with respect to the studypobdtein translocation across membranes,
protein internalization by endocytosis, sortingngdhe endocytic pathway, and exocytosis.
Monitoring organisms for toxins and virulence fastovill give more understanding of their
physiology for possible development of more effexttontrol measures by research, medical,

academic and public health institutions.
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Monitoring resistance of emerging and reemergingrenmental pathogens is important to
detect emerging resistance that may pose a cofmehuman and animal health and to guide
in prescribing decisions. An understanding of th@aoular basis of resistance and virulence
amongst the Enterobactereaceam®d Moraxellaceaewill be created, consequently more
versatile control measures will be developed. Miofermation on bacterial isolates from
water with potential for Shiga toxin production athm@ir antimicrobial resistance profile will
also be provided for documentation and policy fdahan. There are reports of increasing
multi drug resistance of Shiga toxin producing baet against antimicrobial agents (Armand
et al., 2006; Cergole-Novellat al., 2006). It is also reported that because antimiaislmay
cause the lyses of bacterial cell walls, with theration of Shiga toxins, and/or the increased
expression of the toxin genasvivo, they are not recommended for treating STEC irdast
(Cergole-Novellaet al., 2006). According to Abong’o, and Momba (Abong’odaklomba,
2009), one of the major problems that accompanygoli O157:H7 infection is the danger of
treating such patients with antibiotics. This isd@se treatment &. coli O157:H7 infections
with antibiotics may result in the release of Shigens into the blood stream of the infected
individuals. It is believed that the release ofsueoxins affects the kidneys resulting in a
condition described as hemolytic uremic syndromieis Toresents a great challenge in the
treatment approach to be adopted against thesegmth. Africa is richly endowed with
medicinal plants, therefore it is important to istigate the potential of these plants in
controlling specific verocytotoxin and other toxpnoducing bacterial pathogens with a view

to discover novel mechanisms of action against tfeeraffective control.
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1.1.8 CONCLUSION AND RECOMMENDATIONS

First estimates of the global burden of childhooattadity and morbidity became available in
the early 1980s. Diarrhoeal illnesses accountedhalbmut 4- 6 million deaths from around 1
billion episodes of diarrhoea every year in childigunger than 5 years. The burden of
diarrhoeal illness sits firmly in the developing ndy both for morbidity (6—7 episodes per
child per year compared with 1 or 2 in the devetbp@rld) and mortality. Malnutrition and
the wholly inadequate provision of safe water, tsdion, and hygiene highlight the stark
inequalities that exist within our world. A quarter children in developing countries are still
malnourished, and a reasonable population do ne¢ la@cess to safe drinking water and
adequate sanitation (1- 1 billion and 2- 4 billrespectively). Furthermore, urbanization in
developing countries has resulted in people miggatiom the rural to urban centers with its
attendant consequences. Urbanization, a procesgedelo economic and political factors, has
a direct bearing on the health of urban dwellersciwtare already confronted with serious
problems such as high population densities witlhlég@ate housing, poor or absent sanitation
and water supply, weak health infrastructure, d#iggaand unhealthy environment with litters
around houses. These are well known conditionsfévaur disease transmission (Houmsbu
al.,, 2010). Water contamination with bacterial agentsd atheir toxins (especially
verocytotoxins) undoubtedly accounts for thesenailag health problems, especially infant
diarrhea. Until improved hygiene and effective cohtmeasures are adopted, the goals
(MDGs) for sound health by most African governmenii§ continue to remain a challenge. In
addition to improved hygiene and provision of cleaotable water (Rajet al., 2006),
deliberate and vigorous research efforts by reseiastitutions into verocytotoxin producing
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bacteria, and their antimicrobial resistance pesfias well as search for effective control
agents from the abundant plant resources is ontheofimportant measures to tackle the
problem. Important public health measures suchdasating the public on the dangers of
eating undercooked meat, and drinking unboiledntreated water, and increasing awareness
among clinicians about infections with. haemolyticusand otherE. coli pathotypes and
mandating case reporting will go a long way in collihg infections associated with these

bacteria in Africa.
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2.1.1 ABSTRACT

Shiga toxins (Stxs) also called Verocytotoxins @jtand Shiga-like toxins (SLTs), are
bacterial toxins produced by some members of theerBbacteriaceaparticulary Shigella
dysenteriaeand Escherichia coliO157:H7 as well a®#cinetobacterspp (Moraxellaceae),
Enterobacter cloacaand Aeromonas hymophilughe toxin is made of two moieties, the B-
moiety that is responsible for its binding to cslirface receptors, and the A-moiety which
enters the cytosol and inhibits protein synthesisymatically. Their pathological effect in
humans is mainly as a result of inhibition of clltuprotein synthesis. Shiga toxins are
haboured mainly by ruminants principally, cattlensd| as sheep, buffaloes, pigs, goats, dogs,
cats and pigeons. The two major groups of the t{&irl and Stx2 are associated with mild or
bloody diarrhea to hemorrhagic colitis (HC), hentiglyuremic syndrome (HUS) and
thrombotic thrombocytopenic purpura (TTP) and alsosocomial infections in humans.
Predisposing factors to infection with Shiga toxpnoducing bacteria include old age,
immunosupression, malnutrition, under developed umity in neonates, poor hygiene, lack of
potable water and excreta contamination of exidfiaditional water sources. Transmission is
through consumption of contaminated food and waterson-to-person and animal contact.
High rate of antibiotic resistance amongst Stxddpoing bacteria is causing concern all over
the world, therefore improved personal and foodidryg and the provision of potable drinking

water appears to be the best preventative meaganesathe infection.

Key Words: Antibiotic resistance, diarrhea, Enterobacteriachbraxellaceae, nosocomial
infection, ruminants, Shiga toxin, transmission.
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2.1.2 INTRODUCTION

Shiga toxins (Stx) or Verocytotoxins (Vtxs) are guoed by some strains BScherichia coli

of the Enterobacteriacedamily or ‘coliform group. The genuEkscherichiais a group of
bacteria found as commensal flora inhabiting thieojuhumans and animals. The bacteria are
acquired by ingestion during the first few dayseafbirth. E. coli, the medically important
species of the genus, are motile Gram-negativdlibaaih or without capsules. They grow
over a wide range of temperatures (15-45°C) and aole to survive under adverse
environmental conditions for extended periods ofeti thus creating many opportunities for
exposure and infection (Camerenal.,1995; Guthet al.,2002). Most strains of the bacteria
are indole positive, and ferments lactose with gheduction of acids and gas. They can be
readily cultivated under laboratory conditions atifigial media. Their colonial morphology
vary from smooth colourless (on non-selective mettigoinkish or red (on MacConkey agar)
with or without hemolysis on blood agar and colsslesorbitol-negative colonies on sorbitol

MacConkey agar (Konemaat al.,1997).

E. coli are widespread intestinal parasites of mammalshami$ and are present wherever
there is faecal contamination. Certain strains, éve@w, are pathogens in humans and animals
and cause opportunistic infections (Greenwebdl.,1992). Three general clinical syndromes
associated with infection from pathogeriic coli strains include: urinary tract infection;
sepsis/meningitis; and enteric/diarrhoeal diseddatafo and Kaper, 1998). Though the
organisms are known to cause enteric infectionsdaaudhea (gastroenteritis), it wasn’'t more
than two decades ago that some strains were igehtd produce the toxins: Shiga toxins or
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verocytotoxins. These toxins are responsible ftirdlebloody diarrhea (haemolytic colitis and
haemolytic uremic syndrome) in humans (Karnedlal., 1983; Karchet al., 1999). Recently
however, Salmonella enterica(Enterobacteriaceae)Acinetobacter haemolyticusind A.
baumanni,Aeromonas hydrophila, A. cavia, Citrobacter freunaind Enterobacter cloacae
has also been associated with bloody diarrhea Stgh toxin production (Paton and Paton,
2000; Pedersemrt al., 2006). A. haemolyticusand A. baumanniare aerobic, non motile,
catalase positive and oxidase negative Gram-negativccobacilli that belong to the

Moraxellacead¢amily (Lambertet al.,1993; Bergogne-berezin and Towner, 1996).

Shiga toxin producinde. coli (STEC) was first recognized as a human pathogei®82, in
the USA, during two outbreaks of hemorrhagic celiHC) caused by some strains of the
serotype O157:H7 (CDC, 1982; Riley al., 1983; Wellset al., 1983; Karchet al., 1999). In
1983, the association d. coli O157:H7 and several other STEC serotypes with sipora
cases of classical haemorrhagic uremic syndromeS{HAhs first described (Karmadt al.,
1983) and subsequently confirmed in a prospectivdys(Karmaliet al., 1985). Since then,
epidemiological studies from different parts of therld established STEC as the major cause
of bloody diarrhea and HUS in temperate climatad, ancomplicated watery diarrhea in some
geographic areas (Huppesdtal.,1996; Karchet al.,1997; Piekrarekt al.,1997; Caprioli and
Tozzi, 1998; Griffin, 1998; Smitbkt al.,1998; Spika, 1998). STECs are rated today aobne
the most important human pathogens in the develapedtries (Reilly, 1998; WHO, 1999;
Kaddu-Mulindwaet al., 2001). Research on STEC and associated infectioneveloping
countries however, is at low ebb despite the risocages of infantile diarrhea. The
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understanding of these toxins, their mode of actmadisposing factors, health implications

and control measures will be of importance to cuitsathreat, particularly in Africa.

2.1.3 Diarrhoeagenic strains oE. coli

E. coli associated with diarrhoeal disease are collectixefigrred to as enteroviruleBt col..
The E. coli strain 0157 also known as the ‘hamburger bug’ & mecognized as the strain
with the propensity to cause several gastrointaktiisease outbreaks (Henderseinal.,
2000). Seven groups have been defined based oousavirulence factors including toxin
production and adhesion (Table 2.1.1; Nataro angeKal998). The enteroaggregative
(EAgQQEC), enteroinvasive (EIEC), enteropathogeit®HEC) and enterotoxigenic (ETEC)
strains are common in developing countries, witliEETand EAggEC being the cause of most
cases of the dreaded travelers’ diarrhea (Laws@42 VTECs or STECs are directly
responsible for the hemorrhagic colitis (HC) or logytic-uremic syndrome (HUS) developed
by some patients following infection with the bace(Cantarelliet al., 2000). Subsets of
STEC that are able to cause attaching and effgéirfig) lesions similar to EPEC organisms
are termed enterohemorrhadic coli (EHEC, or typical EHEC) (Cantarelkt al., 2000).
EHEC is rare in the developing countries, but is ohthe emerging infectious diseases in the
developed countries associated with bloody diarrfieavson, 2004). Even though STEC
serotype O157:H7 is the organisms most often irafdit in large outbreaks, other serotypes
including; O111:H8; 0O26:H11; and O103:H2, have beeported to cause a considerable

number of cases of HUS in many countries (Natard lkaper, 1998; Hyatet al., 2001,
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1178  Safarikova and Safarik, 2001; Guthal.,2003). There is need to investigate the presence of
1179  these serotypes and possibly newer ones that toggimvolved in causing diarrhea in Africa.
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
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1200 Table 2.1.1. Diarrhoeagenic strainggsichecrichia coli

E. coli Strain Clinical symptoms Mechanism

Enteropathogeni(EPEC) Watery diarrhea Pili, type 11l secretion

Enterohemorrhagic (EHEC Bloody diarrhea, HUS Shiga-like toxin

Enteroinvasive (EIEC) Dysentry Cellular invasion and cell-cell spread
Enterotoxigenic (ETEC) Watery diarrhea Colonization factors, heat-labile/-stable toxin
Enteroaggregative (EaggEC) Watery diarrhea, persistent diseaseFimbriae, heat-stable toxins

Diffusely adherent (DAEC) Watery diarrhea, Toxins?

Verocytotoxin producing (VTEC) persistent disease

Verocytotoxins (or Shiga toxins)  Bloody diarrhea

1201  HUS — haemolytic uremic syndrome (Source; Hendees@h, 2000)
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214

1215
44
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1216

1217

1218

1219

1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

2.1.4 Structure and nomenclature of members of Shégtoxin (verocytotoxin) family

Shiga toxins (Stxs) or Verocytotoxins (Vixs) or &dniLike toxins (SLT) are a family of
structurally and functionally related exotoxins gwoed by enteric pathogens (Caldenvetd
al., 1996; Pikrardet al., 1997). The discovery dE. coli O157: H7 in 1982 as producer of
Shiga toxin and causative agent of hemorrhagitisgfiC) and HUS made it to be considered
as an emerging pathogen (Dundas, 1999; Sclahat., 1999; O’Brienet al., 2001; Khanet
al., 2003). SLTs are produced [8higella dysenteria¢Enterobacteriaceaeerotype 1, the
infectious agent associated with epidemic outbreakbacillary dysentery (Pikrarét al.,

1997; Caprioliet al.,2005).

Stx belongs to a defined protein subfamily, the RNHlycosidases that can be classified into
two antigenic groups: Shiga toxin 1 (Stx 1) or wsttotoxin 1 (Vtx 1), and Shiga toxin 2
(Stx2) or verocytotoxin 2 (Vitx 2). Stx1 is a ratlemologous group with three variants (stx1,
stxlc, and stx1ld). The Stx2 group is more hetereges and comprises several subtypes
(Stx2, Stx2c, Stx2d, Stx2e, Stx2f, Stx2g, and attible Stx2d) (Table 2.1.2; Caldenvoet

al., 1996; Pikrarcet al.,1997; Collaway, 2004; Capriaodit al.,2005; Grotiuzet al.,2006; Vu-
Khac and Cornick, 2008). All the Stxs including $bkosecreted b$. dysenteria¢Shiga-like
toxin 1) and Stx1 secreted k. coli are identical but differ only in one amino acid
(Binnington et al., 2002; Leunget al., 2003). Exposure to antibiotics and other chemical
agents might induce mutation in the existing stai@ontinued research is required for

monitoring of novel genetic strains that might negwa different approach to control measures.
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Table 2.1.2. Nomenclature of membersho§&toxin (verocytotoxin) family

Previous nomenclature

Proposed new nomenclature

Gene

Protein

Shiga toxin (Stx ) or Verocytotoxin (Vtx) stxor vtx
Shiga toxin (Stx),Verotoxin 1 (VT1) or Shiga-likexin | (SLT-1) stxlorvtx1l
ST2,VT2 or SLT-II stx2or vitx2
ST2c, VT2c or SLT-llc stx2cor vtx2c
ST2e, VT2e or SLT-lle stx2eor vtx2e

Stx or Vitx
Stx1 or Vixl
Stx2 or Vix2
Stx2c or Vix2c
Stx2e or Vix2e

1239

1240

1241

1242

1243

1244

1245

1246

1247

1248

1249

1250

1251

1252

1253

1254

(Source; Paton and Paton, 1998)
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2.1.5 Evolution of terms: STEC EHEC and VTEC

Shiga toxin (Stx) was first named after Kioshi $h{&higa, 1898) who initially described the
toxin as the agent of epidemic bacterial dysentbryl972, it was reported that Stx alone
caused fluid accumulation and enteritis in ligatatbit intestinal segments, the discovery
which later lead to the purification of the toxikeuschet al.,1972; Olsnes and Eiklid, 1980;
Khan et al.,2003). Ten years after discovery, O'Brienal. (1983) established that certain
strains ofE. coli produce a cytotoxin that can be neutralized by 8ttj an observation that
explains the original Shiga-like toxin nomenclaturbeE. colistrains that produce the Shiga-
like toxin (SLT) were named as Shiga toxin prodgdin coli (STEC) showing that one of the
cytotoxins produced by these organisms is essbniilgntical at the genetic and protein levels
to the Stx produced by. dysenteriaé. Furthermore, Konowalchudt al. (1977) reported that
certain diarrhoeagenie. coli strains produce a cytotoxin that can kill the adtliVero cells
(of the green monkey kidney) vitro, hence the name verocytotoxin (Vtx). Tlecoli strains
that produced this type of toxin became known astegigenicE. colior verotoxin producing
E. coli (VTEC) (Chapman, 1995). It was subsequently shdve $higa-like toxin and Vero
cytotoxin was the same toxin producedbhycoli O157: H7 strains. Thus, in 1983 the paths of
researches on Stxs and Vtxs merged. Further rdsearaveled that sonie. coli strains are
capable of producing gastrointestinal lesions agrach are referred to as enterohaemorrhagic
E. coli (EHEC). Thus, EHEC denotes a subset of STEC whieltansidered to be pathogens,
whereas, not all STEC strains are believed to Iieoganic (Griffin and Tauxe, 1991; Nataro
et al., 1998; Khanet al.,2003). Though Stxs, Vixs and SLT were consideredetdhe same
toxin, it was later realized that EHEC could proglmeore than one antigenically distinct Stxs.
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Thus, a new nomenclature was adopted; Shiga toXfBT1) or Verocytotoxin 1 (VT1) and
Shiga toxin 2 (ST2) or Verocytotoxin 2 (VT2). STaequivalent to VT1 and SLT-1; and ST2
is synonymous with VT2 and SLT-Il. SLT-I is iderdicto ShT, and is not neutralized by
antibody to SLT-1l. STEC has also been classifiaddal on the host sources; STEC from the
animals as ST1(a), VT1(a) or SLT-I(a) and ST2 {&)2(a), or SLT-ll(a) and those from
human sources as ST1(h),vT1(h), or SLT-I(h) and (B 2/T2(h), or SLT-lI(h) (Fig. 2.1.1;

Agbodaze, 1999).
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1299

1300
1301
1302 STEC/VTEC
1303
EHEC
1304 / \
1305
| ST1/VT1 (SLT-I) ST2/VT2 (SLT-1I)
1306 h )
uman \ animal \ animal
human
1307 ST1/VT1 (h) STII/VTII (a)
or ST1/VT1 (a) ST2/VT2 (h) or
1308 SLT1 (h) or or SLT-II (a)
SLT1 (a) SLT-II (h)
1309 l
ST2/VT2 vp (VTe
1310 ST2/ VT2 (vh) / or P (vTe)
or SLT-1l (vp)
1311 SLT-11 v(h)

1312 Fig. 2.1.1. Classification of Shiga toxin productagcherichia col(STEC) according to host source
1313
1314
1315
1316
1317
1318
1319
1320
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2.1.6 Structure of Shiga toxins (verocytotoxins)

Structurally, all verotoxins have, in principle thds toxin structure (including Cholera and
Pertusis toxins: Fig. 2.1.2 A and B; Caprieli al., 2005). One of the moiety of the toxin
molecule (the B-moiety) is responsible for binditagcell surface receptors, and the other
moiety (the A-moiety) for inhibition of protein siresis (Figure 2A; Chapman, 1995; Caprioli
et al., 2005; Schmitt and Schaffrath, 2005). Cleavage ef Ahmoiety is achieved via the
disulfide bond resulting into 2 fragments;(And A) that are linked by a disulfide bond that

are responsible for the cytotoxic effect of theinajFig. 2.1.2B).
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||
Fig. 2.1.2. Schematic (A) and crystallographic $Blucture of Shiga toxin. As indicated the A fragrmnef the
toxin is cleaved into the Aand A fragments (held together by disulphide bonds SaBd, the A fragment

can then inactivate ribosomes. The five small Byrftants are responsible for binding to;G{Source;

Schmitt, and Schaffrath, 2005).
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2.1.7 Epidemiology and pathogenesis of Shiga toxi{serocytotoxins)

Shiga toxin-producing bacteria are ubiquitous nmocganisms known to cause infection of
varying severity in humans and animals (WHO, 19068tlaway, 2004). It is now recognized
that there is a very broad spectrum of human desaasociated with Stx-producing organisms.
Stxs are not only causal agents of diarrhea in Imgnmasome geographical areas, but are also
significant agents in at least two other life theg@ng infections, hameolytic colitis (HC) and
haemolytic uremic syndrome (HUS) (Parry and Salnt®98; Agbodaze, 1999; Pulz and
Matussek, 2003). The infections are, thereforepllip health problem of serious concern.
HC, also referred to as ischemic colitis', is &idgs clinical syndrome that presents typically
with abdominal cramps and watery diarrhoea, folldvey a grossly haemorrhagic discharge
resembling lower gastrointestinal bleeding. Thisacsompanied by little or only low grade
fever with no inflammatory exudates in the stooheTlack of fever and the absence of
inflammatory exudates in the stool differentiatés tiiness from the dysentery described in
shigellosis, campylobacter enteritis, or invaskvecoli gastroenteritis. HUS, which was first
described as a distinct clinical entity by Gassteal (1955), is defined by a triad of features:
acute renal failure in childhood; thrombotic thrayoltopenia purpura (TTP); and
microangiopathic haemolytic anemia (MAHA) or Mosuhiz's disease. The last condition is
a disease characterized by thrombocytopenia, hgtimchnaemia, bizarre neurological
manifestations, azotemia (uremia), fever, and tlmsis of the terminal arterioles and the

other capillaries (Agbodaze, 1999; Collaway, 206tiuzet al.,2006).

Pathogenesis of Shiga toxins is a multistep proeegslving a complex interaction between
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a range of bacterial and host factors. After argestion of the bacteria through contaminated
food or water, the none-invasive bacteria adhertheantestinal epithelial cells of the distal
small bowel and colon (Collaway, 2004). As in m@tm-negative bacteria and the AB
toxin system, thgathogensnject their toxins into the cytosol of host celidrough
bacterialtransportmachines that function asacromolecular syringes (Fig. 2.1.3). This
leads to a rearrangement or modification of the phology of the cells and initiation of

inflammation (Paton and Paton, 1998; Collaway, 2@@lpoyset al.,2005).
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PATHOGEN-INDEPENDENT ENTRY PATHOGEN-DEPENDENT ENTRY

14

1399

1400

1401

1402

1403

1404

1405

1406

1407

1408

1409

1410
1411 Fig. 2.1.3. Model of toxin eningo the host cell (Source; Blanke, 2006).
1412
1413
1414
1415
1416
1417
1418
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The bacteria (often in very low initial doses), leasaverage incubation period of 3-4 days
and must initially survive the harsh (acidic) eoviment of the stomach and then compete
with other gut microorganisms to establish integticolonization, as well as release toxins.
With the help of bacterial flagellin, the toxinsedirst absorbed by the intestinal epithelium

and then translocated to the bloodstream (Miyareb#i.,2006).

Shiga toxin can probably reach the circulation bseaof active transport in these cells and
also passively after damage to the intestinal cffig. 2.1. 4A; Achesoret al., 1996).
Subsequently, it is transported in the circulatimn reach its primary target, the renal
endothelium of the kidney. At the renal endotheliuhe toxins attach to the specific toxin
receptors, the globotriaosylceramide §GBk Antigen, CD77; Fig. 2.1.4B) present on target
cell surfaces (the receptors are also found onbtedd cells, platelets and B lymphocytes).
Consequent of this attachment, the toxin inducel lozal and systemic effects (Fig. 2.1.4C;
Geelenet al.,2007). Gh consists of a ceramide long chain fatty acid erdbddn the plasma
membrane, and a short extracellular trisacchardencterminated by a digalactose residue.
The B subunit of Stx (Kd = 0.1 nM) facilitate higffinity binding of the holotoxin to the two
terminal binding sites (Site | and Site II) digdtzse residue of Gb Stx1 and Stx2c exhibits
optimum binding to Ghwith a fatty acyl chain lengths of 20 to 22 carbamd 18 respectively
(Rivera-Betancouret al., 2004). Once bound to a target cell membrane, tmotecules are
thought to be internalized by a process of recepediated endocytosis. Internalization
involves the formation of a clathrin-coated pit it the cell membrane, which subsequently
pinches off to form a sealed-coated vesicle wikindound to the internal surface.
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A, B. C.
DAMAGE CELLULAR INHIBIT PROTEIN ACTIVATE SECONDARY
MEMBRANE SMATRICESE SYNTHESIS MESSENGER PATHWAYS

Stx

Recepior-med iied
endocytosisvia Gh3

NH3

Fig. 2.1.4. Diagrammatic representation of the moflaction of Shiga toxins (Stx) (B) and
other bacterial toxins. Stx binds to 4tesulting in inhibition of protein synthesis. Othe
mechanisms of action commonly used among Stx amer dtacterial toxins include: damage
to cellular membranes (A) and activation of secopdaessenger pathways (C) (Source;

Schmittet al.,1999).
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Shiga toxins, which all have one A-fragment anck fB-fragments regardless of the source
organisms, enter the cytosol of cells and act eatipally on a cytosolic target (Schmitt and

Schaffrath, 2005).

Once inside the cell, the low endosomal pH triggesaformational changes in the toxin
molecules. The internalized toxins in some instanaee successfully degraded by host
lysosomes, while toxins not successfully degradedeed to cause biological effects (Doyle
and Schoeni, 1987; Gat al.,2002; Rivera-Betancousdt al., 2004). Successfully internalized
toxins undergo membrane insertion forming endosorasicles that translocates them to the
cytosolic side via the endoplasmic reticulum (ERpr(cer and Tsai, 2003). During this
process, the Asubunit is nicked at the trypsin-sensitive sitarnhe amino terminus by a
membrane bound protease furin, generating two feagsn- 28 kDa N-terminal Afragment
and a 4 kDa C terminal Aragment (Tesh and O’Brien, 1991). The t&rminal fragment (28
kDa N-terminal) is catalytically active and is raded from the Askeleton into the cytosol,
while the A C terminal remain attached to the B moiety bydseilphide bonds (Fig. 2.1.2).
The released catalytically active fragment has RNAjlycosidase activity and therefore
cleaves a specific N-glycosidic bond in the 28S ARNMich mediates peptide bond elongation
in cellular protein synthesis. This cleavage prévetongation factor 1-dependent binding of
the aminoacyl-tRNA to the 60S ribosomal subunigréy inhibiting the peptide chain

elongation step of protein synthesis (Kletral.,2003).
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The resulting disruption of protein synthesis leadsthe death of renal endothelial cells,
intestinal epithelial cells, Vero cells or Helalsebr any cells which possess the;Gir Gh,

for Stx2e) receptor. Subversion of the protein Bgais machinery results in cytotoxicity to the
human renal endothelial cells, consequently dantagie glomerular (Calderwooet al.,
1987; Lencer and Tsai, 2003; Caprieti al., 2005; Schmitt and Schaffrath, 2005). There is
also occlusion of microvascular function. Thesehphugical effects are characterized by a
lowered glomerular filteration, bloody urine anduecrenal failure that characterize HUS. In
the intestinal mucosa, ulceration of the intestimalls results in bloody diarrhea, a symptom
characterizing HC (Te Loet al., 2001; Collaway, 2004; Schmitt and Schaffrath, 2005
Although the major extra intestinal target organthe kidney, virtually any organ can be
involved (Amirlak and Amirlak, 2006). Consequentihe binding of toxins to glycolipid
receptors on vascular endothelial cells of the reémiervous system and the intestinal colon
results in neurological complications and hemorithagolitis (or bacillary dysentery)
respectively. The role of Shiga toxin in the inwasprocess of. dysenteriadype 1, and SLT-

| and SLT-11 in attachment of EHEC to colonic egilitd cells, remains unclear. However, the
capacity of the bacteria to invade or adhere tordol epithelial cells is thought to reduce
dilution of the toxins in the gut and allow the itox to be delivered to the cells in a focal,
concentrated manner. Both vitro andin vivo experiments with Shiga toxin and the SLTs
have demonstrated multiple potent effects. Thentiave been shown to be: (i) directly
cytotoxic for certain cell lines; (ii) enterotoximediating fluid accumulation in ligated ileal
loops; and (iii) paralytic-lethal when injected rentenously into mice and rabbits (Tesh and
O’Brien, 1991).
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Other virulence factors may play a role in Shigartgathogenicity, like intimin (encoded by
the eaeA gene), which is required for intimate adherentéhese pathogens to tissue culture
cells and formation of the attaching and effaciAge( lesion (Khanet al., 2003; Collaway,
2004). The formation of A/E lesions is mediated royltiple genes called the Locus of
Enterocyte Effacement (LEE). Another virulence dacthat contributes to verocytotoxin
pathogenicity is the 60-MDa plasmid borne enterai@gsin A gene (encoded by thehi- A
gene). The toxins fronk. coli of serotype 0157 or those that have specific caatlmns of
virulence factors appear to be more virulent in kinach (Khanet al., 2003; Tarawnelet al.,

2009).

2.1.8 Structure and organization of Shiga toxin$tx) or verocytotoxin (Vtx) genes

The Stx or Vix genes are invariably chromosomallyated. The genes that encode Stx1 and
Stx2 are carried chromosomally or by lysogenic é&@aphages. The genes that code for the A
and B subunits of Stxs, stxA and stxB, are orgahizehin an operon. The operator region of
Stx/Stx1 (but not Stx2) contains a consensus furthat is responsible for the iron regulation
of Stx and Stx1 production (Karmadt al., 1986; Schmittet al., 1999). The operons of the
nucleotide sequences of the genes encoding Stx $rotlysenterigeas well as Stx1 and Stx2
from E. coli, have a common structure consisting of a singlestcriptional unit, encoding first
the A subunit followed by the B subunit. Tlke&x B-subunit gene has a stronger ribosome
binding site than that of the A-subunit gene, riisglin increased translation of B subunits,
thereby satisfying the 1:5 A/B-subunit stoichiorgetf the holotoxin. The predicted amino
acid sequences were 315, 315, and 318 amino amidsfor the A subunits of Stx, Stx1, and
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Stx2, respectively, and 89 amino acids for the Busits of all three toxins (Calderwoedl al.,
1987; Parry and Salmon, 1998; Bettelheim, 2001 ri@let al., 2003). Both A and B subunits
had hydrophobic N-terminal signal sequences chamatit of secrested proteins, and the
predictedMr values for the processed A and B subunits weractordance with previous
estimates based on analysis of purified toxinsriPamd Salmon, 1998). Interestingly, a 21-bp
region of dyad symmetry spanning the 210 regionfeasd upstream adtxandstxl, and this
motif is thought to be associated with iron regolatof toxin expression (Paton and Paton,
1998). Stx and Stx1 are virtually identical (diffey only in a single amino acid in the A

subunit) but Stx2 had only 56% identity to the ottoxins for both the A and B subunits.

There is also a significant degree of amino acichdlogy between the A subunits of Stx and
the plant toxin ricin (Paton and Paton, 1998). Awzyenatically active A subunit is none
covalently associated with a binding or B compondifite B subunit pentamer directs the
binding of the holotoxin to sensitive eukaryotidl€evia specific glycolipid receptors. Once
internalized, the A polypeptide is cleaved intoeanizymatically active Aportion and an A
portion; these fragments remain associated threudisulfide bond. The Aportion serves to
link the A; fragment and the B pentamer. Other toxins thatesttas AB structure are tHe.

coli heat-labile toxin, cholera toxin, and pertussisngSchmittet al.,1999).

2.1.9 Diagnostic Methods
There are a number of difficulties associated itk diagnosis of verocytotoxin infections.
Diagnostic procedures are based on detection ofpteeence of verocytotoxin producing
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genes in fecal extracts or fecal cultures, andgotation (culture) of the organisms. Other
procedures include immunological methods, immunaratig separation (IMS), polymerase
chain reaction (PCR) and serological methods. Theseedures differ in complexity, speed,

sensitivity, specificity and cost (Te L& al.,2001; Royet al.,2004).

2.1.10 Culture and isolation of bacterial agent can be carried out on a wideggeaof
specimens including both clinical and environmes@iples. Samples such as urine, stool,
rectal swabs (Vu-Khac and Cornick, 2008), drag san@arawnelet al., 2009), food (Geet

al., 2002), blood, meat (Vu-Khac and Cornick, 2008)ekicand carcasses (Gilbet al.,
2008), cloacal swabs from pigeons (Pedresbral., 2006) ) water (Heijnen and Medema,
2009), wastewater from treatment plants, animabwtbughs and sewage (Leb al., 2002,
Heijnen and Medema, 2006) have been employed. ®angk often cultured on sorbitol
MacConkey agar (SMAC) and incubated at 37°C aranaxed after 18 to 24 h of incubation
for the presence of colorless, sorbitol-negativéormes (Leottaet al., 2006; Pizza and
Rappuoli, 2006; Heijnen and Medema, 2009). Theisekased on the property of most faecal
bacteria not being able to ferment sorbitol, whaiktinguishes them from the majority of
other fecal bacteria especialty coli belonging to other serotypes. The sensitivity of ASMs
limited by the capacity to recognize non-fermentoadpnies against the background of other
organisms on the plate; this is particularly difftovhen the O157 strain forms less than 1% of
the flora. Improvements on the isolation rate hagen made by supplementing SMAC with
cefixime, to inhibitProteusspp. and with cefixime and potassium tellurite (EMAC) (Roy

et al.,, 2004; Tarawnehet al., 2009). Recently, further improvements have beenemad
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especially for the isolation &. coliO157, by the development of a commercial agar nmediu
Rainbow Agar O157 containing selective agents Eor coli. In addition, chromogenic
substrates fop-D-glucuronidase anfl-galactosidase has become available for the isolaif
Shiga toxin producinge. coli (STEC). Glucuronidase-negative, galactosidasedipesi®157
strains appear as black colonies on this mediunereds commensa. coli strains are pink

(Cherlaet al.,2003; Heijnen and Medema, 2006).

2.1.11 Immunomagnetic separation (IMS) techniquebave been developed to assist in the
isolation of Shiga toxirke. coli (principally O157) and other Stx producing bactdrean low-
abundance specimens (Chapneaml.,1994). The procedure involves coating magnetic $ead
(by use of commercial magnetic bead reagent e.gnabeads, Dynal, Oslo, Norway) with
anti-lipopolysaccharide (LPS) antibody and mixihgrh with broth cultures or suspensions of
feaces or suspect food homogenates (Karetai., 1983; Calderwooet al.,1987; Parry and
Salmon, 1998; Bettelheim, 2001; Cheglaal.,2003; Heijnen and Medema, 2006). The beads
and bound bacteria are then trapped in a magneli; the unbound suspension is decanted,
and the beads are washed. After additional bindimd) washing cycles, the beads are plated
and the resultant colonies are tested for reagtwith the appropriate O antiserum and, more
importantly, for Shiga toxin production. IMS wapoegted to be 100 times more sensitive than
direct culture on either cefixime-rhamnose SMAQGCAr-SMA (Leottaet al., 2006; Pizza and

Rappuoli, 2006; Heijnen and Medema, 2009; Sepeaksbéet al.,2009).
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For polymerase chain reaction (PCR)specific primers for detection of stx1 and stehes
are employed (Te Loet al.,2001). The mixture for the amplification of stxddastx2 genes
usually consisted of PCR buffer, salt solution medi deoxynucleoside triphosphates
(dNTPs), primers and Tagq DNA polymerase. The angglion conditions consisted of an
initial denaturation step (e.g. at 94°C for 4 miepeated cycles of denaturation (e.g. 30 cycles
of 94°C for 1 min), followed by the annealing st@pg. 55°C for 1 min), and the extension
cycle (e.g. 72°C for 1 min, and a final extensian7/2°C for 10 min). PCR products were
analyzed by electrophoresis on 1% agarose gel eudlized by ethidium bromide staining
with two tubes serving as negative and positivetrods (e.g. a tube containing all PCR
reaction mixture except template DNA used as negatontrol and three bacterial standard
strains producing Shiga toxins; strain 1 producBigga toxin 1, strain 2 producing Shiga
toxin 2, and strain 3 producing both of toxins uasdyositive controls). This then is followed
by electrophoresis on agarose gel in TAE bufferaf@hanet al., 1994; Blanccet al., 2003,
Zahraeiet al., 2007). Various modifications including multipleXcR or multiplex-real-time
PCR have been employed in detection and identidicaif the toxin genes in various samples

(Te Looet al.,2001; Zahraeet al.,2007; Sepehriseresét al.,2009; Tarawnekt al.,2009).

For serological methodsthe gold standard assay for the presence of toXgecal specimens
and isolates remains Vero cell culture. Howeveresd commercial toxin kits are now
available including two Enzyme Immunoassay (ElA)skiProsPecT Shiga Toxik. coli

(STEC) Microplate assay and Premier EHEC immungasbath of which have been
registered by the United States Food and Drug Adhtnation for use on stool specimens
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directly or on overnight broth culture. Two othexih assays, VTEC—RPLA and Duopath
Verotoxin (DV) are recommended only for use on ngleweeps or isolates (Paek al.,
2003). Neutralisation tests in Vero cell cultures/én shown that there is little, if any, cross
reactivity between antibodies raised against ed¢heotoxin types (Parry and Salmon, 1998;
Cherlaet al.,2003; Heijnen and Medema, 2006). The VTEC—RPLA ieverse-passive latex
agglutination assay which differentiates betweetl @nd Stx2 and also quantifies the amount
of toxin present. Anti Stx1 and anti Stx2 rabbitilaodies were located on latex particles
(Yokoyama et al., 2006). If Shiga toxin 1 or Shiga toxin 2 were @msin bacterial
supernatant, the toxins gets attached to theiifsgpaatibodies and produce a lattice at the end
of ELISA microplate wells. But if there were notyaof these toxins, lattice would not be
formed and the latex precipitated at the end of wledls (Rivera-Betancouret al., 2004;
Sepehrisereshet al., 2009). Duopath Verotoxin (DV) immunochromatographest was
originally intended to confirm STEC isolates frooodls (Parlet al.,2003). The DV test uses
colloidal gold-labelled monoclonal antibodies taafi” any Stx1 and Stx2 present in samples
as they migrate over a membrane. A positive resitears as a red line within 10 minutes.
Like the VTEC-RPLA the DV test is recommended festing colony sweeps or isolates
rather than primary faecal broth cultures (Bett@he2001; Pulz and Matussek, 2003).
Commercial serological diagnostic reagents ELISpecsic for antibodies to Stx1, Stx2, and
0157 LPS have been developed to detect the mincdesentrations of toxins undetected by

PCR present in a sample (Sepehriseresht.,2009).
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2.1.12 Symptoms and Transmission

Many domestic animals particularly ruminants anttikife carrying verocytotoxin producing
bacteria are asymptomatic (McClure, 2000; Collavzf4). Certain STEC strains however,
are capable of causing diarrhea in cattle, padrtylcalves, cats and dogs (Anon, 20064,
2006b). Piglet edema disease is another serioesuéntly fatal STEC-related illness
characterized by neurological symptoms includiraxiat, convulsions, and paralysis; edema is
typically present in the eyelids, brain, stomaaiestine, and mesentery of the colon (Pabn
al., 2001). This disease is associated with particH4aEC serotypes (most commonly
0138:K81, 0139:K82, and 0141:K85) that are not kmotw infect humans (Rivera-

Betancourtet al.,2004; Tarawnelt al.,2009).

In humans, many infected patients initially sufferwatery diarrhea, but in some this
progresses within 1 or 2 days to bloody diarrhed lemolytic colitis (HC) (Table 1). Severe
abdominal pain is also frequently reported (AnddQ&a). In a proportion of patients, infection
progresses to hemolytic uremic syndrome (HUS)featlreatening sequela characterized by a
triad of acute renal failure, microangiopathic hé&tio anemia, and thrombocytopenia. Some
individuals with HUS experience neurological symmpsoincluding lethargy, severe headache,
convulsions, and encephalopathy (Taraweelal., 2009). Although HUS occurs in all age
groups, its incidence is higher in infants, youhgdren, and the elderly. Indeed, it is a major
cause of acute renal failure in the pediatric papoh. The age distribution of HUS may be a
consequence of the immunological naivety of youhddoen and declining immune system
function in the elderly, although age related ddfeces in receptor expression may contribute.
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Healthy individuals can become infected, but sondividuals infected with STEC may be
completely asymptomatic, in spite of the presericlr@e numbers of organisms as well as
free toxin in the faeces (Welkt al., 2001; Rivera-Betancousdt al., 2004; Geet al., 2002;

Schmitt and Schaffrath, 2005).

Transmission of the pathogen appears to occur hkr@et principal routes including
contaminated food and contaminated drinking or swing water sources (environmental
spread), person-to-person transmission and animafact (zoonotic) (Parry and Salmon,
1998; Tarawnelet al.,2009). Contamination of meat with STEC can ocooimfbovine faeces
during slaughter and meat processing. Not surgigirconsumption of raw or undercooked
meat (particularly ground beef) and unpasteurizé, are the most commonly implicated
foods. Cases have also been linked to the consompfi contaminated cheese, yogurt, cold
cuts, lettuce, potatoes, seed sprouts, cooked maieéon, and fresh-pressed apple juice
(McClure, 2000; Vernozy-Rozand, and Roze, 2003)koB8dary transmission, which may
involve direct hand-to-hand contact (e.g., amontgddn in day care centres) or indirect, e.g.,
via contaminated water used for swimming is possibiough asymptomatic carriers. Massive
outbreaks is also likely to occur in fast-food aesaint chains using a common source of
ground-beef patties, hamburgers/salad and sub-apfjonhygienic) cooking and handling
procedures (Anon, 2006a). Other sources of infaciioclude foods such as unheated
overnight foods, raw or inadequately pasteurizenydaroducts, fermented or dried meat
products such as salami and jerky, and fruit angetable products which presumably had
come into contact with domestic animal manure atesstage during cultivation or handling.
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Stx pathogen was also detected on conveyor belisafirprocessing plants (Rivera-Betancourt
et al., 2004) and was implicated in a serious outbreaka@ated with surface contamination
and deficiencies in hygiene and meat handling pestat a supermarket (Banatvafaal.,

1996).

2.1.13 Sources and predisposing factors to Shigatn infection

Cattle have long been regarded as the principairves of Shiga toxin producing bacterial
strains (Hyatt et al., 2001; Rivera-Betancouret al., 2004; Anon, 2006a; 2006Db).
Epidemiological surveys have also revealed thatrgasestinal tracts of other domestic
animals, including sheep, pigs, goats, dogs, at&l arad birds such as pigeons harbor these
organisms (Vernozy-Rozand, and Roze, 2003; AnoA6202006b; Tarawneét al., 2009).
Soil and water contaminated with animal and humsereta also incubate these bacterial
agents.

Environmental risk factors abound in the developwgrld. For example in Africa, the
majority of drinking water sources are still thaditional ones including dams, wells, rivers,
streams and ponds which might harbor or are proneohtamination with water-borne and
vector born disease agents (Oyeleke and Istifé2038; Zvidzaiet al.,2008). River sand and
soils are often littered with animal and human etacrand the rivers continue to be playing
ground and source of water for nearby inhabitafiterefore, food and water-related diseases
due to faecal contamination continue to be onéefmhajor health problems globally (Younes
and Bartram, 2001; UNESCO, 2003; Wrightal.,2004). Faecal matter from human or animal
origin often contaminates these drinking or recoea water sources and often present further
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health challenges. It is estimated that 80% ofllalésses are linked to use of water of poor
microbiological quality (WHO, 2002). One of theattgies for tackling this problem is the
provision of protected sources such as boreholasdpipes, protected wells and springs
(Ahmed et al., 1998). Such facilities however, are located som&tadces requiring
transportation to homes. During transportation,ewafets contaminated with bacteria which
grow and proliferate during storage in the homessequently posing a risk of infection with
water-borne pathogens, Stx producing bacteria sivdu(Wrightet al., 2004; Hoqueet al.,

2006).

Many parts of Africa have been associated with lpgHatrine coverage (Taulet al.,2008).
These latrines often collapse because of poor &malsd) on which they are dug. Leaching of
pit latrine contents and flooding of human and aalinvastes into drinking or recreational
water sources during rainy seasons could be pessthirces of contamination (Mathessl.,
1988). Furthermore, recreational waters can alsconéaminated considering that fingers are
prone to faecal contamination during toilet usepssr contamination of water bodies is
therefore very easy thus promoting occurrence afrkdoeal disease outbreaks. The potential
of water to harbour microbial pathogens and causidzsequent illness is well documented for
both developed and developing countries (Taatl@al., 2008). Dysentery caused [Shigella
spp. (faecal bacteria) for example is a public theatoblem in many regions of the world, and
is very significant in the developing countries @Let al.,2002). Most African countries are
associated with rearing of cattle which are oftended near settlements, coupled with poor
hygiene attitude, food and water sources are easitiyaminated with these bacterial agents.
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Other general factors include advanced age, imnupprsssion, malnutrition and lack of

immunity as in neonates.

2.1.14 Antimicrobial resistance and resistance fasts among Shiga toxin producing
pathogens

Antimicrobial resistance has been a public heatthcern globally to which for the past few
decades policy makers and the academic commuratpraoccupied to control (Tauét al.,
2008). The evolutionary prowess of microorganismesents serious challenges to
successfully stop the development of antimicrobégistance (Stephan and Mathew, 2005).
Predisposing factors including self medication, rethe-counter sales of antibiotics and
flooding the markets with fake and sub standardgsirfurther aggravates the situation. In
recent years, increase of antimicrobial drug rasst among members of the
Enterobacterioceae and Moraxellaceae has beenveldser several countries (Humphrey,

2000; Cailholet al.,2006; Grotiuzet al.,2006).

The National Antimicrobial Resistance MonitoringsBsm (NARM) for enteric bacteria began
monitoring for resistance to cephalosporins antemotdrugs among human derived
SalmonellaandE. coli O157 isolates in 1996 (NARM , 2004). The incremsessistance to
second and third generation cephalosporins amamdgtherobacteriaceae attributed to the
acquisition and expression of extended-spectigslactamase (ESBL) enzymes among
Enterobactericea€El Astal and Ramadan, 2008ESBL producing strains have variable
susceptibility rates for floroquinolnes, aminoglgates and fourth generation cephalorsporins.
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1737  The carbapenems are the only class of antibiobosnoonly active against ESBL although,
1738 ESBLs are known to be multi-drug resistant (Chetlaal., 2003; Alex and Henry, 2005;
1739  Heijnen and Medema, 2006). Since their descripitiothe mid-80s, the incidence of ESBL-
1740  producing isolates has steadily increased showamigitions between geographical areas. They
1741  are also involved in nosocomial outbreaks (as a®lthe Moraxellaceae) conferring multiple
1742  drug resistance and resulting in limitation in #pEutic options. ESBLs are derivatives of
1743  simple B-lactamase (TEM or SHV) enzymes that are harbownedtly by Gram-negative
1744  bacilli. Selective pressure by the use of secontithind generation cephalosporins favours the
1745 development of mutations that results in confororal changes in the active serine site of
1746  amino acid sequence of TEM or SHV enzymes. As altre$ these mutational changes these
1747  organisms have acquired an extra gene copy thaésrhlem to develop resistance to a wide
1748  range of antibiotics to which they were previouslizceptible (Wonet al.,2000; Satheesét
1749  al., 2006; Livermore, 2005).

1750

1751  Though it has been reported that antibiotics whikhibit prokaryotic translation (e.g.
1752  erythromycin and doxycycline), can be used to @¢iffety control Shiga toxin producing
1753  bacteria, the development of high a rate of restgaby this group of organisms to
1754  cephalosporins, aminoglycosides and quinolonesstusficantly reduced treatment options
1755  of the resulting infections (Bureau of Epidemiolp@p00; Irohaet al.,2008). Furthermore,
1756  the increased secretion of toxm vitro by the bacterial agents as a result of treatmetit wi

1757  bacteriophage-inducing antibiotics, including albirgplones, trimethoprim, furazolidone,
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fosfomycin and Mitomycin C has made the situatioorenhopeless (Helmet al.,2002; Jean

et al.,2005; Livermore, 2005; Satheestal.,2006; Abong’o and Momba, 2009).

2.1.15 CONCLUSION

The direct and indirect costs incurred by infectminhumans with Shiga toxin bacteria in
terms of morbidity, economic loss and loss of hunliaes are increasingly becoming
enormous. Many cases of diarrhea in the developingtries remain undiagnosed; several of
these cases might be as a result of Stx bactepacedly STECE. coli. Therefore,
comprehensive microbiological surveillance programbkich would provide early warning
and limit the scale of outbreaks, will ultimately bost effective, as will vaccination programs.
Measures to maximize the microbiological safetyfarids are also required. Meat products
should be made safe by thorough cooking; dairy yetedand fruit juices by pasteurization;
and salad vegetables by adequate irradiation archiag before consumption. Provision of
potable drinking water and improved environmendalit®tion by governments and individuals
as well as, increased awareness on the benefitstantlobservance of personal hygiene by
the populace, are the best preventative measusssaguch bacterial agents in the face of

increasing antimicrobial resistance.

The low infectious dose of STEC infections and ¢basequent illness which is both serious
and can lead to death, has made the organisms ® s®rious public health issue. This

therefore underpins the need for research int@tyanisms, not only for food-borne cases, but
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for environmentally related sources as well. Consetly, specific research approaches should
encompass:

i). A better understanding of the epidemiology loé¢ transfer of STEC from animals and the
environment to man. For example, research to datermhether the types of STEC which are
found in farm animals are the same as those foorttuman disease. Such research would
need to ensure that all routes of human infectien addressed, including farm and wild
animals (e.g. deer, rabbits etc.), the environn@ater sources, fields etc.), food products and
human-to-human transmission;

i). The agreement, internationally, of objectiv@andardised techniques and systems for
typing the different strains of bacteria, and tke of those methods in the quantification of the
toxins and producing bacteria from different enmiments;

iii). A greater understanding of the pathogen-hogtraction between the toxin producing
bacteria and man;

iv). Research to determine the risk of transfethefvirulence determinants of the toxins from
the producing bacterium to other organisms; and

v). The mystery of Shiga toxins becoming more alumdn medium when exposed to
antibiotics needs to be unraveled. Solution todatrol of such bacteria might be embedded
in novel antibiotic sources from plants with diversovel mechanisms of action. More
investigations into this area are very pertinentvhwith higher incidences of Shiga toxin

producing bacterial infections in both the devetbpad the developing countries.
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2.2.1 ABSTRACT

Acinetobacterare a major concern because of their rapid dewstop of resistance to a wide

range of antimicrobials, and rapid profundity imrsformation, surviving desiccation and
persisting in the environment for a very long tinhe organisms are associated with
bacteraemia, pulmonary infections, meningitis, ti@a and notorious nosocomial infections
with mortality rates of 20 to 60%. Transmissionvia person-to-person contact, water and
food contamination, and contaminated hospital egeift. The increasing virulence and rapid
development of multidrug resistance by these osgasihighlight the need to search for
alternatives for chemotherapy. A poor understandaigthe organisms and dearth of
information about their occurrence, especially @veloping countries, informed the need for

this review paper.
Key words: Acinetobacteracinetobactins, biofilms, coccobacilli, ecolotgxonomy

2.2.2 INTRODUCTION

The name “Acinetobacter” originates from the Greedrd “akinetos” meaning “unable to
move”, as these bacteria are not motile yet thepldy a twitching kind of motility. Bacteria
of the genug\cinetobactehave gained increasing attention in recent yeast; &s a result of
their potential to cause severe nosocomial (Grexosdisease, andlomeionto take care of)
infections (Bergobne-Bérézin and Towner, 1995; Bgrg-Berezin and Towner, 1996;
Koneman, 1997; Weinstein, 1998; Vanbroekhoetal, 2004; Knappet al, 2006; Towner,
2006; Peleget al, 2008); second, for their profundity in developimgltidrug (MDR) and
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extreme drug resistance (XDR) (Bergobne-Bérézif519ain and Danziger, 2004; Prashanth
and Badrinath, 2005; Peleg al.,2007; Vallenett al., 2008); third, for the ability of some
strains to produce verotoxins (VA) (Gruppatral, 2007); and forth, for the role members of
the genus play in enhanced biological phosphomeval in wastewater (Nichols and Osborn,
1979; Ghigliazzaet al, 1998; Carret al., 2001). Recently,Acinetobacterspp. have
demonstrated a hydrocarbon-degrading capabilityrgelsinet al, 2003; Mandri and Lin,
2007; Zanarolet al., 2010), that is of interest for soil bioremediatimmd a specific straiA.r
baylyi ADP1 has shown remarkable competence for natuaalstormation irrespective of
DNA source, thus making it a potentially importamdl for biotechnology (Barbet al, 2004;
Vanbroekhoveret al, 2004; Chenret al, 2008; Vallenetet al., 2008). Possible suggested

applications ofAcinetobactespp. are summarized in Table 2.2.1.

