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Abstract: Seafood constitutes an important food component and a cheap source of protein in developing
countries. Shrimps are prone to bacterial contamination in their environment and have been frequently
implicated in Vibrio parahaemolyticus infection.

Of the 121 Penaeus monodon collected from coastal beaches in Douala, 79(65.3%) were contaminated with
Vibrio spp. Presumed Vibrio sp. were identified by standard biochemical tests and further confirmed by API
20E kit.

A total of 150 Vibrio parahaemolyticus were isolated from Penaeus monodon and predominated in the
gills40%, 22.7% from hepatopancrea and 37.3% from intestines. V. parahaemolyticus was high in Shrimps from
Essengue beach (56%). V. parahaemolyticus occurrence was high in the dry season in Youpwe beach (32.6%)
while low in Essengue beach (22%). Meanwhile in the wet season Essengue beach recorded high prevalence
(32.7%) of V. parahaemolyticus as opposed to 20.7% in Youpwe beach. A high prevalence of haemolytic activity
(80.4%) was observed when V. parahaemolyticus was grown on 5% human blood agar. Complete haemolysis
predominated with a prevalence of 47.8% while partial haemolysis (32.6%) and non- haemolysis (19.6%). This
study has shown that the Vibrio parahaemolyticus isolated from Penaeus monodon of the Douala coastal waters
is pathogenic and can pose a health risk when consumed without proper cooking.

Keywords: Penaeus monodon, Vibrio parahaemolyticus, haemolytic activity, Douala, API 20 E kit

Abbreviations: TDH: thermostable direct haemolysin, TRH: TDH-related haemolysin, API: Analytical Profile
Index, TCBS: Thiosulphate Citrate Bile salt Sucrose

1. INTRODUCTION

Shrimps are aquatic animals from either fresh or marine environment belonging to the phylum
Arthropoda, class: Malacostraca, order: Decapoda, family: Penaeidae and the genus of interest is
Penaeus where the marine type falls.

Shrimps, as crustaceans constitutes an important food component for a large section of the world
population, and more so in developing countries where shellfish forms a cheap source of protein [1].
Seafood are prone to bacterial contamination especially filter feeders such as shellfish which
concentrate the bacteria in their filtration systems, and therefore, are regrettably suited to trap all
bacteria and viruses, pathogenic or otherwise, that live in the water [2,3].
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Vibrio parahaemolyticus is a gram -negative halophilic bacillus, curved and motile with a single
flagellum. It is a facultative anaerobic organism that naturally inhabits estuarine and coastal waters
worldwide [4, 5]. It has been isolated from sediment, suspended particles [6] and from a wide variety
of marine organisms [7], such as Crustaceans [8-10] and Molluscs [11].

Shellfish has been frequently implicated in Vibrio parahaemolyticus infection. Vibrio
parahaemolyticus, Vibrio cholerae and Vibrio vulnificus are the leading cause of seafood-borne
bacterial gastroenteritis in the United States [12]. The food borne infection is usually associated with
the consumption of raw or undercooked seafood. Most Vibrios secrete enterotoxins in foods, water, or
in the gastrointestinal tract [13].

Food-borne illness is defined as a disease which is caused through the consumption of contaminated
food [14]. Other than Vibrio spp, pathogens such as Campylobacter, Salmonella, Listeria
monocytogenes and Escherichia coli 0157:H7 have been reported to be responsible for major food
borne outbreaks worldwide [14]. Pathogenic Vibrio especially Vibrio parahaemolyticus have been a
public health concern for seafood consumers and have been the cause of import bans, detentions and
rejections in international fish trade [3].

Vibrio parahaemolyticus has been implicated in gastroenteritis following the consumption of seafood
in the U.S [12]. Typically, within 24 hours after eating contaminated seafood, Vibrio
parahaemolyticus causes acute, self-limiting gastroenteritis characterized by diarrhea, abdominal
cramps, nausea, vomiting, fever and chills which lasts for 1-3 days.

Vibrio parahaemolyticus has been identified in a variety of seafood including shrimps, crabs, oysters
and clams due to its halophilic characteristic and seawater habitat throughout the world including in
Italy [4,15,]; in Germany [16], in USA [12,5], in India [17-22], in Iran[23-25], in Malaysia [26-29,
11], in Egypt [30, 10], in Nigeria [8, 31-32], in Cameroon, from fresh water prawn [33]. Vibrio
parahaemolyticus has been reported from cultured shrimps, hatcheries and aquaculture ponds [34-37].

