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Abstract 
 
Most of the reported outbreaks of gastrointestinal disease are linked to the consumption of fresh products contaminated 
by bacteria. In view of these problems, this research wishes to determine the presence of Vibrio cholerae, in fresh 
vegetables sold in some Gombe markets, by isolating and identifying the biotypes. A total of 184 vegetable samples 
consisting of 3 vegetable types: Cabbage (Brassica oleracea L.), Lettuce (Lactuca sativa L.) and Tomato (Solanum 
lycopersicum Mill.) were collected and analyzed, during the month of August, 2016. Samples were inoculated on 
Thiosulfate Citrate Bile-salt Sucrose Agar and subjected to biochemical tests.Of the 184 cultured samples,73.39% had 
yellow colonial growth, out of which 16.25% were confirmed to be V. cholera. Further screenings demonstrated that 
23.08% are of each O139 and O1 Eltor biotypes, and other Vibrios were represented by 53.85%. Isolates from cabbage 
were 50% of each O139 and O1 Eltor biotypes. There were different biotypes observed among the sampled vegetables, 
thus indicating close association of contamination source to the vegetables, and collectively possess the risk of cholera 
not only at sporadic cases but of epidemics capacity to consumers.  
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INTRODUCTION 
 
Cholera is one of the oldest and best 
understood of the epidemic-prone diseases. The 
ancestral home of cholera is thought to be the 
Ganges delta on the Indian subcontinent, where 
epidemic of cholera as disease was described as 
far back as the 16th century (Kindhauser, 
2003). V. cholerae, is classified into two sero-
types: O1 and non O1 (Bidinost et al., 2014).  
The O1 serogroup of V. cholerae is further 
classified into two biotypes, namely, the 
classical and Eltor biotypes. The classical cause 
of epidemic cholera possesses the O1 antigen, 
and is known as V. cholera O1.  
Strains of the V. cholera O1 are further sub-
divided on the basis of their O antigens into 
subtypes Ogawa and Inaba; some strains 
possess determinants of both of these subtypes 
and are known as subtype Hikojima.  
Cholera is a diarrheal disease caused by 
infection of the intestine with the bacterium V. 
cholerae, either type O1 or O139. Both 
children and adults can be infected (WHO, 
2004). 
Most of the reported outbreaks of gastroin-
testinal disease linked to the fresh products 

have been associated with bacterial 
contamination, the consumption of „four  
range” vegetables, a term that refers to 
packaged, cleaned, possibly chopped and 
mixed vegetables ready to be seasoned and 
eaten, have gained popularity among 
consumers (Falomir et al., 2010).  
This type of meal is consumed by many 
individuals in Gombe metropolis where they 
are obtained in readymade form street hawkers 
and other vegetables traders. Okafo et al. 
(2003) reported the presence of Escherichia 
coli, Vibrio spp. and Salmonella spp. in raw 
vegetables harvested from soils irrigated with 
contaminated streams in Nigeria. 
The introduction of pathogens into soils via 
these agricultural inputs can result in both 
environmental persistence and contamination 
of product growing in such environments 
(Steele and Odumeru, 2004).  
Vegetables, particularly those eaten raw and 
without peeling, have been demonstrated to be 
the vehicle for transmission of a range of 
microorganisms (Erdogrul and Sener, 2005). In 
view of these, the research wishes to determine 
the presence of V. cholerae in raw vegetables 
sold in Gombe metropolis, Nigeria. 
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MATERIALS AND METHODS 
 
Description of area of study 
The study area comprises of Gombe metropolis 
in Gombe State, which is located on longitude 
1100 10’E and 1000 15’N and Kashere town, in 
Akko local government area of Gombe State 
Nigeria. Kashere is located between longitude 
100 55II 34I and latitude 90 48II 50I of green 
witch meridian above sea level, with the Sudan 
savannah ecological zone of Nigeria. With a 
mean annual rainfall ranges of 600 mm-1200 
mm and the maximum and minimum 
temperature of 22.7°C and 33.5°C, respect-
tively. The vegetation cover is open savannah 
wood land with trees up to six meters or more. 
It is few kilometers drive from Pindiga district, 
the town occupies more than 20 kilometers 
square (Tanimu, 2014). 
 