In addition, since the environment, soil, and arénaae their natural habitats, food and water
contamination expose humans to infections. Thatplf these bacteria to colonize almost
any surface and to acquire antibiotic resistanctingjuishes them from other infectious
bacteria. Despite the huge increase in the frequenfc infections caused by MDR
Acinetobacterthere is still a lack of awareness of the important these microorganisms
(Doughariet al, 2010). This review therefore gives an overviewha biology, ecology and
medical significance of the entire genAsinetobacterin a broad sense with a view to
providing basic general information on this grodpacteria for a better understanding and the
possible adoption of proactive and effective cdntn@asures against infections associated
with some of the bacteria.
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2220 Table 2.2.1. Possible applications farinetobactespp. and their products

Bioremediation o Bioremediation of soils Production of Biomass Clinical uses
waste waters anc  and effluents contaminated biopolymers and production
effluents with heavy metals biosurfactant
i) Textile or tannery 1). For prevention of i) Protein i) Production of
i) Phosphate removaindustrial effluent dental plague production glutaminase-
containing heavy metals sparaginase
ii) Degradation of ii) Lead from digested sewagei) For use in paper- ii) Manganese ii) Production of
petrochemicals sludge making and other leaching from L(-) carnitine
industries ores
iii) Breakdown of iii) Chromium-contaminated iii) For efficient iif) Production
organic pollutants activated sludge or emulsification immune
wastewater of oil waste adjuvants
pollutants

iv) Silver contaminated

photographic wastewater
iv) For incorporatior
cosmetics, deterget
and shampoos

2221 (Torreset al, 1990; OECD, 2008)
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231

2232
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2233  2.2.3 Recent taxonomy

2234  The first strain ofAcinetobacterspp. was isolated from soil and identified M&rococcus
2235  calcoaceticudy Beijerinck in 1911 (Bouvet and Joly-Guillou, Z)Barbeet al, 2004). The
2236  Acinetobactergroup were previously insufficiently defined for wery long time and
2237 confusedly classified into more than a dozen difiergenera Achromobacter, Alcaligens,
2238  Cytophaga, Diplococcus, Bacterium, Herellea, Lispeimia, Mima, Micrococcus, Moraxella
2239 and Neisserig (De Bord, 1939; Piéchauet al., 1956; Brisou, 1957; Rossa al, 1991;
2240 Barbeet al, 2004).

2241

2242  The genudAcinetobactemwas first created in 1954 by Brisou and Prevotdpasate the non
2243  motile from the motile members of the tribe “Achrolbactereae” and was composed of non-
2244  pigmented Gram-negative saprophytic bacteria caamgriboth oxidase-negative and oxidase-
2245  positive species. In 1957, Brisou identified a tgbispecies named. anitratum (Brisou,
2246  1957) Baumannet al (1968) using distinct nutritional properties lateharacterized the
2247  organisms as oxidase-negative and proposed tafgl#ssm under the genu&cinetobacter
2248 In 1971, the subcommittee dvioraxella and allied bacteria accepted this proposal and the
2249 genus was limited to oxidase-negative strains @lesk971). Three species were initially
2250 included in this genus but because of difficultieglistinguishing them based on differences in
2251 physiological characteristics, all the species wemmedA. calcoaceticugBarbeet al, 2004)
2252  In fact,Bergy’s Manual of Bacteriologglaced these bacteria in the family Neisseriaca#e w
2253 only A. calcoaceticusas a species and the two subspeéiesnitratumand Acinetobacter

2254  |wofii (59). Several years later, Bouvet and Grimont (Bouvet @niechont, 1986) identified
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2271
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2273
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2276

more than fifteen genomic species, includidgbaumannii(formerly A. calcoaceticus var
anitratumandA. glucidolytica non liquefacielsA. haemolyticus, A. junii, A. johnsoamndA.

radioresistengDe Bord, 1939; Bouvet and Grimont, 1986; Bouvet aaly-Guillou, 2000).

The species’ names have undergone considerablendado changes over the years as
molecular methods have advanced understanding eofgéimetic make-up of this group of
organisms (Urbaret al, 2003). Recent classifications which seem to hgamed wide
acceptance among bacterial taxonomists have rexadytiis group of heterogeneous bacteria
as gamma proteobacteria classified in the or@seudomonadalesand the family
MoraxellaceagBouvet and Joly-Guillou, 2000). Thus the taxonoahiclassification is given
as; Domain -Bacterig Phylum -Proteobacteria Class —GammaproteobacterjaOrder -
Pseudomonadaleg-amily - Moraxellaceag Genus- Acinetobactef(DNA G+C content 39-
47%) andspecies(with A. baumannii, A. haemolyticuend A. calcoaceticusas species of
clinical importance)Recent classifications using cell shape, absehflagella, G+C content
of DNA and nutritional properties, placed theseamigms A. baumannii, A. haemolyticasd

A. calcoaceticusas well as otheAcinetobacters in the genusMoraxella now known as
Acinetobacter(Barbeet al, 2004). Based on DNA-DNA hybridization studies, 3#2aes of
Acinetobacteihave now been recognized, with 22 assigned valesaand the rest assigned
numbers and referred to as a ‘genomic group’ (Rwetbh and Badrinath, 2005; Gerischer,
2008). Among the named speciés, baumanniiis the main species associated with clinical
infections followed by the noA: baumanniispecies A. haemolyticus, A. junii, A. johnsonii
andA. Iwofii (Guardabasset al, 1999; Barbeet al, 2004). Recently, the emergence of other
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2293
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2295

2296

2297

2298

species of clinical importance such As ursingii and A. schindleri has been reported

(Robinsoret al, 2010).

Another difficulty associated with classificatianthe close resemblance between species such
that phenotypic differentiation becomes very diffic For instance, there is a close
relationship betweeA. baumanniiand A. calcoaceticusand genomospecies 3 and 13. As a
result of the difficulties in distinguishing isoést phenotypically in the former pair, the teAm
baumannii-A. calcoaceticusomplex or Abc complex has been used. Furthermore, some
authors still report these isolatesfAascalcoaceticusubspecieanitratum This situation led to
contributors to the Manual of Clinical Microbiology conclude that the majority of species of
this group of bacteria cannot be reliably distirstneid based on phenotypic tests (Bouvet and
Joly-Guillou, 2000; Schreckenbergetr al., 2003; Fournieet al, 2006; Richet and Fournier,

2006).

To avoid confusion therefore, a more reliable dfecsdion based on combination of the results
of DNA-DNA hybridization and on phenotypic charattécs was adopted (Barbst al,
2004). In clinical practice however, these taxormmomplications have led to the under-

recognition and misclassification of the species.

2.2.4 Biology, cultural and biochemical characteritics of the Acinetobacter group
The genusAcinetobacterconsists of strictly aerobic, non-motile, catalagssitive, indole-
negative, oxidase-negative, Gram-negative, nondatative encapsulated coccobacilli rods
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(Bouvet and Joly-Guillou, 2000; Vallenet al., 2008). Many strains are unable to reduce
nitrates to nitrites (Bergogne-Be're’zin, 2009)eTacteria are strictly aerobic and although
they flourish on most laboratory media at tempeestwf 20-30C with the clinical isolates
growing at 37 to 4%, for most strains the optimum temperature is 8%3 In the
exponential phase of growth, they are bacilli @916 pm in diameter and 1.5 to 2.5 pm in
length, often in pairs or assembled into longeiirchaf varying lengthAcinetobactespp. are
non-fastidious and can be grown on standard labigrabedia (Kurcik-Trajkovska, 2009). On
blood agar (BA), colonies show typical morphologyasize: non-pigmented, white or cream
colored, smooth or mucoid (when capsule is presepgque, 1-2 mm in diameter (after 18-24
h incubation at 3%C) (9), on eosin methylene blue agar (EMB), colsraee bluish to bluish
gray, on Herellea agar (HA) they are pale lavemdeolor (Bergogne-Be're’zin, 2009), while
on Leeds Acinetobacter Medium (LAM) the bacteria pink on a purple background. In aged
cultures the bacteria may be spherical or filamesntdhe organisms can be recovered after
enrichment culture from virtually all samples obtd from soil or surface water (Peletal,
2008). The members of thcinetobactergroup are nutritionally versatile chemoheterotoph
and the range of substrates they use as sole carilbenergy sources parallels that of the

aerobic pseudomonads.

The cell wall of Acinetobacteris typical of that of Gram-negative bacteria, hoaerede-
staining is difficult due to a tendency to retanystal violet and this can lead to incorrect
identification as Gram-positive cocci (Allen andrtiaan, 2000). The cells dicinetobacter

vary in size and arrangemen#cinetobactergenerally form smooth and sometimes mucoid
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2321  colonies on solid media, ranging in color from whib pale yellow or grayish white. Some
2322  environmental strains have been reported to produddfusible brown pigment (Allen and
2323  Hartman, 2000; Pelegt al, 2008). Several clinical isolates show hemolysissheep blood
2324  agar plates (Pelegt al, 2008).

2325

2326  2.2.5 Pathogenesis, virulence factors and resistanc

2327  2.2.5.1 Pathogenesis

2328 In the past,Acinetobacterspp. were considered saprophytes of little clinisgnificance
2329  (Bergogne-Berezin and Towner, 1996), but with titeoduction of powerful new antibiotics
2330 in clinical practice and agriculture and the usénwbsive procedures in hospital intensive care
2331 units (ICUs), drug resistant-related community &odpital-acquiredicinetobacteinfections
2332 have emerged with increasing frequency (Guardabetssil, 1999). A. baumanniiis an
2333 important emerging nosocomial pathogen worldwidellotved by A. Iwofii and A.
2334  haemolyticusConditions attributable t@cinetobacterspp. include blood stream infections
2335  (Bls), ventilator-associated pneumonia (VAP), bestga, meningitis, urinary tract infections,
2336 cholangitis, peritonitis, skin and wound infectipngntriculitis, and infective endocarditis
2337  (Weinstein, 1998; Berlaet al.,1999; Jain and Danziger, 2004). The bacteria cama@lonize
2338 the skin and respiratory tract without causing @fiedtion. An infection results if the host’s
2339 first line of defence is compromised. Studies havewever, revealed that colonization
2340 increased with hospital stays (OECD, 2008). In rgasttistenal infections witiA. lwoffii and
2341 H. pylori infections for example, the normal tissue architextof the gastric epithelium is
2342  altered leading to chronic gastritis (Fig. 2.2.1).
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2350 Fig. 2.2.1. Schematic model of bacterial colonmatof the gastric mucosa, activation of
2351  antigen presenting cells (APC), release of praamfihatory cytokines and alteration in the
2352 number of gastric epithelial cells involved in acecretion. MCP, macrophage chemotactic
2353 protein; MIP, macrophage inflammatory protein; TIR|l-like receptor; SOM, somatostatin;
2354 ROS, reactive oxygen species (Poaehl, 2003). (Reproduced with permissiSiElsevier).

2355
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Infections with A. Iwoffii induce production of pro-inflammatory cytokines waHiincrease
gastrin levels that, in turn, promote proliferatiami the gastric epithelium. Persistent
inflammation including the activation of antigerepenting cells (APCs), release of pro-
inflammatory cytokines such as macrophage chemotgatotein (MCP), macrophage
inflammatory protein (MIP), Toll-like receptor (TDRsomatostatin (SOM), reactive oxygen
species (ROS) involved in acid secretion (Fig. D.2and changes in the number of gastric
epithelial cells can lead to gastritis, peptic iceand more rarely, gastric cancer (Richet and
Fournier, 2006). Though colonization occurs moeg/fiently than infections, studies have also
shown that lethal infections result from pathogestiains in immunosuppressed animals with
mortality rates of 75 to 100% (Rodriguez-Hernanekeal, 2000). The bacteria have also been
associated with bacteremia, sepsis in neonatahsite care units and pediatric oncology
units, as well as community acquired meningitis andophthalmitis (Crawfordt al, 1997;
Valeroet al, 1999; Smithet al, 2007). Other conditions include suppuratiorscasses of
the brain, lung, and the thyroid, secondary intewi of wounds or surgical trauma, and
purulent lesions of the eye. The organisms aree@rk after S. aureus, E. coli,Klebsiella
spp. P. aerugenosa, C. albicans, Enterococ8erratia and Enterobacteras agents of
nosocomial Bls, and account for 34% of the mostadihd 43% of deaths due to hospital-
acquired infections (Dorsegt al., 2004). They are the second most commonly isolated
nonfermenters in human specimens (Oberbial, 2009), afterP. aeruginosaand their
incidence is on the increase and mortality rates cante high (Jain and Danziger, 2004;
Wisplinghoff et al, 2004; Vallenegt al., 2008).A. baumanniiwas found to be associated
with a series of fatal cases of community pneumofid@rsey et al., 2004) andA.
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haemolyticus,with endocarditis and verotoxin production, and deernbloody diarrhea

(Castellanot al, 1995;Blancoet al.,2003; Grotiuzet al, 2006).

2.2.5.2 Pathogenic mechanisms

The pathogenic mechanismsAxfinetobactesspp. are little understood or studied (Padegl.,
2009). Though the infective doses Atinetobacterin human infections have yet to be
determined,intraperitoneal injections in mice with 40 clinicaédolates of Acinetobacter

showed the L) to range from 103 to 106 viable cells per mouse@O, 2008).

Though A. baumanniiis the most studied species, the precise mechanismoésed in the
establishment and progression of infections by $ipiscies are unclear. The organism is not
known to produce either diffusible toxins or cytlys, and few virulence factors have been
identified (Gordon and Wareham, 2010). However, garative genomic studies witA.
baumanniiand the environment&. baylyi have identified genes involved in pilus biogenesis
iron uptake and metabolism, quorum sensing anga ity secretion system as making up part
of the organism’s ‘virulome’ (Valeret al, 1999; Smithet al, 2007). Other authors have also
reported common virulence factors among Awnetobacterdwhich are discussed below).
There is a need for microbiologists to further shgate these virulence mechanisms for

possible discovery of more effective control measur
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2.2.5.3 Virulence factors

Cell surface hydrophobicity and enzymesAcinetobacterspp. have been demonstrated to
exhibit cell surface hydrophobicity, an importardgtefminant for bacterial adhesion. For a
successful infection to occur, bacteria must sigfodlg adhere to host cells (Costa al,
2006). The hydrophobicity of a microorganism prétdett from being phagocytosed and
appears to play an important role in its attachmentarious polymers. Hydrophobicity also
confers the ability to adhere to plastic surfasesh as catheters and prostheses. Through this
hydrophobicity, Acinetobacterspp. coaggregate into flocs in sludge. Non-flocidp A.
johnsonii S35 displays significant coaggregation with threther bacterial species,
Oligotropha carboxidovorans Microbacterium esteraromaticupn and Xanthomonas
axonopodigMartinezet al, 1998). The degree and mechanism of coaggregatoe found

to be pair-dependent; and cell surface hydrophtybwas an important factor controlling the
coaggregation oA. johnsoniiS35 and its partner strains (Martiretzal, 1998; Phuonegt al.,
2009). The hydrophobic properties of bacterialisgraepend on their surface structure, which
in turn determines the degree of hydrophobicitg tbugher the cell surface, the greater the
hydrophobicity and vice versa. Acinetobacterthe presence of protein protrusions on the cell
surface confers hydrophobicity. A recent study gsscanning electron microscopy showed
the presence of blister-like protein protrusionsAnjohnsoniiS35 andA. junii S33, these
bacterial cells were able to coaggregate efficjemtith other bacterial cells compared to a
mutant strainA. johnsoniilAM1517 with smooth cell surfaces (Phuoagal., 2009) which

was unable to form aggregates (Phuengl.,2009).

101

_—
‘ Cape

Ber)insqla James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



2422  Surface hydrophobicity is also mediated by colotmrafactors, complimentary cell surface
2423 receptors, fimbriae and other cell wall compondKeplanet al.,1985; Braun, 2009) and cell
2424  surface enzymes that facilitate the adhesion ofeliat cells to host cells. For example, the
2425 urease activity ofAcinetobacterpromotes colonization of the mouse stomach (Cestal,
2426  2006). Urease also helpgscinetobacterspp. colonize the hypochlorhydric or achlorhydric
2427  human stomach inducing inflammation (Saegral., 2007). Polysaccharide slimes on the
2428  bacterial cell surface are reported to confer hytabicity (Rossaet al, 1991; HoStacka, and
2429  Kloko¢nikova, 2002; Rathinavelet al.,2003; Kinget al, 2009) Other virulence-conferring
2430 enzymes secreted by the bacteria include ester@asetin amino-peptidases, and acid
2431  phosphatases (Rathinavedt al., 2003; Towner, 2006). Esterases have strong hydrgyz
2432  activity against short-chain fatty acids, therelaysing damage to lipid tissues. Hydrolytic
2433  enzymes usually confer the bacterium with very mirchemolytic activity. The most
2434  extensively studied hydrolytic enzymes kh aerugenosare phospholipase€ (PLC)-H,
2435  which is encoded bplcS,is acidic and has strong hemolytic activity, aridCFN, which is
2436  encoded byplcN, is basic, and has no hemolytic activity (Rathinaw al., 2003). Recent
2437  studies revealed that two copies of the phosphsdiga plc) gene with 50% identical to that
2438  of Pseudomonaare found inA. baumanniilt is therefore assumed that these lipases serve a
2439  similar function, although this is yet to be elwtiedd (Vallenetet al., 2008). HoStackd and
2440  Kloko¢nikova (2002) also reported the secretion of phosgyiethanolamine and
2441  sphingomyelin which are all cytotoxic to leucocytes

2442
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Toxic slime polysaccharides:Toxic slime polysaccharides have also been regpaataong
Acinetobactespp. (HoStacka and Kloknikova, 2002). They are usually produced during the
exponential phase of growth and are made up ofglheose building blocks D-glucuronic
acid, D-mannose, L-ramnose and D-glucose. The slpog/saccharides are toxic to
neutroplils, and inhibit their migration as well ahibit phagocytosis, but without disrupting
the host immune system (Heidelbergeml, 1969; HoStacka, and Klokoikova, 2002). It is
important to understand these structures in ordeddvelop effective control measures.
Currently, the authors are focusing on determirtimg hydrophobicity ofA. haemolyticus
isolates from water and wastewater samples andftbet of stress and phytochemical extracts

on this hydrophobicity.

Verotoxins: Grotiuzet al. (2006) first reported the production of verotoxin#cinetobacter
(from A. haemolyticus Verotoxinsare associated with bloody diarrheas and produged b
many enteric bacteria includiri§y coliandS. dysenteriaé€Doughariet al.,2009a) The toxins
belong to a particular protein subfamily, the RNAylycosidases which directly target the cell
ribosome machinery, inhibiting protein synthesigsrdfoxins can be classified into 2 antigenic
groups, vtx-1 and vtx-2, which include (especialty-2) an important number of genotypic
variants. The mechanism by whigh haemolyticuproduces this toxin is, however, not well
understood. Lambert al. (1993) speculated tha&. haemolyticusacquires vitx2-producing
activity via horizontal gene transfer in the gutken, since it can be rapidly transformed. In
any case, the pathogenicity, basic structure, dameal components of the toxins are the
same as those of verotoxins fraf coli and other bacteria (Lambeet al, 1993). The
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emergence of verotoxin-producing. haemolyticusstrains is worrisome given the high
transformability ofAcinetobacteispp. This, therefore, calls for intensive surveitia of these
organisms especially in the environment, for theettgpment of proactive control measures.
The current work therefore focuses on isolation athtification of A. haemolyticugrom
environmental samples and the determination of texiotoxin production and antimicrobial
resistance profiles as well as the effect of phygmeical extracts on verotoxin production by

the isolates.

Siderophores: Siderophores are host iron-binding protein stmasguwesponsible for iron up
take in bacteria. One possible defense mechanisinsigoacterial infections is the reduction
of free extracellular iron concentrations via idoinding proteins such as lactoferrin or by
transfer (Yuet al, 2005; Braun, 2009). The normal concentratiofreé iron in the body is
10® M, and the concentration required for bacteriauovise in the human body is £om.
Bacteria meet their iron requirement by binding gemous iron using siderophores or
hemophores (Margeskgt al, 2003; Yuet al, 2005; Kinget al, 2009). Bacterial siderophores
are called aerobactingcinetobactersiderophores are called acinetobactins and ardlychie
made up of the amine histamine which results frasticin decarboxylation (Miharat al,
2004). Iron import into the bacterial cell is howewegulated by a ferric regulator uptake
protein serving as a transcription repressor taigedsiderophore synthesis or degradation

(Vallenetet al.,2008).
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Outer membrane proteins (OMPs): Outer membrane proteins (OMPSs) in some Gram-
negative bacteria are known to have essential mlpathogenesis and adaptation in host cells
as well as in antibiotic resistance. Several OMP®® OmpA family have been characterized
in variousAcinetobactestrains (Dijkshoorret al, 2007; Gordon and Wareham, 2010). \4ta

al. (2002) reported homology between the genome seguahOmpA ofA. radioresistens, A.
baumanniiandA. junii. The OmpA proteins induce apoptosis of epithelidlsdg€hoiert al.,
2005), stimulating gastrin and interlukin B gen@m@ssion (Janssest al, 1997). In a recent
study, Vallenetet al. (2008) showed thahA. baylyiOmpA has emulsifying activity and that
only one gene in eacAcinetobacterstrain encodes an OmpA protein. In other wordssehe
proteins share more than 89% of their amino acm$ thus have the same chromosomal
context. The cells afcinetobacterspp. are surrounded by OmpA, a protein to kill hoedts
(Choiet al, 2008). During an infection, OmpA binds to eukadryeells and gets translocated
into the nucleus where it causes cell death (Saiat, 2000; Dijkshoorret al, 2007; Choiet

al., 2008).

2.2.5.4 Resistance to antibiotics and mechanismsrekistance

The major problem witicinetobacterspp is their resistance to antibiotics (Landmetnal,
2002). Savovet al. (2002) reported that these organisms are most amiynresistant to
ampicillin, cephalothin, carbenicillin, gentamicamikacin, chloramphenicol, tetracycline, co-
trimoxazole, ciprofloxacin and cefoperazone. Presip ampicillin, second generation
cephalosporins, quinolones, minocyline, colistimyaoglycosides, impenim, sulbactam and
gentamicin were used to treAtinetobacterinfections Resistance to these antibiotics has
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hindered therapeutic management, causing growingeza the world over (Vilat al.,2002;
Prashanth and Badrinath,. 2005; Grotetzal, 2006; Perezt al., 2007; Doughariet al,
2009b). A. baumanniihas been developing resistance to all antibiotissduin treating
infections. Currently, mo#. baumannistrains are resistant to aminoglycosides, tetraoys)
cephalosporins, ampicillins, cefotaximes, chloraemtols, gentamicins and tobramycins
(Prashanth and Badrinath, 2005). The activity abapenems is further jeopardized by the

emergence of enzymatic and membrane-based meclsoisesistance (Peleg al, 2008).

Antimicrobial resistance amongAcinetobacter is either intrinsic or acquired via
transformation. Several mechanisms of resistardadimg altered penicillin-binding proteins,
lowered/decreased permeability of the outer mengtanantibiotics or an increase in the
active efflux of the antibiotics, target site mugas, and inactivation via modifying enzymes
have been reported (Vikt al.,2002; Jain and Danziger, 2004). Mechanisms ofta&sce to
antibiotics byAcinetobacterspp. vary with species, the type of antibiotic ayabgraphical
location (Jain and Danziger, 2004). THdctam antibiotics are inactivated by the produrcti
of B-lactamases or alterations of penicillin-bindingteins and decreased permeability of the
outer membrane tp-lactams (Poireét al, 2003); cephalosporins, by chromosomally encoded
cephalosporinases and, occasionally, by cell impability and aminoglycosides via
aminoglycoside-modifying enzymes; and quinoloneg,aliering the target enzymes DNA
gyrase and topoisomerase |V through chromosomatious, a decrease in permeability and
increase in the active efflux of the drug by thembial cell (Landmaret al, 2002). Several
efflux pumps acting against antibiotics have beescdbed forAcinetobactespp. grouped as:
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() major facilitator superfamilies (MFSs) compngi the Tet (A)- efflux system for
tetracycline, Tet (B)- efflux system for tetracywi and minocycline and Caml A-efflux
system for chloramphenicol; (ii) resistance-nodalatdivision (RND) comprising Ade ABC
(ATP binding cassettes) — efflux systems against inaghycosides, p-lactams,
chloramphenicol, erythromycin, tetracyclines, eitina bromide, and reduced susceptibility to
fluoroquinolones; and (iii) multi drug and toxic rmpounds extrusion systems (MATES)
comprising of Abe M - efflux system against norfmin, ofloxacin, ciprofloxacin,
gentamicin, 4, 6-diamino-2-phenylindole (DAPI)ctasan, acriflavin, doxocrubicin, rhodamin
6G and ethidium bromide (Vilat al, 2007). Major mechanisms of resistance to differen
classes of antibiotics are listed in Table 2.2.@ir@ to this escalation of multidrug resistance,
deliberate efforts should be made towards investigather sources of antibiotics with novel
mechanisms of action, with a view to developingeetive control measures against the
recalcitrant bacteria. Investigations of phytocheats should be considered since they form a
very rich source of antibiotic substances (Dougledrial, 2009b) with potential activity

against microbial pathogens.
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2558  Table 2.2.2. Major mechanisms of resistance ideuqtior the different classes of antibiotics

Antimicrobial class/ resistance Variants

mechanism Class/family

p-Lactam

B-Lactamases Intrinsic cephalosporinases AmpC (ADC1-7)
Class A/high-prevalence ESRL VEB-1, -2, PER-1, -2, TEM-92,-1186,

SHV-12, -5, CTX-M-2, -3

Class Allow-prevalence ESRBL SCO-1
Class D OXA enzymes/ESRLp OXA-51-like

Carbapenemases Class D OXA enzymes/ESBhgrpap, OXA-23-27, -37, -40, -58-
MBLS/ESBLcarsa-s, like, VIM, IMP, SIM
Class A carbapenemase/ESRhkean GES-11

OMP loss CarO, HMP-AB, 33-36 kDa protein, 43 kDa protein

Efflux pump AdeABC

Altered PBP expression PBP2 downregulation

Tetracyclines

Efflux pump MFS, RND A, TetB, AdeABC

Ribosomal protection TetM

Glycylcyclines

Efflux pump RND AdeABC

Aminoglycosides

Enzymatic degradation Acetyltransferases AacC1/2, AadA, AadB
Nucleotidyltransferases Antl
Phosphotransferases AphAl, AphAG,

16s rDNA methyltransferases ArmA

Quinolones

DNA gyrase/topoisomerase mutations GyrA/ParC

Efflux pumps RND, MATE, BIMP AdeABC, AdeM, AbeS

Chloramphenicol

Efflux pumps RND AdeABC, AdelJK
MFS CmlA, CraA
BIMP AbeS

Trimethoprim/sulfamethoxazole

Efflux pump RND AdeABC, AdelJK

Dihydropteroate synthase FolA

Macrolides

Efflux pumps

Polymyxins MATE, BIMP AbeM, AbeS

PmrAB two-component mutation

2559 MBL- metalloB-lactamase; OMP - outer membrane protein; HMP { haeadifiable protein; PBP - penicillin-
2560 binding protein; MFS - major facilitator superfaymilRND - resistance—nodulation—cell division; MATE
2561 multidrug and toxic compound extrusion; BIMP - k@l integral membrane proteins (Grehn, and von
2562 Graevetnitz, 1978).

2563

2564

2565
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2.2.5.5 Resistance to environmental and host factr

The emergence of nosocomial or community-acquimézttions ofAcinetobacteis a result of
high adaptability to adverse environmental condgioan ability to persist for several days in
dry and harsh environments such as the hospitafemuent, the increased use of broad
spectrum antibiotics, the vulnerability of indivala or patients, and the rapid transformation
of organisms that results in increased multidriggstance. To survive and multiply in the host,
many bacteria produce a variety of substances #flatv them to avoid the defense
mechanisms of the host (Joly-Guillou, 200®cinetobacterspp. are found as natural
inhabitants of human skin and repeated isolatiory rmaggest that they are potential

pathogens.

Acinetobacterspp. are able to survive on moist and dry surf@déndtet al, 1997) and some
strains have been found to be tolerant of soam @ai Danziger, 2004; Bergogne-Be're’zin,
2009). The ability ofAcinetobacterto persist in dry conditions, on inanimate objeetsd in
dust for several days and weeks, has been repdétambnt isolates dk. lwoffii compared to
the isolates from the 1970s are relatively restdtairradiation. This raises concerns about the
persistence of\. lwoffii on medical devices that are sterilized by gamneaaliation, especially

in intensive care units (Rathinavedtal.,2003).

Acinetobacter species also survive exposure to the commonly udisthfectants like
chlorhexidine, gluconate and phenols, particulathose not used in the appropriate
concentrations (Gallego and Towner, 2001). Comparigld other genera of Gram-negative
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bacilli, Acinetobacteris able to survive much better on fingertips ordmy surfaces when
tested under simulated environmental conditionsr(@iVet al, 1997). Apart from being able
to grow at a very broad range of temperatures, éneyalso able to resist drying. The presence
of more electron dense cell walls and nucleic aaigsthought to be responsible for the heat
(50-75°C) resistance (Jain and Danziger, 2004jadty while P. aerugenosandE. coli can
only survive heat for a maximum of 24 A, baumanniican survive for up to 25 days (Joly-
Guillou, 2005). Survival for 157 day# (radioresistens over 30 daysA. baumannjiand 21
days A. Iwoffi)) has been reported (Houaagal, 1998; Jawacet al, 1998; Peterson, 2001).
A. baumanniihas also demonstrated resistance to the killingraof normal human serum
(NHS) and the possession of a lipopolysaccharide ttught to be partly responsible
(Gerischer, 2008). Kingt al. (2009) also suggested modulation of pathogenantem with
serum by a complement regulator. The complemenésyss the host innate immune defense
comprising a series of serum proteins that inisiatee death of the bacterium through either
lysis or opsonization. One of the mechanisms bychiacterial cells resist killing by serum
compliments is by producing surface proteins thatl thuman factor H (FH), and thereby
inhibit the deposition of complements on the baatewurface (Koneman , 1997; Garetal,
2000). The mechanism by whiéttinetobactespp. resist serum compliments is, however, yet

to be discovered.

2.2.4. 6 Transfer of resistance amongcinetobacter spp.
Resistance to antibiotics is transferred amofgnetobacter spp. via plasmids and
transposons. While plasmids are DNA elements tlatycantibiotic and heavy metal
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resistance conferring genes capable of autononeplgation, transposons are sequences of
DNA that can move (or transpose) themselves to pesitions within the genome of a
bacterium (or any other prokaryotic cell). Thesenednts are often present in resistant bacteria
and have been reported in clinical isolatesAginetobacterspp. (Gallego and Towner).
Plasmids and transposons are easily transferregebsat bacteria via the process of genetic
transformation. Transformation occurs betwéametobacterspp. due to the high frequency
and degree of adaptability and transformability agh@ome strains ofcinetobacterspp.,
species capable of colonizing multiple settings nsdiate the transfer of novel antibiotic
resistance genes from antibiotic-producing envirental species to clinical isolates. For
example, an intermediate group including spp. 7ar®] 9 is capable of adapting to human
tissues as well as remaining in the environmens teerving as effective vehicles for
conveying resistance genes between species (Rathinet al., 2003). Gene transfers in
Acinetobacterspp. also occur via conjugation and transductiamj@ation inAcinetobacter
involves a wide host range and chromosomal trans¥lile transduction involves a large
number of bacteriophages with a restricted hogjeggRathinavelet al.,2003). Owing to the
high transformation ability oAcinetobactersthe role of genetic elements in the virulence of
this group needs to be thoroughly investigated aaetjuately understood as in the cask.of
coli. This will no doubt open up more frontiers for m@#ective control measures and the

application of the organisms in biotechnology.
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2.2.5 Epidemiology and ecology

Several studies have reported the epidemiology. tlaumanniinfections in different parts of
the world including Europe, the United States andt® America (Siawet al, 1999; Kurcik-
Trajkovska, 2009). Although these organisms arenoftssociated with nosocomial infections
(Weinstein, 1998), community-acquired diarrhoeakboeaks and pneumonia have been
reported with some frequency in tropical regionstleé world especially during warm
(summer) and humid months (Chen al, 2001; Jain and Danziger, 2004). An infrequent
manifestation ofAcinetobacteris hosocomial meningitis and these cases have ilegpemted
after neurosurgical procedures (Chetnal, 2001; Jain and Danziger, 2004; Joly-Guillou,
2005). The morbidity and mortality rates Afinetobacterinfections are comparable to those
of methicillin-resistanStaphylococcus aureyRSA), and the organisms have been termed
‘Gram-negative MRSA’, manifesting similar epidenagical behavior to MRSA. The impact
in terms of morbidity and mortality is probably sér to that of coagulase-negative
staphylococci and available data suggest that tntatity rate ranges from 20% to 60% (Joly-
Guillou, 2005). Thus, several reports have alededcians to the emergence of a potentially
difficult and dangerous organism that is respoesfbl outbreaks of infection and can cause
severe problems (Joly-Guillou, 2005). Owing to thwrphological similarity between
Acinetobacter and Neisseriaceae (both being Gragative diplococci), care should be taken
while examining the Gram staibleisseriameningitidisis, however, far more common as an
agent of meningitis. Uncommon conditions involvingcinetobacter are contagious
osteomyelitis, peritonitis associated with continsio ambulatory peritoneal dialysis,
ophthalmic infection, skin and wound infections sedsses, sepsis, endocarditis and burn
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infections. Despite the increasing significance Awfinetobacter,there are no significant
epidemiological reports on the incidence of infees from many parts of the world,
particularly developing countries. Epidemiologicalestigations of clinical significance on
Acinetobacter spp. other thanA. baumannii as well as on the epidemiology of

acinetobacteriosis are essential in developing iz

Acinetobacterare mostly free living saprophytes found ubiquitgus nature (Valleneet al.,
2008). However, different species of the genugyareerally associated with different habitats.
Acinetobactelgenomospecies 3 is found in water and soil, onteddes, and on human skin;
A. johnsoniiand A. haemolyticusirefound in water, wastewater, soil, on human skird sn
human fecesA. Iwoffii and A. radioresistensare found on human skin; amtinetobacter
genomic species 11 is found in water, in soil, andvegetables as well as the human intestinal

tract (Cunhaet al, 1980; Berlatet al.,1999).

2.2.5.1 Human and animal body

Acinetobacterspp. are generally considered part of the nornwahfbf the skin and mucous
membranes or the pharynx, human respiratory seamgtiurine, rectum (Villegas and
Hartstein, 2003) and other human clinical samp&svovet al., 2002). They are the only
group of Gram-negative bacteria that may be nat@siblents of human skin, with carriage
rates of 42.5% in healthy individuals and as higlYa% in hospitalized patients (Sawetal.,
2002). In a study conducted by Seifettal. (2007) Acinetobacterspp. were isolated from
various parts of the human body including the fessh nose, ear, throat, trachea, conjunctiva
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axilla, hand, groin, vagina, perineum and toe wiie organisms are also found in the distal
urethra of healthy people (Koneman , 1997). Gélyeithe species most frequently isolated
areA. johnsonii, A. lwoffii, A. radioresistens, A. lmaannii, A. calcoaceticus, A. haemolyticus
and Acinetobactergenomospecies 3 and 13. However, colonization efinkestinal tract by
Acinetobacterspp. is controversial. While some authors sugdest it is an unusual event
(Ghigliazzaet al, 1998), others report that the gastrointestinatttis the most important
reservoir of resistant strains (Corbe#iial, 1996). The difference is probably due to the

epidemiological situation i.e. whether there isepidemic outbreak or not.

Acinetobacterspp. have been isolated from different animal seaiincluding birds; fish and
rainbow trout (Berlatet al., 1999; Guardabasst al, 1999). On several occasions, chicken
septicemia (15% death rate), septicemia in turleys calves, mastitis and metrititis in cows,
abortions in cattle, pigs and horses, keratocomiutis in cattle, omphalitis in calves, ear
infections in cats, and respiratory infections &adanoposthitis in horses have been reported
(Franceyet al, 2000).A. beijerinkiiand A. baumanniare among the speciesAfinetobacter
implicated in animal diseases (Franaayal, 2000). The organisms have also been isolated

from lice collected from homeless people (La Sewld Raoult, 2004).

2.2.5.2 Food contamination

Acinetobacterspp. have been associated with food contamination. $éveods, including
vegetables, have long been known to be an impogamtce of contamination with Gram-
negative bacteria such d&Sscherichia coli and Klebsiella spp. (Peleget al, 2008).
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Acinetobacter spp. have been recovered from vegetables, appledons) cabbages,
cauliflowers, lettuce, cucumbers, peppers, mushsyaatishes, carrots as well as tubers such
as potatoes and cereals such as sweet corn (Betlal., 1999; Peleget al, 2008).
Acinetobacterspp. have also been implicated in the spoilagegobn, chicken, meat, fish and
eggs even when stored under refrigeration or aftlrquate gamma irradiation (Towner,
2006; Peleget al., 2009). Hospital food could also be a potential seuof A. baumannii
(Berlauet al.,1999; Towner, 2006). Many strains isolated fromd®dave lipolytic activity

and some strains produce diffusible pigments.

2.2.5.3 Soil and wastewaters

Water and soil provide a home to various microoig/as. Acinetobacteigenomospecies 3.
baumannii, A. calcoaceticusacinetobacters, andA. calcoaceticus A. johnsonij A.
haemolyticus and Acinetobactergenomic species 11 have been reported to inhaibieisd
aquatic environments (Pelegt al., 2007). The organisms have also been isolated from
freshwater ecosystems; raw sewage and wastewagmint plants (Berlagt al.,1999) and
activated sludge (Caret al., 2001; Peleget al, 2008; Okabeet al, 2010).A. baylyi A.
bouvetii A. grimontii A. tjernbergiae A. townerj and A. tandoii are commonly found in
natural environments but occasionally isolated agtivated sludge and have not been found
associated with humans (Chent al, 2008; Peleget al, 2008). They are able to store
phosphate as polyphosphates and may have potapphtations in the biological removal of

phosphates (Barlet al.,2004).
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2.2.5.4 Biofilms

Biofilms are composed of microorganisms attachedudaces and encased in a hydrated
polymeric matrix made of polysaccharides, proteansl nucleic acids (Vida¢t al., 1996;
Saueret al., 2007). Biofilms function in a manner similar to siies, using a primitive
circulatory system to pump fluids and nutrient®tlgh channels in the matrix by changing the

ionic strength of the extracellular milieu, causpegiodic contraction of matrix polymers.

Pilus mediated biofilms (PMBs) are formed Aginetobacteispp. especiallA. baumannii, A.
haemolyticus, A. lwoffiand A. calcoaceticushus forming thin layers of microorganisms on
glass, medical devises, metals, ceramics and athemimate objects (Dijkshooret al, 2007;
Gaddy and Actis, 2009). The biofilm thus constisuge colonial niche for the bacteria from
where contact with humans will result in infectiofhe hydrophobic surface polysaccharide
and pili on the bacterial cell surface initiatefi@ednce to human epithelial cells thus initiating

the infection process (Dijkshooegt al, 2007).

Life in biofilms provides microbes with protecti@gainst assault from the outside world with
barriers against penetration by antimicrobial agerixygen and nutrients, along with
depressed growth rates and an activated adaptessstesponse (Saiat al, 2000). It also
enables the organisms to resist the immune hogbmege. Vidalet al (2002) and Leet al
(2007) reported the readinessfofbaumannito adhere to both biological and abiotic surfaces,
on which it is able to form biofilms thus ensuriitg survival (Vanbroekhoveret al, 2004,
Leeet al, 2008).
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Unlike in other bacteria where the formation offthos is facilitated by intrinsic factors such
as the presence of type IV pili, flagella, curlidafimbriae, in Acinetobacterspp., putative
chaperon secretion membrane systecssn@ and putative surface adherence protein regions
(sapn have been reported to be responsible (Vat¢ral, 1999; Gaddy and Actis, 2009). The
process generally, involves reversible attachmergyersible attachment, maturation and
dispersion.A. baumannHassociated infections are often contracted vidiline on Foley

catheters, venous catheters, or cerebrospinal shunt

2.2.5.5 Hospital environment

A. baumanniis the most important bacterial species assocwaidtdnosocomial or hospital-
acquired infections. These infections are causeariganisms present in hospitals or other
clinical facilities. Most of these infections emerghile the patient is in the hospital but others
are not detected until the patient has been digeldann the early 70s, nosocomial pathogens
were predominantly Gram-negative bacilli especiélyaeruginosaand Enterobacteriaceae,
while the 90s saw the emergence of Gram-positivinicikin-resistantS. aureufMRSA) and
vancomycin-resistant enterococci (VRE) (Véa al., 2002; Vallenetet al., 2008). In recent
times, in addition to MRSA and VRE (mainly in th&H8), the introduction of broad spectrum
antibiotics in hospitals has resulted in the emeegeof multidrug resistant strictly Gram-
negative nosocomial bacterial pathogens inclutiagaeruginosa, Klebsiella pneumoriad

A. baumannii(Endimiani et al, 2007) They have been isolated from reusable medical
equipments such as ventilator tubings, arterialsguree monitoring devices, humidifiers,
washbasins, plastic urinals and respirometers spitel environments (Cunhet al, 1980;
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Horrevortset al, 1995; Wendet al, 1997; Vanbroekhoveet al, 2004). The organisms have
also been isolated from the skin of healthcareqmersl, mattresses, pillows and in all types of
ventilator equipment and moist situations such iakssand tap water (Bergogne-Bérézin,
2001; Jain and Danziger, 2004). The presence of MD&R nosocomiafcinetobactein the
hospital environment complicates treatment sinceh sinfected patients often need to be
isolated (McGowan, 2006; Leet al, 2007). This underlies the need to fully studysthe

organisms and proffer alternative chemotherapaatigtions.

Though manyAcinetobacterspp. are only found in certain habitats, some as&iluted
widely in nature A. calcoaceticuss found in water and soil and on vegetables (Bestaal.,

1999; Barbeet al.,2004).

2.2.6 Diagnosis

Infection or colonization withAcinetobacteris usually diagnosed by the culture of
environmental and clinical samples. The environmlesamples include wastewater, activated
sludge, sewage, aquaculture freshwater habitazerfrshrimps (Guardabassial, 1999) soil
(Carr et al., 2001; Vanbroekhoveet al, 2004), vegetables (Berlat al., 1999), fresh and
spoiled meat (Eribo and Jay, 1985) animal droggpiand river water while the clinical
samples include blood, cerebrospinal fluid, endwmiteal aspirate, pus (Prashanth and
Badrinath, 2005), sputum, urine, respiratory seanst(Vilaet al.,2002), catheter tips (Costa
et al, 2006), wound, stool or sterile body fluid, skaordon of newborns, nasal swabs, hand
swabs of hospital workers and hospital environmésnitsabs on surfaces of machines, wash-
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hand basins, floors, tables, UV lamps) (Constamttial, 2004). Microbiological cultures can
be processed by standard methods on routine medid@microbial susceptibility can be

determined by various means, with the agar-dilutr@ihod being the goldstandard.

A glance at the literature shows just how non ¢astis and versatildcinetobactersare in
terms of growth on media. A wide range of medialbeesn employed in cultivating organisms
from different sources. For routine clinical antddeatory investigations, traditional methods
have used agar (Eribo and Jay, 1985), brain Irdfagion agar (Towner, 2006), nutrient agar,
tryptic soy agar (Bergogne-Be're’zin, 2009), SinsoGitrate agar (Dorsest al.,2004) Violet
red bile agar, Luria Bertani agar (Guardabassil, 1999) Eosin-methylene blue, MacConkey
agar and Holton medium (Eribo and Jay, 1985). &worironmental screening, especially
whereAcinetobactemay be in very low numbers, Bauman’s’ EnrichmentdMen has been
employed (Guardabasst al, 1999; Bouvet and Joly-Guillou, 2000) and brothsluding
MacConkey broth, trypton soy broth, Brain Hearukibn broth (Guardabasst al, 1999) and
Luria broth (Koneman , 1997; Dorsest al., 2004). Highly contaminated samples are
inoculated in a liquid mineral medium containingiagle carbon source and ammonium or
nitrate salt as the nitrogen source with the fptdlof the medium being 5.5 to 5.6 (Koneman,
1997). Shaking during the incubation is employed arder for the strictly aerobic
acinetobacters to outgrow pseudomonads. The bahslater be transferred onto Eosin-
methylene blue, MacConkey agar or a selective nmedsuich as Herellea agar or Leeds
Acinetobacter Medium in which antibiotics have beeliled to suppress the growth of other
bacteria (Holton, 1983; Towner, 2006).
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Biochemical typing methods include the use of dotetric based GN card ID 32 GN, API
20NE, RapID NF Plus and Vitek 2 systems (Cheal, 2008) all of which are antibody-based
agglutination tests. Serological identification leen attempted with the analysis of capsular
type and lipopolysaccharide (Ruseb al, 2010) molecules as well as protein profiles for

taxonomy and epidemiological investigations.

Because of the widespread natureAalinetobacterspp., typing methods are required for
genomic characterization (Guardabastsal, 1999). The differences in antimicrobial efficacy
against different species, and the need to selfstit@e chemotherapeutic agents, require the
accurate identification oAcinetobacterspp. to the species level. Thus, several molecular
diagnostic methods, including the polymerase chiaaction (PCR) (Grotiuzet al, 2006),
PFGE, RAPD-PCR DNA fingerprinting (Caet al.,2001; Peleget al.,2007), fluorescenin

situ hybridization (FISH) (Vanbroekhovest al, 2004), 16S rRNA gene restriction analysis
(ARDRA) (Nemecet al, 2000), and 16S rRNA gene PCR-DGGE fingerprintiogdenetic
characterization ofAcinetobacterspp. from environmental samples have been employed
(Vanbroekhoveret al, 2004). A recent diagnostic method which was reggbto have high
specificity and can discriminate betwe&cinetobactesspecies is the microsphere-based array
techniqgue that combines an allele-specific primetemsion assay and microsphere
hybridization (Linet al.,2008). The method was reported to be so efficieat 13 different
species ofAcinetobactemwere discriminated in less than 9 h with 90% acocyiiend precision
(Lin et al.,2008). The use of DNA-DNA hybridization and sequeaoalysis (Guardabassi
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al., 1999; Cheret al, 2008) is considered the gold standard, but thinodels labor-intensive

and impractical in most clinical laboratories.

Other methods that have been employed in the epidiggical investigation of outbreaks
caused byAcinetobacterspp include biotyping, phage typing, cell envelope phottyping,
plasmid typing, ribotyping, restriction fragmentégh polymorphisms and arbitrarily primed
PCR (AP-PCR) (Belloet al, 1997). These methods are however too expensidet@m
technical for use in unequipped laboratories. Epgtlon of simple laboratory culture
procedures will enhance isolation of these orgasjsaspecially in developing countries,

where electricity and sophisticated diagnostic pdaces, and trained manpower are lacking.

2.2.7 Factors predisposing individuals to acinetolzterioses

Though it is generally agreed tha. baumanniiis the most medically significant
Acinetobacterspp., there is an ongoing debate on the clinicglaich of the Acinetobacters
with controversial views on whether these organismssease morbidity or mortality. While
some researchers are of the opinion thatbaumanniiinfections are responsible for an
increase in patient mortality, others are of théniop that infections occur in critically ill
patients and mortality is a result of other undedydiseases (Falagas al, 2006; Dijkshoorn
et al, 2007; Falaga®t al, 2007). Whatever the case may be, virtually ev&ndy has
concluded that there is a detrimental effect (Gordnd Wareham, 2010). The lack of a
consensus on the degree of mortality may be dupait) to the difficulty in distinguishing
between colonization and infection, which is compided by limited information on the
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pathogenesis. There is also extensive methodologiederogeneity between studies
(prospective versus retrospective), and variatiothe definitions of cases versus contrdls (
baumanniiinfection versus other infection, polymicrobialrses monomicrobial) (Gruppet

al.,, 2007; Leeet al, 2007). There are also problems with the accuideatification of

organisms to the species level as well as assesshéme impact of specific clones, which
may differ in virulence potential (Gordon and Waeh 2010). In addition, the ability of
organisms to rapidly develop multidrug resistancel @ persist in harsh environmental

conditions, calls for the need to takeinetobacteiinfections seriously.

Individuals vulnerable té\cinetobacteiinfections include those who have recently undeegon
major surgery, those with malignant diseases andyiand immunosuppressed patients such as
the elderly, neonates with low birth weights, aradignts with prolonged ilinesses (Torrets
al., 1990; Towner, 2006; Peled al.,2009). Nosocomial pneumonia occurs in intensive car
units with a frequency of 3 to 5% (even higheipatients with mechanical ventilation) and
crude mortality rates of 30 to 75% have been rego(Towner, 2006; Pelegt al., 2009).
Bacteremia is very common in elderly immunocomps®di patients. The main source of
bacteremia in these patients is bacterial pneumamd the most important predisposing
factors are malignant diseases, trauma, prolongetiatic treatment, prolonged intravenous
lines, post operations, urinary catheterizatiomaletransplants chest tubes, mechanical
ventilation, parenteral nutrition and long hospztation (OECD, 2008; Kurcik-Trajkovska,

2009). Poor hygienic conditions, and contaminateoddfand water are common sources of
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infection. In addition, it has been reported thawdr temperatures and an acidic pH may

enhance the ability dkcinetobactespp. to invade dead tissues (Joly-Guillou, 2005).