In Nigeria, Vibrio parahaemolyticus is the top causative agent among all reports of food poisoning out
breaks in recent years [8, 31].

Cameroon, whose name originated from the Portuguese word for prawn has very little information on
the hygiene of Shrimps. There has been very little information on the exportation of shrimps from
Cameroon waters in the international market. One of the reasons could be related to paucity of data on
the quality of the seafood. Given that cholera outbreaks were reported in this region [38], therefore
effective hygiene control through bacteriological testing is vital to ensure acceptable levels of
contamination and avoid adverse human health consequences of food-borne illness [39, 40]. The
microbiology safety of food and water is achieved by ensuring the absence of pathogenic
microorganisms and by all means preventing their multiplication [40].

In Cameroon, Penaeus monodon is one of the most delicious seafood sold in top hotels and
restaurants, monitoring Vibrio parahaemolyticus from Penaeus monodon and the waters is therefore
crucial. Due to limited information available on Vibriosis associated with the consumption of Penaeus
monodon in coastal waters around the commercial and touristic city of Douala, Cameroon, the aim of
this study was to investigate the prevalence of Vibrio parahaemolyticus and test its haemolytic
properties in order to generate information on risks that may be associated with the consumption of
poorly processed Penaeus monodon.

2. MATERIALS AND METHODS
2.1.Study Area

The study was carried out in two beaches from the rural area south of the Douala lagoon complex.
This lagoon- creek is south from Youpwe into the marine environment. This covers the only division
that is rural in Douala area called the Youpwe district. The population of the two villages: Essengue
and Youpwe are characterized mostly by fishermen and women and small business men. Douala area
has been achieved largely through an uncoordinated program of land use management based on
internal filling up of aquatic undeveloped terrain and the absorption of rural settlement. It is indeed
common to find such areas having large concentration of people who have to cope with the
inadequacies and problems of poorly managed environments in the area. These poorly reclaimed area
now experience varying degree of perennial flooding and inundation in the Youpwe district [41]. The
settlers of Essengue village live far from the Essengue beach as opposed to the settlers of Youpwe
who live closer to the Youpwe beach market.
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The climate of the region belongs to the Equatorial regime of a particular type or to the Cameroonian
regime [42]. It is characterised by a long rainy season (March—October) and a short dry season
(November —February). Heavy rainfall (approximately 4 000 mm per year) with high and stable
temperatures (annual average temperature is 26.7 °C), and a high humidity throughout the year
approaching 100%, are typical for this region. During the monsoon season, the region has a low wind
gust with the exception of its phases of onset (April-May) and withdrawal (September—October),
which are accompanied by relative violent storms [43].

2.2.Sample Collection

A total of one hundred and twenty- one (121) shrimps of the Penaeus monodon were collected in the
Douala coastal water from May 2014 —April 2015: 50 from Youpwe beach and 71 from Essengue
beach. A volume of 1 ml of water sample was pipetted into 9 ml of alkaline peptone water and the
tubes were wrapped with aluminum foil paper. The shrimps were packed in sterile polythene bags.
The samples were placed in an ice box and transported the same day to Yaoundé and processed at the
Food Safety Laboratory, Biotechnology Center, Nkolbission, University of Yaoundé | for analysis.

2.3.Sample Processing

The entire shrimp was weighed. The gills were aseptically removed from the shrimp using a pair of
sterile scissors and forceps. The gills were weighed, homogenized in 5 ml of sterile distilled water in
a mortar and pestle. A volume of 1 ml of the homogenate was pipetted into 9 ml of alkaline peptone
water tubes and further incubated at 30° C for 18 hours in an incubator (G-cell, Italy). A volume of 1
ml of the culture was pipetted and a tenfold serial dilution up to 10 was performed. The 1ml of the
inoculum of the 10 dilution was used to inoculate Thiosulphate Citrate Bile salt Sucrose (TCBS)
agar (Liofilchem, Italy) plates by the spread plate technique.

The procedure was repeated for intestines and hepatopancreatic organs with the exception that the
skin surface was disinfected by wiping with 75% alcohol [44]. Water samples in alkaline peptone
water were incubated for 18 hours and a tenfold serial dilution was performed up to 10°. A volume of
1 ml from this dilution was used to inoculate TCBS agar by the spread plate technique and incubated
for 24 hours at 30°C.

