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ABSTRACT

Water is life and has a profound effect on human health. Vibrio cholerae is autochthonous in aquatic environment
and is an important human waterborne pathogen causing cholera. This study was designed to determine the
presence of Vibrio cholerae in some water sources in Zaria, Nigeria. A total of 207 water samples were collected
from various water sources |located in Sabon Gari and Zaria Local Government Area of Kaduna State and cultured
on thiosulphate citrate bile saltsucrose agar with prior enrichment on alkaline peptone water. Presumptive isolates
were identified and characterized using both conventional biochemical method and identification kit. Isolates were
serotyped using Vibrio cholerae antisera kit and confirmed by PCR to detect presence of rfbO1, rfbO139 and ompwW
genes. Overall, V. choleraewas predominant in river (33.3%) followed by well (4.9%) and least predominant in
street vended water (2.7%). None was isolated from borehole and pipe borne water. Water samples from SabonGari
were most contaminated with an occurrence of 3.2% followed by Samaru (2.6%) while the least contaminated water
samples were from Zaria city (1.5%). V. cholerae of the non O1/ non 0139 serogroup were isolated from well, river
and street vended water with a prevalence of 2.4% in Zaria. Results of this study suggest that the use of PCR
targeting ompW species specific gene of V. cholerae in combination with the conventional method would be an
important tool in proper identification of V. cholerae.
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INTRODUCTION

Water is a necessity for life and an adequate, @adeaccessible supply is of paramount importabté&lie impact
of water on health is associated with unwholesomecges contaminated with faeces (from humans anals)
containing pathogenic microorganisms [2-4].The fualf drinking water is closely associated withnian health
and providing safe drinking water is a major publealth priority [5]. Traditionally, water has beeonsidered to be
the most important vehicle for cholera transmis$gjn

Vibrio cholerae is a gram-negative bacterium of the family Vibaoeae and is known worldwide as the etiological
agent of cholera [7]. Over 200 serogroups/otholerae are known of which only O1 and 0139 serogroupshav
been associated with the diarrhoeal disease génkrawn as cholera [8]. All other serogroups tednmen-O1/non
0139 are reported as causative agents of sporaditbaalized outbreaks of a cholera-like disea$&/[2holeraeis
found mostly in aquatic environment; water therefplays an important role in the transmission gridesmiology

of cholera [10]. Monitoring this bacterium in wassurces is therefore important [11].
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Conventional cultural methods currently used faggiosis ofV. cholera remains the gold standard [12]. It involves
selective pre-enrichment of samples in alkalinet@ep water (APW), plating onto thiosulphate citraite salt
sucrose (TCBS) agar and followed by morphologibadchemical and serological characterization [18]t the
process however, is laborious and time consumidg [Rurthermore, effective characterization andedéntiation
of V. cholerae from certain members d&fibrio species such &g mimicus or Aeromonas species with respect to
their biochemical properties is quite difficult [14This study was therefore aimed at using a coatimn of
biochemical and PCR specie-specific primers tangetimpW genes to detedf. cholerae from water samples in
Zaria.

MATERIALSAND METHODS

Study Area: The study was conducted in SabonGari and ZarialLGoaernment areas of Kaduna State. Three
different locations were randomly selected whiah @amaru, SabonGari and Zaria city. A total of @@fer source
were identified and selected comprising of62 dédférboreholes, 61 hand dug wells, 44 different ipjpee points,

37 Street vended water hawkers irrespective ofcgoof collection and3 open river flowing througle thcalities.

Sample collection: One liter of water was collected from each of tf)¥ 2vater sources aseptically into sterile
containers, sealed, labeled appropriately and patesd immediately to Laboratory of the Departmerft
Microbiology, Faculty of Science, Ahmadu Bello Uersity Zaria, for further analysis.

Sample Processing: One liter each of the water sample was filteredugh 0.4nm membrane filter (Millipore)

and the membranes were subsequently transferred.@@ml sterile alkaline peptone water (Oxoid) amzubated

for 8h at 37°C. The membranes were then placediaaly on sterile thiosulphate citrate bile salcese (TCBS)

agar (Oxoid) and incubated for 24h at 37°C. Yelkmooth and slightly flattened colonies with opagasters and
translucent peripheries appearing after 24h ofbation were presumably consideredVéalsrio species and were
sub-cultured and for each sample, a representative colony was selected and stored on steriléemtitagar

(Oxoid) slant [6].

Biochemical characterization: All presumptive isolates were examined biochemychlY screening for oxidase
reaction, string test and motility followed by ueé standard test kit, Microgen GnA+B-ID system (kdigen
Bioproducts Ltd) for species confirmation.

Serological identification: ConfirmedV. cholerae species were further subjected to slide agglutinatest using
commercially available polyvalent and monovalentaddi O139V. cholerae antisera (Denka Seiken).