2.2.8 Treatment, prevention and control

Treatment ofAcinetobacterinfections should be individualized according tesaptibility
patterns as the carbapenems, some fluoroquinolandsdoxycycline may retain activity.
Impenim with an aminoglycoside afidlactamp-lactamase inhibitor with an aminoglycoside
was found to be synergistic vivo. Quinolone and amikacin synergy was also obserVkd.
treatment of a serious infection wifkcinetobactershould be combination therapy based on
laboratory antimicrobial susceptibility results.dad antimicrobial prescribing habits should be
critically guided by the susceptibility results. spected hospital outbreaks involving
multidrug-resistantAcinetobacterinfections should not be regarded with akinesi$ lbe
tackled ferociously and promptly. The prompt remsdf infection control procedures such as
hand-washing, patient isolation, ventilator carel @ood housekeeping is also important.
Chemotherapeutic approaches for most antimicrobgibktant Gram-negative infections,
include the use of carbapenems (imipenem and meeopg but carbapenem-resistant
Acinetobacteris increasingly reported (Savoet al., 2002, Jain and Danziger, 2004).
Resistance to the carbapenem class of antibiobogplicates the treatment of multidrug-
resistantAcinetobacteinfections. However, colistin and polymyxin B hadveen used to treat
highly resistantAcinetobactennfections; unfortunately renal toxicity of colisthas made its
choice unattractiveAcinetobacteisolates resistant to colistin and polymyxin B éalso been
reported (Giamarellos-Bourboulest al., 2001). The best approach is combination therapy
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where studies have demonstrateditro susceptibility of multidrug-resista#icinetobacteto
various synergistic combinations of antimicrobiedsluding carbapenems, colistin, rifampin,
and ampicillin-sulbactam (Landmaat al, 2002; Savowet al., 2002; Yuet al, 2005). The
clinical utility of these combinations against pasistant Acinetobacterremains to be

determined (Giamarellos-Bourboués al. 2001; Jain and Danziger, 2004; Yostral, 2004).

The costs associated with controlling an outbredkAcinetobacterinfections can be
staggering, and some institutions have even bessedoto close entire units in order to
interrupt the transmission &cinetobacter(Siau et al, 1999; Urbanet al, 2003; Kurcik-
Trajkovska, 2009). Therefore, a compelling needstexito prevent transmission in the
healthcare setting and keep the organism from begpendemic in an institution. It is also
important that contamination of the environmentterar food should be guarded against,
especially by MDR strains. Careful personal anddHaygiene should be observed. The
disinfection of hands with alcohol-based disinfattaand observation of standard hospital
practices cannot be overemphasized. Laboratohiesld embark on active surveillance to
detect cultures and patients who are colonized mititidrug-resistanAcinetobacteras well

as a community-based surveillance to determingacgerates. Other measures successful in
the control of outbreaks include isolation precandi for infected or colonized patients,
cohorting of patients, patients’ relatives and fstahvironmental disinfection, antimicrobial
control, and unit closure (Wenét al, 1997; Simoret al., 2002). Investigations for novel

antibiotic substances with possible activity agaifssinetobacterspp. from plants and other
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natural sources with a view to sourcing alternatreatment, should be seriously considered

by both research institutions and pharmaceuticalpamies.

2.2.9 CONCLUSION

Acinetobacter previously ignored as low-grade pathogens, Isamklenly generated interest.
The emergence of multi-resistant strains, somelothvare pan-resistant to antibiotics and can
cause a sudden outbreak of infection, and thetylofithe organism to resist desiccation as
well as its rapid transformation potential has @xeimed scientists worldwide. Despite an
exponential rise iPA. baumanniiinfections over the past decade, many questionsirem
unanswered (Gordon and Wareham, 2010). While krdyeleof the virulence and particularly
the resistance mechanisms is increasing, the pignaaat risk and the pathogenesis of severe
infection are still poorly understood. The assacrabf the organisms with conditions such as
bacteraemia or pulmonary infections, diarrhea aogboomial infections further highlights a
major concern. Most available reports are Aanbaumanniias the most important clinical
species, while investigations are concentrated limical samples. Other samples, including
environmental and food samples, should be investigéor bothA. baumanniiand other
species with a view to investigating their healtipiications. Control measures should not be
limited to investigations of the environment (foadater etc.) for microbial characterization
and studies oAcinetobactewvirulence and resistance mechanisms alone, butgbef animal
models should also be considered. The dearth diablatreatments remains a major concern
and although further work on the use and efficatgambination therapies is warranted, a
more urgent priority must be the development of ahotherapeutic agents (Gordon and
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Wareham, 2010) including studies on the effect bitpchemicals from plant sources

(Doughariet al.,2009b).
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2.3.1 ABSTRACT

The interest in plants with antimicrobial propestieas been revived due to current problems
associated with the use of antibiotics with the@éased prevalence of multiple-drug resistant
(MDR) bacterial strains. Some emerging speciesaatdyia such akscherichia coliO517:

H7 and Acinetobacter species that are verocytotoxin producers presenighelr
chemotherapeutic challenges because of the inctdasel of toxin production in medium
when challenged with antibiotics. The abundant wiadl plant resources and their
antioxidant properties and possibly undiscoveredehamodes of action can be a solution to

the control of multidrug resistant verocytotoxicteia.
Key words: Antimicrobial, multi-drug resistance, chemotherapy

2.3.2 INTRODUCTION

Phytochemicals are defined as bioactive non-nutipdsnt compounds in fruits, vegetables,
grains, and other plant foods that have been linkededucing the risk of major chronic

diseases. The word ‘phytois derived from the Greehytowhich means plant (Liu, 2004).

The presence of these bioactive components aretsaidnfer them with resistance against
bacterial, fungal and pesticidal pathogens. Themmacbve components are said to be
responsible for the antimicrobial effects of plamtractsinvitro (Abo etal., 1991; Nwezeet

al., 2004).
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The interest in plants with antimicrobial propestigas been revived due to current problems
associated with the use of antibiotics with the@ased prevalence of multiple-drug resistant
(MDR) strains of a number of pathogenic bacterieghsas methicillin resistar8taphylococcus
aureus, Helicobacter pylorand MDRKIlebsiela pneumoni@/oravuthikunchai and Kitpipit,
2003). On the other hand, infection witBscherichia coliO157: H7 involves the risk
stimulation of verocytotoxin (VT) production (Yo#t al., 1997 and 1999). Herbal remedies
are viewed as a reemerging health aid in a numbeswntries (UNESCO, 1997). This can be
traced to both the increasing cost of prescriptinrgs, for the maintenance of personal health
and antibiotic-resistant strains in the case afghibus diseases (Levy, 1998; Van den Bogaard
et al., 2000; Smolinskiet al., 2003). In industrialized countries, the extractiand
development of many drugs, and cehemotherpeutiosy fmedicinal plants have been
increasing (UNESCO, 1998). Complications in the o$eantibiotics in the treatment of
hemolytic uremic syndrome (HUS), and thrombocytepepurpura (TTP) encouraged
researchers to find effective medicinal plants ffescéve treatment foE. coli O157:H7 and

related infections (Sandvig, 2001; Voravuthikunattaal.,2005; Abong’o and Momba, 2009).

Long before mankind discovered the existence ofrabies, the idea that certain plants had
healing potential, and that they contained what weuld currently characterize as
antimicrobial principles, was well accepted. Sira#iquity, man has used plants to treat
common infectious diseases and some of theseitraaitmedicines are still included as part
of the habitual treatment of various maladies. &#ion and hygiene levels for the majority of
people in Africa are not comparable to those oftFWorld countries. This exposes African
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people to a wider array of microbial pathogens,clvhincreases their susceptibility to bacterial
infections. Local and indigenous plants are oftem ¢nly available means of treating such
infections in situations where commercial drugsrastavailable or are too expensive (Fennel
et al.,2004; McGawet al.,2005; Yagoub, 2008; Lewu and Afolayan, 2009). &mmple, the
use of bearberryAfctostaphylos uva-ursiand cranberry juiceMaccinium macrocarpgnto
treat urinary tract infections is reported in difiet manuals of phytotherapy, while species
such as lemon balmMEglissa officinali$, garlic @llium sativumy and tea treeMelaleuca
alternifolia) are described as broad-spectrum antimicrobiahtagéHeinrichet al., 2004).
Different plant parts and components (roots, leastsn barks, flowers or their combinations,
essential oils) have been employed in the treatmiemnifectious pathologies in the respiratory
system, urinary tract, gastrointestinal and biliaygtems, as well as on the skin (Rmgasl.,
2001; R"10s and Recio, 2005; Adekunle and Adeku2(®9). Various chemical compounds
(phytochemicals) with antimicrobial activity existplants. Phytochemicals have been isolated
and characterized from fruits such as grapes aplkksipvegetables such as broccoli and onion,
spices such as turmeric, beverages such as graeantered wine, as well as many other
sources. These compounds are used by the plamsta=ml defences against bacteria, fungi
and pests (Doughari and Obidah, 2008). In genefranolics have been shown to be the
predominant active chemical in plants, with Grarsifpee bacteria being the most susceptible

germs.

Common methods used in the evaluation of the acti#lnial and antifungal activities of plant
extracts and essential oils, include the agamusidh method (paper disc and well), the
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dilution method (agar and liquid broth) and thebtdimetric and impedimetric monitoring of
microbial growth (R’10s and Recio, 2005). Thesehmé$é are simple to carry out under
laboratory conditions, thus removing any barriethie possible investigation of more plants

for novel antibiotics.

2.3.3 Mechanism of action of phytochemicals

Different mechanisms of action of phytochemicalsen@deen suggested. They either act as
antioxidants, or may modulate gene expression agudalstransduction pathways (Kris-
Ethertonet al.,2002; Manson 2003; Surh 2003). They may eithardsel as chemotherapeutic
or chemopreventive agents with chemopreventionrniafg to the use of agents to inhibit,
reverse, or retard tumorigenesis. In this sensenopeeventive phytochemicals are applicable
to cancer therapy, since molecular mechanisms raapmmon to both chemoprevention and
cancer therapy (D’Incal@t al., 2005; Sarkar and Li, 2006). Molecular mechanisiniserb—
drug interaction have been investigated. The mosihte involve the ATP-binding cassette
drug transporters such as P-glycoprotein (You aratidyl 2007) and the drug metabolizing
enzymes (known as phase | and phase Il enzymepgcialy cytochrome P450 3A4
(CYP3A4) (Pal and Mitra, 2006; Meijerman al.,2006). Multiple molecular targets of dietary
phytochemicals have been identified, from pro- anti-apoptotic proteins, cell cycle proteins,
cell adhesion molecules, protein kinases, transerigfactors to metastasis and cell growth
pathways (Awad and Bradford, 2005; Aggarwal andsiddlia, 2006; Choi and Friso, 2006).
Polyphenols particularly are among the diverse gityemicals that have the potential in the
inhibition of carcinogenesis (Liu, 2004). The pdigmolic phytochemicals are virtually
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ubiquitous in plant materials and may occur at \egh levels. Phenolics in plants are mostly
synthesized from phenylalanine via the action cémptiealanine ammonia lyase (PAL). They
are very important to plants and have multiple fioms. The most important role of plant
phenolics may be in plant defense against pathogadsherbivore predators, and thus are
applied in the control of human pathogenic infetsigPuupponen-Pimiét al., 2008). With
the discovery of health benefits of plant polypHendt has been proposed to optimize the
phenolic content of the diet so as to obtain fableraonsequences for general health of the
population (Parr and Bolwell, 2000). Phytochemidalduding plant polyphenols that show
health benefits may act via similar or differentam&nisms in humans as those functional in
plants. This mechanism may be novel to those ahgfic antibiotics for the control antibiotic
resistant pathogenic strains. Phytochemicals msyyrabdulate transcription factors (Andreadi
et al., 2006), redox-sensitive transcription factors (Sathal., 2005), redox signaling, and
inflammation (Rahmaet al., 2006). As an example, nitric oxide (NO), a signglmolecule

of importance in inflammation, is modulated by glaolyphenols and other botanical extracts
(Chan and Fong, 1999; Shanmugatral., 2008). Many phytochemicals have been classified
as phytoestrogens, with health-promoting effectsulteng in the phytochemicals to be

marketed as nutraceuticals (Moutsatsou, 2007).

Phytochemicals such as epigallocatechin-3-gallB@®@GG) from green tea, curcumin from
turmeric, and resveratrol from red wine tend to aitva multitude of molecular targets. It is
because of these characteristics that definitivehaeisms of action are not available despite
decades of research (Franetsal., 2002). The multi-target nature of phytochemicaksyrbe
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beneficial in overcoming cancer drug resistances Thulti-faceted mode of action probably
hinders the cancer cell's ability to develop resise to the phytochemicals. It has also been
demonstrated that EGCG has inhibitory effects @netktracellular release of VT froB coli
0157: H7 (Voravuthikunchai and Kitpipit, 2003). Btiol pericarp extracts fronPunica
granatum was also reported to inhibited VT production in ipssmic space and cell
supernatant. Mechanisms responsible for this atgoy®e understood, however the active
compounds from the plant are thought to interfer whe transcriptional and translational
processes of the bacterial cell (Voravuthikunchmal Kitpipit, 2003). More work is needed to

be done in order to establish this assumption.

2.3.4 Safety concerns for phytochemicals

Plants are natural reservoirs of medicinal agehtwst free from the side effects normally
caused by synthetic chemicals (Fenetedl.,2004). The World Health Organization estimates
that herbal medicine is still the main stay of abt®-80% of the world population, mainly in
the developing countries for primary health caredose of better cultural acceptability, better
compatibility with the human body, and lesser sffects (Kamboj, 2000; Yadav and Dixit,
2008). The over use of synthetic drugs with impesiresulting in higher incidence of adverse
drug reactions, has motivated mankind to go baakatare for safer remedies. Due to varied
locations where these plants grow, coupled withpitmdlem of different vanacular names, the
World Health Organization published standards fenbhl safety to minimize adultartion and

abuse (WHO, 1999).
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A number of modern drugs have been isolated fratural sources and many of these
isolations were based on the uses of the agentsditional medicine (Rizvet al., 2009).
Antimicrobial properties of crude extracts prepaf@un plants have been described and such
reports had attracted the attention of scientisiddwide (Falodun et al. 2006; EI- Mahmood
and Amey, 2007; EI-Mahmood, 2009). Herbs have hesed for food and medicinal purposes
for centuries and this knowledge have been passdéwm generation to generation (Adedapo
et al., 2005). This is particularly evident in the rurakas where infectious diseases are
endemic and modern health care facilities are feevfar thus, compelling the people to nurse
their ailments using local herbs. Herbal treatmdvatge been adjudged to be relatively safe
(WHO, 1999). For instance, daily oral doses of alagatechin-3-gallate (EGCG) for 4 weeks
at 800 mg/day in 40 volunteers only caused mineeesk effects (Phillipson, 2007). In a 90-
day study of polyphenon E (a formulation of greea &xtract with 53% EGCG), the oral no
effect level (NOEL) values are 90 mg/kg/day fosrahd 600 mg/kg/day for dogs (Boocaatk
al., 2007). For curcumin, given to cancer patient36&t0 mg/day for 4 months or 800 mg/day
for 3 months, only minor adverse effects are séenresveratrol, a single oral dose at 5 g in
10 volunteers only causes minor adverse effect®¢8ck et al., 2007). Though herbs are
relatively safe to use, their combined use witthaadbx drugs should be done with extreme
caution. Concomitant use of conventional and hembdicines is reported to lead to clinically
relevant herb—drug interactions (Liet al., 2009). The two may interact either
pharmacokinetically or pharmacodynamically resgltinto adverse herbal-drug interactions
(Izzo, 2005). St John’s wort Hipericum perforatun), used for the treatment of mild to
moderate depression, interacts with digoxin, HI¥iltors, theophylline and warfarin. Some
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medicinal herbs, when ingested, either affect dytome P450 isoenzymes by which drugs are
metabolised, or, phosphoglycoprotein transportestesys that affect drug distribution and
excretion. Concurrent use of some herbal medicmés other medicines may either lower
blood plasma concentrations of medicinal drugssiabs resulting in suboptimal therapeutic
amounts, or lead to toxic concentrations in theoth)osometimes with fatal consequences

(Phillipson, 2007).

Despite this observation however, it has been teddhat phytochemicals act in synergy with
chemotherapeutic drugs in overcoming cancer cely desistance and that the application of
specific phytochemicals may allow the use of lowencentrations of drugs in cancer

treatment with an increased efficacy (Liu, 2004).

Another advantage with phytochemicals is that, agnam estimated 10,000 secondary
products (natural pesticides), it has been proptdsstchuman ancestors evolved a generalized
defense mechanism against low levels of phytochamio enable their consumption of many
different plant species containing variable levelshatural pesticides (carcinogens) without
subsequent ill health (Liu, 2004). Traces of phiggricals found in fruits and vegetables may
potentiate the immune system and help to proteainag cancer (Trewavas and Stewart,
2003). Phytochemicals show biphasic dose respomsemammalian cells. Though at high
concentrations they can be toxic, sub-toxic dosag mduce adaptive stress response (Ames
and Gold, 1991). This includes the activation g@nsiling pathways that result in increased
expression of genes encoding cytoprotective prstdinis therefore suggested that hormetic
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mechanisms of action may underlie many of the hdadnefits of phytochemicals including

their action against cancer drug resistance (Matt2008).

Several phytoconstituents also act as antioxidaftsioxidants are compounds that protect
cells against the damaging effects of reactive erygpecies otherwise called free radicals,
such as singlet oxygen, super oxide, peroxyl rdslideydroxyl radicals and peroxynite which
results in oxidative stress leading to cellular dgm (Mattson and Cheng, 2006). Natural
antioxidants play a key role in health maintenamcel prevention of the chronic and
degenerative diseases, such as atherosclerosisacand cerebral ischema, carcinogenesis,
eurodegenerative disorders, diabetic pregnancymhagc disorder, DNA damage and ageing
(Uddin et al.,2008; Jayasret al.,2009). The antioxidants act by reacting with freggen
radicals. The free radicals are metastable chemspaties, which tend to trap electrons from
the molecules in the immediate surroundings. Thiadecals if not scavenged effectively in
time, they may damage crucial biomolecules likedBp proteins including those present in all
membranes, mitochondria and, the DNA resulting bnaamalities leading to disease
conditions (Uddin et al., 2008). Thus, free radicals are involved in a numidfediseases
including: tumor inflammation, hemorrhagic shockheaosclerosis, diabetes, infertility,
gastrointestinal ulcerogenesis, asthma, rheumadiaritis, cardiovascular disorders, cytic
fibrosis, neurodegenerative diseases (e.g. panmkisisy Alzheimer’s diseases), AIDS and even
early senescence (Chest al., 2006; Uddinet al.,, 2008). The human body produces
insufficient amounts of antioxidants which are esisé for preventing oxidative stress. Free
radicals generated in the body can be removeddpady’'s own natural antioxidant defences
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such as glutathione or catalases (Sen, 199%refore, this deficiency had to be compensated
by making use of natural exogenous antioxidantsh &s vitamin C, vitamin E, flavones;
carotene and natural products in plants (MadserBamtblsen, 1995; Rice-Evaes al.,1997;

Diplock et al.,1998).

Plants contain a wide variety of free radicals sc@ing molecules including phenols,
flavonoids, vitamins, terpenoids hat are rich ini@idant activity (Madsen and Bertelsen,
1995; Cai and Sun, 2003). Many plants, citrus $raihd leafy vegetables are the source of
ascorbic acid, vitamin E, caratenoids, flavanold ahenolics which possess the ability to
scavenge the free radicals in human body. Sigmificntioxidant properties have been
recorded in phytochemicals that are necessaryh®rréduction in the occurrence of many
diseases (Hertog and Feskens, 1993; Anderson areif2001). Many dietary polyphenolic
constituents derived from plants are more effecingoxidantan vitro than vitamins E or C,
and thus might contribute significantly to proteetieffectsin vivo (Rice-Evans and Miller,
1997; Jayastret al.,2009). Studies to uncover other novel plant proglespecially those with
potential activity against verocytotoxic bacterestbecome very necessary. This is due to the
emergence of bacteria producing these toxins aedatbundance of predisposing factors
ranging from fecal contamination of food and wadeurces and low level of hygiene and
sanitation consciousness in the developing coumntii@e ready availability of these plants

should be a motivating factor in embarking of saalesearch.
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2.3.5 Methods of studying phytochemicals

A successful strategy for investigating plants bamlogically active compounds proved to be
initial screening followed by bioassay-guided fracation to aid isolation of active
constituents (Perumadt al., 1999; Mattson and Cheng, 2006). Apart from theliti@nal
methods of screening for biological activity usiligc diffusion and agar dilution methods, the
separation, identification and structure determamabf biologically active compounds has
been facilitated by continual development of chrtwgeaphic and spectroscopic methods of
analysis (Bohlin and Bruhn, 1999). These analytieahniques are becoming more and more
sophisticated (Hostettmann and Lea, 1987; Philips2d07). The NMR techniques are
employed for establishing connectivities betweeigiauring protons and establishinh C-H
bonds. INEPT is also being used for long range rbeteclear correlations over multiple
bondings. The application of Thin Layer Chromaspdry (TLC), High Performance
Chromatography (HPLC) and HPLC coupled with Ultdate (UV) photodiode array
detection, Liquid Chromatography-Ultraviolet (LC-)JV Liquid Chromatography-Mass
Spectrophotometry (LCMS), electrospray (ES) andilddChromatography-Nuclear Magnetic
Resonance (LC-NMR) techniques for the separati@hsairucture determination of antifungal
and antibacterial plant compounds is on the inerdasquently (Bohlin and Bruhn, 1999;
Oleszek and Marston, 2000). Currently available eneomatographic and spectroscopic
techniques in new drug discovery from natural potsluCurrently, computer modelling has
also been introduced in spectrum interpretation #al generation of chemical structures
meeting the spectral properties of bioactive compswbtained from plants (Vlietinck, 2000).
The computer systems utilise 1H, 13C, 2D-NMR, IRl &S spectral properties (Philipson,
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2007). Libraries of spectra can be searched forpewison with complete or partial chemical
structures. Hyphenated chromatographic and specipastechniques are powerful analytical
tools that are combined with high throughput biatagiscreening in order to avoid re-isolation
of known compounds as well as for structure deteation of novel compounds. Hyphenated
hromatographic and spectroscopic techniques indu@dJV-MS, LC-UV-NMR, LC-UV-
ES-MS and GC-MS (Oleszek and Marston, 2000; Pbitip2007). However, more work is
needed in developing simple methods of identifargti purification and formulation of
bioactive plant components into drugs for the aantf verotoxin producing antimicrobial

resistant bacteria and other pathogenic bacteria.

2.3.6 Future prospects of phytochemicals as source$ antimicrobial chemotherapeutic
agents

There are few disadvantages associated with napmaducts research. These include
difficulties in access and supply, complexities ratural product chemistry and inherent
slowness of working with natural products. In anbaif there are concerns about intellectual
property rights, and the hopes associated witlusigeof collections of compounds prepared by
combinatorial chemistry methods. Despite these tditimns, over a 100 natural-product-
derived compounds are currently undergoing clinigals and at least 100 similar projects are
in preclinical development (Phillipson, 2007). Angothese products the highest number are
from plant origin (Table 2.3.1). Most are derivadrh plants and microbial sources. The
projects based on natural products are predominbathg studied for use in cancer or as anti-
infectives. There is also, a growing interest ie thossibility of developing products that
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contain mixtures of natural compounds from tradiéily used medicines (Charlish, 2008),
while, a defined mixture of components extracteahfrgreen tea (Veregen TM) has been
approved by the US Food and Drug Administration AlFdand has recently come on the

market.

Most of the leads from natural products that argenily in development have come from
either plant or microbial sources. Earlier pubiias have pointed out that relatively little of
the world’s plant biodiversity has been extensivayeened for bioactivity and that very little
of the estimated microbial biodiversity has beeailable for screening (Harvey, 2000; 2008).
Hence, more extensive collections of plants (androbes) could provide many novel
chemicals for use in drug discovery assays. With dglowing realization that the chemical
diversity of natural products is a better matchhi@t of successful drugs than the diversity of
collections of synthetic compounds and with thebgloemergence of multidrug resistant
pathogens (Feher and Schmidt, 2003) the interespplying natural chemical diversity to

drug discovery appears to be increasing once gGatm and Shen, 2007).
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3613 Table 2.3.1. Drugs based on natural products tdrdiit stages of development
Development stage Plant Bacterial Fungal Animal  iSamthetic Total
Preclinical 46 12 7 27 99
Phase | 14 0 3 8 30
Phase Il 41 0 10 11 66
Phase Il 5 0 13 26
Pre-registration 2 0 2 4
Total 108 25 7 24 61 225

3614  (Source; Harvey, 2008)
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With advances in fractionation techniques to isoktd purify natural products (e.g. counter-
current chromatography (Harvey, 2008) and in araytechniques to determine structures
(Singh and Barrett, 2006), screening of naturatpod mixtures is now more compatible with
the expected timescale of high-throughput screecsmgpaigns. Singh and Barrett (2006)
point out that pure bioactive compound can be tedlfrom fermentation broths in less than 2
weeks and that the structures of more than 90%wfecompounds can be elucidated within 2
weeks. With advances in NMR techniques, complexcaires can be solved with much less
than 1 mg of compound. It has recently been dematest that it is possible to prepare a
screening library of highly diverse compounds frpfants with the compounds being pre-
selected from an analysis of the Dictionary of MaltuProducts to be drug-like in their
physicochemical properties (Oleszek and Marsto@026larvey, 2008). It will be interesting
to see if such a collection proves to be enrichrethioactive molecules. Several alternative
approaches are also being explored in efforts ¢dcease the speed and efficiency with which
natural products can be applied to drug discoveny.instance, there is an attraction to screen
the mixtures of compounds obtained from extractplaft material or from microbial broths
to select extracts from primary screens that &®llito contain novel compounds with the
desired biological activity using the concept offfeetential smart screens’. This approach
involves screening extracts of unknown activity ingapairs of related receptor sites. By the
comparison of the ratios of the binding potencieshe two receptor sites for a known
selective ligand and for an extract, it is possiblg@redict which extract was likely to contain
components with the appropriate pharmacologicalviact(McGaw et al., 2005; Harvey,
2008; Okigboet al., 2009). Another approach is the use of ‘chemieadagics profiling’
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(Harvey, 2008). In this method, by building up datbase of the effects of a wide range of
known compounds, it is possible to interrogate drwith unknown mechanisms or mixtures
of compounds such as natural product mixtures. Wwhnique highlighted unexpected
similarities in molecular effects of unrelated dsu@.g. amiodarone and tamoxifen) and also
revealed potential anti-fungal activity of crudetraxts. This activity was confirmed by

isolation and testing of defined compounds, stiddmle and theopalauamide (Fig. 2.3.1).

Because these compounds are not structurally sintilay would not have been expected to
act via the same biological target, thus providngre chances for a very versatile drug
component with high efficacy against antibioticiseent bacteria. It has been reported that,
despite the popularity of chemical drugs, herbatliciee in Africa and the rest of the world
continued to be practiced due to richness of aegkints in varieties of secondary metabolites
such as alkaloids, flavonoids, tannins and terpn(@Cowan, 1999; Lewis and Ausubel, 2006;
Adekunle and Adekunle, 2009). Stapletetnal. (2004) reported that aqueous extracts of tea
(Camellia sinensjsreversed methicillin resistance in methicillirsisgantS. aureugMRSA)
and also to some extent reduced penicillin restgtann beta-lactamase-producing
Staphylococcus aureuglso, Betoniet al. (2006) reported synergistic interactions between
extracts of guaco Mikania glomeraty, guava Psidium guajavg clove Gyzyguim
aromaticun), garlic @Allium sativum lemon grass @ymbopogon citratysginger Zingiber
officinale) cargueja Baccharis trimery and mint Mentha pierigd and some antibiotics
againstS. aureusHowever, these are preliminary investigations arade work is needed to
actually determine the active
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3674  Fig. 2.3.1. Natural products — recently discoveaad/or in development. (1) Salinosporamide
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A; (2) curacin A; (3) dolastatin 10; (4) turbomycly (5) cryptophicin; (6) vancomycin; (7)
platensimycin; (8) platencin; (9) stichlorosideQ)theopalauamide (Source; Harvey, 2008).

ingredients in these plants extracts and this malp In improving management of the
different infectious diseases that are developagistance to commonly used antibiotics and
possibly to verocytotoxic bacteria. Furthermorejdological studies can also be carried out to

determine the reliance on these herbs without rsateyeffects.

Researchers have also devised a cluster of chdynietdted scaffolds which are very useful
in guiding the synthesis of new compounds. In &ngbt to combine the advantages of virtual
screening of chemically diverse natural products their synthetic analogues (scaffolds) with
the rapid availability of physical samples for tegt an academic collaboration has established
the Drug Discovery Portal (http://www.ddp.strathuke). This brings together a wide variety
of compounds from academic laboratories in manfgidht institutions in a database that can
be used for virtual screening. Academic biologyup® can also propose structures as targets
for virtual screening with the Portal’'s databased(avith conventional commercially available
databases). Access to the Portal is free for acadgnoups and the continued expansion of the
chemical database means that there is a valuablegamwing coverage of chemical space
through many novel chemical compounds (Feher aingit, 2003; Galm and Shen, 2007,

Harvey, 2008).

Despite all of the advances made by the pharmaatutidustry in the development of novel

and highly effective medicines for the treatmentatide range of diseases, there has been a
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marked increase in the use of herbal medicines enauading the more affluent countries of
the world. Germany has the largest share of th&keham Europe and it was reported that the
sales of herbal medicinal products (HMPs) in 19%renJS$ 1.8 billion (Barnest al.,2007).
Numerous scientific medical/pharmaceutical bookseHzeen published in recent years aiming
to provide the general public and healthcare psidesils with evidence of the benefits and
risks of herbal medicines (Barnesal.,2007; Phillipson, 2007). The pharmaceutical indust
has met the increased demand for herbal medicyp@sanufacturing a range of HMPs many
of which contain standardized amounts of speciitural products. In the 1950s, it would not
have been possible to predict that in 50 yearsetitmere would be a thriving industry
producing HMPs based on the public demand for hentbedicines. To date, European
Pharmacopoeia has even published up to 125 monrwgym@p specific medicinal herbs with
another 84 currently in preparation (Mijajlowat al., 2006; Phillipson, 2007. The monographs
are meant to provide up-to-date knowledge of phwaastry for defining the chemical
profiles of medicinal herbs and an understandinguudlytical tests for identification of the
herbs and for the quantitative assessment of anwhkractive ingredients (Phillipson, 2007).
Several regulatory bodies incuding Traditional Mauks Boards (TMBs, in Nigeria and other
African Countries), Medicines and Healthcare prdsilRegulatory Agency (MHRA), Herbal
Medicines Advisory Committee (HMAC) (Uk) and Ameait Herbal Products Association
(AHPA) and several other pharmacopoeia (Britishin€se, German, Japanese) provide
guidelines and advice on the safety, quality anbization of the plant herbal products in
several countries (Yadav and Dixit, 2008). Scienind research communities are currently
engaged in phytochemical research, and pharmacpgnasytomedicine or traditional
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medicine are various disciplines in higher insitng of learning that deals specifically with
research in herbal medicines. It is estimated #&00 individual phytochemicals have been
identified in fruits, vegetables, and grains, butge percentage still remain unknown and
need to be identified before we can fully underdtéime health benefits of phytochemicals
(Liu, 2004). Despite the increased interest in miedl plant research worldwide, only rare
(Voravuthikunchaiet al., 2005) or no publications are found even in theettgyed countries
on efficacy of these plants on verocytotoxic baateFhough there are several published data
on the efficacy of phytochemicals &n coli, andShigellaspp., other Gram-negative bacteria,
and antibiotic resistant bacteria (Nascimegit@l., 2000; Yagoub, 2008; Okigbet al.,2009;
El-Mahmood, 2009; Aiyegoret al.,2009), limited data is available on the efficadytleese
plants on the verocytotoxin produciikg coli O157: H7 and other related bacteria in Africa.
Deliberate research drives should be made by rdsex@r especially in the developing world to
stockpile beforehand, relevant potential medicipknt cure against these bacteria. This
should be done with a view to developing novel driay the chemotherapy of these emerging

pathogens.

2.3.7 CONCLUSION

With the increasing interest and so many promisargg candidates in the current
development pipeline that are of natural origind anth the lessening of technical drawbacks
associated with natural product research, therbetter opportunities to explore the biological
activity of previously inaccessible sources of maltyoroducts. In addition, the increasing
acceptance that the chemical diversity of naturatipcts is well suited to provide the core
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scaffolds for future drugs, there will be furtheevélopments in the use of novel natural
products and chemical libraries based on natuduymts in drug discovery campaigns. Such
array of antimicrobial substances, when discoveretl, in no doubt provide prospective

alternatives for the control of antimicrobial rears bacteria in addition to emerging

verocytotoxygenic ones.
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2.4.1 ABSTRACT

Ethnopharmacology is now being integrated intorttenstream medicine all over the world,
including South Africa, due to the increasing papiy of medicinal plants in the treatment of
various infections. Several plants have been use@iious communities for the treatment of
various disease<Curtisia dentata,a medicinal plant, is among the most commonly used
medicinal plants in South Africa. The plant is ugethe treatment of diarrhea, amongst other
diseases. There is dearth in information on itgraatobial potential as well as phytochemical
and toxicological profiles. Investigation of thetiamcrobial potentials ofC. dentatawill lead

to the discovery of chemical substances that casiply be used in the development of novel
chemotherapeutic agents for the treatment of imdestsuch diarrhea, candidiasis and other

microbial infections.

Key words: Ethnopharmacology, South AfricaCurtisia dentata, diarrhea, toxicology,

medicinal trade market.

2.4.2 INTRODUCTION

Ethnopharmacology, the science of application afiganous or local medicinal remedies
including plants for treatment of diseases (Gumiif, 2006; Pandet al.,2008) has been the
mainstay of traditional medicines throughout theld/@nd is currently beingt integrated into
mainstream medicine. Different catalogues, inclgdibe Materia Medica, Historia

Plantarum, Species Plantarummave been variously published in attempts to pegicientific
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information on the medicinal uses of plants (Gu¥dkim, 2006). A medicinal plant is a plant
whose parts including leaves, roots, rhizomes, stdrarks, flowers, fruits, grains, seeds or
roots are employed in the control or treatment afisease condition and therefore contains
chemical components that are medically active. & mes-nutrient plant chemical compounds
or bioactive components, often referred to as pthgmicals or phytoconstituents, are
responsible for protecting the plant against mi@blinfections or infestations by pests
(Pieters and Vlietinck, 2005; Gurib-Fakim, 2006; ugbari et al., 2009). Consequently,
medicinal plants are potential sources of new camgs of therapeutic value and as sources

of lead compounds in drug development (Matu andStaden, 2003).

Humans have discovered the secret of exploitingehghytoconstituents in the control of
various health ailments through the use of plamtsrfedicinal purposes. The use of traditional
medicinal plants dates back since antiquity (Géialdm, 2006; Egwaikhide and Gimba,
2007) and the types of plants and methods of agpic vary from locality to locality. It has
been reported that 80% of rural dwellers all oherworld, especially in Africa, rely on plants
as means of treating various diseases (BodekeKemtkenberg, 2002; Matu and van Staden,
2003; Gurib-Fakim, 2006; Upadhyay al.,2007). Logistics and beaurocracy associated with
modern health, inadequate facilities, limited ascts formal and adequate health services,
high cost of antibiotics and other drugs, and ieaswility has forced the underprivileged
communities to continue depending on traditionahfd as their sources of medicines (Matu
and van Staden, 2003). Consequently, a single playtbe used for the treatment of various
disease conditions, depending on the commu&greral ailments including fever, asthma,
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constipation, esophageal cancer and hypertensiom lieeen treated with traditional medicinal
plants (Cousins and Huffman, 2002; Saganuwan, 2009 plants are applied in different
forms such as poultices, concoctions of differdahpmixtures, infusions as teas or tinctures,
or as component mixtures in porridges and soupsimaskered in different ways including
oral, nasal (smoking, snoffing or steaming), top{tations, oils or creams), bathing or rectal
(enemas) (Gurib-Fakim, 2006). Despite the widespraaplication of plants in traditional
medicines and their rapidly increasing populariere among urban dwellers as well as the
educated class, scientific analyses of the purddoefits of many plants are still scant. The
increasing acceptability is not unconnected witd thcreasing inefficacy of many modern
drugs used for the control of many infections swh typhoid fever, gonorrhea, and
tuberculosis. The development of resistance byrakbacteria to various antibiotics (WHO,
1996) has forced the scientific, medical, reseanmth the academic community to delve into
investigating alternative sources of treatmentsh&se recalcitrant bacteria. In addition, the
increase of opportunistic infections especiallyhwitcquired Immune Deficiency Syndrome
(AIDS) patients and individuals on immunosuppressshemotherapy, toxicity of many
antifungal and antiviral drugs has further undedirthe need of searching for more new drug

substances (Maregest al., 2008).

Just as in several other parts of the world, madicplants are an integral part of African
culture. In South Africa, Zicentury drug therapy is used side-by-side withiti@uhl African
medicines to heal the sick (van Wk al., 1997). In their separate studies on six South
African urban centers of a total population of odes million, Hirschowitz and De Castro

178

_—
‘ Cape

Ber)insqla James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



4062

4063

4064

4065

4066

4067

4068

4069

4070

4071

4072

4073

4074

4075

4076

4077

4078

4079

4080

4081

4082

4083

(1995) and Mander (1998) reported that 70% of plupulation visits a traditional healer an
average of three times a year. The country is aistowed with a very rich biodiversity of
natural plant resources (van Wegkal.,1997; McGaw and Eloff, 2008; van Wyk, 2008) useful
as medicinal plants. These plants span an estinfat@dplant families amongst which the
Fabaceae, Asteraceae, Euphorbiaceae, Rubiacea®rahilaceae families are the most
popular within the Zulu, Sotho and Xhosa ethnomedi¢Hutchingset al., 1996). The most
commonly preferred plant part, the stem bark, actdior approximately 27% of market
produce traded annually in KwaZulu—Natal (Mande$98). Common medicinal plants
employed as local health remedies incl&igherlandia frutescen@or flu, as blood purifier
and all-purpose tonic) (van Wyk et al.,, 1997; Mnogiaand Viljoen, 2007),Bridelia
micrantha (Euphorbiaceae, for diarrhoea, stomach ache, sges),eCombretum molle
(Combretaceae, for fever, abdominal pains, cononjsivorm infections)Combretum coffrum
(Combretaceae, for conjunctivitis) adgrminalia sericea(for cough, diarrhoea, skin and

wound infections) (Bessorgg al.,2004; McGaw and Eloff, 2008).

Members of the Cornaceae family have been subjécextensive phytochemical and
pharmacological research (Letal.,2000). There are reports of various compoundsichict
flavonoids, phenolic compounds and terpenoids tedldrom one of the Cornaceae family,
Cornus controversdLee et al., 2000). Antimicrobial and antihelminthic activities some
members of this family have also been reportedg&uand Gonuz (2004) reported activity of
the ethanol extracts dfornus masagainstPseudomonas aeruginosa, Proteus vulgairsl
Micrococcus luteusThe genus Curtisia” of the Cornaceae family was first named by the
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botanist William Curtis. The species natiteentata”is simply coined from the Latin version
"toothed", referring to the slightly serrated magof its leaves. Previous reports indicate that
the plant is potent against some pathogenic bactemgi and some parasites. Enwersnal.
(2001) has earlier reported the antihelminthicvégtiof betulinic acid, a chemical compound
isolated from C. dentata against Caenorhabditis elegansa free-living nematode, at a
concentration of 50Qg/mt after 7 days of incubation. Despite reports on esonembers of
the Cornaceae family, there is little information the phytochemical, pharmacological and
biological investigations o€. dentata This paper thus provides botanical informatiomnl an

highlights the pharmacological potential®fdentata.

2.4.3 Description and distribution ofC. dentata

C. dentataCornaceae or dogwood family) or assegai (Engl@hraon name) is a traditional
medicinal plant that has been employed in the rreat of diarrhea and related stomach
ailments in South Africa (Notten, 2004}. dentata idocally named in South Africa as - the
Zulu Assegai- because of the ‘African spear’ tradidlly made from this tree's strong wood.
In Southern Africa, the common names include asse@afrikaans.); uSirayi, umGxina
(Xhosa), umLahleni (Xhosa, Zulu), uMagunda, uMagindimBese, umPhephelelangeni
(Zulu), iliNcayi, isiNwati (Stwanee), modula-tshween(Northern Sotho), musangwe,
mufhefhera (Venda) and modula-shtwene (Pede) (Nof@04; Shaet al., 2008). Of the 15
plant genera found in the Cornaceae family, ongQhbrtisiagenera are found in Africa (Shai

et al.,2008).

180

_—
‘ Cape

Beninsula James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



4106

4107

4108

4109

4110

4111

4112

4113

4114

4115

4116

4117

4118

4119

4120

4121

4122

4123

4124

4125

4126

4127

The plant is an attractive medium-sized tree widinkdbark and fissured in square patches;
young branches covered in dense rusty brown HErs.plant, when young, is velvety to the
touch and bronze-gold in colour. The leaves aressma@lossy and opposite, ovate to broadly
elliptic, up to 10 cm in length. The leaf surfasdaathery, shiny dark green above, light green
and covered in woolly hairs with conspicuous vesratbelow; covered in dense rusty brown
hairs with a sharply pointed apex and strongly mmedj toothing. The flowers are small,
inconspicuous and odourless occurring in branckadibal heads, up to 12 cm long, cream,
covered in soft, light grey hair€.. dentatdruits are small rounded to oval fleshy bitter lesr
about 10 mm in diameter, white, turning red where rand crowned with the calyx remains.
The wood is tough, hard, heavy, fine-grained, dedl, used in the past for furniture, rafters
and flooring.C. dentatais a very decorative tree, even when small (Fi¢.12 and is usually

cultivated from the seed (Notten, 2004).

The plant has a worldwide distribution and espgciah mountains, evergreen forests and
along the margins of forests and grasslands (Nog@@4). ‘Assegai tree’ as it is commonly
called, grows in the forests of South Africa andagWand, ranging from sea level to 1800
meters elevation, and from Cape Town in the southirhpopo province in the north. In deep
Afromontane foresC. dentatagrows into a tall tree, but on open mountain sloged by the
coast, the plant remains a small bushy tree. Inleon Africa in generalC. dentatais found

in Zimbabwe, Mozambique, South Africa (Limpopo, Npalanga, KwaZulu-Natal, Eastern
and Western Cape Provinces) and Swaziland (&hali., 2008). The plant been in decline in
some areas, as its bark is highly valued for tiaakti medicine.
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Fig. 2.4CQurtisia dentatdull plant.
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2.4.4 Medicinal properties and antimicrobial potentals of C. dentata

C. dentatahas been employed in the treatment of variouseaiten The stem bark is used by
Southern African cultures as an aphrodisiac, adlmarifier and as treatment against various
stomach ailments and diarrhea (Pujol, 2000). IrBastern Cape Province of South Africa, the
local populations use the bark to treat heart-wiateattle (Dold and Cocks, 2001). Traditional
herbal practitioners use this species in speciatures because it is scarce and endangéred.
dentatais also used for the treatment of pimples (Saal., 2009a; Dold and Cocks, 2001).
The ethanol and aqueous extracts of the plant h&em reported to exhibit antibacterial
activity againsBacillus subtilis(McGawetal., 2000). Shaget al. (2009a) reported the activity
of acetone extracts of leaves, twigs and stem hairkise plant againdk. coli, S. aureus, P.
aerugenosa E. faecalas well a<C. albicansas well as inhibition of motility isome parasitic

and free living nematodes (Staial.,2008; 2009a,b)

2.4.5 Chemical constituents

There is paucity of reports of phytochemical, phacological and biological investigations of
C. dentataprobably due to its scarce nature. Other membetiseo€Cornaceae family such as
Cornus controversahave been subjects of extensive phytochemical @ratmacological
research with various flavonoids, phenolic compauadd terpenoids being reported (lete
al., 2000) Doughariet al. (2010a) was the first to report the presenceaohins, flavonoids
(Fig. 2.4.2), saponins, anthraquinones, steroidsghycosides in various extracts of the plant
(Doughari et al., 2010a). The isolation of four antibacterial andifangal triterpenoids
through bioactivity guided fractionation and bicagiam studies was also (for the first time)
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reported by Shaget al. (2007; 2008). Their study revealed that the ledfagets of the plant
contained a greater number of antifungal compoumclsding lupeol, betulinic acid, ursolic
acid and 2-alpha-hydroxyursolic acid (Fig. 2.4.3everal of these compounds displayed
commonR; values in thin layer chromatography. Betulinicdaaursolic acid and 2-alpha-
hydroxyursolic acid appreciably inhibited fungal ogth with minimum inhibitory
concentration (MIC) values ranging from 8-63 pg/ifthe study provided information on the
antimicrobial compounds of this species, as wellaagreliminary rationale for the use in
traditional South African medicine. Another study Breueret al. (1978) also reported the
presence of the fatty acid linolenic acidd3:COOH) - an unsaturated fatty acid (Fig. 2.4.2),
considered essential to the human diet, respon$ibleell development and regulation of
cellular metabolismC. dentataalso contains ellagitannins (complex tannins) (F&4.3, 4
and 2.4.5) which are hydrolysable tannins (yieldpawyphenols) mainly glucose esters of

hexahydroxydiphenic acid and its congeners (Batéhset al.,1975; Barron, 2001).

184

_—
‘ Cape

Ber)insqla James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



Lupeol (1) R =CHj;
Betulinic acid (2) R = COOH

Ursolic acid (3) R=H
2o-hydroxyursolic acid (4) R =0OH

4175

4176 Fig. 2.4.2. Structures of some chemical compousalated from leaf extracts of
4177 Curtesia dentatgShaiet al.,2008).
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Fig. 2.4.3. Structure of linolenic acid
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2.4.6 Challenges of trade and harvesting tG. dentata sustainability

In South Africa, an increased demand exists fontpderived medicines, which has created a
trade in indigenous plants estimated to be worgir@pmately R270 million per annum (Dold
and Cocks, 2002). This demand has resulted in ni@ne 700 plant species being actively
traded for medicinal purposes throughout the cquronsequently, there is an intensive
harvesting of wild material which has posed a sevithreat to biodiversity in the region. With
the increasing harvesting pressures on traditisnpply areas, there is a growing shortage in
supply of the popular medicinal plant species (Veyk, 2008). One such affected plant just
like most African medicinal plants, 8. dentata.The plant is in high demand with a high
price in South Africa. It is among the ten most coomly sold plant species in the Eastern
Cape region of Southern Africa and among the smost frequently traded plants. Because
the plant is scarce and endangered, traditionaliamedpractitioners use it in special herbal
mixtures (Cunningham, 1988). Due to heavy tradihg,plant has become vulnerable, scarce
and in decline, therefore making it conservatiopeselent (Dold and Cocks, 2002). The stem
bark of the plant is a common feature in the tradél medicinal trade in South African herbal
markets. Because of the need to conserve the gpeties, the government enlisted it among
the ‘nationally protected trees’ (Pilot State of thorest Report, 2005). This therefore calls for

stricter management measures to ensure its comieerva

2.4.7 Challenges on research and ethnopharmacologi@pplications of C. dentata
African medicinal plant resources are under theahof extinction. This is as a result of over-
exploitation due to excessive utilization, commalisation, habitat destruction and other
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natural and man-made destructive influences. Dedtbeargeted conservation measures must
be taken in order to ensure their continued aviityabThe establishment of medicinal
botanical gardens, herbarium and farms should ¢p@reusly pursued in this respect. With the
increasing relevance the world including reseaclaard scientists are giving to traditional
medicinal plants, and with the global increase meidence of multidrug resistance by
microorganisms to antimicrobial agents, it is veertinent that medicinal plants should be
adequately studied and conserved. The significaf¢a dentatain the treatment of various
infections, especially diarrhea if properly invgstied, will go a long way in curbing the high
incidences of these infections, which is currendlyaging the African continent. Currently, 2-
3 billion incidences of diarrhea and 3-5 millionatles from the disease is said to occur
annually in the developing countries (WHO, 1996n&eez and Holmgren, 2005; Dougheti

al., 2010b), including South Africa (Liet al., 2002). The fact that the plant is used in the
treatment of diarrhea calls for the investigatidnt® antimicrobial activities against diarrhea-
causing bacteria such & coli, S. dysenterie, Salmonekap. and other related bacteria.
Phytochemical and toxicity studies of this plantowld also be carried out, to enable
identification of active chemical constituents araditions to be issued of dangerous practices

or its toxic effects.

The high demand df. dentatain the South African medicinal trade market anddkarth in
information on its antimicrobial potential as waB phytochemical and toxicological profiles

call for more vigorous research as well as strictgrservation measuresin this area.
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3.1 JUSTIFICATION

With the continued depletion of water sources du¢he increase in human population and
urbanization, pressure for water demand resultsharing available water sources between
humans and animals, especially in rural areas. €penlty, such water bodies are
contaminated with pathogenic bacteria. Poor sarmdogditions and poorly constructed pit
latrines release their contents into river watewater used for drinking purposes during run-
offs. Run-offs also wash animal excreta into waiedies from livestock that are often reared
in close proximity with human settlements in typic@omadic set-ups or poor rural
communities in Africa. Due to ignorance and povestych contaminated water usually ends
up being used for either domestic or irrigationargmses with little or no precautionary
measures, especially among the rural folks in adgned countries. Consequently, pathogenic
bacteria includingescherichia coli,Acinetebacterspp., Salmonellaand Shigella spp. are

transmitted to humans.

These pathogenic bacteria, unlike innocuous comatgnalternate between free living and
host associated states. In any new environment,areeconfronted with conditions foreign to
their previous medium which they need to immedjatadjust to. The changes in physico-
chemical conditions of the medium often exert streects on the bacterial cell. Stress is a
state of altered homeostasis provoked by a psyghlualh environmental, or physiological
stressor(s) (Petersaat al.,1991). Following exposure of cells to various subopl physical
and chemical environments, such as cold and wampeeature, low 4, low hydrostatic
pressure, UV light, high salt concentrations, baotéens, preservatives, detergents, several
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dyes, and antibiotics, many foodbome pathogenssaodage bacteria are either killed or
develop adaptive mechanisms that enable them taveusuch conditions. The physico-
chemical parameters encountered by the bactertheise two states are very different and
exert different demands and stresses on the balcteell (Chowdhuryet al., 1996).
Consequently, bacteria respond to these envirorahehtanges by trigering some adaptive
mechanisms which may involve altering the pattdrgeme expression with activation of a set
of genes whose products assist in survival andrigroff those products that are not necessary
in a particular environment. This is particularlpn@ by induction of virulence factors.
According to Chowdhunet al. (1996), the expression of virulence genes is ctattdby
regulatory systems in such a manner that the viogléactors are expressed at diffeisgages

of the infection process dictated by the changingrorenvironment of the host as
consequence of the pathophysiology of infectiorusThihe understanding of the dynamics of
bacterial response to various stress conditionsmight be found in water, refrigeration
temperatures, laboratory media and disinfectattuty environments is indeed significant in
order to develop more proactive control measures.