Sample collection 
Three (3) vegetable types: Cabbage (Brassica 
oleracea L.), Lettuce (Lactuca sativa L.) and 
Tomato (Solanum lycopersicum Mill.) were 
collected for the study from three different 
markets (Shongo market, Gombe main market 
and Gombe old market) in August, 2016. These 
markets were selected because they serve as a 
major source of vegetables to Gombe 
metropolitan at retail and individual level. 
Total of 83 vegetable samples were purchased 
random from the three markets for this study 
(number of vegetable type depends on 
availability in the market during purchase). 
Each sample was placed in a separate 
polythene bag; samples were transported to 
laboratory and processed in less than 3 hours 
from collection.  
 
Sample processing 
Vegetable samples collected were processed 
based on the method described by Farjana and 
Rashed (2012) in which 1g of vegetable was 
homogenized in 9 ml of peptone water and 
incubated for 8 hrs at 37°C for resuscitation of 
weak Vibrio cells. 
 
Isolation and identification 
Thiosulfate Citrate Bile-salt Sucrose (TCBS) 
Agar was prepared according to the 
manufacturer (Oxoid, Hamsphire, England). 
Gram staining was done according to the 

method described by Nester et al. (2001). Other 
biochemical tests carried out include Triple 
Sugar Iron (TSI), which was prepared as 
recommended by the manufacturer and results 
were read after incubation at 37°C for 24 h. 
Cytochrome oxidase test was prepared using 
0.5% tetramethyl-p-phenylenediamine 
hydrochloride (BBL Co.). The method used for 
the arginine dihydrolase, Lysine and ornithine 
decarboxylase assays were performed by using 
Moeller decarboxylase base medium (Difco) 
amended with an amino acid at a concentration 
of 1% (wt/vol) and adjusted to pH 6.8. String 
test was conducted to differentiate between 
Vibrio and Aeromonas species by preparing 
0.5% solution of sodium deoxycholate by 
dissolving 0.5 g in 100 ml distilled water. After 
inoculation, the medium was covered with 
mineral oil and incubated at 37°C for 24 h. 
Cells grown in the presence of 0, 6, 8 and 10 % 
(wt/vol) NaCl in nutrient broth were used to 
determine the requirement for NaCl-.  
The medium was inoculated and incubated at 
30°C or 37°C for up to 7 days, and positive 
results were determined by examining the tur-
bidity, as described by Ottaviani et al., (2003) 
and Kaysner et al. (2004). Acid production 
from 1% Arabinose and Lactose fermentation 
were determined by using peptone water with 
bromocresol indicator (pH 6.8), and the results 
were read after 24 h of incubation at 37°C.  
The methyl red reaction was tested by using 
MR-VP medium (Koneman et al., 1994) 
incubated at 37°C for 48 h after inoculation and 
Voges-Proskauer test assay was also performed 
by using a culture grown in MR-VP medium at 
37°C for 48 h. V. cholerae O1 El-tor is 
differentiated from V. cholerae Classical and 
other V. cholerae members by its ability to give 
positive result to Voges-proskaeur biochemical 
test in accordance with the method described 
by Grace (2014).  
Capsule stain was performed in accordance 
with the method describe by Roxana and Ann 
(2007) using milk broth culture. V. cholerae 
serogroups O139 are capsulated members as 
such detection of capsule in V. cholerae can be 
used to identify V. cholerae O139 in the 
absence of O139 polyvalent anti-sera. Anthony 
capsule stain protocol was conducted to 
observe encapsulated V. cholerae as describe 
by Roxana and Ann (2007).  
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Cholera red test and Citrate utilization were 
also performed in accordance with the method 
described by Koneman et al., 1994. 
 
RESULTS AND DISCUSSION 
 
From the 484 samples of vegetables cultured, 
73.39% had yellow colonial growth typical of 
V. cholerae. Of the yellow colonies 73.39% 
were confirmed as V. cholerae, an equivalent to 
7.06% of the total number sampled. The 
relatively low percentage occurrence of Vibrio 
could be attributed to the conclusion drawn by 
Falomir et al. (2010), that fresh vegetables 
normally carry natural non-pathogenic 
epiphytic microorganisms, but during growth, 
harvest, transportation and further handling the 
products can be contaminated with pathogens 
from animal and human sources (Falomir et al., 
2010). From this result, it is obvious that 
vegetables like lettuce, tomatoes and cabbage 
could serve as a potential source or reservoir of 
Vibrio cholerae. Binsztein et al.  