Detection of the (ompW) and somatic antigens (rfbO1) and (rfbO139) by PCR analysis

Genomic DNA of each of theibrio species isolated was extracted from 24 h LuriagtaB) broth culture of the
isolates using DNA extraction kit (Qiagen). The gmece of various gene traits Vh choleraewas determined by
PCR targeting genes for outer membrane protemp{V) and somatic antigensflgO1l) and ¢(fbO139). PCR
amplification was performed in a plOreaction mixture using a thermal cycler (AppliBibsystems). The reaction
mixture contained 38 PCR Master Mix (2X) (Fermentas)ulleach of forward and reverse primergl @f template
DNA, and 1@l of nuclease free water. The thermal cycling ctods were: initial denaturation at 95°C for 5min,
30 cycles of 30s at 95°C for denaturation, 30s SC5for annealing, 1min at 72°C for extension anfinal
extension at 72°C for 7min.PCR products were thiect®phoresed through 1% agarose gel to resolee th
amplified products which were then visualized und¥rlight and documented using the molecular ge ishoaging
system (BIO-RAD).

RESULTS

From a total of 207 water samples analyzed, 9 gitlgellow smooth and slightly flattened colonieshnopaque
centers and translucent peripheries on TCBS whiehnewall motile and positive for oxidase and striegt
characteristic o¥/ibrio species. Biochemical studies confirmed 2 isolagé cholerae while 7 isolates consisted of
other Vibrio species. None of th¥. cholerae isolates showed agglutination with polyvalent andnovalentV.
cholerae O1 and 0139 antisera and therefore were considerdzelong to the non-O1/ non-O139 serogroup.
Amplification of the target 208bp germmpW was observed for 5 isolates (Plate 1). Howeuee,rfbO1 and
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rfbO139 genes targeting the specific serogroups weserd confirming the result of the serology tesfqrened
that theV. cholerae isolated were of the non-O1/ non-O139 serogroup.

The prevalence 0. cholerae in water sources from different sites in Zarisl®wn in Table 1. The result shows
that prevalence o¥. cholerae in Zaria was 2.4%V. cholerae was isolated from well, river and street vendedewa
with water sample from river having the highestuwecence (33.33%) followed by samples from well wgte9%)
while the least occurrence was obtained in streatled water (2.7%)/. cholerae was however not isolated from
water samples from boreholes and taps in all treethampling sites.

With regard to the various sites of sampling lomagi, Sabongari had the highest prevalence of 3\2%holerae

was isolated only from well water from 2 out of §8mples (10.5%). Samaru had a prevalence of 2.Gbotheé
organism being predominant in street vended wattdr &an occurrence of 6.3% followed by well waterthwan
occurrence of 4.2%. Water samples from river, boleshand wells in this site had an occurrence @¥%0as the
organism was not isolated from them. On the otheerdh Zaria city had the least prevalence of 1.5% Wi

cholerae isolated only in water sample from the river seungth a 100% occurrence.

fbO139 fbO1 ompW
AMB G H I A2 B F H A3 B C «B E F.G. H I

Plate 1: Agarose gel electromatogram of PCR products showing ompW, rfbO1 and rfbO139 genes of V. cholerae.

Key:

Lanes Al, A2, A3 and A4 represent 100bp molecualddér.

Lanes Al to A2 represents isolates testedffud139 gene.

Lanes A2 to A3 represents isolates testedffd1 gene.

Lanes A3 to A4 represents isolates tested for onmg@ie of which B, E, F, H, and | lanes represeniaise
exhibiting positiveV. cholerae with amplicon size of 208bpmpW gene but negative fofbO1 andrfbO139 genes.
Statistical analysis showed that there was a scgmif difference and association between the sewtevater and
occurrence o¥. cholerae in Zaria with P = 0.03 (P.< 0.05) (Table 2). Fantru and Sabongari, P > 0.05 (0.729
and 0.331 respectively) and this indicates thaketheas no significant difference and associatidwben the source
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of water and occurrence of the organism in the $ample sites. However in Zaria city, there wasgaificant
difference and association between the source te#frvead occurrence of the organism with P = 0.60QP5).

Table 1: Distribution of V. cholerae from different water sourcesin Zaria

Location Samaru Sabongari Zariacity Total

Source N p(%) N p(%) N p(%) N p (%)
Borehole 22 0(0.0) 17 0(0.0) 23 0(0.00 62 0(0.0)
Well 24 1(4.2) 19 2(105) 18 0(0.0) 61 3(4.9)
Pipeborne 14 0(0.C 16 o@.Cc 14 0(0.C 44 (0.0
Street vendor 16 1(63) 9 0(0.0) 12 0(0.0) 37 1(2.7)
River 1 0(0.0) 1 0(.0) 1 1(100 3 1(33.3)
Total 77 2(2.6 62 2(32 68 1.5 207 5 (2.