Verotoxic non O157:HE. coli and Acinetobacterspp. were selected for this study due to
their association with various antibiotic resistdrarrhogenic and nosocomial infections. Their
presence in a wide range of enviromnments includmy water, animal bodies and food, as

well as their ease in genetic manipulation, makesitideal for this study.

When introduced into a host or food, bacteriauduig, E. coliand Acinetobacterspp. are
confronted with an increase or decrease in temyerdtom that of the environment to that of

199

_—
‘ Cape

Beninsula James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



4445

4446

4447

4448

4449

4450

4451

4452

4453

4454

4455

4456

4457

4458

4459

4460

4461

4462

4463

4464

4465

4466

the food or the host cell. In the animal bodyythee exposed to with either salts, chemicals
or biological defence mechanisms such as haemslygelatinases and serum. In food
presevation, the organisms are subjected to lowesepvation temperatures. In foods or
laboratory media, the bacteria are confronted wither salts or chemicals such as sodium
chloride, crystal violet, as well as antibioticsir8val of these bacteria depend on their ability
to develop daptive mechanisms. These mechanisms ofinfer them with resistance to these
biophysico-chemical conditions. Resistance factmes genetically mediated and thus are
transferable to other bacteria. Contamination ofewand food sources with these resistance
strains results in further spread of the resistafamors consequently, more recalcitrant

infections emerge.

Antibiotic resistant diarrheal and nosocomial ii@es are often associated with verotokic
coli andAcinetobactesspp. Lack of or inadequate supply of potable waieor hygiene, and
contamination of water sources with agriculturatl andustrial chemicals and human and
animal excreta is a common phenomenon in develogmgntries. Such contamination
introduces these bacteria in the water and suba#gueto food due to domestic usage of the
water. This explains the alarmingly high incidenad diarrheal infections. For effective
control measures to be developed, it is importaat the response of the bacteria to the

various stress conditions earlier mentioned, beaately understood.
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3.2 Aim of the study

The study was therefore carried out in order toemheine the presence and response of
antibiotic resistant verotoxic wastewater and riwater isolates oAcinetobacter Iwoffii, A.
haemolyticusand non-015E. colito oxidative stress and antioxidant phytochemioélstem
bark extracts o€Curtisia dentataand also to determine transformation amongst sarams of

resistantA. haemolyticusndEscherichia coli.

3.3. Objectives

1. To isolate and identify verocytotoxicinetobacterspp.and non O157: HE. coli
from wastewater and river water samples;

2. To screen for the presence of virulence factors amtbiotic susceptibility among
verotoxic non O157: HE. coliisolates obtained from water and wastewater sanple

3. To determine multi-drug resistance, verotoxin puitiun and efficacy of crude stem
bark extracts ofC. dentataamongA. haemolyticus, A. lwoffand non O15E. coli
obtained from water and wastewater samples;

4. To screen for the presence of virulence, resistgeces and transformation amongst
environmental isolates of verotoxic non OE5¢oliandAcinetobactespp.;

5. To determine the effect of oxidative stress on Nitgtand virulence of environmental
isolates of non O15E. coli;

6. To determine the effect of oxidative stress on thability and virulence of
environmentalA. haemolyticussolates;

7. To determine the effect of plant antioxidartgtpchemicals o€. dentateon antibiotic
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resistant verotoxin producimdcinetobactespp. and non O1%/ colistrains; and
8. To screen for the antioxidant, antimicrobiad @ntiverotoxic potentials of extracts of

C. dentata.
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4.1 ABSTRACT

Forty eight samples (30 wastewater and 18 riveteryavere collected between July and
November, 2010 from different sources in Cape To8@yth Africa in order to characterize
verotoxic non O157: H7Escherichia colistrains. Samples (1 ml) were inoculated into
MacConkey broth (MB, 9 ml) and incubated at 37°C24# h, after which a loopful of the MB
was then spread onto Eosin Methylene Blue (EMB) fanither incubated for 24 h at 37°C in
order to isolateE. coli. The identification of isolates was done using séaddbiochemical
procedures,and confirmed serologically using. coli polyvalent antisera (Bioweb, SA).
Isolates were also characterized for virulence ofgctsuch as verotoxin, haemolysin,
gelatinase, extended spectrum beta lactamases @SBell surface hydrophobicity and
bacterial serum resistance, as well as susceptililsing disc diffusion method) to stem bark
extracts ofCurtisia dentata. Results showed the presence of different serotgpEs coli (69
isolates altogether)ncluding 026:H11, O55, O111:NM, 0126, 044, 0124969,
0103:H2, O145:NM and 0O145:H2. Over 60% of the wedaexhibited serum resistance,
haemolysin and gelatinase production, 81% exhikatexll surface hydrophobicity and over
52% produced ESBLs. Results also showed that, v@ti#é of the isolates showed various
levels of resistance to different antibiotics: aaipn (10 pg), cefuroxime, cephalexin,
ceftazidime and tetracycline (30 pg in each caselilt{drug resistance index (MDRI) values
4.20-5.60%), only 28 % were resistant to ethanainsbark extracts of. dentata(MIC, 70-
150 mg/ml) The presence of pathogenic verotoxic antibiotiestaatE. coli in these water

sources is a threat to water quality and food sgcand C. dentatahas a potential for
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sourcing novel antibiotic substances for chemotheragainst these resistant pathogenic

strains ofE. coli.

Key words: Curtisia dentata, Escherichia colhaemolysins, cell surface hydrophobicity,

gelatinase, plant extracts, verotoxins

4.2INTRODUCTION

Escherichia coli(Enterobacteriaceae) are short Gram-negative lbaodn-spore forming,
fimbriate with peritrichous flagellum with capsude microcapsule often present. The bacteria
grow readily on simple culture or synthetic medighvglycerol or glucose as the sole carbon
source and energy. On solid media, colonies arlair and smooth with a complete edge;
some strains produce mucoid colonies (Villasetcal.,2005).E. coliare widespread intestinal
parasites of mammals, birds and humans and areentresherever there is faecal
contamination (Doughart al., 2009). E. coli is usually considered to be an opportunistic
pathogen which constitutes a large portion of tbhemal intestinal flora of humans. This
organism can, however, contaminate, colonize, amnabexjuently cause infection of extra
intestinal sites and is a major cause of septicemgaitonitis, abscesses, meningitis, and

urinary tract infections (UTI) in humans.

E. coli are incredibly diverse bacterial species with tihditg to colonize and persist in
numerous niches both in the environment and wigmmal hosts (Wile®t al., 2008). The

bacteria are known to cause enteric infections diadhea (gastroenteritis) in humans and
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4607 animals, and many strains have been identifiedrédyce verotoxins or shiga toxins. These
4608 toxins are responsible for lethal acute bloody rdiea (haemolytic colitis and haemolytic
4609 uremic syndrome) in humans (Karmahi al., 1983; Karchet al., 1999). Five classes or
4610  virotypes ofE. colithat are recognized as causative agents of thagbeal diseases amongst
4611  which include enterotoxigenicE. coli (ETEC), enteroinvasiveE. coli (EIEC),
4612  enteropathogenicE. coli (EPEC), and enteroaggregativé. coli (EAggEC) and
4613  enterohemorrhagic. coli (EHEC) (Doughariet al., 2009). Each class falls within a
4614  serological subgroup and manifests distinct featurgpathogenesis.

4615

4616  Diarrheal ililness remain the second leading caafsdeath worldwide, responsible for an
4617 estimated 2,219,000 deaths in 1998, representipgorimately 4.1% of all deaths, mostly
4618 among children under the age of five and accoumts5f3% of the disease burden in the
4619 developing countries (Doughaet al., 2009). Concerns for acute diarrhea have been furthe
4620 heightened since the emergence of verotoxin (shigdn) producing bacteria that
4621 contaminates water and food sourcds. coli O157:H7 or ‘hamburger bug’ strain was the
4622  strain most associated with shiga toxin producf@oughariet al.,2009) and therefore widely
4623  studied. However currently, however several othstirett serotypes oE. coli otherthan the
4624 0157 are recognized as shiga tokncoli (STEC) associated with human diseases. These
4625  serotypes including. coliO111:H8, 026:H11, O103:H2 have been reported mesparts of
4626  developed countries (Gutét al., 2000; 2003; Dougharet al., 2009). The association of
4627  variousE. coliserotypes with disease of varying severithiimans and with sporadic disease
4628  or outbreaks has led to tlpeoposal that verotoxin producirng. coli be classified into 5
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4637

4638

4639

4640

4641

4642

4643

4644

4645

4646

4647

4648

4649

4650

seropathotypes, with seropathotype A comprising@©b7:H7 and O157:NM, the serotypes
considered to be mosirulent. Seropathotype B comprises serotypes OP26;HD103:H2,
O111:NM, O121:H19, and O145:NM, that are similathe O157n causing severe disease
and outbreaks but occur at lowsrquency. Seropathotype C comprises of serotypesatre
infrequently implicated in sporadic haemorrhagieemic syndrome (HUS) but are not
associatewvith outbreaks and include 091:H21 and O113:H2tos#hotypeD is composed
of numerous serotypes that have been implicatedsporadic cases of diarrhoea, and
seropathotype E comprise$ the many verotoxin producing serotypes that hage been
implicated in human diseases (Karmati al., 2003). Though reports abound & coli
0O157:H7 outbreaks in developed countries and desbéir increasing medical significance,
only a handful of reports are available in deveatgptountries especially in Africa, and little or

none at all is available on other verotoxic no@5@ H7E. coli strains.

Because of its clinical significanck, coli has been the subject of numerous investigations in
an attempt to define those virulence factors wialbbw it to initiate and sustain infections. It
is now believed that virulence . coliis multifactorial (Cavalieret al., 1984) and attributes
such as verotoxin production, production of haemolgnzymes, gelatinases, cell surface
polysaccharides that facilitate adhesion or abtlityesist the phagocytic properties of human
and animal serum, are associated primarily withlgmt strains. These factors often interact in
so complicated a manner that the precise mecharsslineemain to be established (Hedegfe

al., 2008). For the successful development of new thesagnd for the effective prevention
and control of diarrhea, identification of pathdbgic mechanisms is increasingly important,
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4671

4672

since the presence of a microorganism in any saog@s not prove a causal relationship to

disease (diarrhea) (Cavalietial.,1984).

The source oE. coli pathogens in most cases is believed to be théshmsh intestinal flora,
thus transmission is largely via the oral-faecatteahrough the consumption of food or water
contaminated with the organisms. Water or foodtammmation is often encountered when
faeces containing the bacteria gain access to thedeand water sources. This phenomenon is
an existing threat to food and water safety in dleeeloping countriesWHO, 2003. It is
therefore important to investigate food and watearses in order to determine whether
pathogenicE. coli are present with the view to developing proactw&ventive or control
measures. This work was aimed at investigating saater samples in South Africa for the
presence obtherverotoxicE. coliother thark. coliO157, their virulence potentials as well as

the effect of stem back extracts®@fdentateon the isolates.

4 3MATERIALS AND METHODS

4.3.1Sample collection

Forty eight water samples (duplicates) were cati@dtom four differensources: Wastewater
treatment plant, River Berg, River Plankenberg &vidielands Pork Abattoir, all in Cape
Town, South Africa, for a period of five months Iid+ November, 2010). To collect the
water samples, the shoreline sampling method asrided by Obireet al. (2005) was
adopted. In this procedure, 250 ml volume sizedligied sample bottles were held at the base

and dipped downwards below the water surface (20r3@deep), opened and allowed to fill up
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4674

4675
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4677

4678
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4681
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4683

4684

4685

4686

4687

4688

4689

4690

4691

4692

4693

4694

then corked while still under water (Health PraomttAgency, 2007). The collected water
samples were maintained in a cooler box with icekpg4 -10 °C) and then immediately

transported to the University laboratory where theye analyzed within 3-6 h.

4.3.2lsolation and identification of E. coli

For isolation of bacteria, water samples were filtgred using membrane filter, and the filter
paper inoculated into MacConkey broth (MB; DIFCODMJSA) and incubated at 37°C for
24 h, after which a loopful of the MB was spreadoqgplates of Eosin Methylene Blue (EMB,
Oxoid, SA) and further incubated at 37°C for 24 Ikolates were further purified by picking
discrete colonies (green metallic sheen) and sturoud) onto fresh plates of EMB and further
incubating for 18-24 h at 37°C. After incubatior? Hliscrete colonies were inoculated into the
presumptive diagnostic medium Sulfide-indole-mttilinedium (SIM) and incubated at 35°C
for 24 h. Further characterization of isolates wasied out using the IMVIC (DIFCO, MD,
USA) test kit. Isolates that were indole positiigdrogen sulfide negative, non motile as well
as negative for methyl red, Voges- Proskauer atdteiutilization tests were identified Bs
coli. Slide agglutination tests were performed on sete&-10 presumptive single colonies
using polyvalenk. coli antisera 2, 3 and 4 (Bioweb PTY, SK).coliATCC 25922 was used
as control. Serotyped (confirmel) coli isolates were inoculated onto tryptic soy (TSha
incubated for 24 h at 37 °C, and then stored & 4iritil use (Royet al. 2004; Tarawelet al.,

2009).

210

_—
‘ Cape

Ber)insqla James Hamuel Doughari (2082222E8)ctor Technologia¢Environmental Health) Thesis
niversity
of Technology



4695

4696

4697

4698

4699

4700

4701

4702

4703

4704

4705

4706

4707

4708

4709

4710

4711

4712

4713

4714

4715

4716

4.3.3Detection of virulence factors on the bacterial idates

4.3.3.1Screening of isolates for verotoxin production

All the bacterial isolates were screened for veqmt@roduction using antibody-based rapid
slide agglutination assays with the Duoperth kie(bk, SA, Appendix vii h) according to the
manufacturer’s instructions. The bacterial isolatese first precultured in 1 ml casaminacid
yeast extract (CAYE) broth (Appendix iii) and in@ibd at 37°C with rotation at 100 rpm for
24 h. After incubation, 10 pl of the preculturemth (approximately 1 x TOcells/ml) was
inoculated into fresh CAYE broth and further inctdshfor 16 h with rotation at 100 rpm at
37°C. The culture was centrifuged at 5009 for 5 min to separate the supernatant and cell
pellets. The cell pellets were then washed thmaegiwith phosphate buffered saline (PBS, 5
ml) and then suspended in 0. 25 ml 0.01 M Tris-K€ 7.5). To the pellets, 0.5 ml distilled
water containing 50 pg/ml polymyxin B was added #m& suspension incubated at 37°C for
30 min. Two hundred microliter (200 pl) of the cu# suspension was then transferred onto
the test device using a sterile Pasteur pipettetlamdesult read after 10 min. The appearance
of red bands on the vtx1l or vix2 bands denoted pitessence of either one of or both

verotoxins.

4.3.3.2Screening of isolates for haemolysin production

The plate haemolysis technique as described byng&heir al. (2007) was used to screen for

the presence of cytolytic protein toxins known ke alpha haemolysin secreted by most
haemolytic bacteria. In this procedure, discretadyga colonies (2-3) from nutrient agar (NA)

plates were subcultured onto 5% sheep blood agéep(Appendix vii f) supplemented with
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4728
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4731

4732

4733

4734

4735

4736

4737

4738

10 mM CaC} and incubated at 37°C for 24 h. After incubatienterohemolysin production
was detected by the appearance of a complete Zargtbrocytes lysis around each bacterial

colony on the plates.

4.3.3.3Cdll surface hydrophobicity test

The cell surface hydrophobicity of the bacteriablages was determined using the salt
aggregation test (SAT) as described by Ralthad. (2003) and Sharmet al. (2007). Briefly,

a loopful (10 pl) of bacterial suspension in Impbbsphate buffer (pH 6.8) (equivalent to 5 x
10° colonies/ml) was mixed with equal volumes of amiuomsulphate solution of different
molarities (1.4, 2.0 and 4.0 M) on a glass slidee Buspensions were rotated carefully for 1
min and then microscopically observed for agglutora The highest dilution of ammonium
sulphate solution giving a visible agglutinationpf®endix viii) of bacteria was scored as the
SAT value. Bacterial suspension clumping at theelstwdilution (1.4 M) was considered

autoaggregative, while those with SAT values @ M were considered hydrophobic.

4.3.3.4Screening of isolates for gelatinase production

To screen the bacterial isolates for gelatinasdymtion, gelatin agar was inoculated with the
test bacteria and then incubated at 37°C for 2afthr which the plate was then flooded with
mercuric chloride (HgG) solution. The development of opacity in the mediand a zone of
clearing around the bacterial colonies was constti@ositive for the presence of gelatinase

(Sharmeet al. (2007).
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4.3.3.5Bactericidal serum resistance assay

In this method, bacteria were first grown on blaghr for 18-24 h at 37°C. The cells were
then harvested and suspended in Hank’s balanceddation (HBSS, Appendix iv). Equal
amounts (0.05 ml) of the bacterial suspension amdns was mixed in a test tube and then
incubated at 37°C for 180 min and absorbance réa@0@ nm. Viable count (%) was
determined by calculating the differences in abaonce value before and after incubation.
Resistance of the bacteria to serum bactericid@aligcwas expressed as the percentage of
bacteria survival after 180 min of incubation wghrum, in relation to the original count.
Bacteria were termed serum sensitive if viable talnopped to 1% of initial value, and

resistant if >90% of organisms survived after 180 of incubation (Sharmet al.,2007).

4.3.3.6Screening of isolates for extended spectrum beta-lactamase (ESBL) production

The screening of isolates for ESBL was carriedusing the disc diffusion method according
to the criteria recommended by NCCLS (2005). Byieflvo discs (30 pg in each case),
ceftazidime and cefotaxime were placed on Mullentéth agar plates previously seeded with
test bacteria and the plates incubated at 37°C8oh. After incubation, ESBLs production

was determined by the appearance of zone diamettenfiibition (< 22 mm for ceftazidime

and< 27 mm for cefotaxime) against the test bacteria.

4.3.3.7Phenotypic confirmation of ESBL s production
The Double Disc Synergy Test (DDST) as describedrdiya et al. (2008) and Sharmet al.
(2007) for confirming ESBLs production was usedtfos purpose. Zero point one milliliter of
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each bacterial isolateslispension equivalent to 0.5 McFarland turbidigndard was spread
on of Mueller-Hinton agar plates using a sterileaBvstick. A combination disc containing
(amoxicillin, 20 ug and clavulanic acid 10 pg) waaced at the centre of the Petri-dish and
ceftazidime (30 pug) and cefotaxime (30 pug) wasequat5 mm apart center to center on the
plates and then incubated at 37°C for 18 - 24 h.eAhanced zone of inhibition (synergy,
regardless of size) between any one of the betaraaliscs compared to the combined
amoxicillin-clavulanic acid disc was consideredbi positive for ESBL enzyme production

(Irohaet al.,2008).

4.3.4Susceptibility of test bacteria to antibiotics andstem bark extracts ofC. dentata and
determination of multi-drug resistance index (MDRI)

This test was carried out using the disc diffusioethod as described by Peridaal. (2003).
Molten Mueller-Hinton agar (MHA) plates were inoatéd with the test organisms (0.5
McFarland turbidity standard) using a sterile swtbk and the plates were incubated at 37°C
for 18-24 h. After incubation the zone diametersimiibition (mm) were measured. The
bacteria were tested for susceptibility against iaiip (10 pg), cefuroxime (30 pg),
cephalexin (30 pg), ceftazidime (30 pg), cefotaxii®@ pg), ceftriaxone (30 pg), aztreonam
(30 pg), nalidixic acid (30 pg), amikacin (30 ptgtracycline (30 pg), gentamicin (10 pg),
ofloxacin (5 ug), ciprofloxacin (5 pg) (Oxoid UKWHO, 2002; NCCLS, 2005) and stem
bark extracts ofC. dentata(250 pg). Resistance to more than 4 antibiotics te&en as
multidrug resistance (MDR). MDR index (MDRI) of imtlual isolates was calculated by

dividing the number of antibiotics to which the lst@ was resistant by the total number of
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antibiotics to which the isolate was exposed (Chamet al., 2008). Isolates with MDRI

values of more than 0.2 or 20% were consideredyigisistant.

Number of antibiotic sresisted
% MDRI = x 100

Total number of antibiotic sused

4.3.5 Extraction and determination of phytoconstituents fom stem bark extracts of C.
dentata

To extract phytoconstituents from the plant mateBiag ground plant stem barks was soaked
in 200 ml of solvent (water and ethanol) for 2 fidaed by filtration; the procedure was
repeated three times. The filtered extracts obtafn@m extraction with any one solvent was
combined, and dried under vacuum at@5The percentage yield of the extract was calculated
and then used to screen for the presence of pmdticents as described by Doughari and loryue

(2009).

4.3.6Determination of antibacterial effects and minimuminhibitory concentration (MIC)

of the stem bark extracts ofC. dentata againstE. coli.

Antibacterial activity determination was carriedtausing the filter paper disc diffusion
method as described by Doughari and Obidah (200Bgr papers (4 mm in diameter) were
cut using a paper punch and then sterilized bycéaxmg. The sterilized filter papers were
then soaked in different concentrations of extra@®0-3000 pg/ml and 2.5-200 mg/ml/disc)
and then allowed to dry. To test for susceptihildsied extract-soaked filter paper discs were

placed on different Mueller Hinton agar plates ieadeeded with different test organisms (0.5
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ml McFarland turbidity standard) and left on thbléafor 5 min to dry. The plates were then
incubated at 3C for 24 h, after which the antibacterial activit)as determined as relative
inhibition zone diameters (mm) against each testdoa. Dried filter paper discs soaked with

ethanol or 30 pg/ml ampicillin were used as negadind positive controls respectively.

To determine the MIC of the plant extracts agathst test bacteria, the organisms were
inoculated into test tubes containing varying com@ions (1000 pg/ml and 10 to 3000
mg/ml) of plant extract and 1 ml of nutrient brqthB) added. A loopful of the test bacteria
previously diluted to 0.5 McFarland turbidity stand, was introduced into each broth sample.
The procedure was repeated on the test organistastitubes containing NB and the standard
antibiotic ampicillin (as negative control), or N8y (as positive control). All the culture
tubes were then incubated af@7#or 24 h. After incubation, they were examinedbacterial

growth by observing/measuring of turbidity.

4.4RESULTS

Results of physical parameters of the water samiplesan pH and temperature values 6.4,
17.8°C (waste water); and 7.4, 17.3°C (river wategpectively), biochemical and cultural
characteristics, serotypes, number of resistatdtes® and multidrug resistance index values of
the E. coli isolates obtained from the wastewater and riverpdasnare shown in Table 4.1.
Cultural and biochemical characterization of thaates showed thd&. coli exhibited a green
metallic sheen on Eosin Methylene Blue (EMB) agé@hwariable haemolysis on sheep’s

blood agar. Results also showed that out of thed8®O157E. coliisolates obtained, different
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4826  serotypes including 0O26:H11, O55, O111:NM, 0126,400€124, 096:H9, O103:H2,
4827 0O145:NM and 0145:H2 were present (Table 4.1). Resof multidrug resistance index
4828 (MDRI) showed that the MDRI values ranged betwee®0-83.00% with isolates from
4829  wastewater samples exhibiting the highest MDRI @slu

4830

4831

4832

4833

4834

4835

4836

4837

4838

4839

4840
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4841 Table 4.1. Cultural and biochemical charactesstercentage resistant to four or more antibiatied multidrug resistance index (MDRI) values of
4842  Escherichiaserotypes obtained from wastewater and river wagtemples.
*Water source/Temperature/ Cultural and Biochemical characteristics of
: o Number (%) of
pH/Number of samples . E. colistrains isolated from the water samples .
E. coliserotypes from each water sampt Number ¢ isolates resiaint to MDRI (%) values
"EMB ShB G S I M E . o _
isolates or more antibiotics range for isolates
#Wastewater Treatment  O103:H2, 086, O145:H2, 096:H9,0126,
Plant/17.8/6.4)/18 samples 04,055,0111:NM,0124,044,0124,044 + +/- - - + - + +25 17(68.00) 7.00-33.00
IAbattoir wastewater/ 04,0145:H2,0111:NM,0103:H2,0113,
17.8/6.4/12 samples 086,026:H11,096:H9,0124 + +/- - - + - + + 24 12(8). 7.00-33.00
River Plankenberg/ 086,0113,0145:H2,04, 0103:H2,096:H9 +/- - - + - + + 7 0(0.00) 7.00-20.00
17.3/7.2/18 samples
River Berg/17.3/7.2/18 san 04,026:H11,086,0103:H2 + +- - - + - + + 13 4(39.78 7.00-13.33
4843 EMB = Eosin Methylene Blue, ShB = Haemolysis on&ghBlood Agar; G = Gram reaction; S = Sulphide Bobidn; | = Indole production; M = motility; E =
4844 Erchlich’s reagent; O = Oxidase reaction; - = negat+ = positive; +/- = variable haemolysis *48rgaes in total; #from Athlone wastewater Treatnielaint;
4845 Ifrom Winelands Pork Abattoir.
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Table 4.2 shows results of percentage extractibgtoghemical analysis and minimum
inhibitory concentration (MIC) values of the agus@nd ethanol stem bark extractsCof
dentata.Results showed that the highest amount of exti@&82%) was obtained from
water compared to that of ethanol (38.72%). Fortgthemicals, while saponins, tannins,
anthraquinones, steroids and phenols were commaotto ethanol and aqueous extracts;
only ethanol extracts contained alkaloids and agsieextracts contained glycosides and
flavonoids. Results also revealed that the MIC @alaf the water extracts ranged between

100-2500 mg/ml and 70-150 mg/ml for ethanol stenk leatracts
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4868
4869

Table 4.2. Phytochemical constituents and meaimnmim inhibitory concentration (MIC) values

of aqueous and

ethanol stem bark extrac@Sufisia dentata

Extract

Phytoconstituents

Mean MIC

Saponins

% Extractic

Tannins Alkaloids Glycosides Anthraquinones Flavonoids Steroids

range forC.
dentata
Plseng mg/ml)

WE

EE

58.82 +

38.72 +

+ - + + + +

+ + + + - +

+

+

100-2500

70-150

4870
4871

4872

4873

4874

4875

4876

4877

4878

4879

4880

4881

4882

4883

4884

4885

4886

4887

WE= aqueous extract; EE = ethanol extract; + =gites = absent
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Fig. 4.1 shows the results of the presence of emceg factors in the various. coli

serotypes isolated. Results showed that 47% atthates produced verotoxins (both Vix1
and Vix2 38%, Vitx1l 6% and Vitx2 3%), 81% exhibital surface hydrophobicity, over
60% exhibited serum resistance, haemolysin andigat® production, while over 52%

produced extended spectrum beta-lactamases (ESBLS).
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4923 Results also showed that, while 60% of the isolatesved various levels of resistance to
4924 different antibiotics [ampicillin (10 pg), cefurore, cephalexin, ceftazidime and
4925 tetracycline (30 pg in each case)] (Fig. 4.2),yaz8% showed various resistance to to
4926 ethanol stem bark extracts ©f dentata.

4927

4928

4929

4930

4931

4932

4933

4934

4935

4936

4937

4938

4939
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4943

4944
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4946
223

—
‘ Cape

Beninsula James Hamuel Doughari (20822228)ctor TechnologiaéEnvironmental Health) Thesis
niversity
of Technology



4947

4948

4949
4950

4951

4952

4953

4954

4955

4956
4957

4958

4959

4960

60 - L =L " s us

50

40 - F

20 -

Rate of resistarce (M) of £. coliisolates
'
b |

SXT OFx  ATM  AMP  TE AK  CAZ CL  CRD XM AML WP CN  CFM  CIP NA DD
(30pg) (Spg) (30pg) (10pg) (10pg) (20pg) (30pg] (30pg) (30pg) (30pg) (10pg) (30pg] (10pg) (Spgl  [Spg) (20ug) (100pg)

Antibiotics znd stem bark extracts of Curtisia dentata

Fig. 4.2. Antibiotic resistance rate amongst, affdce stem bark extracts @urtisia dentataon
Escherichia isolates obtained from river and waste water sasifley: SXT-
sulphomethaxazole/trimethoprim; OFX-ofloxacin; ATa#treonam; AMP-ampicillin; TE-
tetracycline; AK-amikacin; CAZ-ceftazidim; CL-ceplexin; CRO-ceftriazone; CXM-cefuroxime;
AML-amoxycillin; IMP-impenim; CN-gentamicin; CFM-é&ime; CIP-ciprofloxacin; NA-nalidixic

acid; CDD = stem bark extracts Gtirtisia dentaty
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4.5DISCUSSION

E. coliis a consistent inhabitant of the human intestiredt, and it is the predominant
facultative organism in the human gastrointestinatt. The frequency dE. coli in the
human intestine and faeces has led to its usagexgshother coliform bacteria as an
indicator of faecal pollution and water contamioati Thus, the presence Bf coli in any
given food or water source is an indication of Eemntamination by intestinal parasites
of humans. Results of this study revealed the peesef various verotoxin producing non
0157 serotypes oE. coli (0O26:H11, O55, O111:NM, 0126, 044, 0124, 0O96:H9,
0103:H2, 0113 and 0O145:H2) from the river and waater samples investigated. The
wastewater samples contained more serotypds. @bli compared to the river samples.
The wastewater samples contained mixtures of wastemating either from animal or
human excreta, industries or the hospitals ancethestes contained a high load of enteric
bacteria includingE. coli which therefore accounts for a higher numberEof coli
serotypes. The majority of these serotypes exfubibee presence of virulence factors.
Virulence factors enablE. colito colonise selectively the mucosal uro-epitheliana to
evoke an inflammatory reaction from the host andnévally making the host tissues
susceptible to invasion. Therefore the capacit.afolito produce many virulence factors
contributes to its pathogenicity consequently aaysa variety of infections such as
gastrointestinal and urinary tract infections, sisftue infections, bacteraemia and neonatal
meningitis. These virulence factors enable thedyactlicit an infection by overcoming

the host defence mechanisms. In this study, manth@f. coli isolates investigated
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exhibited verotoxins, cell surface hydrophobicggrum resistance, haemolysin, gelatinase

production and ESBLs production.

Verotoxin or shiga toxin-producing bacterial stsaare associated with a broad spectrum of
human illnesses throughout the world, ranging froitd diarrhea to haemorrhagic colitis
(HC), haemolytic uremic syndrome (HUS) and throntbdhrombocytopenic purpura
(TTP). Complications arising from antibiotic tream of verotoxic related human
infections have also been reported (Dougkaal.,2010). Though the wastewater samples
investigated are not directly consumed, the presefia significant proportion (47%) of
verotoxin producing bacteria from the various watamples investigated is a cause for
concern since the water samples often gets disetiango large water bodies or are utilized
for irrigation purposes. It is also a common pheaoan for rural dwellers to use river
waters for both domestic and drinking purposes e as for bathing, thus increasing the

possibility of contracting these bacteria.

Cell surface hydrophobicity enhances the adherehdmcterial cells to host cell surfaces
including mucosal epithelial cells and confers theith resistance to phagocytosis by host
cells. In this study,a greater number of thecoli strains demonstrated hydrophobicity.
Previous studies on urinary tract infection casgsorted high rate of exhibition of cell
surface hydrophobicity by some pathogenic strafrs. @oli (Sunmaret al.,2001; Raksha

et al., 2003). The presence of hydrophobic strain€Eofoli in this water sources is an
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indication that the water could be a potential sewf agents of urinary tract infections or

gastroenteritis if consumed.

Haemolysin production as a virulence factor by amynisolates oE. coli has been reported
previously (Jhonson, 1991; Raksétaal., 2003). It has been suggested that colonization of
the urinary tract with haemolytic strains Bf coli is more likely to develop into urinary
tract infections. Haemolysis may contribute touessnjury, survival in renal parenchyma
and entry into blood stream and increasing the ipdisg of establishment of acute
pyelonephritis (Rakshat al., 2003). The mode of action of haemolysins involpese
formation on the colonized host cell (Wiletsal.,2008) and their production is associated
with pathogenicity oE. coli, especially the more severe forms of infectioro(#on, 1991).
The higher rate of haemolysin producing strainaiea from this water samples highlights

the presence of invasie colistrains in this environment.

Serum resistance is the property by which the bactesist killing by normal human serum
due to the lytic action of complement system. Rssofl this study also showed a high rate
of serum resistance among the coli isolates. Siegfriect al. (1994) and Rakshat al.
(2003) previously reported serum resistance anéngoli isolates obtained from urine
samples. Among. colivirulence factors, serum resistance have been skoWwave a high
correlation with pathogenicity. Chaffest al. (1999) has also reported a relationship
between virulence and resistance to complimeft icoli serogroup O2 although additional
virulence factors are required for bacteria to sgstully cause an infection. The presence
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of serum resistant strains Bf coli in the water samples studied calls for more proacti
measures in the control of potential infectionsthgse bacteria. The wastewater from the
waste treatment plant is not often consumed dirdxit released into farm areas and used
for irrigation purposes, consequently if farmersl/an farm workers do not observe very
high hygienic standards while using the water, thnay be liable to contraction potentially
acute bacterial infections. In 2006, an outbrealeotoli 0157 H:7 was reported in the
United States and Canada and the source was sal@ tgpinach contaminated with
irrigation water in California (Ishii and Sadowsk3008). Isolation of serum resistdat
coli from these wastewater and river water sourcesdragéching health implications. For
instance, E. coli isolates obtained from patients with pyelonephriteystitis and
bacteraemia were typically serum resistant whergasdates from patients with
asymptomatic bacteriuria were serum sensitive rgr@Raksheaet al., 2003). In addition,
Gram-negative bacteria isolates that showed seesimtance demonstrated a high degree of
survival in the blood during bacteraemia (Rakshal.,2003). A strong correlation between
serum resistance bacterial invasion and survivéhénhuman bloodstream amongst Gram-

negative has been reported (Siegfetdl.,1994).

Gelatinase is an extracellular metalloendopeptideapable of hydrolyzing bioactive
peptides such as gelatin, pheromone, collagenjm;ag&inogen, haemoglobin and other
bioactive peptides (Makinen and Makinen, 1994). Bmzyme is an extracellular zinc
endopeptidase that plays a very significant roleanterial pathogenesis by causing direct

or indirect damage to host tissue, thus facilitatinicrobial invasion and survival in the
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host (Alebouyelet al.,2005; Furumuraet al.,2006). The presence of these enzymeg&.on

coli isolates is a further confirmation of their potahto cause infections.

Extended spectrum beta-lactamase (ESBL) produdtyoE. coli from this study is high.
This might be as a result of selective pressuresag by extensive use of antimicrobials in
animals and agriculture. Animal farming recentlyalves the use of antibiotics in
chemotherapy, while wastewater from the wastewagatment plant comprised mixtures
of water from different sources including hospitalsd animal farms where an extensive
use of antibiotics in treatment of both animal amdman diseases is applied. The
indiscriminate use of cephalosporins is responditnie¢he high rate of selection of ESBL
producing microorganisms. Bradford (2001) has eareported a high prevalence rate in
the production of ESBLs amorif) coliisolates. ESBLs confer bacteria with resistance to
B-lactam antibiotics. However the results of thisdstare in contrast with those reported by
Johnsoret al. (2003) where a corresponding decrease of ESBLauptimh with increase in
virulence factors among bacteria was reported.eSESBL production is usually plasmid
mediated, it is possible, for one specimen to gontoth ESBL producing and non-

producing cells and, at the same time, containrotinelent factors.

In this study, most of th&. coli isolates have the combination of two or more of the
virulent factors (cell surface hydrophobicity, seruesistance, gelatinase or haemolysin
production as well as extended beta-lactamase ptiod). The presence of multiple
virulence factors increases the virulence of org@asi since such factors function
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synergistically in overcoming normal host defenc€bus, bacterial strains with more
extensive virulence factors complement are morectffe as virulent pathogens. Therefore
this implies that isolates from these water souroes/ be considered as potentially

pathogenic.

Studies on the antibiotic susceptibility patterndf the isolates oE. coliobtained, showed
resistance to commonly used antibiotics such asalinp(10 ug), cefuroxime, cephalexin,
ceftazidime and tetracycline (30 pg in each case)g MDRI of some of the isolates
(33.00%) is well above 20% which signifies that thacteria are highly resistant to
available antibiotics. Multi-drug resistance amadag coli isolates has been subjects of
concern worldwide (Chitnist al.,2003; Lestariet al., 2008). Dissemination of resistance
genes among isolates have been held responsibleapod and widespread multidrug
resistance among not onB. coli, but numerous other pathogenic bacteria as wells Thi
calls for strict observance of antibiotic susceptibtest results in the prescription of

antibiotics.

The demonstration of antimicrobial activity againsiny of thek. coliisolates by ethanol
stem bark extracts &@. dentatawith a low MIC values (70-100 mg/ml) is an indicatithat
the plant contains bioactive components that at@ganistic to the bacteri&. dentatanay
therefore play a very important role as source efer chemical substances that can be
used in the development of chemotherapeutic adentbe treatment of diarrhoea, urinary
tract infections, bacteraemia and other infectioagsed byE. coli. The high MIC values
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(100-2500 mg/ml) recorded for the aqueous extreatspared to the ethanol extracts may
not necessarily mean that the extracts do not poas&microbial activity, but that the
phytoconstituents may be present in very low anm®umt the tested concentrations.
Antimicrobial activity of the acetone extracts eales, twigs and stem bamdsC. dentata
againstBacillus subtilis, E. coli, S. aureus, P. aerugemoBs. faecalisand C. albicansas
well as inhibition of motility insome parasitic and free living nematodes has edotien
reported (McGavwvet al.,2000; Shaket al.,2008; 2009)This, however, is the first report on
the activity ofC. dentateon verotoxic bacteria. Though water yielded théhbgl amount of
extracts, the ethanol extracts showed higher &gtagainst the test bacteria compared to
the aqueous extracts. Solvents are known to hdferatit degrees of extraction depending
on their polarity (Doughari and loryue, 2009). Tpresence of phytoconstituents such as
saponins, tannins, alkaloids, anthraquinones, isierand phenols further confirms the
potential application of the plant in sourcing bidtic substances for a possible

development of novel chemotherapeutic agents.

4.6 CONCLUSION

Though theE. coli strains studied in this paper were isolated fromewaamples, the
bacteria have demonstrated the capacity to adagtsamnvive in different tissues, by
producing virulent factors and by developing a dregjstance. The isolates strains obtained
from the water sources therefore are potential sggirhuman infections such as diarrhoea,
urinary tract and ear infections, depending onsiteof colonization. The rise in incidences
of drug resistance amongst pathogeBiccoli strains has been demonstrated from the
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results of this study. This calls for proper setaciof antibiotics for treatment, based on an
adequate detection of bacteria resistant to drdgsugh the results of antibiotic

susceptibility test as well as the judicious usamtibiotics in humans and animals. Good
antibiotic policy is also required in order to linthe emergence and spread of antibiotic
resistance in bacteria. Farmers should furthentm®@rmed on the need to maintain personal
hygiene especially while handling wastewater foigation purposes. People should be
educated on the need for boiling of river waterobefdrinking, as well as maintenance of

food hygiene, and also personal hygiene amongstiandlers.
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CHAPTER FIVE

5.0 MULTI-DRUG RESISTANCE, VEROTOXIN PRODUCTION AND
EFFICACY OF CRUDE STEM BARK EXTRACTS OF CURTISIA

DENTATA AMONG ESCHERICHIA COLI (NON-O157)AND
ACINETOBACTER SPP.ISOLATES OBTAINED FROM WATER AND
WASTEWATER SAMPLES
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5.1 ABSTRACT

Drug resistant diarrhea and nosocomial infectianssed by verotoxiEscherichia coliand
someAcinetobacteispp. has posed serious therapeutic challengesiakbpét developing
countries. The aim of this work was to investigatelti-drug resistance, verotoxin-
production and susceptibility &. coli and Acinetobacterspp. isolated from some water
samples to crude stem bark extractoftisia dentata.Culture of 62 water samples on
Brilliance E. coli/coliform selective medium (BECSMDxoid), Eosin Methylin Blue
(EMB) agar, or Baumann’s enrichment medium (BEM{l &ieeds Acinetobacter Medium
(LAM) yielded 69 isolates oE. coliand 41 isolates dkcinetobactespp. with 26 (53.06%)
of theE. coliand 6 (14.63%) of thA. haemolyticussolates producing verotoxins, and no
A. lwoffii isolate produced the toxins. Multi-drug resistamckex (MDRI) values of isolates
ranged between 7-33.00% for both isolates with117239%) of theE. coliand 10 (24.39%)
of the Acinetobacterspp. resistant to 3 or more classes of the amtibicC. dentatastem
bark extracts demonstrated low MIC values of 150-g@/ml for E. coli and 150-2000
pg/ml for Acinetobacterspp. The plant also contained saponins, tannihgosgides,
anthraquinones, flavonoids, steroids and phendhe presence of verotoxic multidrug
resistantE. coli and Acinetobacterspp. in the environments investigated calls fothker
surveillance of more water bodies and other enwemts. Proactive control measures need
to be in place to curtail possible contaminationfobd and drinking water sources.

Purification ofC. dentatgohytoconstituents, toxicological as welliasvivo studies for their
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antimicrobial potentials against pathogenic baateshould be carried out with a view to
utilizing the plant in developing novel antibiosabstances.
Key words: Acinetobacter spp., Baumann’s enrichment mediur@urtisia dentata

Escherichia colimulti-drug resistance, plant extracts, verotoxins

5.2 INTRODUCTION

Contamination of food and water with faecal baetési and remains a common persistent
problem impacting public health and local and nalceconomies. Water related diseases
are the major cause of morbidity and mortality atlde. Among these, diarrhea is
estimated to be responsible for 2.0 million degihs annum, particularly in developing
countries (Sausa, 2006). Among the causative agdntBis gastrointestinal disease are
bacteria (diarrhogeni&scherichia coli, Shigella, Salmonekad Campylobactey;, viruses
(norovirus, Hepatitis A) and protozo&riyptosporidium, Giardia (Ishii and Sadowsky,
2008). Although the verotoxin producing. coli O157:H7 (VTEC) has been the mainly
implicated and widely reported strain as the causatgent of bloody diarrhea, emergence
of non O157:H7 VTEC serotypes including O111:H, ®&Pd, 0103:H2 and O145 have
been reported (Duffy and Garvey, 2000; Verwegeral, 2006). These strains have also

been linked to outbreaks of food poisoning (Dufiig &arvey, 2000).

Members of the genuicinetobacter(Gram-negative cocco-bacilli) have also emerged as
significant notorious antibiotic resistant nosocalmnfectious agents in hospital settings.
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The bacteria are ubiquitous, free-living and fastable in the environment (Smiét al.,
2007). Clinically important species include baumannii, A. johnsonnii, A. haemolyticus,
A. junii, and Acinetobactergenomospecies 3, and 13. A part from MDR nosocomial
infections, these bacteria are implicated in eaddits, bacteremia, sepsis in neonatal
intensive care units and paediatric onchology uréts well as community acquired
infections such as meningitis, peritonitis and gadbalmitis (Crawforcet al.,1997; Valero

et al., 1999; Dorseet al., 2004; Smithet al., 2007).A. haemolyticuhas been associated
with endocarditis and verotoxin production, hendeolly diarrhea (Castellanost al.,

1995).

Both E. coli and Acinetobacterspp. have been reported to be responsible for asorg
incidences of multidrug resistant infections woridev (Vila et al., 2002; Barbe et al.,
2004; Prashanth and Badrinath, 2005; Grogual., 2006). Antibiotic resistant bacteria
have also been introduced into the environment faamal husbandry via liquid and solid
manure as well as from human excretions via wasewar low efficacy treatment of
hospital wastewater. This therefore has resultethéreasing concerns about the growing
resistance of pathogenic bacteria in the environraed their ecotoxic effects (Reinthadr

al., 2010).

Though few reports are available on the incidemméds coliO157:H7 in Africa (Browning
et al. 1990; Akinyemiet al. 1998; Galane and Roux 2001; Hayghaeal.2001; Mulleret
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al., 2001; Mulleret al., 2003; Presterét al., 2003) there is paucity of information on the
other verotoxin producing. coli pathotypes commonly referred to as non-verot&xicoli
strains, and none at all &tinetobactespp. The pandemics of antibiotic resistance among
these groups of bacteria and the attendant coniplsaarising from treatment of verotoxic
infections with antibiotics (Abong’o and Momba, 2Z)Qunderlines the need to investigate
their occurrence in the environment. The inabibfycommonly prescribed antibiotics to
treat some common infections has made the usadtiomal medicinal plants popular in
Africa, even among urban dwellers. Complicatiorisiag from the antibiotic treatment of
verotoxic bacteria should be a further inducerneestigate alternative treatment sources

especially, from plants.

Curtisia dentata(Cornaceae or dogwood family) or assegai (Englmmmon name) is a
traditional medicinal plant that has been employethe treatment of diarrhea and related
stomach ailments in South Africa (Notten, 2004).eThommonly called assegaai
(Afrikaans.); uSirayi, umGxina (Xhosa), umLahleXhpsa, Zulu), uMagunda, uMaginda,
umBese, umPhephelelangeni (Zulu), iliNcayi, isiNwgdStwanee), modula-tshwene
(Northern Sotho) and musangwe, mufhefhera (Ventlay &outh Africa (Notten 2004) is
an attractive tree with smooth glossy leaves, ispa@muous odourless flowers and small
rounded to oval fleshy bitter berries. Medicindllydentatas used as a blood strengthener,
as an aphrodisiac, in the treatment of heartwatecaittle in the Eastern Cape (South
Africa), and for the treatment of pimples (Dold a@acks, 2001; Shaet al., 2009).
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Application of C. dentatain the treatment of diarrhea makes it a good catdidor the
investigation of its potential in controlling spically verocytotoxin and other toxin
producing bacterial pathogens. Results from thigstigation will open up new directions
in the search for more effective drugs for the oadrdf MDR verotoxic bacteria. This work
was therefore carried out in order to investightegresence of verotoxin produciigcoli
other thanE. coli O157:H7 and verotoxin producingcinetobacterspp. from some
wastewater samples and to determine their antibresistance profile as well as the effect

of stem bark extracts &@. dentataon the verotoxic multidrug resistant bacteria itda

5.3 MATERIALS AND METHODS

5.3.1 Source of media, antibiotics, chemicals andgmt material

Eosin Methylene Blue (EMB), Nutrient Broth (NB), aibed Trypton Broth (mTSB),
Mueller Hinton Agar (MHA) and antibiotic discs wea## Oxoid grade, and were purchased
from Quantum Biotechnologies. Glisa Duopath Veratsk (Appendix vii h) test Kkit,
Oxidase test strips and all laboratory grade chalsiased in this study were purchased
from Merck. E. coli polyvalent antisera 2, 3 & 4, and REMEL RapYDNF plus test kit
was purchased from Bioweb, South Africa. All therghasing companies are based in
South Africa. The plant samplé. dentatawas authenticated as well as provided by Dr.
Charles Laubschefrom his plant collections in the Glass House oé tHorticulture

Department, Cape Peninsula University of Techngl@gape Town South Africa.
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5.3.2 Sample collection and preparation of plant ntarial

Thirty two (32) water (18 wastewater samples - frarwastewater treatment plant and an
abattoir, and 14 river water samples - from Riverd River Plankenburg) in Cape Town,
South Africa, were collected using the shorelinm@iang method as described by Obate
al. (2005). For microbiological analysis, 1 L volumeesi sterilized sample bottles were
held at the base and dipped downwards below thervgatface (20-30 cm deep), opened
and allowed to fill up then corked while still umdeater (Health Protection Agency, 2007).
The collected water samples were placed in a cdmber with temperature maintained
between 4-1%C using ice packs and then immediately transpotrtethe Microbiology
Laboratory of the Biotechnology Department of th@p€ Peninsula University of
Technology, Cape Town South Africa, where they wamalyzed within 3-6 h. For the
plant sample, fresh stem barks fr@ndentatavere dried to constant weight in an oven for
6 h at 45°C. The dried stem barks were coarseliedran a pistil and mortar and then
reduced to powdered form using an electric grindée powdered plant materials were

transferred to brown bottles and stored at amhemperature until use.

5.3.3 Cultivation, isolation and identification ofbacteria

For isolation ofE. coli, water samples were serially diluted up to #@ilution and 1 ml
inoculated into Brilliance E. coli/coliform seleeé medium (BECSM, Oxoid) by agar
dilution method and the plates incubated at 37°C 24 h. After incubation, discrete
colonies were separated and inoculated onto ptdtEssin Methylene Blue (EMB, Oxoid,
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SA) and incubated at 37°C for 24 h. Isolates waréher purified by picking discrete
colonies (green metallic sheen) and sub-culturimigp dresh plates of EMB and once again
incubating for 18-24 h at 37°C. After incubation]1® discrete colonies were characterized
using the IMVIC (DIFCO, MD, USA) test kit, oxidagest strips, and Erchlich’s reagent.
Isolates that were indole positive, non motile adl\as negative for methyl red, Voges-
Proskauer and citrate utilization tests were idietiasE. coli. Slide agglutination tests
were performed on selected 5-10 presumptive sioglenies using polyvalenE. coli
antisera 2, 3 and 4 (Bioweb PTY, SA). Differencestween colonial isolates were
determined by determination of the antibiotic spsitdity of the various isolate€. coli
ATCC 25922 was used as control. Serotyped (contljrie coli isolates were inoculated
onto tryptic soy (TS) slants and incubated for 2at B7°C, and then stored at 4 °C (Ray

al., 2004; Tarawnelet al.,2009) until use.

To isolate and identifiAcinetobactespp.,1 ml of 1@ dilution of the water samples fé&.
coli were inoculated into 9 ml of tubes containing Baania enrichment medium (BEM,
Appendix i) instead of EMB. The inoculated BEM wssaken vigorously by vortexing and
then incubated at 37°C for 24 h in a shaker in@sbatith vigorous agitation. After
incubation, 2 drops of the BEM culture were furtiewculated into modified tryptic soy
broth (mTSB) in a test tube and incubated at 3C2#-48 h. After this, 1-2 loopfuls of
BEM or mTSB cultures was inoculated onto EMB (Oxamd Leeds Acinetobacter medium
(LAM, Hardy diagnostics USA, Appendix ii) and fuethincubated at 3€ for 18 to 72 h.
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After incubation pink colonies on EMB or pink/pueptolonies on LAM were Gram stained
to observe for large Gram-negative coccobacilliscaihile 5-10 discrete colonies were
inoculated into SIM for motility testing and alsobgected to oxidase test using the oxidase
test strips (Oxoid, UK) as well as biochemical pbg using the REMEL RapIDy NF
plus (Bioweb, South Africa, Appendix vii g) and #mbtic susceptibility testing.
Acinetobacterspp. isolates identified with slight colonial vdrms in the biochemical
biotype with REMEL RapID" NF plus and antibiotic susceptibility pattern werdected
(Guardabasst al.,1999). The strains were further purified by inotiola onto tryptic soy
(TS) slants, incubated for 24 h at 37°C, and thered at 4 °C until use (Ragt al., 2004,

Tarawnelet al.,2009).A. haemolyticuATCC 19002 was used as control.