(2004) suggested that in the interim period 
between cholera epidemics, V. cholerae is still 
present in the environment in a Viable But Non 
Culturable (VBNC) state, thus, the occurrence 
of culturable V. cholerae of 16.25% is of public 
health concern, since there could still be viable 
but non-culturable (VBNC) once still presence 
in these samples as a result of adverse 
environmental conditions.  
The high percentage of isolation observed in 
Gombe new market relative to other sources, 
could be attributed to a possibility of on-farm 
contamination due to the use of manure from 
animal or human faeces.  
Other possible sources may include contami-
nation from birds’ faeces, since no peculiar 
environmental condition was observed at the 
time of collection.  
Further screening revealed 23.08% of each 
O139 and O1 Eltor biotypes respectively, while 
other Vibrio were 53.85% (non O139 and non 
O1 Eltor) biotypes as shown in Table 1. 

 
Table 1: Level of microbial contamination of V. cholerae in some selected vegetables in Gombe Metropolis 

Sample 
type 

Total no. 
of 

samples 

No. of 
growth on 
TCBS (%) 

Yellow 
colonies 

(%) 

No. of V. 
cholerae 

identified (%) 

No. of V. 
cholerae 
O139 (%) 

No. of V. 
cholerae O1 

Eltor (%) 

No. of other 
V. cholerae 

(%) 
Lettuce 61 46 (75.4) 41 (89.13) 6 (14.63) 1 (16.67) 1 (16.67) 4 (66.67) 
Tomatoes 75 36 (48.00) 22 (61.11) 5 (22.73) 1 (20.00) 1 (20.00) 3 (60.00) 
Cabbages 48 27 (56.25) 17 (62.96) 2 (11.76) 1 (50.00) 1 (50.00) 0 (0.00) 
 184 109 (59.24) 80 (73.39) 13 (16.25) 3 (23.18) 3 (23.08) 7 (53.85) 
 

Table 2: Summary of total number of Vibrio spp. isolated from different sources 

Samples 
type 

Total 
no. 

No. of 
growth on 
TCBS(%) 

Yellow 
colonies 

(%) 

No. of V. 
cholerae 

identified (%) 

No. of V. 
cholerae 
O139(%) 

No. of V. 
cholerae O1 

Eltor (%) 

No. of 
other V. 
cholerae 

(%) 

Sources 

Lettuce 20 18 (90.00) 18 (90.00) 4 (22.22) 1 (25.00) 1 (25.00) 2 (50.00) Gombe 
New 
Market 

Tomatoes 25 20 (80.00) 13(65.00) 4 (30.78) 1 (25.00) 1 (25.00) 2 (50.00) 
Cabbages 18 16 (18.89) 15 (93.75) 2 (13.33) 1 (50.00) 1 (50.00) 0 (0.00) 

1st Total 63 54 (85.71) 46 (85.19) 10 (21.74) 3 (30.00) 3 (30.00) 4 (40.00) 
Lettuce 22 19 (86.36) 14 (73.70) 1 (7.14) 0 (0.00) 0 (0.00) 1 (100) Gombe 

Old 
Market 

Tomatoes 25 11 (44.00) 9 (81.81) 1 (11.11) 0 (0.00) 0 (0.00) 1 (100) 
Cabbages 20 9 (45.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

2nd Total 67 39 (58.21) 23 (58.97) 2 (8.69) 0 (0.00) 0 (0.00) 2 (100) 
Lettuce 19 9 (4.74) 9 (100) 1 (11.11) 0 (0.00) 0 (0.00) 1 (100) Shongo 

Market Tomatoes 25 5 (20.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
Cabbages 10 2 (20.00) 2 (100) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

3rd Total 54 16 (29.63) 11 (68.75) 1 (9.09) 0 (0.00) 0 (0.00) 1 (100) 
 