Key: N = number of samples; P = number of positive samples; (%) = percentage positive

Table 2: Comparative occurrence of V. choleraein water sourcesin Zaria using Kruskal-Wallis test

Sources Samaru Sabongari Zariacity Total

Nmr Nmr Nmr Nmr
Borehole 22 40.00 17 3250 23 35.0062 106.50
Well 24 38.40 19 2942 18 35.0061 101.41
Pipeborne 14 40.00 16 3250 14 35.0044 106.50
Street vendor 16 375 9 325 12 350 37 103.7
River 1 40.00 1 3250 1 oa. 3 72.00
» 772.037 62 4.602 68 67.000 20716.344
P 0.72¢ 0.331 0.00¢ 0.007

Key: N = number of samples;, mr = mean rank; »° = chi square; P = P - value
* = Jatistically significant P-values (where P < 0.05).

DISCUSSION

V. cholerae isolated from the water sources (well, street werghd river) were of the non-O1/non-0139. Non-
0O1/non-0139V. cholera sero group in the past has been considered ofgilglglimportance [15]. Presently, this
strain can no longer be ignored [16],as severalistuhave revealed isolation of the organism fr@amous water
sources and its association with hospitalized pttiepresenting with diarrhoea, peritonitis and also
immunocompromised cases in several parts of théd@j[15-20]In a research conducted by Marin §24],V.
cholerae strains from sequential outbreaks in Nigeria wahraracterized and it was observed that a lineagé of
cholerae non-O1/non-0139 serogroup was circulating withpaigl EI Tor strains isolated from patients with
cholera like cases. Their findings indicated thanh4®1/non-O139 serogroups were the important cafse
diarrhoeal diseases in Nigeria. The presence sk@ogroup in water is of public health importaace suggests
that environmental conditions are suitable for saivof epidemicV. cholerae O1 in the water source [19].

The outer membrane proteionfpW) gene is one that is highly conserved amd@nchol erae strains which serves as
a good species-specific marker farcholera [10] and this has led to the development of printargeting the gene
for rapid identification of the microorganism [22h some cases biochemical tests may not be alldfesentiate
V. cholerae from otherVibrio speciesas a result of sharing serological mar&edsphenotypic characters among
Vibrio species [23]. PCR on the other hand able to ifyeatid characterize organisms based on genotygits tr
hence, more sensitive. A similar study was conalbteBaron et al[24], and result of their work slealithat PCR
can be used for checking doubtful biochemical idieation of V. cholerae using theompW species-specific primer.
In Nigeria, majority of the rural populace do natvk access to potable water therefore, depend o¢er fram
borehole, well, stream or river for domestic usB][Zaria is known to be one of the oldest townsNorthern
Nigeria which is very large with a growing poputatifrom different parts of the world. However, togn has been
known to have unending water problems despite bblagsed with an abundant water resource [26].Mbshe
populace depends on water from wells and boreHoledomestic use. Also street vendors are seefll sitrees
hawking water in large gallons pushed in trolleéiyactors such as improperly covered wells, poomadige systems
were located wells, location of wells in close pnoity to septic tanks and several unhygienic paagicould causes
of contamination of the wells with the organismo@nd water sources such as wells and springs tee bélieved
to be of good quality with regard to bacterial pajbns transmitted by faecal-oral route.

Most of the street vendors purchased water fronapgiowners of motorized boreholes that pump themdirectly
into large storage tanks with hose attached farsfiex into containers for the street vendors wailiew obtained
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water from public wells. Some of these containergallons were observed to have cracks which ateraperly
sealed while some use dirty polythene bags toteedeaking edges. Interaction with some streetluerevealed
that the containers are not washed frequently. &vthie source of contamination of the street vendatdr may
have varied and could not be determined, evidenggests that the contamination may have occured &ny of
the factors observed during sampling. In 1996 theas an outbreak of severe diarrhoea in Kano. latempt to
find the possible risk factors, Hutinet al[27] coated a research and their results showed thagdt stemded water
was associated with the illness. Similarly, constiompof street vended water has also been repddede a
significant risk factor associated with choleradgpnic in Sierra Leone [28] and Latin America.[29[3Q] Vended
water is common in many parts of the world wheraraty or lack of infrastructure limits access taitable
quantities of drinking water. Although water vergliles more common in developing countries, it alsouns in
developed countries. Nigeria is also not an exoeptiecause municipal water supply is not availdbteall
households, water vendors can be observed atrabtin Zaria. The non-detection of the pathogemater samples
from taps and boreholes analyzed in this study beag reflection of the water treatment processdapih of the
boreholes respectively.

CONCLUSION

Findings of this study revealed the presencé/otholerae of the non-O1/non-0139 serogroup in some water
sources in Zaria with a prevalence of 2.4%. Thiidates that water plays a significant role in $raission of the
organism, and drinking water from such contaminatmarces could pose a threat to public health. $fohmation

is important for raising awareness regarding thesg@mce ol/. cholerae of the nonO1/non0O139 serogroup so that
precautionary measures are taken on time. The isrgawas successfully characterized using PCR tiaigyehe
species-specific genegmpW. Although traditional identification system based cultural and biochemical
characteristics are important, a combination ohbodnventional and molecular technique using PGBeting
species-specific generpW) should be encouraged for reliable confirmatioW.atholerae in our environment.
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