5.3.4 Differentiation of verotoxic from non-verotoxc bacteria

All the bacterial isolates were screened for vedot@roduction using antibody-based rapid
slide agglutination assays with the Duopath kit (dke SA Appendix vii h) according to
the manufacturer’'s instructions. The bacterial ased were first precultured in 1 ml
casaminacid yeast extract (CAYE) broth, (Append)jxand incubated at 37°C with rotation
at 100 rpm for 24 h. After incubation, 10 pl oéthrecultured broth (approximately 1 x'10
cells/ml) was inoculated into fresh CAYE broth dndher incubated for 16 h with rotation
at 100 rpm at 37°C. The culture was centrifuge®Q0 xg for 5 min to separate the
supernatant and cell pellets. The cell pellets weea washed three times with phosphate
buffered saline (PBS, 5 ml) and then suspended #50nl 0.01 M Tris-HCI (pH 7.5). To
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the pellets, 0.5 ml distilled water containing 5§/ml polymyxin B was added and the
suspension incubated at 37°C for 30 min. Two huhdnecroliter (200 pl) of the culture
suspension was then transferred onto the testelesimg a sterile Pasteur pipette and the
result read after 10 min. The appearance of reddan the vtx1 or vix2 bands (Appendix

vii h) denoted the presence of either one of oh lverotoxins.

5.3.5 Antimicrobial susceptibility testing and detemination of multidrug resistant
(MDR) index

The disc diffusion method as described by Perdtaal. (2003) was used for the
determination of antimicrobial susceptibility tesfi Molten Mueller-Hinton agar (MHA)
plates were inoculated with the test organisms Kckarland turbidity standard) using a
sterile swab stick and the plates were incubat8V 4T for 16-18 h foiE. coliand 20-24 h
for Acinetobacterspp. After incubation the zone diameters of infobit (mm) were
measured. The bacteria were tested for susceptiagiainst ampicillin (10 pg), cefuroxime
(30 pg), cephalexin (30 ug), ceftazidime (30 pgjotaxime (30 pg), ceftriaxone (30 ug),
aztreonam (30 pg), nalidixic acid (30 pg), amika¢B0 pg), tetracycline (30 ug),
gentamicin (10 ug), ofloxacin (5 pg), ciprofloxadm pg) (Oxoid UK) (WHO 2002) and
stem bark extracts d@@. dentata(12.50 mg/ml). Resistance to more than 4 antilsotas
taken as multidrug resistance (MDR). MDR index (MDRf individual isolates was

calculated by dividing the number of antibioticswich the isolate was resistant by the
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total number of antibiotics to which the isolate swaxposed (Chandraet al., 2008).

Isolates with MDRI values of more than 0.2 or 20%revconsidered highly resistant.

Number of antibiotic s resisted
% MDRI = x 100

Total number of antibiotic sused

5.3.6 Extraction and determination of phytoconstitents from stem bark extracts ofC.
dentata

To extract phytoconstituents from the plant matefiay ground plant stem bark was soaked
in 200 ml of solvent for 2 h followed by filtrationhe procedure was repeated three times.
The filtered extracts obtained from extraction wéhy one solvent was combined, and
dried under laminar flow at 26. The percentage yield of the extract was calculatetithen
used to screen for the presence of phytoconsttussitdescribed by Doughari and loryue

(2009).

5.3.7 Determination of antibacterial effects and mmimum inhibitory concentration
(MIC) of the stem bark extracts of C. dentata againstE. coli and Acinetobacter spp.
Antibacterial activity determination was carriedt atising the filter paper disc diffusion
method (Doughari and Obidah, 2008). Dried sterliZdter papers (4 mm in diameter)
soaked in different concentrations of extracts {3000 pg/ml and 2.5-200 mg/ml/disc)
were placed on Mueller Hinton agar (MHA) platesliearseeded with the test organisms

(0.5 ml McFarland turbidity standard) and left twe table for 5 min to dry. The plates were
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then incubated at 8 for 24 h, after which antibacterial activity wdstermined by
measurement of zone diameter of inhibition (mm) irssgaeach test bacteria. The
antimicrobial activity (expressed as percentagatiked inhibition zone diameter) was

calculated by applying the expression:

IZD sample- 1ZD negativecontrol
% RIZD = x 100

IZD antibiotic standard

Where RIZD is the percentage of relative inhibitmmme diameter and 1ZD is the inhibition
zone diameter (mm). The equation compensates tbgiljpe effect of the solvent (blank)
other than water on the 1ZD. The test was consttieregative (-) when the 1ZD of the
sample is equal to the 1ZD of the blank (Roghasl.,2006). Filter paper discs soaked with
extracting solvent (ethanol) or 30 pg/ml ampicillvere used as negative and positive

controls respectively.

To determine the MIC of the plant extracts agathst test bacteria, the organisms were
inoculated into test tubes containing varying comiaions of 50 to 300Qg/ml and 20.0

to 150 mg/ml of plant extract in triplicates. Totelenine the MIC, a loopful of the test
bacteria previously diluted to 0.5 McFarland tuityicstandard, was introduced into each
broth sample. The procedure was repeated on therganisms in test tubes containing
MHB and the standard antibiotic ampicillin (as nagacontrol), or MHB only (as positive
control). All the culture tubes were then incubaée®@?C for 24 h. After incubation, they

were examined for bacterial growth by observing/neiag of turbidity.
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5.4 RESULTS

The cultural, morphological and biochemical chaggstics of the bacteria isolated from
the wastewater and surface (river) water samplesrgmge 6.4-7.2 and temperature range
17.3-17.8°C) are shown in Table 5HE.. coli on Eosin Methylene Blue (EMB) displayed a
green metallic sheen colour (Appendix vii a) whNeinetobactespp. appeared as tiny blue
and mucoid colonies, and tiny pink on Leeds Acibatier Medium (LAM) (Appendix vii
d). Results of Gram staining revealed tBatcoli isolates appeared &am-negative rods,
while Acinetobacter spp. appeared as Gram-negative coccobacill. Bioctsd
characterization revealed that both bacterial g§geare sulphide negative, oxidase negative,
and indole positive as well as non motile, while@thrculture containinde. coli turned
Erlich’'s reagent red. For the Rapid NF plus tespg@ndix vii g), Acinetobacterspp.
utilized almost all the sugars and amino acids\aack also able to liquefy gelatin. Slight
variations in the sugar utilization and appearaotdaemolysis on sheep’s blood agar
(ShBA, Appendix vii f) supplemented with 10 mM Cadgilfferentiated thé\. haemolyticus

from the non-hamolyti@. Iwoffii strains.
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Table 5. 1. Characteristics of organisms isolatethfthe wastewater and water samples investigated

Sample/lIsolate Morphological characteristics Biochemical characteristics *Gelatin *Fermentation reactions
EMB LAM ShB  Gramreaction S Il M E o llquefaction T it ADH URE EST  IND  NO,

Esderichia co N/A N/A Gramnegative 1o - .- - NA NA  NA  NA  NA NA  NA NA
Colonies with

Acinetobacter green metallic

Iwoffii sheen Pink colonies - Gram-negative  _ + ) N/A ) ) ) ) ) ) + ) +

diffused into tl coccobacilli

Tiny, blue, muc medium

Acinetobacter colonies

haemolyticus Pink colonies + Gram-negative - + - NA - + + + - + + + +
Tiny, blue, muc diffused into tl coccobacilli

colonies medium

5544
5545
5546
5547

5548

5549

5550

5551

5552

5553

EMB - Eosin Methylene Blue, Leeds Acinetobacter Med ShB -Haemolysis on Sheep Blood Agar; N/A t aplicable; S - Sulphide Production; I -
Indole production; E - Erchlich’s reagent; M-mdiili O - Oxidase reaction; Gluc - glucose; Cit atit; ADH - Arginine; URE - urea; EST - Triglyceeid
IND — Tryptophane; N@sodium nitrate*some of the tests in Rapid NF plssdumainly for the identification @&cinetobactespp.
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The E. coli serotypes and\cinetobacterspp. biotypes isolated from the various samples,
their verotoxic status and resistance profiles sttewn in Tables 5.2 and 5.3. Results
showed that, a total of 6H. coli isolates including the serotypes O103:H2, O145:NM,
0145:H2, 096:H9, 0126, 026:H11, 055, O111:NM, O%B:B44 and O124 were isolated
from 62 wastewater and water samples (18 wastevsaeples each from wastewater
treatment plant and an abattoir respectively andwkBer samples each from River
Plankenburg and River Berg respectively). Resuls showed that a total of 41
Acinetobacterspp. were isolated comprising of 2Y. lwoffii and 14 A. haemolyticus
isolates Results of screening of the isolates for verotogmeduction showed that 26
(53.06%) of the 49E. coli isolates obtained produced verotoxins VTx1, 14(2%pb
produced Vitx2, and 29(59.18%) produced Vix1 (T&)léWhile only 6 (14.63%) of the 41
Acinetobactersolates. produced verotoxins with 2 (4.88%) praagd/tx1, and 3 (7.32%)

producing Vitx2. with none of th&. Iwoffii isolates producing the toxins (Table 5.3).

The antimicrobial susceptibility profiles and mdhug resistant indexes (MDRI) of all the
bacterial isolates against different classes ofbanics (beta-lactams, cephalosporins
aminoglycoside, quinolones and carbapenems) acesalswn in Tables 2 and 3. Results
showed that 50 (72.46%) of tlke coliand 31 (71.61%) of thAcinetobacteispp.isolates

showed resistance to either one or more of thdiatts tested. Results showed thatEL3

coli isolates were resistant to the beta-lactam anttbiampicillin (10 pg), 6 were resistant
to the cephalosporins - cefuroxime and cephalecaéftazidime (30 pug in each case), 12
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5575

5576

5577

5578

5579

5580

5581

5582

5583

5584

5585

5586

5587

5588

5589

5590

5591

5592

5593

5594

5595

isolates were resistant to the aminoglycoside ra¢gtline (30 pg) and 5 isolates were
resistant to the carbapenem - impenem (30 ug).Reslso showed that 5 of the 20
Iwoffii isolates resistant to the beta-lactam antibioimpicillin (10 pg), 4 were resistant to
the quinolones - ofloxacin (5 pg), cefuroxime aeftazidime (30 pg), and 4 of the B3
haemolyticus strains obtained were resistant to the cephalaspor ceftriaxone,
cefuroxime, nalidixic acid (30 pg), 4 were resisten the aminoglycosides - amikacin (30
1Q), tetracycline (30 pg) and 3 isolates were tasido the carbapenem - impenem (30 ug).
All the isolates were susceptible to aztreonamdh gentamicin (10 pg), cefotaxime (30
pg) and ciprofloxacin (5 pg). Results of multi-dmegistance index (MDRI) showed MDRI
values ranging between 7-33.00% for bdih coli and Acinetobacterspp. Also, 12
(17.39%) of theE. coliisolates and 10 (24.39%) of boEh coli and Acinetobacterspp.
isolates respectively showed resistance to 3 orenaliferent classes of the antibiotics
tested. Tables 2 and 3 also showed the MIC valtieaah of the isolates against stem bark
extracts ofC. dentataResults showed that the MIC valuemged between 150-300 pg/ml
(percentage relative inhibition zone diameter (%dR)IZ4-28) forE. coli isolatesand 150-

2000 pg/ml (%RI1ZD 6-30) foAcinetobactespp.
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5596  Table 5.2. Variougscherichia colserotypes, their verotoxin and antibiotic resistaprofiles, multidrug
5597 resistance index (MDRI) (%) and minimum inhibitagncentration (MIC)(g/ml) values against stem bark
5598 extract ofCurtisia dentata.

Sample number (mean Verotoxin status MDRI (% RIZD values MIC (ug/ml)
pH/Temp.°C) Isolate/ serotype (Vix1&2) Resistance pattern (%) to C. dentat:
\(/\gﬁ}i\;v.ag)er (n=18) E coliRWWL1i 0103:H2  Vixl *SXT, TOFX, “ AMP ‘CN; AK 33 10.00 650.00
. coliRWW1ii 086 Vix1, Vix2 TATM. "AK, CL 20 16.00 250.00
E. coliRWWLiii 0145:H2  Vixl OTE, 'CNCXM. * AMP 27 14.00 350.00
E. coliRWW1iv 096:H9 Vix1 “ AML 7 8.00 750.00
E. coliRWW1v 0126 Vixl eTESCL 13.3 14.00 200.00
E. coliRWW1vi 04 Vixl CFM. €CRO 13.3 16.00 250.00
E. coliRWW1vii O55 Vix1, Vix2 scIp 7 14.00 400.00
E. coliRWW1viii O111:NM  Vix1, Vix2 " 27 22.00 150.00
E. coli RWW2i 096:H9 Vix2 TOFX, INA, " AMP, ®TE 133 8.00 1000.00
E. coliRWW?2ii 0124 Vixl .CN,°TE 7 14.00 400.00
E. coliPSW1i 096:H9 Vixl AK 7 16.00 200.00
E. coliPSW1ii O145:NM Vix2 CN 7 22.00 150.00
E. coliPSW1iii 096:H9 Vix1, Vix2 f?T E 7 16.00 250.00
E. coliPSW1iv O111:NM  Vix1, Vix2 L AML 7 24.00 150.00
E. coliPSW2i 086 Vixl, Vix2 SXT 7 14.00 200.00
E. coli PSW2ii 096:H9 Vi1, Vix2 SXT . 20 10.00 550.00
E. coliPSW2iii 0103:H2  Vixl AMP, “CL,CRO,IPM 13.3 14.00 300.00
E. coliFEW1i 0111:NM Vix2 " AML, TNA 13.3 18.00 200.00
E. coliFEW1ii 0103:H2 Vix1 SNA, €CL 7 14.00 400.00
E. coliFEW1iii 0124 Vix1 eTE 7 14.00 350.00
E. coliFEW1iv 044 Vix2 eTE 7 20.00 200.00
E. coliFEW2i 0124 Vix2 “AMP 0 20.00 150.00
E. coliFEW2ii 0103:H2 Vix2 - 0 24.00 100.00
E. coliFEW2iii 0145:NM Vix1, Vix2 - 0 18.00 250.00
E. coliFEW2iv O145:NM  Vix1, Vix2 - 0 14.00 400.00
Abattoir water (n = 18 E. coliPRE1i O4 Vix2 33 6.00 2000.00
6.4/17.8) E. coliPRELii O145:H2 Vix1 “AMP, "CN, "OFX,NA, @TE,"AK 7 6.00 2500.00
E. coliPRELiii O111:NM  Vix1 “CN 7 10.00 600.00
E. coliPRE1liv 086 Vix2 @TEfCL 13.3 8.00 800.00
E. coliPRE1lv 04 Vix2 fcL 7 16.00 250.00
E. coliPRE1vi O111:NM Vix1, Vix2 1PM 0 10.00 500.00
E. coliPRE2i 0103:H2 Vix1, Vix2 - 0 28.00 100.00
E. coliPRE2ii 04 Vix1, Vix2 - 0 20.00 250.00
E. coliFSE1i 0113 Vix2 - 0 20.00 150.00
E. coliFSELii 0145:H2 Vix2 €CFM,CL, "AMP,*NA, "OFX, 0 22.00 250.00
E. coliFSE1iii 086 Vix2 OFX,®TE,"AK, 33 12.00 500.00
E. coliFSEliv O111:NM Vix2 ‘CN 13.3 6.00 900.00
E. coliFSE1lv 096:H9 Vix2 "CN,” AMP 7 8.00 750.00
E. coliFSE1vi 04 Vix2 - 13.3 20.00 200.00
E. coliFSE2i O111:NM Vix2 - 0 12.00 500.00
E. coliFSE2ii 0103:H2 Vix2 - 0 8.00 850.00
E. coliPST1i O145:H2 Vix1, Vix2 - 0 10.00 500.00
E. coliPST1ii 026:H11 Vix1, Vix2 @TE 0 14.00 300.00
E. coliPST1iii 0113 Vix1, Vix2 - 7 20.00 150.00
E. coliPST1iv 04 Vix2 - 0 10.00 600.00
E. coliPST1v 096:H9 Vix2 fCL, *CFM, ’CRO 0 4.00 950.00
E. coliPPST1vi 026:H11  VVix2 " AML, " AMP 20 18.00 250.00
E. coliPST2i 0124 Vix1, Vix2 " AMP, ®NA, "OFX, @TE, SXT 13.3 24.00 2500.00
E. coliPST2ii 0124 Vix1, Vix2 "AK 33 10.00 700.00
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River Berg (n = 13)  E. coliRBU1i 086 Vix2 CN 7 4.00 2500.00
(7.2/17.3) E. coliRBU2i 0113 Vix2 £CL, 5CFM, " IPM 7 12.00 400.00
E. coli RBU2ii 0145:H2 Vix2 €CRO 13.3 20.00 200.00
E. coliRBURiii 0113 Vix2 fCRO 7 12.00 450.00
E. coliRBD1i 0113 Vix1, "CN 7 22.00 150.00
E. coliRBD1ii 04 Vix1, Vix2 “AMP 7 16.00 300.00
E. coliRBD1iii 086 Vix1, Vix2 “AML, ¥CRO, AK 7 22.00 150.00
E. coliRBIli O4 Vixl, Vix2 - 20 28.00 100.00
E. coli RBI1ii 0103:H2 Vixl, Vix2 "CN 0 8.00 750.00
E. coliRBI2i 0124 Vix2 CTEAPM 7 18.00 250.00
E. coli RBI2ii 086 Vix2 - 7 22.00 200.00
E. coli RBI2iii 096:H9 Vix2 - 0 12.00 350.00
E. coli RBI2iv 0145:H2 Vixl - 0 22.00 200.00
E. coliRBI2v 0113 Vix2 OTE, IPM 0 14.00 300.00
River Plankenberg  E. coliPRK1i O4 Vix2 “AML, T AMP 7 20.00 150.00
(n = 13) (7.2/17.3) E. coli PRK1ii 026:H11 Vixd, Vix2 €CRO, 13.3 26.00 100.00
E. coliPRK2i O145:H2 Vix1, Vix2 " AML, €CRO, 7 16.00 300.00
E. coliPRK2ii 086 Vix2 "AK, "AMP,‘CN 13.3 24.00 150.00
E. coli PRKZ2iii 04 Vixd, Vix2 - 13.3 12.00 350.00
E. coli PRK2iii 0103:H2 Vixd. Vix2 - 0 14.00 450.00

5599
5600
5601
5602
5603
5604
5605
5606
5607
5608
5609
5610
5611
5612
5613
5614
5615
5616
5617
5618
5619
5620
5621
5622
5623
5624
5625
5626
5627
5628
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SXT (30pg) - Trimethroprim-Sulfamethaxazole; OFX{g) - Ofloxacin; ATM (30ug) - Aztreonam;

AMP (10ug) - Ampicillin; TE (10pg) - Tetracycline; AK (3Qug) - Amikacin, CAZ (30ug) - Ceftazidime,
CL (30ug) - Cefalexin; CRO (3@g) - Ceftriaxone; CXM (3Qug) - Cefuroxime; AML (1Qug) - Amoxicillin;
CN (10pg) - Gentamicin, CFM (g) - Cefixime, CIP (qug) - Ciprofloxacin; IMP — Impenem (303); NA
(30 ug) -Nalidixic acid.
Classes of antibiotics
* = sulphonamides;= Aminoglycosides; = Penicillins;® = Cephalosporing = Tetracyclines $=
Quinolones



5629
5630

Table 5.3 VariousAcinetobactespp. isolates, their verotoxin and antibiotic resise profiles, multidrug

resistance index (MDRI) (%) and minimum inhibitargncentration (MIC)(g/ml) values against stem bark

Sample number (mean

Verotoxin status

MDRI (¢ RIZD values MIC (pgml)

pH/Temp.°C) Isolate/ serotype (Vix1&2) Resistance pattern (%) to C. dentat
Wastewater (N=18) A |woffii RWW1i - TATM, "AK, CL 20 14.00 750.00
(6.4/17.8) A. lwoffii RWW1ii - SXT, "OFX,” AMP "CN, AK 33 10.00 1500.00
A. haemolyticuRWW1v - @TE,"CNfCXM, " AMP 27 8.00 1000.00
A. Iwoffii RWW1vi - " AML 7 24.00 250.00
A. IwoffiRWW2i - - 0 28.00 100.00
A. lwoffii RWW2ii - £CFM, (CRO 13.3 20.00 350.00
A. lwoffii PSW1i - @TEfCL, IPM 13.3 22.00 200.00
A. lwoffii PSW1ii - IPM 0 26.00 150.00
A. haemolyticu® SW2i Vixl "AK, f€CXM, 13.3 14.00 700.00
A. haemolyticu® SW2ii - OFX, 'NA, “AMP, ®TE 27 6.00 2000.00
A. lwoffii FEW1i - "CN,@TE 133  26.00 250.00
A. lwoffii FEW2i - eTE 7 28.00 150.00
A. haemolyticus EW?2iv - “ AML 7 24.00 250.00
Abattoir water (n =18 A |wofii PRE1i - SXT 7 28.00 150.00
6.4/17.8) A. lwoffii PRELii - SXT 7 26.00 200.00
A. lwoffii PRE2i - " AMP, €CL,CRO, 20 18.00 450.00
A. lwoffii PREZii - SNA fCL 133 22.00 250.00
A. lwoffii FSE1i - eTE 7 24.00 200.00
A. lwoffii FSELii - eTE 7 26.00 150.00
A. lwoffii FSELiii - " AMP 7 28.00 200.00
A. haemolyticu§SE1iv Vix1,Vix2 - 0 28.00 150.00
A. haemolyticu§SE1v Vix2 “AML, [NA 13.3  28.00 250.00
A. lwoffii FSE2i - PM 0 28.00 100.00
A. lwoffii FSE2ii - - 0 26.00 150.00
A. lwoffii PST1i - - 0 22.00 200.00
A. Iwoffii PST1ii - "AK, *NA, €CL 20 12.00 850.00
A. haemolyticu®ST1i Vixl " AMP,"CN, 'OFX, *NA, ®TE 33 6.00 2500.00
A. haemolyticuPST2i - "CN 7 24.00 200.00
A. haemolyticuPST2ii - @TEfCL 13.3  22.00 200.00
River Berg (n =13)  A. lwoffii RBU1i €cL 7 26.00 150.00
(7.2/17.3) A. lwoffii RBU2i - ¢ " s 33 12.00 750.00
A. Iwoffii RBU2ii - CFM, €CL,” AMP,*NA, TOFX, 7 30.00 100.00
A.. haemolyticulBD1i Vix1l . 0 26.00 150.00
A. haemolyticu®BD1ii - - 0 24.00 150.00
A. haemolyticl8BD 1iii - - 13.3  10.00 900.00
A. haemolyticugBI1i - TOFX, *NA 0 28.00 150.00
A. haemolyticuRBI2i - - 20 12.00 600.00
A. lwoffii RBI2ii - @TE,"AK, *NA 7 24.00 200.00
A. lwoffii RBIZiii VIx1,Vix2 "CN 13.3 24.00 250.00
River Plankenberg A |woffii PRK2i Vix2 "CN,” AMP 0 26.00 150.00
(n=13) (7.2/17.3) A Iwoffi PRKZ2ii - - 0 28.00 150.00
A. lwoffii PRK2iii - - 0 22.00 200.00

5631
5632

extract ofCurtisia dentata.

5633
5634
5635
5636
5637
5638

SXT (30pg) - Trimethroprim-Sulfamethaxazole;, OFX{g) - Ofloxacin; ATM (30ug) - Aztreonam; AMP (10ig) -

Ampicillin; TE (10 ug) - Tetracycline; AK (3Qug) - Amikacin, CAZ (30ug) - Ceftazidime, CL (3Qg) - Cefalexin; CRO

(30 pg) - Ceftriaxone; CXM (3@ug) - Cefuroxime; AML (1Qug) - Amoxicillin; CN (10pg) - Gentamicin, CFM (pg) -
Cefixime, CIP (5ug) - Ciprofloxacin; IMP — Impenem (3@3); NA (30ug) -Nalidixic acid.
Classes of antibiotics’ = sulphonamides;= Aminoglycosides™ = Penicillins;® = Cephalosporin€ = Tetracyclines ®

= Quinolones
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5639 Table 5.4 shows results of the phytochemical sangenf stem bark (percentage extraction:
5640 water 58.82%, ethanol 38.72%, dichloromethane 28.7%hd acetone 22.64%) .
5641 dentata Results showed the presence of saponins, tangiyspsides, anthraquinones,
5642 flavonoids, steroids and phenols.

5643

5644

5645

5646

5647

5648

5649

5650

5651

5652

5653

5654

5655

5656

5657

5658

5659

5660
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5661 Table 5.4. Phytochemical constituents of aquaterm bark extracts @urtisia dentata

Phytoconstituents
Extract 9% Extraction Saponins Tannins Alkaloid$Glycosides AnthraquinonesFlavonoids Steroids Phenols

Water extracts 58.82 + - n + ¥ T T
Ethanol 38.72 +
Dichloromethar 18.73 +
Acetone 22.64 +

+ + + +

+
- + - + - +
+

5662 + = present; - = absent
5663

5664
5665
5666
5667
5668
5669
5670
5671
5672
5673
5674
5675
5676
5677
5678

5679
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5680

5681

5682

5683

5684

5685

5686

5687

5688

5689

5690

5691

5692

5693

5694

5695

5696

5697

5698

5699

5700

5.5 DISCUSSION

Sanitation and absence of clean drinking water mreraamajor challenge to deveoping
countries. According to the World Bank, as manyZ2a®illion people lack adequate
sanitation facilities to protect them from watemt® disease, while 1 billion lack access to
clean water altogether, and on the other hand, gewesposal is increasingly threatening
water bodies worldwide. According to the United iNas, 95 percent of the world’s cities
including the developing countries still dump raewsge into their water supplies (UN
Water, 2011). Consequently, 80 percent of all thalth maladies, in developing countries
are related to unsanitary water. Amongst the heahtadies diarrhea caused by multidrug
resistant (MDR)E. coli continues to be the major challenge (WHO, 200)lakion of
MDR E. colifrom the wastewater and river water samples inghidy further corroborates

an already alarming phenomenon globally for whidlerstists are battling to curtail.

Acinetobacterspp. have recently gained increasingly significatiention due to their
ability to develop extreme multi-drug resistancel @s causative agents of drug resistant
severe nosocomial infections accounting for 34%tatity and 43% deaths (Vilat al.,
2002; Barbeet al.,2004; Dorseyet al.,2004; Vanbroekhoveat al( 2004); Prashanth and
Badrinath 2005; Joslkt al.,2006; Robinsomrt al.,2010). In this study both tH€. coliand

A. haemolyticussolates were not only multi-drug resistant; thegrevalso associated with
verotoxin production, while none of ti#e |woffii isolates produced verotoxins. Grotietz

al. (2006) first reported verotoxin production By haemolyticussolates. AlthougltE. coli
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5701

5702

5703

5704

5705

5706

5707

5708

5709

5710

5711

5712

5713

5714

5715

5716

5717

5718

5719

5720

0157 is the most reported, none O157 verotdxiccoli (E. coli O111:H8, O26:H11,
0103:H2) have been associated with severe humaastisoutbreaks such as 11-15% of
cases of traveler's diarrhea in healthy persongingsdeveloping countries, childhood
diarrhea and traveler's diarrhea in Mexico and IN&itica as well as other human ilinesses
(Savarinoet al.,1996; Ewing, 1999; Gutbt al.,2000; Galane and Le Roux 2001; Gath
al., 2003; Chandraet al.,2008; Dougharet al.,2009). BothE. coliandAcinetobactespp.
disease outbreaks have been linked to contamimatedyround beef, raw seed sprouts or
spinach, raw milk, unpasteurized juice, unpastedrizheese and foods contaminated by
infected food workers via fecal-oral route (Galaarel Le Roux, 2001; Doughaet al.,
2009). In addition the poor state of hygiene anldygrenic handling of foods especially in

the developing countries are common predisposiciifa to infection.

Resistance of botE. coli and Acinetobacterspp. to three or more classes of antibiotics
including carbapenems, with high multi-drug resistandices (MDRI) (7- 33.00%) is a
cause for concern. Carbapenems are currently teferpgd antibiotics effective in the
treatment of infections associated withinetobactesspp. and Enterobacteriaceae (Sagbv
al., 2002; Gulmezet al., 2008). Previous reports showed that sdfecoli strains have
demonstrated resistance to ampicillin, cefuroximbxacillin, ceftazidime, ofloxacin,
nalidixic acid and amikacin (Santiago-Mercado amakzéh 1987; Salvadost al., 2004,

Cardonheet al.,2004; Chandragt al.,2008; Haghet al.2010). Resistance to carbapenems
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5721

5722

5723

5724

5725

5726

5727

5728

5729

5730

5731

5732

5733

5734

5735

5736

5737

5738

5739

5740

5741

is simply heightening the already gravely detetiaga chemotherapeutic challenges

confronting health workers globally.

The two rivers from which bacteria were isolateavéR Plankenburg and River Berg) are
located near informal settlements (Kayamanndi an8ieRweni respectively). The
Plankenburg River is one of the three tributaries tombine to make up the Eerste River
in Stellenbosch, South Africa. Though the high leafepollution of this river has been the
subject of many workshops, newspaper articles ard parliamentary caucus (Nleya and
Jonker, 2005), this work is the first documenteddence directed at investigating
verotoxicity and multidrug resistance amdagcoli andAcinetobacterspecies in the river.
On the other hand, 65% of the Berg river (alsoech(breat Berg River - located just north
of Cape Town in the Western Cape Province of Séidtita, approximately 294 km long
with a catchment area of 7,715 km? (2979 mi?) antlets into the Atlantic Ocean area
under agriculture. Both Kayamanndi and Mbekwenilacated in the upper catchment area
of these two rivers respectively. Kayamandi liegaegnt to the Plankenburg River and
according to the Department of Water Affairs andelStry (2001), measurements in this
river show very high levels d&. coliand other pollutants in the river. Downstream fasne
use the water for irrigation of grape fields. Thdaemers have complained about the
possible impacts of the pollution on their ability export the grapes, as the polluted
irrigation water remains between the grapes andseas importers often refuse the grapes
because of this. The river also serves as a safinvater for downstream users, andposes a
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5742

5743

5744

5745

5746

5747

5748

5749

5750

5751

5752

5753

5754

5755

5756

5757

5758

5759

5760

5761

5762

health hazard to recreational users (DepartmeniVafer Affairs and Forestry, 2001).
Contamination of these rivers poses a health osthé populations in these two informal
settlements due to possible contamination fooddamking water sources. Many informal
settlements are confronted with inadequate, brakewpen toilet facilities which are prone

to leakages that may result in further faecal amimtation of the water bodies.

The coexistence dE. coli and Acinetobacterspp. in all the water samples investigated is
also a cause for concern. It has been reportedttbaate of adaptative mutationsEncoli

is on the order of I®per genome per generation, which is 1,000 timdsigisas previous
estimates (Imhof and Schl6tterer, 2001). The themeimplication of this is that the
exchange of antibiotic resistance fractors betwgeroli and Acinetobacterspp. in this
mixed culture via mechanisms such as horizonta¢ geansfer, conjugation or via resistant
plasmids (Georget al., 1991; Dzidic and Bedekovic,' 2003; Chandedral,. 2008; Ishii
and Sadowsky, 2008; Willegt al., 2008; Robinsoret al.,2010) can simply mean further
spread of antibiotic resistance. Plasmid transfecgss to other bacterial species is said to
be readily facilitated whek. coli is subjected to stress (Aibiret al., 2007). The use of
partially treated wastewaters investigated forgation purposes or discharge into rivers

may further serve as medium for disseminating thesistant bacteria.

The presence of phytoconstituents in the extradtsCo dentata accounts for the
demonstration of antibacterial activity agairist coli, A. haemolyticusand A. lwoffii

264

_—
‘ Cape

Ber)insu]a James Hamuel Doughari (2082222&)ctor TechnologiaéEnvironmental Health) Thesis
niversity
of Technology



5763

5764

5765

5766

5767

5768

5769

5770

5771

5772

5773

5774

5775

5776

5777

5778

5779

5780

5781

5782

5783

(Doughari and Obidgl2008) The low MIC values (150-3000 pg/ml, % RIZD 4-28 tor
coli and 150-2000 pg/ml, % RIZD 6-30 fécinetobacterspp.) is an indication that the
plant extracts contain antibiotic substances whiaiien purified, will provide very
effective alternatives to the treatment of infegiocaused by these resistant strains of
bacteria. To the best of our knowledge, this isfits¢ documented work on the effect ©f

dentataextracts on MDR verotoxic bacteria.

The presence of verotoxin producing multidrug tesise. coli other than O157:H&and
Acinetobacterspp. in the environment (waste water and surfacer mvaters) as revealed
from this study highlights the need to adopt maxaptive measures to prevent outbreak of
diarrheal diseases and dissemination of MDR strdihe need for proper cooking of food,
boiling of drinking water, prevention of cross-camination, adoption of good hygienic
practices such as wearing of gloves by food workestitution of health care policies so
food industry employees seek treatment when theyillarpasteurization of juice or dairy
products and proper hand washing requirements mesemphasized. Efficacy df.
dentatain this study is an indication that the plant Haes potential to provide an alternative
source of antimicrobials that can be used in cdiigp these multi-drug resistant
pathogenic bacteria are currently being investijatEherefore, the effect of various
extracts ofC. dentataon the virulence as well as verocytotoxin produttlyy the test
bacteria. The occurrence of verotoxin producing T other environmental samples,
further purificationC. dentataextracts and determination of the most active campts as
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5784

5785

5786

5787

5788

5789

5790

5791

5792

5793

5794

5795

5796

5797

5798

5799

5800

5801

5802

well as toxicological studies should be carried with the view to utilizing the plant in the

development of novel and more effective antibiotics
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6.1. ABSTRACT

The association of verotoxE. coliandAcinetobacterspp. with various antibiotic resistant
diarrhogenic and nosocomial infections has beeauaefor concern worldwid€&. coli and

A. haemolyitcugsolated on various selective media were screened/ifulence factors,
antibiotic resistance and transformation of resistagenes. Out of 6&. coli isolates
obtained, 25(35.23%), 14(20.30%) and 28(40.58%)ewmsitive for VTx1&2, Vix1l and
Vtx2 respectively, 49(71.015%), were positive foxtemded-spectrum beta-lactamases
(ESBLs), 7(77.78%) for serum resistance, 57(82.6166)cell surface hydrophobicity,
48(69.57%) for gelatinase production and 37(53.6&%lhaemolysin production. For the 14
A. haemolyticussolates, only 2(14.29%) in each case from allss@ples investigated were
positive for Vix1l, Vix2 and Vitx1&2 respectively, B(.14%) for ESBLs, 7(50.00%) for
serum resistance, 11(78.57%) for cell surface mobicity, 4(28.57%) for gelatinase
production and 8(57.14%) for haemolysin productMhile transformation occurred among
the E. coli and Acinetobacteiisolates (transformation frequency: 13.3 x’163.4"), there
was poor curing of the plasmid genes, a confirnmaidd presence of stable antibiotic
resistant genes (DNA concentration between 42.78198) and intra-genetic transfer of
multidrug resistant genes among isolates. Isolates potentially virulent and contain
potentially transferable antibiotic resistance gerigetection of virulence factors, antibiotic
resistance genes and transformation among thelsgeisas a very significant outcome that
will influence approaches to proactive and previargaand control measures as well as

future investigations. However, continued surveitia for drug resistance among these
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bacteria and further investigation of the mechanidraction of their virulence factors are a

necessity.

Keywords: Cell surface hydrophobicity, extended-spectrumati@ttamases, gelatinases,

haemolysins, resistance genes, transformationgevice factors.

6.2 INTRODUCTION

Pathogenic bacteria utilize a number of mechanisnecause disease in human hosts (Wilson
et al.,2002). These mechanisms are often expressed idearamnge of molecules that enable
adhesion of bacteria to host cell targets in otdemitiate the infection process and as a

result trigering a variety of different host respes (Sharmat al., 2007). The virulence

factors are of two main types; those produced enstirface of the cell and those produced
within the cell and then exported to the site dfcac Those on the surface include different
sorts of fimbriae (s, p, or type F 1 or curli fimd®), certain other mannose-resistant
adhesins, K capsules or cell surface lipopolysawdes (LPS) that have a role in adhesion to

the surface of host cells but may also have additiooles such as tissue invasion, biofilm
formation or cytokine induction (Emo“dgt al., 2003). While virulence factors secreted

within the cell and exported into the medium orthael protoplast include enzymes such as
haemolysins, gelatinases and beta-lactamasesagustother bacterigscherichia coliand
Acinetobacter haemolyticudepend largely on several virulence factors fovisaf in host
tissues and for pathogenicity. Verotofccoli (VTEC) has been a source of public concern,

responsible for outbreaks of bloody and traveledmrrhea (WHO, 2002), while
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6103

Acinetobacterspp that were considered nonpathogenic are now asedcwith notorious
multi-drug resistant nosocomial infections as vesllbloody diarrhea (Grotiua al.,2006).
Though E. coli O157:H7 is responsible for approximately half d¢f @nfirmed VTEC
infections in Europe, there is growing concern dliba risk of non-O157 VTEC serotypes
to human (Crosst al.,1986). The mechanisms involved in VTEC adherencepithelial
cells and colonization is yet to be understood {@gl2011) A key to fighting these bacterial
pathogens is the identification and characterigadioall the virulent factors that makes them
so potent. This is crucial for effective diagnosisthe infection, surveillance of animal
reservoirs, assessment of public health risks,thedlevelopment of control interventions.
There are growing concerns for the increasing Baamice of bothAcinetobactespp. ance.
coli, as causative agents of notorious antibiotic resistafections, in both hospital and
community setups. Recently, there was a diarrhedbreak associated witlE. coli
infections in Germany and other parts of the w¢@®C, 2011). Therefore, the need exists
for surveillance of the presence of these organisohsracterization of their virulent
potentials and determination of their potentiaktr@nsfer resistant genes to other bacteria,
especially in the developing countries. Thus stigdthe first report on virulence factors,
antibiotic resistance genes and potential for feansf resistance amongst environmental
isolates of verotoxic strains &. coliandAcinetobacteispp isolated from waste- and river

water samples in South Africa.
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6.3 MATERIALS AND METHODS

6.3.1 Source of media, antibiotics, chemicals andgmt material

Eosin Methylene Blue (EMB), Nutrient Broth (NB), aibed Trypton Broth (mTSB),
Mueller Hinton Agar (MHA) and antibiotic discs weadl Oxoid grade, and were obtained
from Quantum Biotechnologies, South Africa (SA).isal Duopath Verotoxiffs (Merck,
Germany, Appendix vii h) test kit, Oxidase tesipstrand all laboratory grade chemicals
used in this study were obtained from Merck, EAcoli polyvalent antisera 2, 3 & 4, and

REMEL RaplD™ NF (Appendix vii g) plus test kit was obtainedrfr Bioweb, SA.

6.3.2 Sample collection

Sixty two water (18 wastewater samples each - feomastewater treatment plant and an
abattoir, and 14 river water samples - each froweRBerg, River Plankenburg) all in Cape
Town South Africa, were collected using the shoeelsampling method (Obiret al.,
2005). For microbiological analysis, 1 L volumeesizsterilized sample bottles were held at
the base and dipped downwards below the water crfa0-30 cm deep), opened and
allowed to fill up then corked while still under tea (Health Protection Agency, 2007). The
collected water samples were placed in a coolenmatixtemperature maintained between 4-
10°C using ice packs. The samples were then immediathsported to the Microbiology
Laboratory of the Biotechnology Department of C&mninsula University of Technology,

Cape Town South Africa where they were analyzediwi8-6 h.
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6127
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6129
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6131

6132

6133

6134

6135

6136

6137

6138

6139

6140

6141

6142

6143

6144

6145

6146

6147

6.3.3 Cultivation, isolation and identification ofbacteria

For isolation ofE. coli water samples were serially diluted up t3,hd 1 ml inoculated
into BrillianceE. colicoliform selective medium (BECSM, Oxoid) by agadution method
and the plates incubated at 37°C for 24 h. Afteulration, discrete colonies were separated
and inoculated onto plates of EMB and incubate87a8C for 24 h. Isolates were further
purified by picking discrete colonies (green meatatheen) and sub-culturing onto fresh
plates of EMB, and once again incubating for 1824t 37°C. After incubation, 5-10
discrete colonies were characterized using the BMDIFCO, MD, USA) test kit, oxidase
test strips, and Erchlich’s reagent. Isolates tirate indole positive, non motile as well as
negative for methyl red, Voges- Proskauer andteitudilization tests, were identified &s
coli. Slide agglutination tests were performed on sete8&-10 presumptive single colonies
using polyvalent. coliantisera 2, 3 and 4 (Bioweb PTY, SA). Differenbesveen colonial
isolates were determined by determination of thetibiotic susceptibility profileskE. coli
ATCC 25922 was used as control. Serotyped (conti)rie coli isolates were inoculated
onto tryptic soy (TS) slants and incubated for 24t 87°C, and then stored at 4°C until use

(Royet al.,2004; Tarawnelet al.,2009)

To isolate and identifAcinetobactespp.,1 ml of 1@ dilution of the water samples as for
coli were inoculated into 9 ml of tubes containing Baania enrichment medium (BEM,
Appendix i) instead of EMB. The inoculated BEM watsaken vigorously by vortexing and
then incubated at 37°C for 24 h in a shaker inasbatith vigorous agitation. After
incubation, 2 drops of the BEM culture were furthreculated into mTSB in a test tube and
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6148

6149

6150

6151

6152

6153

6154

6155

6156

6157

6158

6159

6160

6161

6162

6163

6164

6165

6166

6167

6168

6169

incubated at 3T for 24-48 h. After this, 1-2 loopfuls of BEM orT8B cultures was
inoculated onto EMB (Oxoid) or Leeds Acinetobaateedium (LAM, Hardy diagnostics
USA, Appendix ii) and further incubated at°87for 18 to 72 h. After incubation, pink
colonies on EMB or pink/purple colonies on LAM (Agmlix vii ¢ and d) were Gram
stained to observe for large Gram-negative cocabibeells, while 5-10 discrete colonies
were inoculated into SIM for motility testing mediy and also subjected to oxidase test
using the oxidase test strips (Oxoid, UK). The ased were also subjected to biochemical
biotyping using the REMEL Rapl®™ NF plus (Bioweb, South Africa, Appendix vii g). &@h
strains were further purified by inoculation ont8 $lants, incubated for 24 h at 37°C, and
then stored at 4°C until use (Guardabassial., 1999; Rakshat al., 2003; Russcet al.,

2010).A. haemolyticuATCC 19002 was used as control.

6.3.4 Detection of virulence factors on the bacteaal isolates

6.3.4.1Screening of isolates for verotoxin production

All the bacterial isolates were screened for vedot@roduction using antibody-based rapid
slide agglutination assays with the Duoperth kie(bk, SA, Appendix vii h) according to

the manufacturer’s instructions. The bacterial ased were first precultured in 1 ml
casaminacid yeast extract (CAYE) broth (Appendixand incubated at 37°C with rotation
at 100 rpm for 24 h. After incubation, 10 pl oéthre-cultured broth (approximately 1 x'10

cells/ml) was inoculated into fresh CAYE broth, dndher incubated for 16 h with rotation

at 100 rpm at 37°C. The culture was centrifuge®C0 rpm for 5 min to separate the

supernatant, and cell pellets. The cell pelletsewtben washed three times with phosphate
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6170

6171

6172

6173

6174

6175

6176

6177

6178

6179

6180

6181

6182

6183

6184

6185

6186

6187

6188

6189

6190

6191

buffered saline (PBS, 5 ml), and then suspendeédl 86 ml 0.01 M Tris-HCI (pH 7.5). To
the pellets, 0.5 ml distilled water containing 56/ml polymyxin B was added, and the
suspension incubated at 37°C for 30 min. Two huhadnéroliter (200 ul) of the culture
suspension was then transferred onto the teste@esing a sterile Pasteur pipette, and the
result read after 10 min. The appearance of reddan the vtx1 or vtx2 bands denoted the

presence of either one of or both verotoxins.

6.3.4.2Screening of isolates for haemolysin production

The plate haemolysis technique was used to scr@ethé presence of cytolytic protein
toxins known as the alpha haemolysin secreted bst im@emolytic bacteria (Sharmetal.,
2007). In this procedure, discrete bacteria com(23) from nutrient agar (NA) plates were
subcultured onto 5% sheep blood agar plates (soqgpieed with 10 mM Caglfor A.
haemolyticul and incubated at 37°C for 24 h. After incubatiemterohemolysin production
was detected by the appearance of zone of comigkateof the erythrocytes around each

bacterial colony on the plates, and clearing ofrtteglium.

6.3.4.3Cédll surface hydrophobicity test

The cell surface hydrophobicity of the bacteriatlages was determined using the salt
aggregation test (SAT) (Rakskaal.,2003; Sharmat al.,2007). Briefly, a loopful (10 ul)
of bacterial suspension in 1ml of phosphate buffer 6.8) (equivalent to 5 x 20
colonies/ml) was mixed with equal volumes of ammaomisulphate solution of different
molarities (1.4, 2.0 and 4.0 M) on a glass slidee Suspensions were rotated carefully for 1
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6192

6193

6194

6195

6196

6197

6198

6199

6200

6201

6202

6203

6204

6205

6206

6207

6208

6209

6210

6211

6212

6213

min, and then microscopically observed for agghtion. The highest dilution of
ammonium sulphate solution giving a visible agglation of bacteria (Appendix vi) was

scored as the SAT value. Bacterial suspension chgmgt the lowest dilution (1.4 M) was
considered auto-aggregative, while those with SAalues of <2 M were considered

hydrophobic.

6.3.4.4Gelatinase test

This was carried out in order to screen the baadtesolates for gelatinase production (Park
et al.,2007; Royet al.,2004). Gelatin agar was inoculated with the testtdria, and then
incubated at 37°C for 24 h, after which the plateswhen flooded with mercuric chloride
(HgCly) solution. The development of opacity in the mediand zone of clearing around

the bacterial colonies was considered positivelferpresence of gelatinase.

6.3.4.5Bactericidal serum resistance assay

In this method, bacteria were first grown on bl@agr for 18-24 h at 37°C. The cells were
then harvested and suspended in Hank’s balancesodation (HBSS) (Appendix iv). Equal
amounts (0.05 ml) of the bacterial suspension @&ndns was mixed in a test tube and then
incubated at 37°C for 180 min. After incubation, il0of the mixture was withdrawn and
spread-inoculated onto blood agar plates, and aga& incubated at 37°C for 18 h, and the
viable count determined. Resistance of the bact®ri@erum bactericidal activity was
expressed as the percentage of bacteria survifieg180 min of incubation with serum, in
relation to the original count. Bacteria were tednserum sensitive if viable count dropped
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6214

6215

6216

6217

6218

6219

6220

6221

6222

6223

6224

6225

6226

6227

6228

6229

6230

6231

6232

6233

6234

6235

to 1% of initial value, and resistant if >90% ofganisms survived after 180 min of

incubation (Ranjaet al.,2010).

6.3.4.6Screening of isolates for extended spectrum beta-lactamase (ESBL) production

The screening of isolates for ESBL was carried ovsing the disc diffusion method
according to recommended criteria (NCCLS, 2005)efBt, two discs (30 pug in each case),
ceftazidime and cefotaxime were placed on Mullentblh agar plates previously seeded
with test bacteria, and the plates incubated aC 3@t 18 h. After incubation, ESBLsS
production was determined by the appearance of d@meters of inhibition{ 22 mm for

ceftazidime ane 27 mm for cefotaxime) against the test bacteria.

6.3.4.7Phenotypic confirmation of ESBLSs production

The Double Disc Synergy Test (DDST) for confirmB§BLs production was used (Sharma
et al.,2007; Irohaet al.,2008). Zero point one milliliter (0.1 ml) of eacladterial isolate
suspension equivalent to 0.5 MacFarland turbidimaard was inoculated on the surface of
Mueller-Hinton agar plates using a sterile swaltkstiA combination disc containing
(amoxicillin, 20 pg and clavulanic acid 10 pg) weaced at the centre of the Petri-dish, and
ceftaxidime (30 pug) and cefotaxime (30 pg) wasgdatS mm apart center to center on the
plates. The culture plates were then incubated/®t 3or 18 - 24 h. An enhanced zone of
inhibition (synergy, regardless of size) betweey ame of the beta-lactam discs compared to
the combined amoxicillin-clavulanic acid disc wasnsidered to be positive for ESBL
enzyme production (Irohet al.,2008).
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6237

6238

6239

6240

6241

6242

6243

6244

6245

6246

6247

6248

6249

6250

6251

6252

6253

6254

6255

6256

6257

6.3.5 Determination of antimicrobial susceptibilitypattern of isolates

The disc diffusion method as described was usethie purpse (Guardabasst al., 1999;
Perillaet al.,2003). Molten Mueller-Hinton agar (MHA) plates weneculated with the test
organisms (0.5 McFarland turbidity standard) usangferile swab stick and the plates were
incubated at 37°C for 18 h. After incubation sugit®iity to antibiotic was determined by
measurement of zone diameters of inhibition (mngireg} test bacteria. Antibiotics tested
included ampicillin (10 pg), cefuroxime (30 ug)pbalexin (30 pg), ceftazidime (30 ug),
cefotaxime (30 ug), ceftriaxone (30 pg), aztreorfdénpg), nalidixic acid (30 pg), amikacin
(30 pg), tetracycline (30 ug), gentamicin (10 paf)pxacin (5 ug), ciprofloxacin (5 ug),
impenim (5 pg) (Oxoid UK). Antibiotics were seledtbased on recommended criteria for
surveillance of antibiotic resistance in Enterobdaaceae andcinetobacterspp (Seifertet
al., 1993; NNIS, 2000; Wilsoet al.,2002; NARMS, 2004; Jonex al.,2005). Isolates that

were resistant to 3-7 antibiotics were selectedwmsdl for further studies.