2.4.Bacteriological Isolation and Identification

Discrete medium to large green colonies were aseptically isolated and subcultured onto fresh nutrient
agar plates by the streak technique in order to obtain pure cultures of the isolates. The isolates were
stored in 20% glycerol in Trypic soy broth medium for further analysis.

Discrete identifiable colonies were carefully examined macroscopically for morphologic and colony
characteristics presumptively identified by motility, gram reaction, oxidase, catalase and salt tolerant
and confirmed by commercially available miniaturized systems Analytical Profile Index (API) 20 E
kits (BioMerieux SA, Marcy L’Etiole France). The bacterial suspensions protocol was slightly
modified because the recommended 0.85% NaCl medium did not yield good identification. The
bacterial suspensions were prepared in 5 ml of 2% NaCl solution instead of recommended 0.85%
NaCl medium. The incubation time and temperature were maintained within the limits prescribed by
the supplier (37 + 2° C). The results were interpreted against a reference using the API 20E catalogue
version 4.0 data base.

2.5. Test for Haemolysis

Colony of the identified isolates were subcultured onto freshly prepared 5% blood agar (Columbia
agar containing human blood) plates and streaked to obtain discrete colonies. The plates were
incubated at 30 °C for 24 hours after which the colonies were examined for zone of inhibition around
the colony or greenish appearance colony (haemolytic activity).

3. RESULTS
3.1. Prevalence and Distribution of Vibrio Parahaemolyticus in Penaeus Monodon

The total rate of contamination was 65.3%. Out of the 36 water samples analysed, 5(13.9%) were
contaminated, and with the isolation of Vibrio parahaemolyticus.
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A total of 150 Vibrio parahaemolyticus were obtained from the contaminated Penaeus monodon. Of
these, 60(40%) was isolated from the gills, 34(22.7%) from the hepatopancrea, and 56(37.3%) from
the intestines (Fig. 1). These results demonstrate that the gills were the most contaminated with Vibrio
parahaemolyticus followed by the intestines and then the hepatopancrea.

When studying the prevalence of Vibrio parahaemolyticus from shrimps of the sampling sites, it was
noted that Essengue beach recorded higher frequency of occurrence of Vibrio parahaemolyticus
84(56%) than Youpwe beach 66(44%) (Fig. 2).
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Figl. Frequency of occurrence of Vibrio parahaemolyticus from the organs of shrimps from the two sampling
sites (Essengue and Youpwe beaches)
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Fig2. Frequency of occurrence of Vibrio parahaemolyticus from shrimps of the two sampling sites (Essengue
and Youpwe beaches)

3.2.Seasonal Variation of the Prevalence Vibrio Parahaemolyticus in Penaeus Monodon

When analysed by season of collection, the results demonstrate that there was a seasonal variation of
the frequency of occurrence of Vibrio parahaemolyticus in the sampling sites. We observed that the
Youpwe beach had a high frequency of occurrence of Vibrio parahaemolyticus during the dry season
and low during the rainy season while Essengue beach recorded high frequency of occurrence during
the rainy season and low during the dry season (Fig. 3)

The general trend of season variation of the frequency of occurrence of Vibrio parahaemolyticus has
shown that shrimps in the wet season were more contaminated with Vibrio parahaemolyticus than
those of the dry season (Fig. 3).
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3.3. Haemolysis Test

Out of 46 Vibrio parahaemolyticus species that were tested for haemolysis on 5% human blood agar,
37 (80.4%) species showed either Complete () haemolysis (Fig. 4) or partial (o) haemolysis (Fig.5).
Nine species (19.6%) showed no haemolysis (¥). Out of the 37 Vibrio parahaemolyticus that exhibited
haemolysis, 22(47.8%) of the species manifested Complete (B) haemolysis and 15(32.6%) exhibited

partial (o) haemolysis (Table 1).

Zone of inhibition surrounding colonies

Fig4. Diagram of haemolytic activity: complete haemolysis (B) of Vibrio parahaemolyticus on 5% blood agar

Green partial haemolysis

Fig5. Diagram of haemolytic activity: partial haemolysis (o) of Vibrio parahaemolyticus on 5% blood agar
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Tablel. Haemolysis and Non haemolysis of 5% human blood in blood agar base by Vibrio parahaemolyticus

Types of Haemolysis Frequency of occurrence (percentage %)
Partial haemolysis (a) 15(32.6)

Complete haemolysis (B) 22(47.8)

Non Haemolysis (7) 9(19.6)

Finally, the result has demonstrated that there were more Vibrio parahaemolyticus strains that
exhibited complete haemolysis of red blood cells in blood agar than partial haemolysis (Table 1). One
stain of Vibrio parahaemolyticus that produced urease exhibited partial haemolysis of red blood cells
in blood agar.