 
The presence of V. cholerae O139, O1 Eltor 
biotypes and other biotypes in this research is in 
agreement with WHO report, that V. cholerae 

O1 El Tor has gradually spread to most of the 
continent (WHO, 2010). Similarly, the isolation 
of three different serogroups is also another 
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threat, which needs public health surveillance 
and strategies in anticipation of possible cholera 
epidemic in Gombe state.  
Among the sample types, tomato samples 
harbor about 22.73% V. cholerae, while lettuce 
and cabbage had 14.63% and 11.76%, 
respectively, of V. cholerae. In the serotypes 
identified, cabbage had 50% of each O139 and 
O1 Eltor biotypes respectively, while isolates 
from lettuce and tomatoes had 66.67% and 
60.00% as non O139 and non O1 Eltor biotypes 
as indicated in Table 1. 
Most of the vegetables that are brought to 
Gombe Metropolis Markets are usually from 
nearby irrigation sites, whose main source of 
water for irrigation is from contaminated river 
that carries wastewater from domestic sources. 
It is also a usual practice to use sheep or cow 
dung and the addition of poultry litter is cheap, 
easy and increases the soil fertility, as observed 
by local farmers, thus most prefers it. This 
practice could lead to contamination as 
Hamilton et al. (2006) reported, that contami-
nation can arise as a consequence of treating 
soil with organic fertilizers, such as sewage 
sludge and manure, and from the irrigation 
water, as well as from the ability of pathogens 
to persist and proliferate in vegetables 
(Hamilton et al., 2006). Norma and his 
colleagues reported isolation of tomatine and 
tomatidine, flavonoids, chlorophyll, carote-
noids, and phenolics antioxidant and inhibited 
the growth of pathogens such as E. coli 
O157:H7, Salmonella typhimurium, 
Staphylococcus aureus and Listeria ivanovii 
(Norma et al., 2015).  
Similar observations were reported in the 
antimicrobial activity of red cabbage whose 
constituent includes phenolic substances, 
flavonoids and glucosinolates. Dorantes et al., 
(2000) reported antimicrobial activity of 
Capsicum due to the phenolic compound and 3-
hydroxycinnamic acid (coumaric acid). Lee et 
al., (2003) reported antibacterial activity of a 
group of fruits and vegetables including: bell 
pepper, carrot, cucumber, garlic, ginger, grape, 
red onion, red cabbage, spinach and strawberry 
and suggested that all green vegetables have no 
antibacterial activity on Staphylococcus 
epidermidis and Klebsiella pneumoniae 
whereas all purple and red vegetable and fruit 
juices have showed antibacterial activities, like 

tomatoes and red cabbage. Glucosinolates are 
secondary metabolites that occur in many 
species of plants including cabbage 
(Kusznierewicz et al., 2012), and it was 
reported to exhibit significant antimicrobial 
activity against Gram-positive bacteria, Gram-
negative bacteria and fungi with direct or 
synergistic effect in combination with other 
compounds. These could probably explain the 
low isolation rate that was observed among 
cabbage samples. It is however important to 
note that, though cabbage was reported to have 
contained some constituents that were found to 
exhibit antimicrobial properties, V. cholerae of 
epidemic potential was still observed in this 
work, as colonizers on cabbage. 
 
CONCLUSIONS 
 
Cholera is primarily known as a water-borne 
disease in the endemic regions, contamination 
of food can also be an imperative mode for 
cholera transmission (Glass et al., 1992). 
Samples collected from Gombe new market 
(GNM) had the highest Vibrio occurrence 
(21%) compared to Gombe Old market (GOM) 
and Shongo market (SM) (8.69% and 9.09% 
respectively). It is also pertinent to note, 
although the percentage distribution of V. 
cholerae was observed to be higher in samples 
collected from SM, yet the number is higher in 
GOM compared to SM. There were 30.00% of 
each O139 and O1 Eltor biotypes observed in 
samples collected from Gombe new market, 
while no isolate was identified from GOM and 
SM as shown in Table 2. Isolation of V. 
cholerae O139 and other serogroups in this 
study signifies a risk of cholera epidemics and 
other enteric diseases in Gombe which was not 
recorded since 2010.  
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