6.3.6 Extraction and quantification of bacterial DNA

Extraction of plasmid DNA was carried out as eartiescribed (Davist al.,1986; Podaet

al., 2007). Briefly, bacterial cultures (2 ml) grown3#°C for 24 h in MHB was transferred
into a microcentrifuge and centrifuged at 5,000 fpml0 min, and the supernatant decanted
and discarded. The cell pellets were mixed witlversal DNA extraction buffer (Promerga,
USA) and 2ul proteinase K (20 mgn) before shake-incubating for 30 min at 37°C. A 300
ul of 20% SDS (IBD, UK) was added and mixture wasulpated for 2 h at 65°C before
being centrifuged at 13,000 rpm for 3 min. This @atowed by the addition of an equal
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6259

6260

6261

6262

6263

6264

6265

6266

6267

6268

6269

6270

6271

6272

6273

6274

6275

6276

6277

6278

6279

amount of chloroformamyl alcohol (24:1) (Merck, @&any) and the suspension was
properly mixed. The aqueous part was transferreal new tube, and isopropanol and 70%
ethanol (Merck, Germany) were added to wash thietpabtained. Ten microliters (1Q0)

of TE buffer (Sigma, USA) was then added to dissdMNA. Concentration of the extracted

DNA was measured using UV visible spectrophotom@&eekol 1300 analytik jena, United

Scientific SA) at 260 nm.

6.3.7 Transformation test

Equal volumes (50 ml) of bacterial broth cultureldysed cells or DNA isolated from either
Acinetobactersp. or E. coli was mixed in an Eppendorf tube and then spread anto
nitrocellulose filter (Millipore). The nitrocelluke filter was then placed on Luria Bethany
agar (LBA) plate supplemented with ampicillin ani&mpin, and incubated at 30°C for 18
h. The DNA used was either purified bacterial DNAcancentrations of 0.1, 1, 10, and 50
mg per 50 ml of broth or cell lysates at conceraret of 1, 10, and 100 ml per 50 ml of
broth. After incubation, the overgrown filter wamrisferred to a 50 ml Falcon tube and
vortexed with 2 ml of a solution containing 0.85%® and 50 ml of DNase | (5 mg M
Tenfold dilutions were plated onto LBA plates swgpented with ampicillin and impenim
(recipient counts), and ampicillin, impenim, amikaceftriaxone (transformant counts), and
colony forming unit (CFU) counts were determinettaincubation of the plates at 30°C for
72 h. Plates obtained from filters containing eitba@ture suspension in 50 ml of water (for
occurrence of spontaneous impenim mutants and ri@ct®ntamination), only DNA (10

ml) or 100 ml of lysate (to check for sterility) meused as controls. Transformation

= 288
‘ Cape

Beninsu_la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Techn)cglogy



6280

6281

6282

6283

6284

6285

6286

6287

6288

6289

6290

6291

6292

6293

6294

6295

6296

6297

6298

6299

6300

6301

frequencies (presented as mean triplicate valuesyigen as the number éicinetobacter
sp. orE. colicolonies growing on transformant-selective LBA pfativided by the number
of colonies on recipient-selective plates after filter transformations (Davist al., 1986;

Podaret al.,2007).

6.3.8 Transfer of resistance genes betweé&ncoli and Acinetobacter spp.

Transfer of antibiotic resistant genes betwé&ercoli strains susceptible to 3-7 antibiotics
and strains resistant to up to 7 antibiotics ad a®lbetween resistait. coli strains and
susceptibleA. Iwoffii and A. haemolyticusvas tested. Mueller Hinton broth MHB (10 ml)
was dispensed in four different sets of flasks aseld for each of the bacterial isolates. The
first test tube was inoculated with 0.5 McFarlartidndard antibiotic susceptibEe. coli
strains(E. coli §, the second flask was inoculated with antibiogisistantE. colistrains E.

coli R), resistant to the seven antibiotics (AMP-AMK-GEN-GERO-IMP-CXM) and the
third flask was inoculated with bota. coli SandE. coli Rstrains to determine transfer of
resistance betweek. coli strains. In the forth flask, either resistaft |woffii or A.
haemolyticusvas inoculated instead &. coli Rin order to determine transfer of resistance
betweenE. coli and Acinetobacterspp. and all the flasks were then incubated at ambi
temperature for 48 h. After incubation, a loopftieach broth culture was spread inoculated
onto plates of MHA and susceptibility pattern detered as earlier described (Balatral.,

2010) in order to determine recombinant isolates liave acquired resistance genes.
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6310

6311

6312

6313
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6315

6316
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6318

6319

6320

6321

6322

6323

6.3.9 Plasmid curing test

Tube containing 10 ml peptone water supplementdat 20 mg/ml acridine orange was
inoculated with 0.1 ml of overnight broth culturendaincubated at 37°C for 24 h.
Appropriate dilutions of the culture were inocuthten MHA to obtain single colony
isolates. After overnight incubation at 37°C, résegl colonies were tested for loss of
antibiotic resistance on MHA plates containing appiate concentration of antibiotics
(Ramteke and Tewari, 2007). Transformation of cussdates was carried out using the
CaCl protocol described elsewhere with cured cultusgsisg as competent recipients. To
make the cured cultures competent, 0.1 ml of 2k8Ibroth (grown at 37°C) was chilled in
ice bath, and centrifuged for 5 min. at 3000 rprd toe pellet suspended in 4 ml ice-cold 50
mM CaC} and incubated for 10 min on ice. The cells wenatrdeiged at 3000 rpm for 5
min, re-suspended in 2 ml of ice-cold 50 mM Ga#&id then incubated for 5 min on ice. The
cells were again centrifuged at 3000 rpm for 5 raimd 1251L fresh LB broth was added to
the pellets. To 5QL of this competent cells pL of plasmid DNA was added in a vial and
properly mixed, and the vial was placed on ice 3omin. The ice-cold vial was then
transferred to a water bath containing water heatet°C for 3 min. To this mixture, 500
uL of fresh LB medium was added and the broth caltwow incubated at 37°C for 2 h.
After incubation, 10QuL of competent-plasmid DNA treated culture and cetapt cells
with no plasmid DNA (negative control) were spreadeulated onto antibiotic-containing

MHA plates and incubated for 18 h at 37°C.
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6334
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6340

6341

6342

6343
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6.3.10 Statistics
The significance in transformation and differencetween the percentage values of
antibiotic-resistance among bacterial strains waduated using the Studernest P <0.05

of the SIGMATPLOT statistical package.

6.4 RESULTS

Identification of E. coli isolates and detection of virulence factors

E. coli colonies on eosin methylene blue (EMB) were tinghwgreen metallic sheen,
negative for motility test, sulphide and oxidaseduction and for Erclich’s reagent, but
positive for indole production. The various ser@gpdentified are shown in Table 6.3. For
verotoxin production genes, results showed thatajuthe 69E. coli isolates obtained,
25(35.23%) produced VTx1&2, 28(40.58%) producedlvaxd 14(20.30%) produced Vix2
(Table 6.1). The highest rate (40%) of productibWitx1&2 was obtained from river water
islates, followed by isolates from treatment plaasstewater (36%) and abattoir wastewater
(33%). Results also showed that 49(71.015%) wemstipe for extended-spectrum beta-
lacatamases (ESBLs), 7(77.78%) for serum resistab@¢82.61%) for cell surface
hydrophobicity, 48(69.57%) for gelatinase producti@nd 37(53.62%) for haemolysin
production. Result also showed that 19 of the Z&(00%) isolates from treatment plant
waste water, 13 (54.17%) of the 24 from abattoisteaater and 17(80%) of the 20 isolates
from river water produced the ESBLs enzymes. Thisas that the highest percentage of
isolates that produced the enzymes were from ther water, followed by isolates from
treatment plant wastewater and abattoir wastewdibe highest rate of haemolysin
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6348

6349

6350

6351

6352

6353

6354

6355

6356

6357

6358

6359

6360

6361

6362

6363

6364
6365
6366
6367
6368

production was obtained in isolates from treatnpant wastewater samples with 19(76%)
out of the 24 isolates producing haemolysins, Wdd by isolates from the river water,
10(50.00%) and abattoir wastewater, 8(33.33%). Resiso showed that all the isolates
from all the water sources tested were positive delt surface hydrophobicity with the
percentage occurrence of 19(76.00%) (treatmentt pheastewater), 10(50.00%) (river
water), and 8(33.33%) (abattoir wastewater). Restdt gelatinase test, showed that
12(48.00%) out of the 25 isolates from treatmernplwastewater produced gelatinase
followed by 18(75.00%) out of 24 and 18(90.00%) ofit20 isolates from the abattoir
wastewater and river waters respectively. For beotial serum resistance assay, the highest
percentage resistance of 16(64.00%) out of 25 te®lavas recorded from treatment plant
wastewater, followed by 9(37.50%) of the 24 iscdafeom abattoir wastewater, and

6(30.00%) of the 20 isolates from river water saaamxamined.
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6369 Table 6.1. Virulence characteristics oEscherichia coliisolates obtained from water
6370 samples

No. of Number (%) positive for virulence factor

isolates Serum Cell surface
Sample sourt Verotoxin ESBLs Resistanc hydrophobicit Gelatinas Haemolysil

Wastewater 25

Abattoir wast 24

River water 20

Vix1/ 10(40.00) 19(76.00) 16(64.00) 22(88.00)  12(48.00) 19(76.00)
Vitx2/ 6(24.00)
Vix1&2 9(36.00

Vix1/ 2(8.33) 13 (54.17) 9(37.50) 21(87.5) 18(75.00) 8(33.33)
Vitx2/ 12(50)
Vix1&2/ 8(33.33

Vix1/ 2(10.00) 17 (85.00) 6(30.00) 14(70.00)  18(90.00) 10(50.00)
Vitx2/ 10(50.00)
Vitx1&2/ 8(40.00

6371

6372
6373
6374

6375

6376

6377

6378

6379

6380

6381

6382

6383

6384

ESBLs = extended spectrum beta-lactamases

*green metallic sheen on eosin methylene blue (EMipative for motility test, sulphide

and oxidase production and for Erclich’s reagen positive for indole production
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6386

6387

6388

6389
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6391

6392

6393

6394

6395

6396

6397

6398

6399

6400

6401

6402

6403

6404

6405

6406

6.4.1 Identification of Acinetobacter spp and detection of virulence factors

Colonies ofAcinetobacterspp. were tiny blue mucoid colonies on EMB (Appendi d),
pink defused on LeedAcinetobactermedium (LAM, Appendix vii €) and Gram-negative
coccoballi. They also fermented glucose, ureaatgfrnrite and tryptophane (Table 6.2).
Results for the detection of virulence factorsAinhaemolyticussolates obtained from the
various water samples shows that out of theAldaemolyticugsolates obtained, only
2(14.29%) isolates for each of the samples weretiposfor Vix1l, Vix2 and Vitx1&2
verotoxic genes, 8(57.14%) were positive for ESBEE0.00%) for serum resistance,
11(78.57%) for cell surface hydrophobicity, 4(284&7 for gelatinase production and
8(57.14%) for haemolysin production (Table 2). Butthe absence of haemolysin in 5 of
the river water isolates and gelatinase in 4 of wastewater isolates, all other virulent
factors were present on isolates from all the wsdenples investigated. Results also showed
that the most prevalent virulent factor among tbalates is cell surface hydrophobicity
which was present in all the 4(100%) isolates fribra wastewater, 4(80.00%) of the 5
isolates from abattoir wastewater, and in 3(75.00%bhe 5 isolates from the river water
samples. Furthermore, results revealed that 3(Zafdf the 4 isolates from the wastewater

samples were positive for both ESBLs and serunstasie factors.
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6407
6408

Table 6.2. Virulence characteristics of&¢inetobacter haemolyticusolates obtained from

water samples.

No. of Number (%) positive for virulence factor
isolates Serum Cell surface
Sample source Verotoxin ESBLs Resistance hydrophobicity GelatinaseHaemolysin
Wastewater 4 Vix1l 1(25.00) 3(75.00) 3(75.00) 4(100.00) 0(0.00) 4(100.00)
Vtx2 0(0.00)
Vitx1&2 0(0.00)
Abattoir waste 5 Vix1l 1(20.00) 2 (40.00) 3(60.00) 4(80.00) 3(60.00)  4(80.00)
Vtx2 1(20.00)
Vitx1&2 1(20.00)
River water 5 Vtx1 0 (60.00) 3(75.00) 1(20.00) 3(75.00) 1(20.00) 0(0.00)

Vix2 1(20.00)
Vitx1&2 1(20.00)

6409

6410
6411
6412

6413

6414

6415

6416

6417

6418

6419

6420

6421

6422

ESBLs = extended spectrum beta-lactamases

**Colonies of Acinetobacterspp were tiny blue mucoid colonies on EMB, pinkoroés
difused into the medium on LAM, Gram-negative cdxab and fermented glucose, urea,
citrate, nrite and tryptophane.
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6423

6424

6425

6426

6427

6428

6429

6430

6431

6432

6433

6434

6435

6436

6437

6438

6439

6440

6441

6442

6443

6444

6.4.2 Determination of antimicrobial susceptibilitypattern of isolates

Results of antimicrobial susceptibility (Tables @8d 6.4) showed that majority of the
isolates were resistant to between 4-10 antibiotidsly 4 E. coli isolates E. coli FEW
0124,E. coliFEW 0O103:H2E. coli FEW2iii O145:NM), and 3Acinetobacteispecies A.
Iwoffii RWW2i andA. haemolyticu®ST2iA. haemolyticu$ST2i) were susceptible to all

the antibiotics tested.

6.4.3 Extraction and quantification of bacterial DNA, resistance genes and
transformation rates among bacterial isolates

Quantification of extracted bacterial DNA showedttithere was an increase in DNA
concentration in all the transformed bacterial s@sgompared to the untransformed cells
with transformation frequencies ranging betweer813.53.4 x 10 (Table 6.3). Results
showed a significant transformation frequenBy¥d.05 among all the isolates irrespective
of sample source. Results also showed that resesigenes among. coliandAcinetobacter
spp. isolates included amongst others, resistant gemmsnst ampicillin, gentimicin,

nalidixic acid, ceftriaxone, tetracycline, amoxiai] ofloxacin and ciprofloxacin.
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6445 Table 6.3. Resistance pattern and DNA concentratodmormal and transformegl coliand

6446  Acinetobactesspp. obtained from river water and wastewater sesnp

Resistance patte DNA Quantit

Transformatiol

untransformed/  (pg/ml) of DNA Quantity (ug/m frequency
Bacterial isolate normal cells normal cells Resistance pattern of transformed of transformed cells
E. coliFEW 0124 - 98.4 SXT, OFX, AMP, CN, AK, NA,CXN 102.7 46.7 x10!
E. coliFEW 0103:H2 - 108.3 ATM,AK,CL,IPM,TE 110.3 33.3x10¢
E. coliFEW2iii O145:NM - 86.0 TE,CN,CXM,CIP,AMP,NA,CRO 924 46.7 x10°
E. coliRWW 1liv 096:H9 AML 112.0 AML,OFX,TE,CN,AMP 115.2 33.3x10¢
E. coliRWW1v 0126 TE,CL 78.8 TE,CL,AMP,CIP,CXM 81.4 33.3 x10!
E. coliRWW1vi 04 CFM,CRO 52.6 CFM,CRO 56.0 13.3 x10¢
E. coliRWW<1vii O55 CIP 90.4 CIP,OFX,NA,AMP,TE 91.4 33.3 x10!
E. coliPSW2ii 096:H9 CN,TE 68.7 AMP,CL,CRO,IPM,TE,CFM,CIP,S. 73.4 53.4 x10°
E. coliPRE1i O4 CL 42.7 CL,AMP,CN,OFX,NA, TE,AML,AK 45.7 53.4 x10!
E. coliFSELii 0145:H2 AK 73.0 AK,CL,AMP,TE 83.1 26.7 x10!
E. coliPST1v 096:H9 CN,AMP 68.2 CL,CFM,CRO,CXM,AMP,AK 74.0 40.0 x10?
E. coliPST2ii 0124 AK 93.2 AK,AMP,NA,OFX,TE,SXT,IMP,CN 95.6 53.3 x10?
E. coliRBDL1iii 086 AML,CRO,AK  67.4 CFM,CL,AMP,NA,SXT,TE 77.2 40.0 x108
E. coliPRK2ii 086 AK,AMP,CN 86.3 AK,AMP,CN,AML,TE, 88.1 40 x107
A. Iwoffii RWW2i - 67.5 ATM,AK,CL,SXT,OFX 67.8 33.3x10¢
A. Iwoffii PSW1ii IMP 103.7 CL,AMP,CRO 111.6 33.3 x10!
A. haemolyticu®ST2i - 87.0 OFX,CN,CXM 92.3 20.0 x10°
A. Iwoffii PSW1i TE,CL,IPM 56.0 ATM,AK,CL,IPM,TE 62.4 33.3 x10!
A. haemolyticufEW2iv.  AML 1235 AML,TE 123.8 13.3 x10?
A. lwoffii PRE2i AMP,CL,CRO 874 AML,OFX,TE,CN,AMP 89.4 33.3 x10!
A. haemolyticuPST2i - 94.2 TE,CL,AMP,CIP,CXM,AML 98.4 33.3x10¢
A. haemolyticuPST2i CL 119.3 CFM,CRO,CIP,TE,NA 120.4 40.0 x10°
A, lwoffii RBI2ii TEAK.NA 67.8 OFX.NAAMP.TE 68.2 40.0 x10?

6447 SXT (30pg) - Trimethroprim-Sulfamethaxazole; OFX{g) - Ofloxacin; ATM (30ug) - Aztreonam;
6448  AMP (10pg) - Ampicillin; TE (10ug) - Tetracycline; AK (3Qug) - Amikacin, CAZ (30ug) - Ceftazidime, CL
6449 (30 ug) - Cefalexin; CRO (3Qg) - Ceftriaxone; CXM (3@ug) - Cefuroxime; AML (1Qug) - Amoxicillin; CN
6450 (10 pg) - Gentamicin, CFM (pg) - Cefixime, CIP (5.g) - Ciprofloxacin; IMP — Impenem (3@3); NA (30
6451 ug) -Nalidixic acid; - = susceptible.

6452

6453

6454

6455

6456

6457

6458
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6459

6460

6461

6462

6463

6464

6465

6466

6467

6468

6469

6470

6471

6472

6473

6474

6475

6476

6477

6478

6479

6480

6.4.4 Plasmid curing amongdt. coli and Acinetobacter spp. isolates

Results of plasmid cure for the coli and Acinetobacteispp. showed that out of 14 multi-
drug resistank. coli isolates, 7 were cured of resistance against alimpictephalexin,
trimethroprim-sulfamethaxazole, ciprofloxacin aralidixic acid only (Table 6.4). For the 9
Acinetobacter spp., 6 were cured of ampicillin, amoxicillin, anagm, tertracyclin,
cefuroxime and ceftaxidime. The spectrum of antibs cured was however narrow

compared to the total number of antibiotics tested.
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6481 Table 6.4. Resistance pattern of plasmid cured oék. coliandAcinetobactespp. isolates
6482  obtained from river water and wastewater samples.

6483
Resistance pattern before plasmid ¢ Reistance Marke
Bacterial isolate Resistance pattern after plasmid c cured
E. coliFEW 0124 SXT, OFX, AMP, CN, AK, NA,CXM OFX, CN, AK, NA,CXM SXT, AMP
E. coliFEW O103:H2 ATM,AK,CL,IPM,TE AK,IPM,TE,ATM CL
E. coliFEW2iii 0145:NM TE,CN,CXM,CIP,AMP,NA,CRO TE,CN,CXM,CIP,AMP,NA,CRO -
E. coliRWW 1iv 096:H9 AML,OFX,TE,CN,AMP AML, OFX,TE,CN,AMP -
E. coliRWW1v 0126 TE,CL,AMP,CIP,CXM TE, CXM CL,AMP,CIP
E. coliRWW1vi O4 CFM,CRO CFM,CRO, CFM,CRO -
E. coliRWW1vii 055 CIP,OFX,NA,AMP,TE CIP,OFX,NA,TE AMP
E. coliPSW2ii 096:H9 AMP,CL,CRO,IPM,TE,CFM,CIP,SXT AMP,CL,CRO,IPM,TE,CFM,CIP,SXT-
E. coliPRELi O4 CL,AMP,CN,OFX,NA, TE,AML,AK CL,AMP,CN,OFX,NA,TE,AML,AK -
E. coliFSELii 0145:H2 AK,CL,AMP,TE AK,CL,AMP,TE CL,CFM, AMP
E. coliPST1v 096:H9 CL,CFM,CRO,CXM,AMP,AK AK,CRO,CXM SXT,AK
E. coliPST2ii 0124 AK,AMP,NA,OFX,TE,SXT,IMP,CN  IMP,CN NA
E. coliRBD1iii 086 CFM,CL,AMP,NA,SXT,TE AMP,OFX, TE -
E. coliPRK2ii O86 AK,AMP,CN,AML,TE, AK,AMP,CN,AML,TE -
A. lwoffii RWW2i ATM,AK,CL,SXT,0OFX ATM, AK,AML,TE, AMP,CRO
A. Iwoffii PSW1ii CL,AMP,CRO CL CN,CXM
A. haemolyticuPST2i OFX,CN,CXM OFX CN,CXM
A. lwoffii PSW1i ATM,AK,CL,IPM,TE ATM, TE,CL,IPM AK
A. haemolyticu§EW2iv AML,TE - AML,TE
A. lwoffii PRE2i AML,OFX, TE,CN,AMP AML,OFX,TE,CN AMP
A. haemolyticu®ST2i TE,CL,AMP,CIP,CXM,AML TE,CL,AML,CIP,CXMAML, -
A. haemolyticu®ST2i CFM,CRO,CIP,TE,NA CFM, CIP,TE,NA -
A. Iwoffii RBIZ2ii OFX,NA,AMP,TE OFX,AMP,TE,NA -
6484

6485 SXT (30pg) - Trimethroprim-Sulfamethaxazole; OFX{g) - Ofloxacin; ATM (30ug) - Aztreonam;

6486  AMP (10pg) - Ampicillin; TE (10ug) - Tetracycline; AK (3Qug) - Amikacin, CAZ (30ug) - Ceftazidime, CL
6487 (30 ug) - Cefalexin; CRO (3Qg) - Ceftriaxone; CXM (3@Qug) - Cefuroxime; AML (1Qug) - Amoxicillin; CN
6488 (10 pg) - Gentamicin, CFM (g) - Cefixime, CIP (fug) - Ciprofloxacin; IMP — Impenem (303); NA (30
6489 ug) -Nalidixic acid. - = no resistance marker.

6490
6491
6492
6493
6494
6495

6496
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6497

6498

6499

6500

6501

6502

6503

6504

6505

6506

6507

6508

6509

6510

6511

6512

6513

6514

6515

6516

6517

6518

6.4.5 Transfer of resistance genes betweé&ncoli and Acinetobacter spp.

Table 6.5 shows results for transformation of s@wmetobactespp. using resistald. coli
(resistant against trimethroprim-Sulfamethaxazo8XT), ofloxacin (OFX), ampicillin
(AMP), gentamicin (CN), amikacin (AK), nalidixic ac (NA), cefuroxime (CXM))as
donor. Results showed that ti#e Iwoffii and all theA. haemolyticustested acquired
resistance genes from tke coli. Resistance genes acquired Aylwoffii include AK, and
ampicillin, while those acquired 4. haemolyticussolates include ampicillin, gentamicin,

and ofloxacin.
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6519
6520

6521
6522
6523
6524
6525
6526

6527

6528

6529

6530

6531

6532

6533

6534

6535

6536

6537

6538

6539

6540

Table 6.5. Transformation @éfcinetobactespp by resistar. coli(E. coliRresistant to SXT, OFX,
AMP, CN, AK, NA and CXM)

Bacterial isolate Resistance pattern before trangfition Resistance pattern after  Resistance genes
(with E. coli) transformation witte. coli  acquired

E. coliR SXT, OFX, AMP, CN, AK NA,CXM N/T N/T

A. lwoffii PSW1ii CL,AMP,CRO CL,AMP,CRO,AK,AMP  AK,AMP

A. haemolyticu®ST2i OFX,CN,CXM OFX,CN,CXM, CN CN

A. haemolyticu§EW2iv  AML,TE AML,TE,AMP,CN,OFX AMP,CN,OFX

A. haemolyticu®ST2i - OFX, CN OFX, CN

SXT (30pg) - Trimethroprim-Sulfamethaxazole; OFX{g) - Ofloxacin; ATM (30ug) - Aztreonam;

AMP (10ug) - Ampicillin; TE (10pg) - Tetracycline; AK (3Qug) - Amikacin, CAZ (30ug) - Ceftazidime, CL
(30 ug) - Cefalexin; CRO (3Qg) - Ceftriaxone; CXM (3@Qug) - Cefuroxime; AML (1Qug) - Amoxicillin; CN
(10 pug) - Gentamicin, CFM (g) - Cefixime, CIP (qug) - Ciprofloxacin; IMP — Impenem (303); NA (30
ug) -Nalidixic acid; N/T — not tested.
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6541

6542

6543

6544

6545

6546

6547

6548

6549

6550

6551

6552

6553

6554

6555

6556

6557

6558

6559

6560

6561

6562

6.5 DISCUSSION

Virulence of bacterial pathogens includiig coli and A. haemolyticudargely depends on
the presence of virulent factors. These factordlenthe bacteria to cause infection by
overcoming the host defence mechanisms resultirgvariety of infections such as urinary
tract infection, soft tissue infections, bacteragmind neonatal meningitis. In this stuéy,
coli and a number of th&. hameolyticussolates produced verotoxins. The verotoxins, also
called shiga toxins act by production of cytotoxthat inhibit protein synthesis (Bolton,
2011). The toxins cause hemorrhagic colitis andemqtmdlly fatal systemic sequelae in
humans and are the leading cause of acute rehaiefam children (Bolton, 2011). Presence
of verotoxins in most of the isolates obtained frams study calls for more effective
surveillance and control measures. ESBLs confetebacwith resistance to beta-lactam
antibiotics. Incidence of the increase in inciderméeESBL producing strains dE. coli
among clinical isolates has been steadily incrgaswer the past few years resulting in
limitation of therapeutic options (Rus®t al., 2010). The extensive use of antimicrobials
and the indiscriminate use of cephalosporins aspamsible for the high rate of selection of
ESBL producing microorganisms (Raksled al., 2003; Shuklaet al., 2004). Alpha-
hemolysin is one of the very few proteins produdeg members of the family
Enterobacteriaceae that is released extracellulgrlgoli alpha-hemolysin is a protein that
causesn vitro lysis of erythrocytes and subsequent invasiomefcells from several species
of animals (Koniget al.,1986). Haemolysis, though not essential for esghhient of acute
pyelonephritis, may contribute to tissue injuryrvsval in renal parenchyma and entry into
blood stream. In this study, both. coli and A. haemolyitcuswere associated with
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6563

6564

6565

6566

6567

6568

6569

6570

6571

6572

6573

6574

6575

6576

6577

6578

6579

6580

6581

6582

6583

6584

haemolysin production, an indication that they pogentially invasive if they colonize any
cell. Gelatinase, a zinc-metallo-protease is thoumgh contribute to virulence through
degradation of host proteins such as collagen,infigen, fibrin, and complement
components (Parlet al., 2007; Thurlowet al., 2010). The enzyme is also known to
contribute to biofilm formation (Obiret al., 2005). Cell surface hydrophobicity protects the
bacterium from phagocytosis by host cells and helpsdhere to surfaces. Enzymes such as
esterases, amino-peptidases, and acid phosphataddpo-polysaccharide slimes on the
bacterial cell surface are reported to confer thgawmisms with surface hydrophobicity
(Russoet al., 2010). Serum resistance is the ability of a baalterell to resist the Iytic
effects of serumn vitro and to invade and survive the human blood streansgget al.,
2010). This resistance to killing has been assediawith the presence of capsular

polysaccharides i&. coli (Crosset al.,1986).

The presence of various resistance genes amongaitterial isolates confirms that the
antibiotic resistant genes are located on plasniile. presence of resistant transformants
also confirms that the resistance genes are casnguasmids and is also an indication that
the antibiotic resistant plasmid genes carry mulgdresistance marker(s). This can also
mean that intrageneric resistance transfer is elgtitaking place among tHe. coliisolates
coexisting in the water samples. This was furtr@fiemed by the exchange of antibiotic
resistance betweds. coliandAcinetobactespp. The plasmid curing experiments showed a
limited curing process among tieinetobacterisolates which is an indication of stability
among the multidrug resistant genes. To the besbwf knowledge this is the first
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6585

6586

6587

6588

6589

6590

6591

6592

6593

6594

6595

6596

6597

6598

6599

6600

6601

6602

6603

6604

6605

documented work on exchange of resistance genegebet. coli and A. lwoffii and A.
haemolyticus.

Demonstration of virulence factors and multidrugistance plasmid genes among the
bacteria in this study leads us to conclude Ehatoli and Acinetobacterspp.isolates from
these water samples are developing high levela$tance and virulence. Their spread into
drinking water or food sources, if not controlleduld have disastrous consequences. The
recent emergence of a very virulent strairEotoli outbreak in Europe (CDC, 2014hows
how rapidly these bacteria are transforming. Tisalte for the study emphasize the need for
continued monitoring processes in both the develagred developing countries to enable

development of more proactive control and preventeasures.
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7.1 ABSTRACT

The effect of oxidative stress on expression ofileimce factors and the effect of low
temperature stress on toxin production amd&sgherichia coliserotypes isolated from
wastewater and river water samples were determi@adiative stress due to chemicals,
salts, alcohol or low temperature stress has exertgious degrees of lethality to the
bacterial cells with bacterial strains losing theatential to express virulence factors with
time. The cell kill index (CKI) increases as termgiare stress (-5; -18; and -28°C) increases
with time. However, the rate of loss of expressadnvirulence factors or viability was
slower in isolates from wastewater and abattoir mamad to those from river water.
Contamination of food or drinking water sourceshwiitese strains should be prevented to
avoid human infection with disease conditions sasldiarrhea, urinary tract infections and

gastroenteritis.

Key words: cell kill index, cell surface hydrophobicity, cambination, foodborne

pathogens, stress

7.2 INTRODUCTION

Contamination and proliferation of bacterial pathieg in food and water are of great
concern for food and water safety and public hedaithny environmental factors such as
temperature, pH, moisture content, antimicrobiarag, and water activity affect the growth
of bacteria in nature (FDA, 2001). The food induydtias a long history of manipulating

these factors to control food-borne pathogens duiond processing. Among these factors,
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temperature control is one of the most effectiveréduce or minimize populations of
Escherichia coliin foods (Yuk and Marshall, 2003). In addition, npachemical agents
including salts, have also been used for presenvgturposes. Several studies have reported
increasing cases of disease outbreaks due. tooli (Aksoy et al., 2007) and many other
food-borne pathogens especially in the developingdv(Yuk and Marshall, 2003; WHO,
2005; Dougharet al.,2010). Pathogenecity by these food pathogens i€ mpassible due to
the possession of virulence factors. Common vikedenfactors include surface
hydrophobicity, colonization factor, capsular pealgsharides, siderophores, serum
resistance, and resistance to phagocytosis, hasm®elyand enterotoxins (Rakska al.,
2003; Hedgeet al.,2009). The virulence factors Bf coliare multiple and usually complex,

affecting pathogenicity in combination with one #rey (Hedgeet al.,2009).

For successful infection, bacterial pathogens noysrcome the host innate immunity
(Davieset al., 2011). Phagocytic leukocytes, especially neutr@gplplay a critical role in
innate iImmune responses against bacteria, fundi,oimer pathogens (Witko-Sarsatal.,
2000). Neutrophil-mediated bacterial killing carnvalve both oxygen-independent and
oxygen-dependent processes (Mydl al., 2006). While oxygen-independent bacterial
killing involve the use of bactericidal peptidegofeins, and protease fibres to to trap,
entangle and efficiently kill invading bacteria, ygen-dependent processes involved
exertion of oxidative stress (OS) by reactive oxygpecies (ROS). ROS such as phagocytic
cells (neutrophils and macrophages) and super@aden (Q ), hydrogen peroxide (}D.),

and hydroxyl radicals -©OH), generated as by-products of endogenous metabol
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(Soutourinaet al., 2010) destroy the invading bacterial pathogensoxidative burst. The
mechanism by which bacteria overcome these fattossiccessfully establish infection is
said to be complex and poorly understood (Khaneutjal., 1998; Hedgeet al.,2009). To
develop effective virulent-factor-targeted contnodasures, it is important to understand the
response of pathogenic bacteria to these streswdad his study investigated the effect of
oxidative stress exerted by various physicochenpaahmeters (crystal violet, bile salt, and
sodium chloride) and effect of low temperature ssrffreeze-thaw) on the virulence factors
and toxin production among environmental isolate&.ocoli. Attempts were also made to
investigate the association of antibiotic resisgatacstress resistance among isolates resistant

to more than three classes of antibiotics.

7.3 MATERIALS AND METHODS

7.3.1 Source of bacterial strains and blood sample

Nineteen stock cultures &. coliserotypesk. coliRWW1i O103:H2E. coliRWW1ii O86;

E. coli RWWa1iii O145:H2;E. coli PSW1iii O111: NM; E. coli PSW2ii O96:H9;E. coli
PSW1iv O111:NM (from treatment plant wastewatét);coli PRELi O4;E. coli FSELlii
0145:H2;E. coli FSE1liii O86;E. coliPST1v O96:H9E. coliPST2i O124E. coli PRE1vi
O111:NM;E. coli PST1iii O113; andcE. coli PST1iv O4 (from abattoir wastewater) aad
coli RBU2i O113;E. coli RBD1iii O86; E. coli RBI2iii 096:H9; andE. coli PRK2ii O86
(from river) were used for this study. The strawere previously isolated from the various
water sources, characterized using standard mettmods positive for verotoxins, cell
surface hydrophobicity, serum resistance and haeimoproduction and maintained them as
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stock cultures in the Microbiology Laboratory, Deapzent of Biotechnology, Faculty of
Applied Sciences Cape Peninsula University of Tetdgy, Cape Town South Africa
(Doughariet al.,2011). The non pathogenic strd&n coli ATCC 25922 was used as control.
All the bacteria were subcultured into tryptic S®8hants (TAS) and incubated at 37°C for 18
h before use. Sheep blood erythrocyte was purchaiestl from the National Research
Council (NRC) Cape Town South Africa. The blood wasd without further treatment as a

source of serum complement.

7.3.2 Antimicrobial susceptibility testing

The bacteria were tested for susceptibility agaampicillin (10 pg), cefuroxime (30 ug),
cephalexin (30 pg), ceftazidime (30 ug), cefotax{B@ 1 g), ceftriaxone (30 pg), aztreonam
(30 pg), nalidixic acid (30 pg), amikacin (30 ptgtracycline (30 pg), gentamicin (10 pg),
ofloxacin (5 ug), ciprofloxacin (5 png) (Oxoid UKWHO 2002) using the disc diffusion
method (Aksoyet al., 2007). Antibiotic discs were placed on Molten MaeHinton agar
(MHA) plates, earlier preseeded with the test bété.5 McFarland turbidity standard),
using a sterile swab stick and the plates werebatmd at 37°C for 18 h, after which
antimicrobial activity was determined by measurenodrzone diameters of inhibition (mm)

against each bacterial strain.
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7.3.3 Effect of stress on bacterial viability and ivulence

7.3.3.1 Effect of oxidative stress on surface hydpbobicity of bacterial cells

To screen isolates for the effect of oxidative stren bacterial viability, bacterial strains
from TAS were subcultured twice in chemically definmedium (CDM) of Snyder and
Koch as described by Hedgeal.(2009) and each time incubated at 37°C for 24 terAhe
final subculture, the cells were washed thrice terile physiological saline (0.85% wi/v
NaCl) and finally suspended in saline to get a tsmuof ODsop 0.1 (equivalent to 0.5
McFarland turbidity standard or 2@ells/ml).

To determine the effect of oxidative stress exelgdd,O,, CDM (10 ml) containing three
different molar concentrations of,8, (0.1, 0.2 and 0.3 M) were prepared and dispensed
aseptically in three sets of 100 ml ErlenmeyerkBasThe bacterial suspensions were
inoculated into each of the flasks to obtain a Feskculum of approximately IDcells/ml,
and a forth flask containing. coliATCC 25922 suspended in CDM with ng® was used
as control. The flasks were then incubated at 3@°Crotary water bath at 160 rpm for 24
h, centrifuged at 3000 rpm for 10 min and the so@ints discarded and packed cells
retained. The packed cells were washed with stphbsphate buffered saline (PBS, 10 ml)
and then suspended in PBS to get a density oft@@gy, (OD Initial). From this bacterial
suspension, 3 ml was withdrawn and mixed with Ol3pmylene and votexed for 1 min,
then left for 30 min at ambient conditions andfihal ODgoo (OD Fl) determined. Degree of
retention hydrophobicity was determined by caléntathe percent hydrophobicity index

_ODI-ODF

(HD. HI oD

x100
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7.3.3.2 Effect of oxidative stress on bacterial ha®lysin production

This was carried out using the guantitativbaemolysin assay. The,8, treated (0.3 M)
bacterial suspension earlier grown in the Erlenmégsks (10 ml), was transferred into sets
of tubes and centrifuged at 3000 rpm for 10 mime Supernatant was collected and diluted
in 0.8% calcium chloride solution (10 ml), 1 ml thdrawn and mixed with 1% (v/v) sheep
erythrocyte suspension and incubated at 37°C for After the incubation, 2 ml of 0.8%
NaCl saline was added to each tube exhibiting gatiaemolysis and the bacterial
suspensions centrifuged at 1500 rpm for 10 min ebep the unlysed erythrocytes. The
supernatant fluid was separated and the®etermined. Fifty percent (50%) haemolysis
standard prepared by mixing 1 ml of 1% (v/v) sheegthrocyte suspension and 3 ml of
diluent was used as control. Inverse of the dilutihich caused 50% lysis was recorded as
HU 50 (50% haemolysis units) (Hedge al., 2009). A tube containing non,B, treated
bacterial suspensioE( coliATCC 25922) suspended in CDM was used as control.

HU 50 = 2PS-OPt 1100
ODs

Where OR = 50% haemolysis standard, @3 final haemolysis measured, HU 50 = 50%

haemeolysis rate

7.3.3.3 Effect of oxidative stress on bacterial sem resistance
This was carried out using the quantitative serattdricidal assay (Hughes al., 1982).
H,O; treated (0.3 M) bacterial suspension (0.5 ml) wasethwith 1.5 ml of fresh undiluted

serum and incubated at 37°C. Cell viability wasedsatned turbidiometrically at 600 nm
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after 3, 6 and 18 h. Serum resistance index (SRbaateria was calculated using the
formula:

SRI (%):%xloo

Where SRI = serum resistance index, ODI = initi@btdiometric reading, ODF = Final
turbidiometric reading. A tube containing non treated bacterial suspensioB. (coli

ATCC 25922) suspended in CDM was used as control.

7.3.4 Effect of temperature stress

The effect of low temperature treatment on viapitif the bacterial isolates was determined
as described in literture (Chou and Cheng, 2008)1 ml aliquot of bacterial suspension
(initial density 16 CFU/mI) grown at 37°C was inoculated into 9 mpton soy broth (TSB)

in two different sets of test tubes and thoroughiyed. The tubes were then stored at -5; -
18; and -28°C for a period of 21 days. After eveigays of storage, the tubes were removed
from the freezers and the contents thawed undemimgntab water for 5 min and then
returned to the freezer. After the 21 days stortgecultures were removed and 2-3 loopfuls
inoculated into tryptic soy broth (TSB), incubafed 18 h at 37°C and the viable cell index
(VCIl) determined by taking the QB values first at 0 min (OD Initial) then at 10 min
interval for 1 h. Viable cell counts on the scalld@0% was calculated using the formula:

ve) = 2P 1-ODF 160
ODI

To confirm that viable bacteria were in a cultuealstate, viable counts were made by

making serial dilutions of 2-3 loofuls of bacter@llture in 10 ml TSB and surface spread
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inoculating onto NA plates, incubating h at 37°Q aletermining percentage survival after
18 h. Bacterial suspension containing noi®ktreated and non-freeze-thawed bacteiial (

coli ATCC 25922) suspension in CDM was used as control.

7.3.5 Effect of ionic salt concentrations and otherchemicals on cell viability and
verotoxin production

Zero point twom milliliters of 0.3 M bD, stressed bacterial culture suspension was
inoculated into 10 ml of solution containing eitl®e03% crystal violet, 0.3% bile salt, 4%
NaCl, 8% ethanol and incubated at ambient conditifmm 1 h (Chou and Cheng, 2000).
Bacterial culture not subjected te®} stress wasH. coli 25922), or alcohol and salts was
used as control. After incubation, each of the dampas serially diluted in Butterfield’s
phosphate diluents and 0.1 ml surface plated gotdnysoy agar (TSA) and incubated at
37°C at 10 (initial) and 30 min (final) after whicihe percent killed cells was determined.

Percent kill index (CKI, %) after incubation calatéd as follows:

Initial Population- Final Population
Initial Population

CKI % = x100

For effect of HO, (0.3 M) stress and tempreture freeze thawing ootogin production,
the Duoperth kit (Merck, SA) antibody-based radidesagglutination assay was employed
according to the manufacturer’s instructions. Th®4tressed or freeze thawed bacterial
isolates (-5, -18, and -28°C) were first precultuire 1 ml casaminacid yeast extract (CAYE)
broth (20 g of casamino acid, 6 g of yeast extraé,g of NaCl, 8.71 g of KOy, and 1 ml

of trace salt solution - 0.5% Mg300.5% MnC} and 0.5% FeGldissolved in 0.0005 M
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H,SQO,) accordingly and incubated at 37°C with rotatidn180 rpm for 24 h. After
incubation, 10 pl of the pre-cultured broth (appmoately 1 x 10 cells/ml) was inoculated
into fresh CAYE broth and further incubated for A &vith rotation at 100 rpm at 37°C. The
culture was centrifuged at 500@or 5 min to separate the supernatant and cdkgsellhe
cell pellets were then washed three times with phate buffered saline (PBS, 5 ml) and
then suspended in 0. 25 ml 0.01 M Tris-HCI (pH 71&) the pellets, 0.5 ml distilled water
containing 50 pg/ml polymyxin B was added and taspgnsion incubated at 37°C for 30
min. Two hundred microliter (200 pl) of the cultigespension was then transferred onto the
test device using a sterile Pasteur pipette andethidt read after 10 min. The appearance of

red bands on the vitx1 or vix2 bands denoted theepoe of either one of or both verotoxins.

7.3.5 Statistical analysis
The student t test of SIGMAPLOT 8.0 statisticaltaa@ire package was used to relate the
effect of oxidative stress on viability of bacteaeP<0.05and also to calculate the standard

deviation and standard error of mean of valuesiobta

7.4 RESULTS

Table 7.1 shows the effect of various concentratioh crystal violet, bile salt, sodium
chloride and ethanol on virulence and effect oézeethawing on toxin production Bf coli
isolates obtained from wastewater and river waterces. Results showed that 4% NacCl
exhibited the highest lethal effect agaiBstcoli PRK2ii 086 (initial cell population — ICP/ml
8000) andE. coli RBU2i 0113 (ICP/ml 3840) with cell kill index (CKNalues of 52.48
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(final cell population-ICP/ml 6600) and 45.83% (H@IWP 3200) respectively (Table 7.1),
followed by 8% ethanol and 0.3% bile salt with thighest effects again&. coli RBD1iii
086 andE. coli PRK2ii 086 (CKI values of 40.00 and 38.16% respetyi). The highest
CKI values of 25.20 (crystal violet), 38.16 (bilalt}, 40.00 (ethanol) and 52.48% (NacCl)
was recorded foE. coli PRELli O4 (from abattoir wastewateB, coli PRK2ii O86 (from
river water),E. coliRBD1iii O86 (River water), an#. coliPRK2iiO86 (river water)E. coli
isolates from river water samples recorded thedsgiCKI values (4.25- 52.48) followed by
those from abattoir (CKI values, 2.2-32.83%) andstewater (CKI values, 1.34-22.86%).
The CKIl values oE. coliATCC 25922 (control) ranged between (1.00-5.67%lhwthanol
recording the lowest (1.00). Among all the 19 iseda the wastewater isolat&s coli
RWW1ii 086 from wastewater treatment plant aid coli PST2i 0124 from abattoir
wastewater recorded the lowest CKI values of 0.86hefor bile salt and crystal violet

respectively.
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6952  Table 7.1. Cell Kill Index (CKI) (%) oEscherichia colserotypes isolated from wastewater and river

6953  water samples.

Cell Kill Index (CKI, %) of E. coliserotypes

Crystal violet (0.03%)

Bile salt (0.3%)

NaCl (4%)

thEnol (8%)

E. coliserotypes ICP/10ml FCP/100m ICP/100m FCP/100m ICP/100m FCP/100m ICP/100m FCP/100m
min) min) CK min) min) CKI min) min CKI min) min) CK

Waste water isolates
E. coliRWW1i 0103:H2 6700 6610 1.34 4000 3780 5.50 4000 3840 4.00 5200 3840 26.15
E. coliRWW1ii 086 8000 7660 4.25 4000 4000 0.00 7000 7340 2.13 6500 6300 3.17
E. coliRWW1iii 0145:H2 4400 4300 2.27 3940 3720 5.58 4840 6200 11.30 5000 4400 12.00
E. coliPSW1iii 0111: NM 4000 3600 10.00 3800 2100 17.89 4000 3600 10.00 4000 3200 20.00
E. coliPSW2ii 096 : H9 3500 3200 8.57 3300 3120 5.45 3500 2700 22.86 4400 4320 1.82
E. coliPSW1iv O111:NM 4600 3850 6.40 3000 2920 4.36 3200 3000 3.78 4800 4100 2.68
E. coliRBI2iii 096:H9 3600 3100 4.76 3700 3120 6.72 3000 2630 4.54 4600 4000 3.03
E. coliPRE1i O4 5000 3740 25.20 6000 4030 32.83 5700 4020 29.47 5000 4100 18.00
E. coliPRE1lvi O111:NM 4700 4400 9.26 5620 4800 18.47 5300 4780 11.68 4800 4620 19.76
E. coliFSELii 0145: H2 4200 4200 0.00 4000 3750 6.25 4000 3700 7.50 6000 5670 5.50
E. coli FSE1iii 086 6500 5960 8.31 6000 5600 6.67 6500 6040 7.10 4000 3800 5.00
E. coliPST1iii 0113 4350 4000 1.87 4000 3700 5.82 4700 4620 4.86 3800 3700 4.67
E. coliPST1liv 04 4800 4550 4.82 4440 4000 10.56 5020 4800 6.80 4100 3780 6.72
E. coliPST1v 096: H9 4500 4400 2.20 3000 2820 6.00 4000 3800 5.00 5200 4580 11.92
E. coliPST2i 0124 4600 4600 0.00 4400 4000 9.10 6000 5300 11.67 6000 5200 13.33
River water isolates
E. coliRBU2i 0113 3840 3200 16.67 4000 3900 2.50 2400 1300 45.83 3000 2300 23.33
E. coliRBD1iii 086 3400 3200 5.88 4600 3240 29.57 3400 2600 23.23 4500 2700 40.00
E. coliPRK2ii O86 8000 6600 17.50 7600 4700 38.16 7500 2300 52.48 6500 4340 33.23
Control
E. coliATCC 25922

3000 2900 3.30 3000 2830 5.67 3000 2950 1.67 3000 8702 1.00

6954  ICP —initial cell population at 3h incubation; FERinal cell population at 18 h incubation
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Results of antimicrobial susceptibility profile artle effect of temperature stress on
verotoxin production (Table 7.2) shows that, while majority of the isolates were resistant
to more than 3 antibioticg,. coliPSW1iv O111:NM (Vix1, Vix2E. coliPRE1vi O111:NM
(Vtx1,Vtx2) were only resistant to one antibioticach (amoxicillin and impenim
respectively) andk. coli RBI2iii 096:H9, E. coliPST1iii 0113 anc. coliPST1liv O4 were
not resistant to any one antibiotic. The contrghist was resistant to tetracycline and
gentamicin. Results also showed that wiilecoli RBU2i O113 (from river water)g. coli
PRK2ii 086 (from river water)E. coliPST1v O96: H9 (from abattoir wastewatet), coli
PRE1Li O4 (from river water) lost the ability to prece Vix1, onlyE. coliRWW1i O103:H2
(from wastewater) lost ability to produce Vix2 dl the temperatures tested. At -28°C
however,E. coli FSE1lii O145: H2 (from abattoir wastewater) completest the ability to
produce any of the verotoxins. However(d (0.3 M) stress however, did not show any
significant effect on verotoxin production amonge tbacterial isolates at the tested

concentration.
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6991  Table 7.2. Effect oH,0,Stress and temperature freeze-thawing son veropsgriuction among multi-
6992  drug resistant environmentakcherichia colserotypes

Escherichia_colserotypt Temperature (°C) stress treatment/verotoxin status

37 (non treated) 0.3 M HO, -5 -18 -28

Antibiotic resistance patt™ Vix1
Vix2 Vixl Vix2 Vix1 Vix2 Vixl Vix2 Vixl Vix2

Wastewater isolates

E. coliRWWL1i O103:H2 SXT, OFX, AMP, CN, AK  + - + + + - + - + -
E. coliRWWL1ii 086 ATM, AK, CL + + + + + + + + + +
E. coliRWWa1iii 0145:H2 TE, CN, CXM, AMP + + + + + + + + - +
E. coliPSWL1iii 0111: NM  OFX, NA, AMP, TE + + + + + + + + + +
E. coliPSW2ii 096: H9 AMP, CL, CRO, IPM + + + + + + + + + +
E. coliPSW1iv O111:NM  AML + + + + + - - - - -
E. coliRBI2iii 096:H9 - - + - - + - - - - -
E. coliPRE1i O4 AMP, CN, OFX, NA, TE - + - + - - + - +
E. coliPRE1vi O111:NM IPM + + + + -
E. coliFSE1lii 0145: H2 CFM, CL, AMP, NA + + + + - + - + - -
E. coli FSE1liii 086 OFX, TE, AK - + - + - + - + - +
E. coliPST1iii 0113 - + + + + - - - - R -
E. coliPST1iv 04 - - + - - - + - - - -
E. coliPST1v 096: H9 CL, FM, CRO - + - + - + - + - +
E. coliPST2i 0124 AMP, NA, OFX, TE, SXT + + + + + + + + + +
River water isolates

E. coliRBU2i 0113 CL, CFM, IPM - + - + - + - + - +
E. coliRBDLiii 086 AML, CRO, AK + + + + + + + + + +
E. coliPRK2ii 086 AK, AMP, CN - + + + - + - + - +
Control -

E. coliATCC 25922 TE. CN _ + + R _ R R - _

6993

6994 SXT-Sulphomethaxazole/Trimethoprim; AMP-AmpicilliATM- aztreonam; TE-Tetracycline; AK-Amikacin; OFX
6995 Ofloxacin;

6996 CAZ-Ceftazidim; CL-Cephalexin; CRO-Ceftriazone; @>Cefuroxime; AML-Amoxycillin; CN-Gentamicin; CFM-
6997 Cefixime; CIP-Ciprofloxacin; NA-Nalidixic acid; IPMmpenim; + = positive; - = negative

6998

6999
7000
7001
7002
7003
7004
7005

7006
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7023

7024

7025
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7027

7028

The hydrophobicity index values (HI) for variols coli isolates from wastewater and river
water samples are shown in Fig. 7.1. Results shdha&tdoxidative stress exerted by®4
had significant effect on surface hydrophobicityEofcoli. The HI values indicating loss of
surface hydrophobicity were in the order 23.12449, 49.917 and 43.967% at 0.1 MQ4
for theE. coliserotypes RWW1i O103:H2, RWW1iii 0145:H2 and PSMZA6:9 (all from
treatment plant wastewater), and. coli PRK2ii O86 (from abattoir wastewater)
respectively. Results also showed that witilecoli PSW1iii O111:NM, E. coli PSW2ii
096:H9,E. coliFSELlii O145:H2E. coliPST1iii 0113 lost their HI at 0.3M 4., strainsE.
coli FSE1iii 086, E. coli PST2i 0124 (both from abattoir wastewater) &cdcoli RBU2i
(from river water) completely lost their hydrophoity at all the tested concentrations.
Isolates from wastewater sources (RWW, PSW, FSEPSID) retained their HI more than
isolates from river water (RBU and PRKG. coli ATCC 25922 (control) which was not

subjected to treatment with,8- retained its hydrophobicity.
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7032  Fig. 7.1. Effect of various concentrations ofH on cell surface hydrophobicity (HI) values for
7033  temperature stressé&cherichia colserotypes isolated from wastewater and river wsdarces.
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7040  Fig. 7.2 shows the result of effect of oxidativeess on haemolysin production amongBhe
7041  coli serotypes. Out of the 19 isolates, 12(63.16%) methitheir potential for haemolysin
7042  production after being subjected to stress conustith HU values ranging between 49.6-
7043  74.04%.E. coliATCC 25922 (control) also was positive (HU 61.336%)haemeolysin.
7044

7045

7046

7047

7048

7049

7050

7051

7052

7053

7054

7055

7056

7057

7058

7059

7060

7061

326

~
‘ Cape

Benmsu'la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Technz)/logy



7062

7063

7064

7065
7066

7067

7068

7069

7070

100 -

90

30

60 -

50 1

HU 50 (%0)

20

10 A

b B \ b ) -
0@% O p"’b S ® _q‘*w ~ 0»”‘63 & S Q{;\N}‘ & & o’bﬁ & q&ﬂ'\\ &
N 493& N »&\Q & & @ & Q,q\ o c}Q \\QCJ & & S '\3@ N OI\\Q '\\‘;}
ST NS G U S A
EEER N . s S« & & g <
« " < Ad

Cscherichia coli isolates

Fig. 7.2. Effect of oxidative stress on haemolysioduction of temperature-stresdestherichia coli
serotypes isolated from wastewater and river wsdarces.
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For bacterial serum resistance, results showednxthie the erythrocytes were lethal to most
of the isolates with increase in time of exposigelates from wastewater samples were less
susceptible compared to those from river and thetrob(Fig. 7.3). For wastewater isolates,
E. coliPST1v 096:H9 (from abattoir) was the most resistdtt only a very insignificant
reduction in the SRI values with time (1.72, 1.6%2 and 1.51% at 0, 3, 6 and 12 h
respectively). Isolates from river water showed éeest SRI values (1.02, 0.38, 0.05 and -

.61% at 0, 3, 6 and 18 h respectively) compareltother isolates, including the control.
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7096 Fig. 7.3. Effect of oxidative stress onuserresistance of ¥, (0.3 M) stresse#scherichia coli
7097 serotypes isolated from wastewater and river wsdarces.
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7120

7121
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7123

7124

7125

Fig. 7.4 (a-c) shows results of viability Bf coli serotypes under different low temperature
conditions (-5; -18; and -28°C). Generally, resuisowed that while the growth of
temperature-stressed cells begins to decline aftarbation for 6 h, those of non-freeze-
thawed cells only declined between incubation fortd 12 h. For instance, at -5°C, the
viable cell indexes ofE. coliRWW1i O103:H2 (from treatment plant wastewatecréased
from 0.36% at 0 h to 0.56% after 8 h incubatiard ¢his value decreased to 0.03% after 12
h of incubation at 37°C. Fdt. coliATCC 25922 (control), the VCI increased from 0.343
0.87% from 0 to 6 h of incubation, and after 1zhh ¥CI had increased to 0.905% (Fig.
7.4a). A similar trend was observed for all thelases at the various temperature stress
conditions (-18; and -25°C). The VCI values forlaes from river water samples were
generally higher than those from wastewater samgubelsat 12 h incubation, about 50% of
all the temperature stressed cells at -28°C reconmgegative VCI values, but at this
temperature (-28°C) however, the control bactergnicantly (P<0.05 recorded the

highest VCI value (Fig. 7.4c).

330

~
‘ Cape

Ber_minsu_la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Techn%logy



7126

7127

7128

7129

7130

7131

7132

7133

7134

7135

7136

7137

7138

7139

7140

7141

7142

7143

7144

7145

7146

7147

7148
7149
7150

Fig. 4. Effect of temperature stress (a -5°C; be$ &8 -28°C) on viability oEscherichia colserotypes isolated

0.9 4

0.3 4

0.7 1

Viable Cell Index (%)

0.3 4

0.2 4

a1 4

2 =
[e:3] e —
| 1 1

Viable Cell Index (%)
[
.

0.5 o

0.3 4

0.4 1

T
1 1
1
i

02
n 4
.

=

s

k3 i

£

S

O

k3

=

205
15 4

o
a-5°C
- T <
E. 5
¥
b-18°C
- -
T i -
- %
_ E a— ;_,4-—5: .
< e, i N
= : —
— o .
* e
c 1 2 4 G g 0\\\?2
W
\\._ =
L ':‘ .
\\ \
\\z
Vs
\ £
\f
Tima (hi \*
o
——F coli Wiyl T103H2 —B—E coi BT 083 E.coi Rl i O145H2 c 28 C
E. cali PSWIii 011 0 ~M —+—E.coi PSW2i 036 HS —o—E.c3i P3WIiv 0111 RM
—+—E. coli REIZiC36H: 8 ——E . coi PRETi 04 E.coi PSElv 011160
E. cali FSE i 0145 HZ E.coi FSE1i 083 E.coi PST i1 0113

E cali PET iv 1
E.call REUZ 0113
Forali ATCO 25A0%

E.coi PSTTv O3 HE
E.coi RZ01i 186

E.cai PST2i 0124
E.cai PSKZI 086

from wastewater and river water sources.

-
‘ Cape

Peninsula

University

331

James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis

of Technology




7151

7152

7153

7154

7155

7156

7157

7158

7159

7160

7161

7162

7163

7164

7165

7166

7167

7168
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7170
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7.5 DISCUSSION

After exposure to various concentrations of chefiead sodium chloride, the majority of
the isolates retained their surface hydrophobiatd haemolysin production potential. Most
isolates from the abattoir wastewater lost theifitglto produce verotoxins but those of
water treatment plant and rivers still produced tilans and the majority of the isolates
from wastewater retained high serum resistanceighen CKI value is an indication of high
susceptibility (and vice vasa) to chemicals teskdsistance among wastewater samples
could be as a result of adaptation to a mixtureh&micals, salts and antibiotics of varying
concentrations in the wastewaters. Exposure ofateslto harsh conditions provided by

higher concentrations of these chemicals might liracheced the cells to develop resistance.

The study showed that loss of verotoxin expressiocurred more in the non-antibiotic
resistant isolates or those that showed resistamosly one antibiotic. Though verotoxin
and antibiotic resistance genes are geneticallyiatestiand are often carried within bacterial
nuclei, previous studies has not established asgcastion between antibiotic resistance and
verotoxin production in bacteria (Aks&y al.,2007). However, many of the isolates lost the
ability to express the Vixl gene compared to thg2Vgene. Vix1l and Vix2 genes are
responsible for expression of toxin production acteria (European Food Safety Authority,
2007). No difference in the chemical nature of Viaad Vitx2 has been reported and
therefore reasons for the difference observedigmstudy are not immediately discernible. It
will be interesting to determine the responses hisé genes individually to various
physicochemical parameters. At lower temperatuisslates from abattoir wastewater
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7188

7189

7190
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7193

completely lost the ability to express the verotogenes. A possible explanation is the fact
the freeze-thawing provided by the low temperatstress might have compromised the
integrity of the various bacterial cell walls ané&mmbranes resulting in the alteration of the
protoplasmic content, conformational changes andicstral damages, consequently
affecting their ability to withstand stress. Accmgl to Yuk and Marshall (2003), low-
temperature bacterial growth decreases heat nesestaf cells due to increase in membrane
unsaturated fatty acids, which increases membran@ity consequently interrupting the
selective permeability function of the cell memlga@vyuk and Marshall, 2003). The
population of temperature-stressid coli serotypes in this study was affected by various
chemicals and salts with the effect increasing wiitie of exposure. Susceptibility was as a
result of increased permeability in the cell walfsthe bacterial cells caused by the freeze
thawing process. The increased susceptibilitizisferia monocytogent® salt after freezing
has earlier been reported (Goldetral.,1988). There was a slight difference in cell vidpil
between the test and control cultures in this studth the control showing a slightly higher
(p<0.05 viable cell index (VCI). This is an indication attheir cell walls were less
permeable since they were not subjected to temyperatress prior to exposure and hence
have a reduced absorption rate of the salts or icladsntested. The varioUs. coli strains
responded differently in terms of production ofud&nt factors and cell viability to the salts
of chemicals tested. This is possibly due to défmes in physiological adaptability or
resistance amongst the bacterial cells. The wastewsamples showed higher serum

resistance compared to isolates from water samphesexposure of this isolates to different
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environmental conditions might have induced the besteria to develop some degree of

resistance to these chemicals.

Sodium chloride is one of the most important foajuacts used for food preservation.
During the handling of food and food ingredientsnirthe farm to table, foodborne bacteria
are exposed to different suboptimal physical aneinghal environments. This can enable
foodborne pathogens and spoilage bacteria, as aelbeneficial bacteria, to develop
characteristics that are different from those ofnmal cells. Most foodborne pathogens
(especially the enteric pathogens) and spoilagdaebac(especially Gram-negative) are
susceptible to low pH and die off rapidly in higbichfoods (pH 4.5) during storage. If they
are first acid-adapted, they become relativelystast to lower pH and other treatments at
minimal levels and survive in food. Acid-adaptedhogenic strains surviving low pH and
low heat treatment have recently been associatdd auitbreak of foodbome diseases from
the consumption of fruit juices, fermented sausages acidified foods containing viable
Salmonella, E. colD157:H7, and.. monocytogene@dRay and Bhunia, 2008). Crystal violet
and bile salt are commonly used in the selectivieibiion of bacteria in selective
bacteriological media such as MacConkey Sorbitak aghile ethanol is used as a common
food preservative as well as disinfectant. Rest#afiE. colito these chemicals will further
pose a challenge to their laboratory cultivatiorhicki will necessitate the search for
alternative culture media. ResistanceEofcoli to disinfectants has been a source of concern

in healthcare settings (Guimarassal.,2000).
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Results showed differences in the rate of loss ydrdphobicity among the various
serotypes. For instancg, coliO86 from river waterl. coli PRK2ii O86) showed higher Hi
than those from wastewatdgt.(coli RWW1ii O86). While surface hydrophobicity is one of
the virulence factors which contributes to the adhee of microorganisms to host tissue
(Wojnicz and Jankowski, 2007; Hedgeal.,2009), previous studies have shown correlation
between this factor and bacterial adherence tdelmt (Jahnret al., 1981; Hedgeet al.,
2009). Strains retaining their surface hydrophdbpio this study might likely adhere more

to epithelial cells if faced with similar concerttoms of salt.

All the 3 isolates from river water samples lostithability to produce haemolysins, while
serum resistance was highest among the wasteveatlatds compared to those from river
water and the control isolates. coli haemolysins are proteins that causevitro lysis of
erythrocytes from several species of animal$n(l§ et al., 1986). Serum resistance also
confers Gram-negative bacteria with the abilityrégist the lytic effects of serum and to
invade and survive in the human bloodstream. Wheeterial haemolysins are found
complexed with lipopolysaccharides, serum resisgaincE. coli is imparted by capsular
polysaccharides (CPS) and membrane proteins (LaoRegnd Woodward, 2002). The
relative contributions of these polysaccharides jradeins to the virulence factors remains
poorly understood (Cros al.,1986). The higher serum resistance rate obsemwexhg the
wastewater samples might not be unconnected wekiqus exposure to blood cells from
the abattoir or treatment plant. The wastewaterpgasncontain mixed wastes from both
animal and human excreta, hospital and industmalirenments where blood cells and

335

~
‘ Cape

Beninsu_la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Techn)cglogy



7238

7239

7240

7241

7242

7243

7244

7245

7246

7247

7248

7249

7250

7251

7252

7253

7254

7255

7256

7257

7258

7259

antibiotics are part of the mixtures. For isolaftesn wastewater, prior exposure to animal
blood (abattoir wastewater) and harsh pH, antibsotand high salt concentrations
(wastewater treatment plant) might have conferdeemt with adaptive potentials and
consequently development of resistance mechanigaims erythrocytes. For instance, it
has been reported that exposure of cells for aeneetd period to mild acidic environment
(e.g. pH 5.0-5.8) enables them to develop resistaacsubsequent exposure to pH ~ 2.5
(acid resistance of acid adaptation) anldrief exposure of cells to mild acidic environrmen
enables them to survive subsequent exposure t0.4H4.Q developing what is termed acid
tolerance or acid tolerance response (ATR) (RayBimaghia, 2008). Absence of blood and
less concentration of antibiotics in the river wateight have posed a less challenging

survival task to the bacteria.

Howver, a casual glance at the results showedthieaantibiotic resistant (resistant to more
than 3 antibiotics) isolates were slightly morestaht to the various chemicals and salts. It is
therefore is possible that antibiotic resistancefexs the bacteria with the advantage to
withstand other chemical agents. Coadteal. (2010) recently found equal distribution of
virulence factors between susceptible and multidragistant (MDR) nosocomial and
community blood streark. coli isolates, but whether the degree of multidrug tasce is

proportional to virulence is yet to be established.

In general, as the temperature of frozen storageased, the percentage of surviving cells
decreased. This could be due to injury to the cklling storage, especially because the cells
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were freeze-thawed intermittently. The conformagiochanges to the bacterial cell wall as a
result of the abrupt change in temperature durhng freeze-thawing process limits the
supply of essential nutrients such as iron, whiglative stress results from increased levels
of superoxide anion and,B, which leads to oxidative bursts, suboptimal pHdibons,
osmotic stress, swelling and bursting of cell ipbtpnic environments or in plasmolysis and
dehydration in hypertonic conditions (Hedegal., 2009). Although Sheet al. (2010) did
not study the effect of low temperature stressuliation ofV. parhaemolyticuat -18°C for
15-30 days inactivated the bacteria. The expressiairulent genes in bacteria however, is
highly regulated and responds differently to enwin@ntal stimuli, such as temperature, pH
and nutrient availability (Clarkert al.,2003; Hedgeet al.,2008). This explains the various
responses obtained by the varidtiscoli serotypes to the different stress conditions is thi
study. Furthermore, results showed that the CKueslof cells stored at -5°C were higher
than those of -18 and -28°C. This is an indicatioatt E. coli are less susceptible at -5°C.
Even the control isolate which was not multidrugiseant responded differently with each

virulent factor under different oxidative stressditions.

7.6 CONCLUSION

In this study, retention of virulence by some stsabf theE. coli serotypes, even after
subjection to oxidative stress, is a cause for eoncThis is because contamination of food
and drinking water with these strains might meam gioliferation of more virulent strains.
E. coli are associated with various human diseases ingudimnary tract infections
gastroenteritis and severe diarrhea. Diarrhea gadicular concern in developing countries
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with over 5 million cases and over 3 million dea#mually. The fact that virulent factors
are regulated by virulence genes and their subs¢gx@ression are in response to changes
in environmental conditions (Hedget al., 2008) the search for more effective control
measures against diarrheogenic agents should ma&econsideration the manipulation of

these factors.
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8.1 ABSTRACT

The Effect of oxidative stress exerted by 0.03%stalyviolet, 0.3% bile salt, 4.0% NaCl and
8% ethanol on the survival and production of vinge factors amond. haemolyticus
isolates obtained from wastewater and river wa@nes was investigated. Though
generally there was insignificant lethal effect iagaall the isolates, crystal violet exerted
the highest lethal effect followed by ethanol ank Isalt, NaCl exerted the least effects
compared to crystal violet and ethanol. Isolatesnfwastewater demonstrated the highest
rate of resistance compared to isolates from nvater. Presence of resistant veroto&ic
haemolyticugn the environments investigated is a cause foceon Resistance exhibited
by the bacteria means that the efficacy of the#is, sshemicals and temperature conditions
frequently employed as control/preservation agentsospitals and food industries may be

undermined.

Key words: cell viability, hydrophobicity, contamination, fdeborne pathogens, oxidative

stress, virulence

8.2 INTRODUCTION

The emergence of multidrug resistant nosocomiak@nmunity-acquired infections of
Acinetobacterspp. is a result of high adaptability to adverseirenmental conditions,
ability to persist in harsh environments (e.g. l@d@nvironment), increased use of broad
spectrum antibiotics, vulnerability of individualsr patients, and rapid transformation.
Contamination of food and water sources with theseterial agents results in outbreak of
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7466  various forms of infectionsAcinetobacterspp. has been recovered from vegetables and
7467  fruits and has also been implicated in the spoilaigbacon, chicken, meat, fish, eggs and
7468  hospital foods. Food safety and public health, graeccupied many governments, including
7469 those of developing countries (FDA, 2001; WHO, 200A. haemolyticusand other
7470  Acinebacterspp. have been causative agents of resistant nosalcmfections and costs
7471 associated with controlling such infections areggeing (Kurcik-Trajkovska, 2009),
7472  forcing some institutions to close entire unitsaasontrol measure. The major problem with
7473  Acinetobacterspp is their resistance to antibiotics. It has beeroregal that the organisms
7474  are most commonly resistant to ampicillin, cephahgtcarbenicillin, gentamicin, amikacin,
7475  chloramphenicol, tetracycline, co-trimoxazole, ofpyxacin and cefoperazone. Resistance
7476  to these antibiotics has hindered therapeutic m@&magt, causing growing concern the
7477  world over (Dougharet al.2011b). Verotoxins also present treatment challengbong’ o
7478 and Momba (2009) reported complications arisingnfrantibiotic treatment of verotoxic
7479  bacteria. The toxins are released into the mediantha bacterial cells are lysed by the
7480  antibiotics causing further health complicationstsas the bloody diarrhea (Abong’ o and
7481  Momba, 2009) and sometimes kidney complicationss Tiformed the need to investigate
7482  the efficacy of various salts, chemicals and temfoee conditions frequently employed as
7483  control agents in hospitals and food industrieshvatview to developing more effective
7484  control measures. Thus the study reports the efdéodvxidative stress exerted by low
7485  temperature stress, crystal violet, bile salt, sodium chloride on some virulence factors of
7486  environmental isolates &. haemolyticus.

7487
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8.3 MATERIALS AND METHODS

8.3.1 Source of bacterial strains and blood sample

From Athlone wastewater Treatment Plam): haemolyticusRWW1v, A. haemolyticus
PSW2i, A. haemolyticuPSW2ii andA. haemolyticus=EW2iv. From Winelands Pork
abattoir wastewaterA. haemolyticusFSE1liv, A. haemolyticusFSE1lv, A. haemolyticus
PST1i, A. haemolyticusPST2i andA. haemolyticusPST2ii and from River Berg: A.
haemolyticusRBD1i, A. haemolyticulRBD1ii, A. haemolyticu®RBD1iii, A. haemolyticus
RBI1i andA. haemolyticudkBI2i (from River Berg) were used for this studyll Bample

sites were located in Cape Town South Africa.

8.3.2 Confirmation of isolates

Before use, the bacteria were reconfirmed by celarr Eosin methylene blue (EMB, Oxoid
SA) and Leeds Acinetobacter medium (LAM, Hardy Diagtics USA) and characterized
using biochemical reagents and Rapid NF plus ifleation kits (Merck, SA) (Table 1) and
confirmed (Dougharet al.,2011a) as positive for verotoxins, cell surface ropthobicity,
serum resistance and haemolysin production usiagdatd methods (Chou and Cheng,
2000; Hedgeet al., 2009). The cultures were maintained on trypton &ggr slants (TSAS,
Oxoid, SA) in the Microbiology Laboratory, Departmeof Biotechnology, Faculty of
Applied Sciences Cape Peninsula University of Tetdgy, Cape Town South Africa. To
screen for virulence factors, bacteria were suboedt on chemically defined medium
(CDM) as described by Hedget al. (2009). The non pathogenic strafn haemolyticus
19002 (static culture) was used as control. Foh experiment, bacteria were sub-cultured
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7522

7523

7524

7525

7526

7527

7528

7529

7530

7531

onto trypton soy agar (TSA, Oxoid, SA) and inculdas¢ 37°C for 18 h before use. Sheep
blood erythrocyte was purchased fresh from the ddati Research Council (NRC, Cape
Town, South Africa). The blood was used withoutter treatment as a source of serum

complement.

8.3.3 Antimicrobial susceptibility testing

The bacteria were tested for susceptibility agaamapicillin (10 pg), cefuroxime (30 ug),

cephalexin (30 pg), ceftazidime (30 ug), cefotax(@@ g), ceftriaxone (30 pug), aztreonam
(30 pg), nalidixic acid (30 ug), amikacin (30 ptptracycline (30 pg), gentamicin (10 pg),
ofloxacin (5 ug), ciprofloxacin (5 png) (Oxoid UKWHO 2002) using the disc diffusion

method (Aksoyet al.,2007). All antibiotics were obtained from Quantunot®chnologies,

South Africa.

8.3.4 Effect of stress on bacterial viability and iwulence

8.3.4.1 Effect of oxidative stress on surface hydpbobicity of bacterial cells

Bacterial strains from TSA were sub-cultured twiteshake flasks with CDM (Hedgs al.,
2009) and each time incubated at 37°C for 24 kerAhe final subculture, the cells were
washed thrice in sterile physiological saline (08%v/v NaCl) and finally suspended in
saline to get a solution of QB 0.1 (0.5 McFarland turbidity standard). CDM (10) ml
containing various concentrations (0.1, 0.2 and\) ®f H,O, were dispensed aseptically in
three sets of 100 ml Erlenmeyer flasks. The baatstispensions were inoculated into each
of the flasks to obtain cell concentration of apgmately 16 cells/ml. A flask containing.
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7552

haemolyticusATCC 19002 suspended in CDM without® was used as control. The
flasks were then incubated at 37°C in rotary whtgh at 160 rpm for 24 h, centrifuged at
3000 rpm/10 min and retained packed cells were adshith sterile phosphate buffered
saline (PBS, 10 ml) then suspended in PBS to gietnaity of 0.3 at OFo (OD Initial). To
this bacterial suspension (3 npxylene 0.3 ml, was added and vortexed for 1 mift,fée
30 min at ambient conditions and final @B (OD Final) determined. Degree of
hydrophobicity retention was calculated as perbgdtophobicity index (HI) (Equation 1).

_ODI-ODF
oD

HI x100

Equation 1. HI = hydrophobicity index, ODI = initiaptical density, ODF = final optical

density.

8. 3.4.2 Effect of oxidative stress on bacterial leanolysin production

This was carried out using the quantitativdaemolysin assay. The,8, treated (0.3 M)
bacterial suspension earlier grown in the Erlenmégsks (10 ml), was transferred into sets
of tubes and centrifuged at 3000 rpm for 10 mime Supernatant was collected and diluted
in 0.8% calcium chloride solution (10 ml), 1 ml thdrawn and mixed with 1% (v/v) sheep
erythrocyte suspension and incubated at 37°C for After the incubation, 2 ml of 0.8%
NaCl saline was added to each tube exhibiting gatiaemolysis and the bacterial
suspensions centrifuged at 1500 rpm for 10 min dbbep the unlysed erythrocytes. The
supernatant fluid was separated and the®8etermined. Fifty percent (50%) haemolysis

standard prepared by mixing 1 ml of 1% (v/v) sheegthrocyte suspension and 3 ml of
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diluent was used as control. Inverse of the dilutihich caused 50% lysis was recorded as
HU 50 (50% haemolysis units) (Hedge al., 2009). A tube containing non-B, treated
bacterial suspensioi\( haemolyticu®ATCC 19002) suspended in CDM was used as control
(Equation 2).

HU 50 = 2PS-OBt 100
ODs

Equation 2. ORQ= 50% haemolysis standard, @ final haemolysis measured, HU 50 =

50% haemeolysis

8. 3.4.3 Effect of oxidative stress on bacterial sem resistance

The effect of oxidative stress on bacterial serwemistance was determined using the
guantitative serum bactericidal assay (Hugéeal., 1982). HO, treated (0.3 M) bacterial
suspension (0.5 ml) was mixed with 1.5 ml of frasidiluted serum (from blood) and
incubated at 37°C. Cell viability was determinerbidiometrically at 600 nm after 3, 6 and
18 h. Serum resistance index (SRI) of bacteriaca#ésulated (Equation 3).

SRI (%):%xloo

Equation 3. SRI = serum resistance index, ODI itiainturbidiometric reading, ODF =
Final turbidiometric reading. A tube containing AdpO, treated bacterial suspensioA. (

haemolyticuATCC 19002) suspended in CDM was used as control.
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8.3.5 Effect of low temperature stress

A 1 ml aliquot of bacterial suspension (initial d#g 1 CFU/mI) grown at 37°C was
inoculated into 9 ml trypton soy broth (TSB) in twldferent sets of test tubes, thoroughly
mixed and then stored at -5, -18 and -28°C for &lsdThe tubes were removed from the
freezers after every 5 days, and thawed under mgntaib water for 5 min then returned to
the freezer. After 21 days, the cultures were reedoand 2-3 loopfuls inoculated into TSB,
incubated for 18 h at 37°C and the viable cell :@¢Cl) determined by taking the QR
values first at 0 min (OD Initial) then at 10 mmterval for 1 h (Chou and Cheng, 2000) and
VCI on the scale of 100% calculated as follows (@&opn 4):

vel =9P-OBF 100
ODI

To confirm that viable bacteria were in a cultuealstate, viable counts were made by
making serial dilutions of 2-3 loopfuls of bactércalture in 10 ml TSB and surface spread
by inoculating onto NA plates, incubating at 37%@l aetermining percentage survival after
18 h. Bacterial suspension containing noi®treated and non-freeze-thawed bacteral (

haemolyticusATCC 19002) suspension in CDM was used as control.

8.3.6 Effect of ionic salt concentrations and otheichemicals on cell viability and
verotoxin production

Low-temperature stressed culture suspension (0)2vam inoculated into solution (10 ml)
containing either 0.03% crystal violet, 0.3% bi#dts4% NacCl, or 8% ethanol and incubated

at ambient conditions for 1 h. Bacterial cultufe faemolyticudTCC 19002) not subjected
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7608
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7610

7611

7612

7613

7614

7615

to H,O, stress, low temperature storage, or alcohol anid ses used as control. After
incubation, each of the samples was serially dilute Butterfield’s phosphate diluents
(USFDA, 2001) (appendix iv) and 0.1 ml surface gdtiabn TSA and incubated at 37°C for
10 (initial) and 30 min (final) after which, the ngent cell kill index (CKI, %) was

determined (Chou and Cheng, 2000) (Equation 5):

Initial Population- Final Population
Initial Population

CKl % = x100

For effect of HO, (0.3 M) stress and temperature freeze thawing oatexin production,
the Duoperth kit (Merck, SA) antibody-based radidesagglutination assay was employed
according to the manufacturer’s instructions. Th®4tressed or freeze thawed bacterial
isolates from three different sets of TSA (-5,,-48d -28°C isolates) were first cultured in 1
ml casaminoacid yeast extract (CAYE) broth and loradaed at 37°C at 100 rpm for 24 h.
After incubation, 10 pl of the broth culture (apyiroately 1 x 18 cells/ml) was inoculated
into fresh CAYE broth and further incubated forti &t 100 rpm at 37°C, then centrifuged at
5000 rpm/5 min, cell pellets retained, washed thrigth phosphate buffered saline (PBS, 5
ml), then suspended in 0. 25 ml 0.01 M Tris-HCI (p13). To the pellets, 0.5 ml distilled
water containing 50 pg/ml polymyxin B was added #mesuspension incubated at 37°C for
30 min. Culture suspension (200 ul) was then teansl onto the test device using a sterile
Pasteur pipette and result read after 10 min. Ppearance of red bands on the vtx1 or vix2

bands denoted the presence of either one of onsstitoxins.
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8.4 STATISTICAL ANALYSIS
Triplicates of values obtained were recorded asM$EBing the SIGMAPLOT 8.0 statistical

software ap<0.05.

8.5 RESULTS

8.5.1 Confirmation of isolates

The isolates were Gram-negative coccobacilli, tiojie, mucoid colonies on EMB, pink
colonies diffused into the medium on LAM and allreeébaemolytic on sheep blood agar. All
fermented triglyceride (EST), glucose (Gluc), airgCit), arginine (ADH), urea (URE),
tryptophane (IND) and produced nitrates @Or'hey were oxidase (O) negative, sulphide

negative and indole positive (Table 8.1 footnotes).

8.5.2 Effect of ionic salt concentrations and othechemicals on bacterial viability and
production of virulence factors

Results showed that majority of the isolates did slwow any significant (p>0.05) CKI
values except for one isolate from treatment plaaste waterA. haemolyticus=EW2iv
(CKI 42.86%£0.032% against 8% ethanol) one isolatemf abattoir wastewaterA.
haemolyticusFSEliv (CKI 53.85+0.001% against 0.03% crystal etpl and two isolates
from river Berg;A. haemolyticulRBD1i, andA. haemolyticu®RBI1i with respective CKI
values of 56.06+0.052, and 62.86+0.005 against¥.66/stal violetA. haemolyticu®RkBI2i
also showed a significant (p>0.05) CKI value (42@2B00) against 8% ethanol All the
control isolates A. haemolyticus19002) showed significant (p>0.05) CKI values of
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7638  34.75%£0.022 (against 0.03% crystal violet), 34.8880 against 8% ethanol, 43.13+0.041
7639  (against 4% NaCl) and 57.69£0.009% (against 0.3&bodailt) (Table 1).

7640
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Table 8.1. Cell Kill Index (CKI) (%) ofA. haemolyticusrom wastewater and river water

samples

#Acinetobacteisolates

Cell Kill Index (CKI) (%)

Crystal violg Bile salt (0.3¢ NaCl (4%) Ethanol (8%
(0.03%)

Treatment plant wastewater
A. haemolyticuRWW1v 5.77+0.023 | 9.80+0.000 | 2.44+0.000 | 19.05+0.012
A. haemolyticu® SW2i 2.02+0.000 |1.33+0.000 | 15.00+0.000 |9.80+0.121
A. haemolyticu® SW2ii 3.85£0.031 | 11.1+0.017 |8.37£0.000 | 12.7+0.301
A. haemolyticu§ EW2iv 4.56+£0.011 |7.96+0.044 | 4.76£0.000 | 42.86+0.032*
Abattoir wastewater
A. haemolyticu§SE1liv 53.85+0.001* | 7.88+0.037 16.67+0.000 | 8.00+0.000
A. haemolyticu§SE1v 33.02+0.036 | 7.14+0.033 | 6.90+0.000 | 2.40+0.000
A. haemolyticu®ST1i 3.23£0.001 | 3.70+0.000 | 23.33+£0.034 | 8.62+0.130
A. haemolyticu®ST2i 7.00+£0.000 | 7.00+0.000 | 2.44+0.027 | 6.76+0.068
A. haemolyticu®ST2ii 31.67+£0.021 | 6.90+0.000 | 8.89+0.026 | 10.00+0.032
River Berg water
A. haemolyticuRBD1i 56.06+0.052* | 9.76+0.071 | 6.67+0.0022 | 5.33+0.111
A. haemolyticuRBD1ii 30.60+0.000 |10.83+0.034 | 8.50+0.000 |6.31+0.023
A. haemolyticu®RBDliii 10.64+0.010 | 12.50+0.000 | 6.00+0.000 | 15.91+0.047
A. haemolyticuRkBI1i 62.86+0.005* | 15.32+0.005 | 3.23+0.038 | 11.04+0.000
A. haemolyticuRkBI2i 20.00+0.000 |17.86+0.016 | 27.27+0.021 | 42.25+0.000*

Control
A. haemolyticud4 9002

34.75+0.022*

57.69+0.009*

43.13+0.041*

34.88+0.000*

"Isolates were non motile, negative for sulphidedprtion, oxidase reaction and arginine
fermentation but positive for indole productiondaiermented triglyceride, glucose, citrate,
urea, tryptophane, as well as oxidation of sodiutrate; Gram-negative coccobacilli and
tiny, blue, mucoid colonies on Eosin Methylene B{E&1B); Pink colonies diffused into the

medium on Leeds Acinetobacter Medium (LAM) andvadire haemolytic on Sheep blood

agar.*significant at (P>0.05)
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8.5.3 Antimicrobial susceptibility and effect of lav temperature stress on verotoxin
production and bacterial viability

Results showed that most of the isolates from waster sources were resistant to between
3-5 antibiotics including tetracycline (TE), gentam (CN), cefuroxime (CXM), ampicillin

(AMP), nalidixic acid (NA), and ofloxacin (OFX) (e 2).

Low temperature treatments (-5, -18 and -28°C)mtitthave any significant (P>0.05) effect
on either verotoxin production. Results also showet the low temperature freeze-thaw
stress conditions applied had no effect on theillof the isolates as there was no
significant differences in the initial cell poputat (ICP) and the final cell population (FCP)
with the waste water samples consistently maintginsignificantly (P>0.05) higher

population of viable cells compared to the rivetevaamples (Table 8.2).
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7709  Table 8.2 Efect of low temperature stress ontesin production among environment&l haemolyticussolates

Temperature (°C) stress treatment/ verotoxin stamgsviability
37 (non treated) -5 -18 -28

Acinetobactersolates

Antibiotic resistance p3d

Vixl | Vix2 | ICP/ml | Vix1 | Vix2| FCP/ml | Vtxl| Vix2 | FCP/ml| Vixl | Vix2 | FCP/ml
Treatment plant wastewater
A. haemolyticuRWW1v TE, CN, CXM, AMP - - 5200.00 | - - 5200.00 | - - 5200.00 | - - 5100.00
A. haemolyticu®SW2i AK, CXM, + - 6300.00 | + - 6300.00 | + - 6200.00 | + - 6200.00
A. haemolyticu®SW?2ii OFX, NA, AMP,TE - - 5200.00 | - - 5200.00 | - - 5000.00 | - - 5000.00
A. haemolyticu§EW?2iv AML - - 4820.00 | - - 4820.00 | - - 4700.00 | - - 4700.00
Abattoir wastewater
A. haemolyticu§SEliv - + + 2600.00 | + + 600.00 | + + 2400.00 | + + 2600.00
A. haemolyticuFSE1v AML, NA - + 5300.00 | - + 5300.00 | - + 5100.00 | - + 5300.00
A. haemolyticu®PST1i AMP, CN, OFX,NA,CN| + - 6200.00 | + - 6200.00 | + - 6120.00 | + - 6000.00
A. haemolyticu®PST2i TE, CL - - 4000.00 | - - 4000.00 | - - 3820.00 | - - 4600.00
A. haemolyticu®ST2ii - - - 6000.00 | - - 6000.00 | - - 6000.00 | - - 5820.00
River Bergwater. -
A. haemolyticuBBD1i - + - 3300.00 | + - 3300.00 | + - 3300.00 | + - 3100.00
A. haemolyticu’BD1ii - - - 6340.00 | - - 6340.00 | - - 6240.00 | - - 6200.00
A. haemolyticuRBD1iii OFX, NA - - 4700.00 | - - 4700.00 | - - 4500.00 | - - 4400.00
A. haemolyticukBI1i - - - 7000.00 | - - 7000.00 | - - 6700.00 | - - 7800.00
A. haemolyticuRkBI2i - - 2000.00 | - - 2000.00 | - - 1800.00 | - - 2820.00
Control TE
A. haemolyticud 9002 - - 4000.00 | - - 4000.00 | - - 3860.00 | - - 3800.00

7710  SXT-sulphomethaxazole/trimethoprim; AMP-ampicillilkTM-aztreonam; TE-tetracycline; AK-amikacin; OFXflaxacin; CAZ-ceftazidim; CL-cephalexin;
7711 CRO-ceftriazone; CXM-cefuroxime; AML-amoxycillin; \Ggentamicin; CFM-cefixime; CIP-ciprofloxacin; NAalidixic acid) +(positive); - (negative); ICP-
7712 Inicial cell population; FCP-final cell population.
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8.5.4 Effect of oxidative stress on surface hydromibicity, haemolysin production and
serum resistance of bacterial isolates

Results (Table 3) showed that at 0.3MHthe least HI value (0.009+£21,) was exhibited by
A. haemolyticudST2ii (from abattoir wastewater) and the highedte (0.789+31) was
exhibited byA. haemolyticu®SW2ii (from Athlone Treatment Plant wastewaterf).0ALM
and 0.3 M HO;, the respective HI values of 0.651+12 and 0.526&25A. haemolyticus
RWW.1v (from Athlone wastewater) was recorded coragdo 0.172+00 (0.1M $D,) and
0.023+37% (0.3 M KHO,) of A. haemolyticuRBI2i (from river water). The highest SRI
values of 85.23+23, 76.42+67 and 73.36+27% werercs=d forA. haemolyticulR\WW 1y,

A. haemolyticu®SW2i andA. haemolyticugSE1liv from treatment plant and abattoir waste
waters compared to 67.60+01% f&r haemolyticu)RBD1i from river Berg. Similarly for
HU 50%,A. haemolyticu® SW2i andA. haemolyticu®ST2i from waste water and abattoir
water recorded the highest values of 83.21+13 &d5231% respectively compared to the
highest value of 58.12+01% fok. haemolyticusRBD1iii from river Berg. The control
isolateA. haemolyticud 9002 consistently showed the least values foiSRIl, HU and CVI
(Table 8.3). Results showed that the wastewatéatesowere less affected by®p, sheep

blood erythrocytes/serum compared to river wateaies.
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7735 Table 8.3. Haemolysin unit (HU), Serum resistamciek (SRI), and effect of hydrogen peroxide ceffaze
7736 hydrophobicity (HI) and low temperature stressfotaemolyticus

Hydrophobicity index (HI, %) /M

A. haemolyticudssolates concentrations (M) of D, SRI (%) HU 50%
0.1M 0.2M 0.3M

Treatment plant wastewater
A. haemolyticuRWW1v 0.651+12 | 0.633x10 | 0.526+25 | 85.23+23 | 67.23+43
A. haemolyticu® SW2i 0.833+00 | 0.796x02 | 0.788+00 | 76.42+67 | 83.21+13
A. haemolyticu® SW2ii 0.906+04 | 0.183+x00 | 0.789+31 | 43.76x23 | 65.21+00
A. haemolyticu§EW2iv 0.753.00 0.602.23 0.585.00 19.96+00 | 23.44+00
Abattoir wastewater
A. haemolyticu§SE1iv 0.418+11 | 0.306+00 | 0.204+00 | 73.36+x27 | 57.68+06
A. haemolyticu§SE1v 0.511+00 | 0.504+31 | 0.489+23 | 58.48+11 | 64.51+04
A. haemolyticu®ST1i 0.669+23 | 0.632+01 | 0.602+43 | 68.66+34 | 45.87+11
A. haemolyticu®ST2i 0.774+41 | 0.731+x00 | 0.625+01 | 34.74+00 | 78.45+31
A. haemolyticu®ST2ii 0.136+03 | 0.003+00 | 0.009+21 | 48.78+00 | 22.67+22
River Berg water
A. haemolyticuBBD1i 0.462+32 | 0.372+12 | 0.152+00 | 67.60+01 | 24.66+00
A. haemolyticuBBD1ii 0.227+25 | 0.172+14 | 0.031+00 | 48.46+x34 | 38.33+00
A. haemolyticuBBD1iii 0.127+23 | 0.087+01 | 0.067+23 | 24.98+18 | 58.12+01
A. haemolyticugBI1i 0.439+22 | 0.282+00 | 0.131+21 | 33.47+00 | 26.87+21
A. haemolyticuRkBI2i 0.172+00 | 0.08+15 0.023+37 | 48.36+00 | 12.56+34
Control
A. haemolyticud9002 0.472.+00 | 0.183+13 | 0.114+00 | 22.56+x09 | 10.83+22

7737

7738

7739

7740

7741

7742

7743

7744

7745

7746
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8.6 DISCUSSION

Cell kill index (CKIl) values give the degree ofHatity of chemical agents and salts against
the bacteria tested in this study; high CKI valusdicate susceptibility, low CKI values
indicates resistance to the chemicals tested. Thgegerally there was insignificant lethal
effect against all the isolates, crystal violet rea@ the highest lethal effect followed by
ethanol and bile salt, NaCl exerted the least &ffeompared to crystal violet and ethanol.
Also, wastewater isolates demonstrated signifigathige highest rate of resistance (low CKI
values, P>0.05) compared to river water isolaté® demonstration of less sensitivity Ay
haemolyticugo various stress conditions indicates potentiasuovive or rapidly adapt to
harsh environmental conditions and chemical agérts is the first report of presence of
and resistance (to antibiotics and oxidative sjresaong environmental isolates &f
haemolyticusn South Africa. Yuk and Marshall, (2003) reportldt stress due to change in
salts or chemical concentrations and freeze-thawsgag compromise the integrity of
bacterial cell walls and membranes resulting in dheration of the protoplasmic content,
conformational changes and structural damages. Henvabsence of any significant change
in the cell population and physiological functiasfsbacteria in this study indicates minimal
or absence of damage on their cell walls. Sodiuloricte is one of the most important food

adjuncts used for food preservation.

Resistance to antibiotics among bacterial pathogespecially multidrug resistant
nosocomial infections amongcinetobacterspp. is of current global concern (leteal.
2007). Savo\et al. (2002) reported resistance amakhgoaumanni, A. lwoffii, A. junandA.
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johnsoniito various antibiotics including ampicillin, cepbthnin, carbenicillin, gentamicin,
amikacin, chloramphenicol, tetracycline, co-trimpake, ciprofloxacin and cefoperazone. In

this studyA. haemolyticuslemonstrated the potential to be multidrug reststan

Verotoxin production amoné. haemolyticussolates was first reported by Grotiet al.
(2006). This is the first report on verotodc haemolyticussolates in South Africa and to
our knowledge there is no report on effect of stres these bacteria. In this study, low
temperature stress had no effect on both bactpopllation and verotoxin production.
There was no significant difference between théaiviability index of isolates at -5°C
compared to the final viability at -28°C, an indioa of little or no effect of freeze-thaw
temperatures on the bacterial cell population. Dwrithe handling of food and food
ingredients from the farm to table, food-borne beatare exposed to different suboptimal
physical and chemical environments including lownperature storage. Resistance to
oxidative stress, antibiotics or suboptimal tempers as demonstrated in this study might
lead chemotherapeutic challenges in situations evhbe bacteria become sources of
outbreaks (Ray and Bhunia, 2008). Resistance denatex$ by verotoxin producing.
haemolyticusin this study is worrisome because of the poterdatgers associated with
verotoxic resistant bacteria especially in envirents with poor sanitation and inadequate
potable water such as obtainable in developing ttmsn Outbreak of infections associated

with this class of bacteria will have very seridwgalth implications.

361

~
‘ Cape

Beninsu_la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Techn)cglogy



7790

7791

7792

7793

7794

7795

7796

7797

7798

7799

7800

7801

7802

7803

7804

7805

7806

7807

7808

7809

7810

7811

While surface hydrophobicity is one of the virulentactors which contribute to the
adherence of microorganisms to host tissue (Wojaimd Jankowski, 2007; Hedag al.,
2009), previous studies have shown correlation eeinnthis factor and bacterial adherence
to epithelia (Jahnet al. 1981; Hedgeet al.,2009). The retention of surface hydrophobicity -
demonstrated by low hydrophobicity index (HI%) \edu- by most isolates from this study
means that the isolates are likely to adhere mmreptthelial cells even if challenged with
similar concentrations of salts or chemicals. Semesistance on the other hand confers
Gram-negative bacteria with the ability to resist tytic effects of serum and to invade and
survive in the human bloodstream (La Regione andodMard, 2002). Surface
hydrophobicity and serum resistance is mediatedcél surface polysaccharides and
proteins respectively whose specific roles remaimaly understood (Cross al., 1986). In
this study, isolates demonstrated high SRI and B% yalues, an indication of the potential

to resist host defense mechanisms.

The control cultures showed low HU 50% and SRI galindicating that they were more
susceptible to stress than the environmental s®lathis might be due to the fact that the
control isolates were not exposed to similar phgtsganical conditions as the isolates from
the wastewater or river waters investigated. Comséidates however also demonstrated low

HI values and indication that they also have s@rfagherence potentials.

362

~
‘ Cape

Ber_minsu_la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Techn%logy



7812

7813

7814

7815

7816

7817

7818

7819

7820

7821

7822

7823

7824

7825

7826

7827

7828

7829

7830

7831

7832

7833

7834

8.7 CONCLUSION

A. haemolyticusn this study exhibited resistance to oxidativeess$r conditions and some

antibiotics as well as freeze-thawing. Contamimaind food and drinking water with these

strains might mean the proliferation of more viniland resistant nosocomial infections
including severe bloody diarrhea. Diarrhea is attipalar concern to developing countries
with over 5 million cases and over 3 million deagmnhually. More effective environmental

monitoring and risk assessment studies of environahe@nd hospital wastes and survey of

resistant strains of these bacteria should be derel. .
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9.1 ABSTRACT

The potential ofCurtisia dentataas antimicrobial, antioxidant and antiverotoxiraiagt
environmental isolates oE. coli and Acinetobacterspp. as well as the presence of
phytochemicals and some organic compounds, wasndeed. Phytochemical analysis
using standard methods revealed the presence bfagoinones, alkaloids, essential oils,
glycosides, phenols, steroids, saponins and taramidsthe organic compounds quinones,
anthocyanins, amines and carboxylic acids. Extratgmonstrated high antimicrobial
activity and low minimum inhibitory concentratioas well as inhibitory action against the
expression of both Vix1 and Vix2 geneskncoli, A. haemolyticuand A. Iwoffii. Ethanol
root bark extracts consistently showed the higHeBPH radical scavenging activity
(62.43%), total phenol content (TPH) (57.62 26 m4ER)) and reducing power (RP)
(41.32%), followed by those of the stem bark arad &xtracts with the respective values of
54.68%, 37.77 mg GAE/g and 21.83%. The extractadad the leakage of Nand K ions
from both test bacteri&C. dentatacan be used to source novel antimicrobial agemtshi®
treatment of verotoxic bacterial infection€. dentatais a very effective source of
antioxidant and a possible alternative to sourcamgiverotoxic antibiotics with novel

mechanism of action.

Key words: DPPH radical scavenging activity, antioxidant, tiekazone diameter of

inhibition, organic compounds.
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9.2INTRODUCTION

Antioxidant supplements are vital to combat oxiatdamage by free radicals in many
oxidative stress-mediated disease conditions suchcamcer, atherosclerosis, diabetes,
inflammation and aging. Recently, natural antioxigaare in high demand for application as
nutraceuticals and as food additives (Tawahal.,2007; Jayasriet al.,2009; Kalimet al.,
2010). Exertion of oxidative stress on human cblfsfree radicals which seek stability
through electronpairing with biological macromolEsusuch as proteins, lipids and DNA in
healthy human cells cause protein and DNA damagegalvith lipid peroxidation resulting
in pathological processes (Ni&t al., 1994; Maxwell 1995; Bracat al.,2002; Hazreet al.,
2008). While plants serve as rich, natural, anf@rssources of antimicrobials, the rapid
incidences of increased resistance to availablebiatits worldwide have turned the
attention of researchers and the pharmaceuticalsinds to plants in search of viable
alternatives. Recent outbreaks due to verotoxite@ac(Eatoret al. 2008; CDC, 2011) and
further complications arising from the use of amiizs in the chemotherapy of verotoxic
infections calls for more investigations into atigtive, more effective agents (Doughagi

al., 2009).

Curtisia dentata(Cornaceae or dogwood family) or assegai (Englisimrmon name) is a
traditional medicinal plant that has been employethe treatment of diarrhoea and related
stomach ailments in South Africa (Notten, 2004). South Africa and other parts of
Southern Africa, the common names include: asse@afiikaans), uSirayi, umGxina
(Xhosa), umLahleni (Xhosa, Zulu), uMagunda, uMagindmBese, umPhephelelangeni

(Zulu), iliNcayi, isiNwati (Stwanee), modula-tshween(Northern Sotho), musangwe,
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mufhefhera (Venda) and modula-shtwene (Pede) (No2@04; Shaet al,.2008). Of the 15
plant genera found in the Cornaceae family, only Grtisia genera are found in Africa

(Shaiet al.,2008).

Traditionally, the plant concoction is used as gmhradisiac, a blood purifier and for
treatment of heart-water in cattle, various stomaittmnents, pimples and diarrhea (Pujol,
2000; Dold and Cocks 2001; Shaial.,2008). The ethanol and aqueous extracts of thd pla
have been reported to exhibit antibacterial agtiagainstBacillus subtilis, E. coli, S.
aureus, P. aerugenosa E. faecas well asC. albicans (McGaw et al,. 2000; Shakt al.,
2009). Shaiet al. (2008) also reported its inhibition of motility sobme parasitic and free
living nematodesDespite the medicinal potentials ©f dentatathere is paucity of reports
of phytochemical, pharmacological and biologicalestigations of the plant. This study
reports on the antioxidant potential of the rostem bark and leaves, and the antimicrobial
and antiverotoxic potentials of stem bark extracfsC. dentataagainstE. coli and

Acinetobactespp

9.3MATERIALS AND METHODS

9.3.1Collection and processing of plant sample

C. dentatawas donated by Prof. Charles Laubscher of the &ldttire Department, Faculty

of Applied Sciences of the Cape Peninsula Uniwersit Technology, Cape Town, South

Africa. The fresh parts (stem bark, leaves andsjoatre dried to a constant weight in the
oven at 45°C for 24-48 h, grated and reduced todgownd then stored in amber-coloured
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bottles at ambient conditions until use (Doughad &bidah, 2008). For this work, all three
plant parts were used for the determination ofcaadiant activity, total phenolic content as
well as reducing power, while only stem bark extra@s used in the determination of

antiverotoxic and antimicrobial activity.

9.3.2 Extraction and determination of phytoconstitents

Plant parts were exhaustively extracted by somga®i g ground plant parts for 30 min in
200 ml of solvent (dichloromethane, hexane, acetamek ethanol in this order), alongside
aqueous extraction using distilled water followedfittration; this procedure was repeated
three times per extractant by replacing the sohadtetr each extraction. The filtrates from
any one solvent was combined, and dried under vact25°C angbercentage yield of the
extracts obtained hpxane (42.68%w/w) dichloromethane (18.73%w/w), t@oe
(22.64%w/w) ethanol (38.72%w/w) and water extrdb&.82%w/w)]used to screen for the

presence of phytoconstiuents (Doughari and lo30@9) and some organic compounds.

9.3.2.1Test for saponins

Two grammes (2 g) of the powdered sample was bal@® ml of distilled water in a water
bath and filtered. To the filtered sample (10 rdistilled water (5 ml) was added, shaken
vigorously and observed for a stable persisterthing. The frothing suspension was mixed

with 3 drops of olive oil and shaken vigorously arxserved for the formation of emulsion.

371

~
‘ Cape

Ber_minsu_la James Hamuel Doughari (2082222E8)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Techn%logy



8008

8009

8010

8011

8012

8013

8014

8015

8016

8017

8018

8019

8020

8021

8022

8023

8024

8025

8026

8027

8028

8029

9.3.2.2Test for Tannins and phenolics
Dried powdered sample (0.5 g) was boiled in waérril) in a test tube and then filtered. 1
ml of 0.1% ferric chloride was added and observed drownish green or a blue-black

colouration.

9.3.2.3Test for alkaloids
Aqueous extracts (1 ml) was mixed with picric asiolution (2 ml) in a test tube and

observed for the formation of orange coloration.

9.3.2.4Test for glycosides

To coarse plant material (1 g) 5 ml each of d§SB, or water was added in two sets of
beakers, heated for 3 min and filtered. To theafitls, 1 ml of NaOH,) was added, heated
with 5 ml of Fehling’s solution for 3 min and obged for the appearance of a reddish-

brown precipitate.

9.3.2.5Test for anthraquinones

Powdered plant (3 g) was soaked into benzene (30nd conical flask and allowed to

stand for 10 min then filtered. To the filtraten8 of 10% ammonia solution was added,
shaken for 30 sec, and observed for the appeamaepink, red or violet colour in the

ammonia phase.
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9.3.2.6Test for flavonoids
Equal volumes (5 ml) of dil. Nkkg) and the aqueous extract filtrate were mixed wiB 2
drops of conc. bBQO,. The formation of a yellow coloration indicatedetipresence of

flavonoids.

9.3.2.7Test for steroids
Acetic anhydride (2 ml) was added to 0.5 g of estgdollowed 2 ml dil. HSO,. Colour

change from violet to blue or green showed thegires of steroids.

9.3.2.8Determination of amines
Phenolphthalein (1 drop) was added to 20 ml eachMfHCI solution and plant extract in a
conical flask and shaken to mix until a pink townocolour was formed. The presence of an

offensive (cartbolic) odour signified the presen€@amines (Kenner and Obrien, 1997).

9.3.2.9Determination of carboxylic acids
Phenolphthalein (1 drop) was added to 25 ml eaghlasft extract, and standard solution of
K3MnsO; in a conical flask. The appearance of a faint mialour which disappeared after

30 seconds indicated the presence of carboxylasgé&enner and Obrien, 1997).
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9.3.2.10Determination of phenols

To 20 ml each of plant extract and 2 M sodium hydte (NaOH) solution in a conical
flask, phenolphthalein (1 drop) was added, andntindure gradually shaken to mix and
observed for the appearance of a purple colourinig® seconds (Kenner and Obrien,

1997).

9.3.2.11Determination of Anthocyanins
Briefly, 1 ml of boiling water, 0.5 ml of 37% HCbt10 mg of dry extract weree mixed in a
test tube and mixture heated at 100°C, cooled aAdn® of amylic alcohol added and

observed for colour change to dark blue (Rejiaal.,2006).

9.3.2.12Determination of Quinones

Quinones were identified by extracting 10 ml of #gueous extract with dichloromethane,
evaporating the organic phase, and adding 5 mthamel, 1 ml of 5% KO, and 1 ml of
50% HSO4. The mixture was heated, cooled, extracted withzbre and 1 ml of N¥DH
added. The quinone extracts was then separatedthedenzene and NHbhase by careful

decantation (Rojast al.,2006).

9.3.3Effect of plant extracts on bacterial beta-lactamas and verocytotoxin production
For the purpose of this study, 5 ml trypton soytirT'SB) culture of the bacteria was
centrifuged at 2000 rpm for 10 min. The supernataas decanted and the sediment

(bacterial cells) was twice washed with normalrsaby centrifuging at 2000 rpm for 10 min
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and the cells made up to 10 ml with normal saliditer standardizing the cells to 0.5
McFarland standard (equivalent to®1€fu/ml), equal volume (5 ml) was mixed with 30
mg/ml crude extract, adequately shaken to mix aid &t room temperature (28 + 2°C) for
6 h and then incubated at 37°C for 18 h. After bation, a loopful of bacterial culture from
the surviving bacteria after exposure to extracs woculated onto trypton soy agar (TSA)
and further incubated at 37°C for 18 h. A loopftilsarviving bacteria was then suspended
in sterile distilled water and 1 ml inoculated int®B and then incubated for 18-20 h at
37°C while shaking at 120-150 rpm to allow for tosecretion into broth medium. Bacterial
suspension was then centrifuged for 20 min at 4,086 and 4°C. Supernatant was
transferred to new tubes and then screened fortoséro production using Duopath
verotoxin latex reagent (Merck, SA, Appendixhv)ias described by the manufacturer. The
non-pathogenic straing. coli ATCC 25922 andA. haemolyitcus19002 were used as
controls. To test for beta-lactamase productiom| bf the supernatant was inoculated into 5
ml of Muller Hinton broth (MHB) and incubated for I6 at 37°C then subcultured onto
Muller Hinton agar (MHA) plates onto which two désceftazidime and cefotaxime (30 pg
in each case) were then placed. The culture platee incubated at 37°C for 18 h and
extended beta-lactamase production (ESBL) produatias determined by the appearance
of zone diameters of inhibition<(22 mm for ceftazidime and 27 mm for cefotaxime)

against the test bacterial growths.
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9.3.4 Quantification of extract-induced cationic lakage from bacterial cell wall

The cation (Naand K) leage assay was used for this purpos€. &al K leakage was
determined from 5 strains d&. coli and 4 each of. lwoffii and A. haemolyticusafter
exposure to 30 mg/ml of the crude ethanol plantaex$ for 1 h. The bacteria were first
exposed to salt solutions of Nand K separately by mixing equal volumes (5 ml) each of
25 ppm each of NaCl and KCI with a broth culturan(h of the test bacteria (0.5 McFarland
standard) and incubating at intervals of 0; 10; &@J 30 min at 37°C. The cells were then
centrifuged at 2000 for 10 min, the supernatantadesd and the sediment washed twice in
distilled water by centrifuging at 2000 rpm for @0n. To 1 ml of this washed bacterial test
suspension, 1 ml of the 30 mg/ml of crude extraas wdded in different sets of sterilized
curvets and incubated at ambient conditions for Curvets containing test bacteria, extract
or 25 ppm Naor K only were used as controls. The non-pathogenanstE. coli ATCC
25922 andA. haemolyitcus19002 were used as controls, while salt-treafediwoffii
RWW1i unexposed to extract was used as controAfdwoffii strains. Presence of Nar

K* were determined spectrophometrically from eacH sabpension and the controls
according to their respective incubation periodlacing the curvets in an atomizer orifice

and taking readings at 266 nm.

9.3.5Determination of antioxidant activity using the DPRH radical scavenging system

The hydrogen or electrons donation ability of tlké&racts was measured from bleaching of
purple methanol solution of 2, 2'-diphenyl-1-pitwytirazyl (DPPH) free radical (Changwei
et al.,2008). A 2-ml aliquot of a suspension of the ethaxtracts was mixed with 1 ml of
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0.5 mM DPPH solution and 2 ml of 0.1 M sodium atetauffer (pH 5.5), properly shaken
and incubated at ambient temperature in the dark3f® min, following which the
absorbance was measured at 517 nm using a UV-1p8é&trsmeter. Ethanol was used as
negative control. Radical scavenging activity espesl as the inhibition percentage was

calculated as described by Abeal.(1998) using the formula:

% radicalscavengingactivity =[(A control - Atest)/ Acontol] X 100

Where Aontrol iS the absorbance of the control (DPPH solutiothewit test sample) ande

is the absorbance of the test sample (DPPH solptisnantioxidant).

9.3.6Determination of Reducing Power of extracts

Reaction mixture containing plant extract at difer concentrations (10-100 pl) in
phosphate buffer (0.2 M, pH 6.6) and equal amoohnt$% (w/v) potassium ferricyanide,
was incubated at 50°C for 20 min. The reaction teasiinated by the addition of equal
volumes of 10% (w/v) tricarboxyllic acid (TCA) sdlon and the mixture centrifuged at
3000 rpm for 20 min. The supernatant was mixed wdbal volume of distilled water and
0.1 % (w/v) ferric chloride solution and the absrbe measured at 700 nm. Increased

absorbance of the mixture with concentration inididéhe reducing power of the extract.
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9.3.7Determination of total phenolic content

Stock solution (0.5 mg/ml) of plant extracts wasgared and further diluted to five different
concentrations 0.4; 0.3; 0.2; 0.1; and 0.05 mg/@#yo point one milliliter (0.1 ml) each of
test concentration and Folin-Ciocalteu reagentr(faighldrich) was added to the extracts in
different sets of test tubes, shaken thoroughly, laft to stand for 1 min. Two point eight
milliliters of 10% NaHCQ was then added and the mixture once again allawstand for
30 min. after which the absorbance (725 nm) wassorea spectrophotometrically and the
total phenolic content (TPH) was expressed as mgvalgnt of Gallic acid (mg GAE)

(0.05-0.5 mg/ml as control/blank) per gram dry virtigf the extract (Djeridanet al.,2006).

9.3.8 Antimicrobial susceptibility test of plant exracts

Briefly, 0.5 ml McFarland turbidity standard of tdsacteria was seeded on to sterile MHA
plates, spread out using sterile glass rod in a@echieve confluent growth and the plates
left on the table for 5 min to dry. Sterile filtpaper discs (4 mm in diameter) soaked in the
extract solution at different concentrations (8.0;0; to 300 mg/ml/disc) were placed on the
different MHA plates preseeded with different tesganisms and the plates were then
incubated at 37°C for 24 h. Filter papers soakeeétl@anol and ampicillin (10 pg/ml) were
used as negative and positive controls respectivaliibacterial activity was determined by
measurement of zone diameter of inhibition (mm)iregjaeach test bacteria (Doughari and
Obidah, 2008). The antimicrobial activity (expresses percentage relative inhibition zone

diameter) was calculated by applying the expression
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IZD sample- 1ZD negativecontrol
% RIZD = x 100

IZD antibiotic standard

Where RIZD is the percentage of relative inhibitmone diameter and 1ZD is the inhibition
zone diameter (mm). The equation compensates thgiljppe effect of the solvent (blank)
other than water on the 1ZD. The test was consileregative (-) when the 1ZD of the

sample equaled to the 1ZD of the controls (Rejaal.,2006).

9.3.9 Determination of minmum inhibitory concentraion (MIC) plant extracts

The MIC was carried out on extracts that showedraatobial activity (RIZD % of 1 and
above) using the broth dilution method. The orgasisvere inoculated into test tubes
containing varying concentrations (100-3000 pg/md 8.5-200 mg/ml/disc) of plant extract
and 1 ml of nutrient broth (NB) added. A loopfultbg test bacteria previously diluted to 0.5
McFarland turbidity standard, was introduced in&xle broth sample. The procedure was
repeated on the test organisms in test tubes comgaNB only and the standard antibiotic
ampicillin (10 pg) as negative and positive corgnaspectively. All the culture tubes were
then incubated at 38T for 24 h. After incubation, they were examined bacterial growth
by observing/measuring of turbidity. The MICs fargtoxin inhibition at these same extract

concentrations were also determined as earlieritbesc

9.3.10 Bacterial strains
Sixty nine stock cultures oAcinetobacter haemolyticus, A. Iwoffii iand Eschbkia coli

serotypes obatined variously from treatment plaastewater, abattoir wastewater and from
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Rivers Berg and Plankenberg all in Cape Town, Séditita. We previously isolated these
strains from the various water sources and chairaetethem using standard methods for
verotoxins in the Microbiology Laboratory, Departmeof Biotechnology, Faculty of
Applied Sciences Cape Peninsula University of Tetdgy, Cape Town, South Africa. The
veropositive isolates were used to test for antitaxic actitivity of the plant extracts. The
non-pathogenic strains d&. coli ATCC 25922 andA. haemolyitcusl9002 were used as
control. The bacteria were previously maintainedT@A slants at 4°C were subcultured

onto plates of Muiller hinton agar (MHA) and incuba at 37°C for 18 h before use.

9.4STATISTICAL ANALYSIS
Results are given as mean + SEM values while oglakiips between antibacterial activity
and test bacteria and plant extracts were detednim@ng the student test of the

SIGMAPLOT atP<0.05.

9.5RESULTS

Phytochemical and other organic compounds anatfdz dentatashowed that the solvent
extracts of stem bark contain differing classesahpounds. Ethanol extracts (ET) contain
the highest classes, followed by dichloromethan€ENI), acetone (AC) and hexane (HX).
Distilled water (DW) extracts contained the lowgstup of phytochemicals in all the plant
parts. Phytochemicals and organic compounds detentdude anthraquinones, alkaloids,
essential oils, glycosides, phenols, steroids, magand tannins and the organic compounds

guinones, anthocyanins, amines and carboxylic gdidsle 9.1).
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Table 9.1. Phytochemicals and Organic compoundsepten extracts dfurtisia dentatgparts

Plant part/solvent

Phytochemical Root bark extract

Stem bark extract

Leaf extract

DW DCM HX AC ET

DW DCM HX AC ET

DW DCM HX AC ET

Anthraquinones - - - + +
Alkaloids - - + + +
Essential oils - - - - +
Flavonoids +
Glycosides +
Phenols +
Steroids -
Saponins -
Tannins -
Quinones -
Anthocyanins +
Amines -
Carboxyllic acids - + + + +

+ + +
1
1
1

1 + 1
+
+ 4+ !

+ +
+ - + +
+ +

Y+ o+ o+

+

- - + o+
- - - +
- - - +

1
1
1
+ + + 4+ +

+ + + +
+
1

+ o+ o+

+ + +

+

+ + + +

8205
8206

8207
8208
8209
8210
8211
8212
8213
8214
8215
8216

8217

~
‘ Cape

Peninsula
University
of Technology
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Results of antimicrobial potentials . dentataagainstE. coli serotypes as relative
inhibition zone diameters (RIZD) of the extract®igad between 8-28% (MIC, 100-2500
pa/ml) againstA. Iwoffii and A. haemolyiticus10-28% (MIC, 100-850 pg/ml) against
Iwoffii and 6-28% (MIC 150-2500 pg/ml) agaimst haemolyticugTable 9.3). Results of
antiverotoxic activity showed that the extracts destrated inhibitory activity against both
Vix1l and Vitx2 production. The ethanol extracts (ElEmonstrated the highest inhibitory
action against 82.61% of the veroto¥c coli serotypes, followed by the dichloromethane
extracts (DCM, 71.01%), hexane (HX, 44.93%), chionm (CHL, 34.78%) and acetone
(AC, 27.54%). Water extracts did not show any artwoxic activity against the test
bacteria. Extracts also inhibited the vtx gene eggion for verotoxin production at MIC

range of 100-2500 pg/ml for boEh coli (Table 9.2) and\cinetobactespp. (Table 9.3).
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8240  Table 9.2. Relative inhibition zone diameters (BRimum inhibitory concentration (MICL¢/ml) and antiverotoxic effect of stem bark ethanolaots of
8241 Curtisia dentateon various environmentéscherichia colserotypes

Sample number Isolate/ serotype RIZD values MIC (ug/ml) toC. Xg;‘fﬁg;rﬁgtf Vix & ESBL status after treatment
(mean pH/Temp’C) (%) dentate " DW DCM HX CHL AC ET
Wastewater (n=18) E. coliRWW1i 0103:H2 10.00 650.00 Vix1 Vix1 - Vixl Vix1 Vix1 -
(6.4/17.8) E. coliRWW1ii 086 16.00 250.00 Vix1, Vix2 Vixl, Vix2 - Vix2 - Vix2 Vix2 - -

E. coliRWW1iii 0145:H2 14.00 350.00 Vix1 Vix1 - - Vix1 Vix1 -

E. coliRWW1iv 096:H9 8.00 750.00 Vix1 Vix1 - - Vix1 Vix1 -

E. coliRWW1v 0126 14.00 200.00 Vix1 Vix1 Vix1l Vix1l Vix1 Vix1 Vix1l

E. coliRWW1vi O4 16.00 250.00 Vix1 Vix1 - - - Vix1 -

E. coliRWW1vii 055 14.00 400.00 Vix1, Vitx2 Vix1, Vix2 - Vitx2 - Vitx2 - Vix2 - Vix2 -

E. coliRWW1viii O111:NM  22.00 150.00 Vix1, Vix2 Vixl, Vix2 - - -, Vitx2 - -

E. coliRWW?2i 096:H9 8.00 1000.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliRWW2ii 0124 14.00 400.00 Vix1 Vix1 - - - - -

E. coliPSW1i 096:H9 16.00 200.00 Vix1 Vix1 - Vix1l Vix1 Vix1 -

E. coliPSW1ii O145:NM 22.00 150.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliPSW1iii 096:H9 16.00 250.00 Vix1, Vitx2 Vix1, Vix2 -, Vitx2 Vixl, Vix2  Vixl, Vtx2 - -

E. coliPSW1iv O111:NM 24.00 150.00 Vix1, Vix2 Vixl, Vix2 - - - - -

E. coliPSW2i 086 14.00 200.00 Vix1, Vix2 Vix1, Vix2  Vixd, - Vixl, Vix2  Vix1, Vix2  Vix1, Vix2  Vixd, -

E. coliPSW2ii 096:H9 10.00 550.00 Vix1, Vitx2 Vix1, Vtx2  Vixd, - -, Vitx2 - Vixl, Vtx2 -

E. coliPSW2iii 0103:H2 14.00 300.00 Vix1 Vix1 - - - - -

E. coliFEW1i O111:NM 18.00 200.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliFEW1ii 0103:H2 14.00 400.00 Vix1 Vix1 Vixl Vixl Vix1 Vix1 -

E. coliFEW1iii 0124 14.00 350.00 Vix1 Vix1 - - Vix1 - -

E. coliFEW1iv 044 20.00 200.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2

E. coliFEW2i 0124 20.00 150.00 Vix2 Vix2 - Vix2 Vix2 Vix2 -

E. coliFEW2ii 0103:H2 24.00 100.00 Vix2 Vix2 - - - Vix2 -

E. coliFEW2iii 0145:NM 18.00 250.00 Vix1, Vix2 Vix1, Vix2 - Vix2 - Vix2 - Vix2 - Vix2 -

E. coliFEW2iv 0145:NM 14.00 400.00 Vix1, Vix2 Vix1, Vix2 - Vix2 - Vix2 - Vix2 - Vix2 -
Abattoir water (n =1 E. coliPRELi O4 6.00 2000.00 Vitx2 Vitx2 Vix2 Vix2 Vitx2 Vitx2 Vix2
6.4/17.8) E. coliPRELii O145:H2 6.00 2500.00 Vix1 Vix1 - Vix1l - Vix1 -

E. coliPRELiii O111:NM 10.00 600.00 Vix1 Vix1 Vixl Vixl Vix1 Vix1 Vixl

E. coliPRE1liv 086 8.00 800.00 Vix2 Vix2 - - Vix1 Vix2 -

E. coliPRE1v O4 16.00 250.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliPRE1vi O111:NM 10.00 500.00 Vix1, Vitx2 Vix1, Vix2 - Vitx2 - Vitx2 - Vitx2 - Vix2 - Vitx2

E. coliPRE2i 0103:H2 28.00 100.00 Vix1, Vix2 Vixl, Vix2  Vix1, Vix2  Vixd, Vix2  Vixl, Vix2  Vix1, Vix2 -

E. coliPRE2ii O4 20.00 250.00 Vix1, Vix2 Vixl, Vix2 - - - - -

E. coliFSELi 0113 20.00 150.00 Vix2 Vix2 - Vix2 Vix2 Vix2 -

E. coliFSELlii 0145:H2 22.00 250.00 Vix2 Vix2 - Vix2 Vix2 Vix2 -

E. coli FSELiii 086 12.00 500.00 Vix2 Vix2 Vix2 - Vix2 Vix2 Vix2

E. coliFSEliv O111:NM 6.00 900.00 Vix2 Vix2 - Vix2 Vix2 Vix2 -

E. coliFSE1lv 096:H9 8.00 750.00 Vix2 Vix2 Vix2 Vix2 - Vix2 -

E. coliFSE1lvi O4 20.00 200.00 Vix2 Vix2 - - - - -

E. coliFSE2i O111:NM 12.00 500.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliFSE2ii 0103:H2 8.00 850.00 Vix2 Vix2 - Vix2 Vix2 Vix2 -

383

_—
‘ Cape

Beninsqla James Hamuel Doughari (2082222&)ctor TechnologiaéEnvironmental Health) Thesis
niversit
of Technélogy



. coliPST1i O145:H2 10.00 500.00 Vix1, Vix2 Vixl, Vtx2 -, Vix2 Vix1, Vtx2  Vix1, Vtx2  Vix1, vix2 -

E

E. coliPST1ii 026:H11 14.00 300.00 Vix1, Vix2 Vixl, Vix2 - -, Vitx2 Vixl, Vix2 ~ Vixl, Vix2 -

E. coliPSTL1iii 0113 20.00 150.00 Vix1, Vix2 Vixl, Vix2 - - - - -

E. coliPST1iv O4 10.00 600.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2

E. coliPST1v 096:H9 4.00 950.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliPST1vi 026:H11 18.00 250.00 Vix1, Vix2 Vixl, Vix2  Vix1, - Vixl, Vix2  Vixl, vix2 - -

E. coliPST2i 0124 24.00 2500.00 Vix1, Vix2 Vix1, Vtx2 - Vix1, Vtx2  Vix1, Vtx2  Vix1, Vix2 -

E. coliPST2ii 0124 10.00 700.00 Vix1, Vix2 Vixl, Vix2 - - - - -
River Berg (n = 13) E. coliRBU1i 086 4.00 2500.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -
(7.2/17.3) E. coliRBU2i 0113 12.00 400.00 Vix2 Vix2 - Vix2 - Vix2 -

E. coliRBU2ii 0145:H2 20.00 200.00 Vix2 Vix2 - - Vix2 Vix2 -

E. coliRBUZiIii 0113 12.00 450.00 Vix2 Vix2 - - Vix2 Vix2 -

E. coliRBD1i 0113 22.00 150.00 Vixl Vixl Vix1 Vixl Vixl Vix1, -

E. coliRBD1ii O4 16.00 300.00 Vix1, Vix2 Vixl, vix2 - - - Vixl, Vix2  Vix1,-

E. coliRBD1iii 086 22.00 150.00 Vix1, Vix2 Vixl, Vix2 -, Vix2 Vixl, Vix2  Vix1, Vix2  Vixl, Vix2 -

E. coliRBI1li O4 28.00 100.00 Vix1, Vix2 Vixl, Vtx2 -, Vix2 Vix1,- - Vix1, Vtx2 -

E. coliRBI1ii 0103:H2 8.00 750.00 Vix1, Vix2 Vixl, Vix2 - Vixl, Vix2  Vix1, Vix2  Vix1, Vix2 -

E. coliRBI2i 0124 18.00 250.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coliRBI2ii 086 22.00 200.00 Vix2 Vix2 - - Vix2 Vix2 -

E. coliRBI2iii 096:H9 12.00 350.00 Vix2 Vix2 Vix2 Vix2 - Vix2 Vix2

E. coliRBI2iv O145:H2 22.00 200.00 Vixl Vixl - - Vix2 Vix2 -

E. coliRBI2v 0113 14.00 300.00 Vix2 Vix2 - Vix2 Vix2 Vix2 -
River Plankenberg E. coliPRK1i O4 20.00 150.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2
(n=13)(7.2/17.3) E. coliPRKL1ii 026:H11 26.00 100.00 Vix1, Vix2 Vixl, Vix2  Vix1, - Vixl, Vix2  Vix1, Vix2  Vix1, Vix2 -

E. coliPRK2i 0145:H2 16.00 300.00 Vix1, Vix2 Vix1, Vtx2 - Vitx2 - Vix2 - - - Vix2

E. coliPRK2ii 086 24.00 150.00 Vix2 Vix2 Vix2 Vix2 Vix2 Vix2 -

E. coli PRK2iii O4 12.00 350.00 Vix1, Vix2 Vixl, vix2 - Vixl, Vix2  Vix1, Vix2  Vix1, Vix2 -

E. coli PRK2iii 0103:H2 14.00 450.00 Vix1, Vix2 Vix1, Vtx2 - - - - -

E. coliATCC 25922 18.00 250.00 -

8242 DW-distilled water extract, DCM-dichloromethane raxt, HX-hexane extract, CHL-chloroform extract, A€etone extract, ET-ethanol extract, ESBL-
8243 extended spectrum beta lactamase, Vtx-veortoxin.
8244

8245

8246

8247

8248

8249

8250

8251

8252

8253

8254
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8255
8256
8257
8258
8259

Table 9.3. Relative inhibition zone diameters (#)nimum inhibitory concentration (MIC)uf/ml) and antiverotoxic effect aftem bark ethanol extra

Curtisia dentateon various environmental isolatesAxfinetbacteispp.

Sample number

RIZD

MIC (ug/ml) to Vix & ESBL status

Verotoxim status atter treatment

(mean pH/Temp’C) Isolate/ serotype values (%) Curtisia dentata before treatment DWW DCM HX CHL AC ET
A. lwoffii RWW1i 14.00 750.00 - - - - - - -
Wastewater (n=18) A. lwoffii RWW1ii 10.00 1500.00 - - - - - - -
(6.4/17.8) A. haemolyticuRWW1v  8.00 1000.00 - - - - - - -
A. lwoffii RWW1vi 24.00 250.00 - - - - - - -
A. IwoffiiRWW?2i 28.00 100.00 - - - - - - -
A. lwoffii RWW?2ii 20.00 350.00 - - - - - - -
A. lwoffii PSW1i 22.00 200.00 - - - - - - -
A. lwoffii PSW1ii 26.00 150.00 - - - - - - -
A. haemolyticu® SW2i 14.00 700.00 Vix1 - Vix1 Vixl Vixl  Vixd -
A. haemolyticu® SW2ii 6.00 2000.00 - - - - - - -
A. lwoffii FEW1i 26.00 250.00 - - - - - - -
A. lwoffii FEW2i 28.00 150.00 - - - - - - -
A. haemolyticu§EW?2iv 24.00 250.00 - - - - - - -
Abattoir water A. lwofii PRELi 28.00 150.00 - - - - R - -
(n=18)(6.4/17.8) A. lwoffii PRELii 26.00 200.00 - - - - - - -
A. lwoffii PRE2i 18.00 450.00 - - - - - - -
A. lwoffii PREZii 22.00 250.00 - - - - - - -
A. lwoffii FSE1i 24.00 200.00 - - - - - - -
A. lwoffii FSELii 26.00 150.00 - - - - - - -
A. lwoffii FSE1iii 28.00 200.00 - - - - - - -
A. haemolyticu§SE1iv 28.00 150.00 Vix1,Vix2 Vyx1 - - Vix2 Vix1, Vi Vixl,Vi -
A. haemolyticu§SE1v 28.00 250.00 Vix2 VTx2 - Vix2 Vix2  Vix2 -
A. lwoffii FSE2i 28.00 100.00 - Vix2 - - - - -
A. lwoffii FSE2ii 26.00 150.00 - - - - - - -
A. lwoffii PST1i 22.00 200.00 - - - - - - -
A. lwoffii PST1ii 12.00 850.00 - - - - - - -
A. haemolyticu®ST1i 6.00 2500.00 Vix1 - Vix1l Vixl Vixl  Vixld -
A. haemolyticu®ST2i 24.00 200.00 - - - - - - -
A. haemolyticu® ST2ii 22.00 200.00 - - - - - - -
River Berg (n = 13) A. lwoffii RBULi 26.00 150.00 - - - - N . .
(7.2/17.3) A. lwoffii RBU2i 12.00 750.00 - - - - - - -
A. lwoffii RBUZii 30.00 100.00 - - - - - - -
A.. haemolyticulRBD1i 26.00 150.00 Vix1l Vix1 - - - - -
A. haemolyticulRBD1ii 24.00 150.00 - - - - - - -
A. haemolyticulBBDLiii 10.00 900.00 - - - - - - -
A. haemolyticuRBI1i 28.00 150.00 - - - - - - -
A. haemolyticuRkBI2i 12.00 600.00 - - - - - - -
A. lwoffii RBI2ii 24.00 200.00 - - - - - - -
A. lwoffii RBI2iii 24.00 250.00 Vix1,Vix2 -Vix2 Vix1 Vixl Vixl  Vixl  Vixl
River Plankenberg  A. Iwoffii PRK2ZI 26.00 150.00 - - - - B z =
(n=13) (7.2/17.3)  A. lwoffii PRK2ii 28.00 150.00 - - - - - - -
A. lwoffii PRK?2iii 22.00 200.00 - - - - - - -
A.haemolyticud9002 20.00 200.00 - - - - - - -

DW-distilled water extract, DCM-dichloromethanetrext, HX-hexane extract, CHL-chloroform extractC/Acetone extract, ET-ethanol extract,
spectrum beta lactamase, -veortoxir.
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8260

8261

8262

8263

8264

8265

8266

8267

8268

8269

8270

8271

8272

8273

8274

8275

8276

8277

8278

8279

8280

Results of effect of extracts on bacterial cell lwalvealed the presence of sodium and
potassium cations in the tested medium. While tsslancubated for 30 min generally
showed higher OD%A. haemolyticusisolates showed lower OD values (0.172-54.44 far N
and 0.572-102.78 for ¥ (Figure 3) compared to th&. Iwoffi (0.432-184.45 for Naand
0.76-367.27 for K) (Fig. 9.2) ancE. coli (12.06-334.67 for Naand 22.36-596.55 for ¥

isolates (Fig. 9.1).
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Figure. 9.1 Leakage of Nand K" ions fromE. coliisolates by stem bark ethanol extract€aftisia dentata
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Figure 9.3. Leakage of Nand K" ions fromA.haemolyticussolates by stem bark ethanol extract€aftisia
dentata
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8400

8401

8402

8403

8404

8405

8406

8407

8408

8409

8410

8411

8412

8413

8414

8415

8416

8417

8418

8419

8420

8421

The DPPH radical scavenging activities, total phiencontent (TPH) and reducing power
(RP) of the different extracts are shown in Tabld. 9rhe ethanol root bark extracts
consistently showed the highest DPPH radical sggagractivity (62.43%), TPH (57.62 mg
GAE/g) and RP (41.32%) followed by those of thersteark extracts with the respective
values of 54.68%, 37.77 mg GAE/g and 21.83%. Waidracts (DW) showed the least
values in all the test results. Among the solvesttsanol demonstrated the highest values for

both DPPH, TPH and RP followed by DCM, HX, AC an@&/Dn this order.
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8422  Table 9.4. Antioxidant activity, total phenol conteand reducing power of extracts Glrtisia
8423  dentata
8424

8425 SBE-stem bark extract, RBE-root bark extracts, €&-extracts, DW-distilled water,

Plant n. DPPH (% at 0.1mg/ml, 517nm) Total Phenolic con{@/H) (725nm) Reducing Power (RP)

i DW DCM HX CHL AC ET DW DCM HX CHL AC ET DW DCM HX CHL AC ET
Control 12.68 12.68 12.68 12.68 12.68 12.68 14832452 1452 1452 1452 1452 327 327 327 327 3.27 3.27
SBE 1468 50.34 4147 3855 26.28 54.68 11.38.22 16.61 30.22 24.25 37.77 11.83 21.15 16.18 14.21 12.26 21.83
RBE 3243 56.67 4282 3852 2451 6243 17.42.36 28.71 51.12 21.32 57.62 22.32 32.74 36.42 27.21 21.28 41.32
LE 18.45 40.34 3845 2837 1826 4456 8.64 18.88.18 1258 8.84 2473 162 361 384 322 1.07 4.62

8426 DCM-dichloromethane, HX-hexane, CHL-chloroform, ACetone, ET-ethanol.
8427

8428
8429
8430
8431
8432
8433
8434
8435
8436
8437
8438
8439
8440
8441

8442
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8443

8444

8445

8446

8447

8448

8449

8450

8451

8452

8453

8454

8455

8456

8457

8458

8459

8460

8461

8462

9.6 DISCUSSION

The presence of phytocosntiuents in various pdrt€.odentataconfirms its potential as
source of antimicrobial substances. Generally, ragthinones, alkaloids, essential olils,
glycosides, phenols, steroids, saponins and tarolissrved in this study are reported to
confer innate defence mechanisms against invadiotgba, fungi, pests and diseases (Fink-
Gremmels, 2010). Individually, alkaloids have bemmiously employed therapeutically as
antimicrobials, analgesics/narcotics, mydriaticsjotios, hypertensives, hypotensives,
bronchodilators, stimulants or antileukemic agefRengelly, 2004). Anthraquinones as
laxatives for the treatment of constipation andrtlaatiseptic effects deter the growth of
enteric pathogens. Some anthraquinones and namtloags significantly inhibit Epstein-
Barr virus early antigen activation at low dosessdéntial oils (or volatile oils) have
stimulant, decongestant, antiviral, antitumour, iramrobial, antiseptic, tonifying,
spasmolytic, anti-inflammatory or antiviral poteiti(Pengelly 2004). Tannins exert
astringent activity via precipitation of proteintereby protecting the underlying tissue
leading to improvement of wound healing (Tylest al., 1998; Madzigaet al., 2010).
Awosika (1991) also reported that tannins inhibicnobial proliferation by denaturation of
enzymes involved in microbial metabolism and thgatential as antiviral, antibacterial,
antiparasitic and anticancer effects have also beorted (Akiyamaet al, 2001). Saponins
have been associated with anaesthetic or CNS stithydotentials and thus have been

applied as local analgesics and as antimalariaisroifis on the other hand have been
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8463

8464

8465

8466

8467

8468

8469

8470

8471

8472

8473

8474

8475

8476

8477

8478

8479

8480

8481

8482

observed to promote nitrogen retention in osteagpsrand in animals with wasting illness,
inhibit growth of tumours and to reduce blood cltdeol (Pengelly, 2004; Aliu and Nwude,
1982). Therapeutic effects of flavonoids such as #mtiallergic, antioxidant, antiviral,
hepatoprotective, antiatheromatous, anti-inflammatoanti-microbial and anti-cancer
activity and antihypertensive have been widely reggb (Yamamato and Gaynor 2002;
Pengelly 2004; Stauth 2007). Cardiac glycosidesehbgen used in the treatment of
congestive heart failure, constipation, edema anctamial infections (Robinson, 1967,
Franstisk, 1991). Saponins have expectorant anibazteérial properties and have been
employed in the treatment of upper respiratoryttaama other microbial infections (Birk and
Petri, 1980; Trease and Evans, 1984). Presencéesk tvarious phytochemicals in the
extracts ofC. dentataand demonstration of activity of these extractsragjavariousk. coli
and Acinetobacterspp. provides the possibility of sourcing a widenga drugs and
antibacterial substances against these variousaibrand infections associated with these

bacteria.

The organic chemical components such as quinomgspeyanins, amines and carboxylic
acids, have formed bases for many synthetic anigisiancluding ubiquinol and pycnogenol
(Pengelly, 2004). Quinones form an important congmbrof the electron-transport system in
plants and mammals. Ubiquinol, the reduced forncaénzyme Q10, and menaquinone

(vitamin K) have significant antioxidant propertigdaying a major role in protecting cells
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8483

8484

8485

8486

8487

8488

8489

8490

8491

8492

8493

8494

8495

8496

8497

8498

8499

8500

8501

8502

from free-radical damage. Pycnogéhd the proprietary name for oligomeric procyangdin
(OPCs)extracted commercially from grape seeds and pin&, leand are responsible for
many of the benefits associated with red winesluding treatment of cardiovascular and
cerebrovascular diseases. Amines and carboxylitsamie used in the hydrolytic synthesis
of amide drugs such as acetaminophen, a well-knamtirinflammatory drug - a simple
amide formed from 4-hydroxyphenylamine and acetid.a&Such amide functional groups so
formed, are quite resistant to hydrolysis, and anlidkages between amino acids and
peptides are essential to the stability of proteiise presence of these organic compounds
in C. dentata offers very promising sources of chemical backbomas antioxidant

therapeutic drugs.

There were differences in concentration of the dhahtomponents on different parts of the
plant as observed from this study. Mountowisl. (2006) had earlier reported differences
in chemical component concentration from one pfzart to the other, depending on their
degree of maturity. Care must therefore be takethénchoice of plant part in medicinal
plant drug research. The MICs were generally lavd since the plant extracts were in crude
form, this outcome is promising. Low MIC values icate potentially high efficacy of the
extracts as antimicrobial agents (Doughetrial., 2008; Sharmaet al., 2010). Also, higher
antiverotoxic potentials against the test bactdamonstrated by ethanol extracts might be

as a result of higher concentration of phytocoustits in this solvent compared to the other
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8503

8504

8505

8506

8507

8508

8509

8510

8511

8512

8513

8514

8515

8516

8517

8518

8519

8520

8521

8522

solvents used. Absence of antiverotoxic activityniraqueous extracts however does not
rule out the presence of such activity, but thetptgnstituents may be occurring in very
low ineffective concentrations. The inhibition bktexpression of both Vtx1 and Vix2 genes
in both E. coli and Acinetobacteispp. is a very significant finding as it providegateway
for the development of very effective antiverotoxicugs. Currently, antibiotic treatment
induces the release of more of the toxins into pretoplasm resulting in further
complications. RecenthE. coli O104:H4 was implicated in a fatal foodborne illness
resulting in 882 people contracting hemolytic urerayndrome (HUS) with 32 deaths in
Europe and 1 death in America within just 2 mon(®@BC, 2011). This, in addition to the
emergence of some verotoxic strainsAafinetobacterspp. underline the significance of
findings of this study and the need to continuedeag for potential control agents. Though
this study did not establish the toxic effect ofstiplant to human cells, the plant has
demonstrated potential as source of novel antirhiat@gents for the treatment of verotoxic
bacterial infections. Furthermore, the study repmés the first report of antiverotoxic
activity of C. dentataextracts against various Vtx genes from bacté&dure research work

to determine the possible impact on human cellsilshioe carried out.

The presence of Naand K ions in the medium indicates leakage of these tbrsugh the
bacterial cell walls. Therefore, this is an indicatthat the extracts are capable of causing

damage to bacterial cell walls, thereby causingdga of protoplasmic contents - one of
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8523

8524

8525

8526

8527

8528

8529

8530

8531

8532

8533

8534

8535

8536

8537

8538

8539

8540

8541

8542

several mechanisms of actions of antimicrobialse @iiferences in Naand K ion leakage
rates might be due to differences in ionic sizetheftwo metal ions. Though both have an
equivalent number of charges, the greater leakatgeobserved for Kmight be as a result of
its higher molecular size and atomic mass comptrédat of Nd ions. However, this does
not imply that cell wall leakage is the sole medhanof action of this plant given the
variety of compound classes present in the crudea@x Although actual microscopic
damage to the bacterial cell walls was not deteethinresults of the studyindicate
thatdamage to bacterial cell wall could be oneesMesal mechanisms of action of the plant
extract.A. haemolyticussolates showed low OD values comparedAtdwoffi and E. coli
isolates. Extract impurity might be accountable tfas low activity in addition to possible

innate immunity to antibiotic-like compounds.

There was a correlation between total phenolicernand high antioxidant activity as well
as reducing power of extracts. Tawadtaal. (2007) reported a similar correlation between
phenolic content with antioxidant activity from ptaextracts. Among natural antioxidants,
plant polyphenols are especially important (Kaétral.2010). The exhibition of high DPPH

radical scavenging activity, total phenol contentl aeducing power by the extracts is an
indication that drugs useful as antioxidants carstrced fromC. dentata. Results also

showed differences in extraction efficiency by #agious solvents with highest DPPH, TPH

and RP values followed by dichloromethane, hexaaegtone and distilled water.
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8544

8545
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8550

8551

8552

8553

8554

8555

8556

8557

8558

8559

8560

8561

8562

Differences in antioxidant activity between the igas solvents may due to variation in
polyphenol concentration extracted. Different satgehave different degrees of solubility
depending on their polarity (Doughari, 2006). DP&dsay has been commonly employed in
screening antioxidant activity of plant extractadital scavenging activity potential 6f
dentataobserved in this study is a promising outcome fuggible control of many oxidative
stress-related diseases. Recently, much attenéisrbéen directed towards the development
of ethnomedicines with strong antioxidant propertigut low cytotoxicity. It has been
estimated that approximately two-thirds of antiGandrugs approved worldwide up to 1994
were derived from plant sources (Kaliet al., 2010). The demonstration of antioxidant
activity by extracts ofC. dentatais an indication that the plant can serve as auliseiurce

for chemical substances for development of novedsir

9.7 Conclusion

The study revealed the presence of a wide ranghyibchemicals IfC. dentataextracts, as
well as the possession of antioxidant, antimicrolaiad antiverotoxic activity anagainst
strains ofE. coli and Acinetobacterspp. The study also revealed the possible damaging
effect of the ethanol extracts on the bacterial valls an indication of the possible
mechanism of action of the plant. Toxilogical segdand further purification . dentata
extracts for possible structural illucidation ofetlphytochemical compounds to enable

possible sourcing of antibiotic substances showdcéarried out. This might serve as a
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milestone for the development of novel antibiotibstances for treatment of verotoxic as

well as nosocomial infections associated with tHessgerial starins.
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10.0 GENERAL CONCLUSION AND RECOMMENDATIONS

10.1 GENERAL CONCLUSION

Significant discoveries have been made from thig\stE. coli, A. haemolyticuand A.
Iwoffii isolated from the wastewater and river water sampileestigated demonstrated the
capacity to adapt and survive in different tissuag,producing virulent factors and by
developing a drug resistance. They are therefotenpial agents of human infections such as
diarrhoea, urinary tract and ear infections, dependon the site of colonization.
Demonstration of antibiotic resistance among tloéates further confirms the prevalence of
drug resistance amongst pathogdaiccoli strains as well acinetobacteispp. Verotoxins
were expressed by both Vix1l and Vtx 2 genes froitha E. coli and some of thé\.
haemolyticussolates. Association of non O1%. coli and A. haemolyticussolates with
verotoxin production in the waste water and surfager waters investigated in this study
highlights the need to adopt more proactive meastweprevent and/or protect against
outbreak of diarrheal diseases and further dissaom of MDR strains. The isolates
demonstrated high transformation rates for antibigsistance and since virulence factors
are gene-borne just as multidrug resistance faet@ plasmid-borne, dissemination of these
multidrug virulent verotoxic isolates into the dking water and food sources might have
serious health consequences. Stable mulitidrugstesgi genes and active exchange of

resistance genes betweEncoli andA. Iwoffii and A. haemolyticu®ccurred in this study,
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stressing the need for appropriate chemotherapeuttare based on accurate laboratory
sucsepetibility diagnostic results

Many of the isolates retained their virulence eafter subjection to oxidative stress with
chemicals, salts, phytochemicals and low tempegatufherefore, contamination of food
and

drinking water with these strains might mean thaifaration of more virulent strains, hence
more severe drug resistant infectons associateld thdse bacteria (example, nosocomial
infections, urinary tract infections gastroentsritand severe diarrhea). Though most
Acinetobacterrelated nosocomial infections are more commonlyo@ased with A.
baumannii, this study revealed the presence of potentiallylgint strains of verotoxin-
producingA. haemolyticusThis is the first report of verotoxin producifg haemolyticusn

African soil.

C. denatademonstrated activity against multidrug resistagrotoxin producing isolates of
bothE. coliandAcinetobactespp. byC. dentata This is an indication of the potential of the
plant to provide alternative sources of antimicaddbithat can be used in controlling
notorious nosocomial infections, verotoxin relatedections and infections caused by
multidrug resistant pathogenic bacteria. The effycaf the plant against vertoxin production
provides hope for sourcing novel antiverotoxic dgepossibly to be used as an alternative

to toxin-inducing antibiotics. The study furtherraorevealed thatC. dentataextracts
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induced the leakage of both potassium and sodiun® fimm the cell membranes Bf coli
and Acinetobacterspp. this discovery provides a significant insigitb the mechanism of
action of C. dentataas a potential source of novel antibiotics. Thenplalso inhibited
verotoxin production. Which gives the indicatiorattverotoxin producing bacteria can be
effectively controlled by chemotherapeutics drubattcould be sourced from this plant

without the risk of releasing the bacterial toxint® the host cell medium.

10.2. RECOMMENDATIONS

The co-existence of verotoxic, multidrug resistamd virulent isolates oE. coli and
Acinetobacterspp in the water samples investigated means tkeat ik an indication of the
possible emergence of more drug resistant strdims.recent emergence of a very virulent
strain of E. coli during anoutbreak in Europe shows how rapidly these bactara
transforming. This therefore calls for:

e continued monitoring processes for water and o#meironmental samples in both
the developed and developing countries to enableldement of more proactive
control and prevention measures;

* more effective environmental monitoring and risksessment studies of
environmental and hospital wastes and survey ao$tesg strains of these bacteria

especially in developing countries;
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» Adequate disposal of hospital wastes as agairfaseedumping is a common
practice in some developing countries, which shaadutrightly banned;

* The use of primarily treated water for irrigationrposes should be discouraged
among farmers;

» foods and meat products should be made safe bgugbrcooking; dairy products
and fruit juices by pasteurization and salad vdgetaby adequate irradiation or
blanching before consumption;

» provision of potable drinking water and improvedvieonmental sanitation by
governments and individuals and, over all, incrdame&areness on the benefits and
strict observance of personal hygiene by the paeulahich the best preventive
measures against such bacterial agents in the dacmcreasing antimicrobial
resistance;

e good antibiotic policyand proper selection of aizs for treatment, based on
adequate detection of bacteria resistant to drhgsugh the results of antibiotic
susceptibility tests as well as the judicious ukartibiotics in humans and animals
in order to limit the emergence and spread of astitbresistant bacteria;

» farmers should further be enlightened on the neediaintain personal hygiene,

especially while handling wastewater for irrigatjpurposes;
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* People should be educated on the importance fdinboof river water before
drinking as well as maintenance of food hygiene alsd personal hygiene amongst

food handlers.

10.3. LIMITATIONS OF THE STUDY AND FUTURE RESEARCH DIRECTION

The study scope did not include the establishmenta odirect molecular link (and
characterization) between the environmental iselatgh active human disease conditions,
as well as epidemiological and risk assesementiestud/ery important chemical groups
were also detected from the plant extracts in ghisly and needs to be further investigated.
Furture research should therefore be focused on:

* Molecular studies to determine the genome of thadaies for more adequate
understanding of their nature;

* Epidiomological studies to determine whether thgesyof STEC which are found in
the wastewaters, (and farm animals) are the sartteas found in human disease;

* Epidemological survey of all routes of human ini@ct including farm and wild
animals (e.g. deer, rabbits etc.), the environn{emiter sources, fields etc.), food
products and human-to-human transmission,;

* Risk assessement studies to determine the poterftilansfer of the virulence

determinants of the toxins from the producing bagte to other organisms;
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8818 * Further structural elucidation of the chemical comgnts ofC. dentatadetected in
8819 this study;

8820 » ldentification of specific antiverotoxic active aheal constituents of the plant; and
8821 » Toxicological studies using vivoanimal models in order to determine their level of
8822 safety for possible human consumption.
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11.0 LIST OF APPENDIXES

Appendix i. Baumann’s Enrichment Medium (BEM) Compositin

Sodium acetate (trihydrate)

Potasium Nitrate (KNg)

Magnesium sulphate (MgQ@H,0)

Potassium dihydrogen Sulphate-Disodium Hydrogersphate (KHPO,-Na,HP Q)

Buffer

Make up to 1 liter with distilled water.

Appendix ii. Leeds Acinetobacter Medium (LAM) compasition

Agar

Acid hydrolyzate of casein

Soy peptone
NacCl

D-fructose,

D-mannitol

L-phenylalanine

Iron ammonium citrate

red

Make up to 1 | with distilled water, autoclaved armbl to 50C and

Add antibiotic solutions of Vancomycin

Cefsulodin

Cefradine

~
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(9/)
2.0

2.0

0.2g
0.04M
(pH 6.0)

(9/)
10

15
5.0
5.0
5.0 Sucrose
5.0
5.0
1.0
0.4 Phenol
0.02

10.0
15.0
50.0 mg/I
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Appendix iii. Casaminacid yeast extract (CAYE) brah composition
Casamino acid

Yeast extract

NaCl

KH,PO,

Trace salt solution — (0.5% MgQ@®.5% MnC} and 0.5% FeGl
dissolved in 0.0005 M $80Oy)

Appendix iv. Hank’s balanced salt solution (HBSS)@mposition
NacCl

KCI

KH,PO,

NaH,PO,.7H,0O

MgSO,.7H,0

CaChH,0

NaHCOs

Glucose

Phenol Red, Na Salt

Appendix v. Butterfield’s phosphate diluent

KH,PO,

MgCl, (81.1g MgCI2+6H20 per liter of purified water)
Adjust to pH 7.2 usingll NaOH

Make up to 1 | with distilled water

Sterilize by autoclaving at 121°C for 15 minutes.
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(9/)
20

6.0
2.5
8.71

1.0 ml

(g/mi)
8.0

0.4
0.06
0.048
0.098
0.14
0.035
1.0
0.001

(a/l)
349

175 ml
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8933
8934

smifﬂiam

14 FCilometers




8935
8936
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8938
8939

Duopath@
VEROTOXINS

Appendix vii. Cultural and biochemical properties and, Gramtiea®f Acinetobactespp. andescherichia colisolates
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