4. DISCUSSION

In this study, Vibrio parahaemolyticus was isolated from Peneaus monodon collected from Douala
coastal region. This study showed that 150 Vibrio parahaemolyticus were obtained from 79(65.3%)
Penaeus monodon giving a high contamination rate of the seafood in this area. The findings of this
study corroborate with that of Gopal et al. [18], Srinivasan and Ramasamy, [19], Adebayo-Tayo et al.
[31], Sudha et al. [22] respectively who isolated Vibrio parahaemolyticus with increasing prevalence
(6.9%, 11%, 18.9%, 68.1%) in seafood. Other authors have reported the presence of Vibrio
parahaemolyticus in shrimps, crabs, sediments and pond water [17, 27, 4, 20, 31, 45, 21, 5, 46]

The current study also demonstrated that the gills were the most contaminated with Vibrio
parahaemolyticus followed by intestines and then the hepatopancrea. These findings agree with the
reports of Hua and Apun, [47] who isolated Vibrio parahaemolyticus from sediments, Shrimps of
aquaculture farm in Malaysia. The presence of Vibrio parahaemolyticus in seafood could be attributed
to the fact that shrimps are filtered feeders, they concentrate the bacteria as water containing food
particle passed through the gills which served as a sieve during feeding. As the water passes through
the digestive tract other bacteria that escape the filtration at the gills are been eliminated by the
digestive tract enzymes and those that could not be eliminated will find themselves at the intestine.
The findings of this study did not agree with the findings of Gomez-Gil et al. [48] who reported high
prevalence of bacteria species in the hepatopancrea followed by intestine in healthy juveniles of
Penaeus vannamei.

Other authors have claimed that bacteria are not commonly found in the hepatopancrea of healthy
shrimps because they are prevented from entering by the gastric sieve which exclude particles larger
than 0.1 mm [49]. It has been suggested that the sieve may combine with the digestive enzymes to
prevent bacteria gaining access to or colonizing the hepatopancrea and therefore the presence of
bacteria may represent a failure of these mechanisms [50]. However, it may be possible for bacteria to
enter the hepatopancrea by other routes. In our study the appearance of most of the hepatopancreas
were mostly yellowish, as compared to the characteristic reddish brown appearance of a healthy
shrimp. This could explain why we isolated Vibrio parahaemolyticus species in the hepatopancrea.
Given that the shrimps were caught in the wild and the fishermen might not have gotten good
transporting conditions, there is also a possibility of autolytic enzymatic activities occurring,
encouraging the outgrowth of Vibrio parahaemolyticus that gained entrance into the hepatopancrea.

When analyzing the distribution of Vibrio parahaemolyticus from sampling sites, Essengue beach
recorded higher prevalence (56%) of Vibrio parahaemolyticus than Youpwe beach (44%). This could
be due to the fact that the sample size of Essengue beach was higher than that of Youpwe. Essengue
and Youpwe beaches are landing sites from the same coastal water so a change in sample size and
transporting conditions could account for the difference in prevalence of the Vibrio parahaemolyticus.

There was a different in the prevalence of the seasonal variation of Vibrio parahaemolyticus. Youpwe
beach recorded a high prevalence in the dry season while low during the wet season and vice versa for
Essengue beach. The general trend of season variation of the frequency of occurrence of Vibrio
parahaemolyticus showed that shrimps in the wet season were more contaminated with Vibrio
parahaemolyticus than those of the dry season. This finding contrast the findings of Xu et al. [51]
who reported high isolation rate of Vibrio parahaemolyticus in aquatic products in summer (50%)
and 22.7% in winter.

Looking at the fishermen in the current study from both beaches and the hygienic conditions on which
these shrimps were transported, it was observed that Youpwe environ practiced poor sanitation
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(personal communication), this was demonstrated by the result obtained when the number of shrimps
used for sampling was small but a high prevalence of Vibrio parahaemolyticus was recorded in the
dry season in Youpwe beach than in Essengue beach. This could suggest that shrimps from Youpwe
beach may be very prone to seafood poisoning.

The reason for the high prevalence of Vibrio parahaemolyticus at the Essengue beach in the rainy
season may be due to the fact that the beach is open to the Wouri River that could bring run off from
homes and wastes from crack septic tanks into the environment, thus increasing bacteria load in water.

Some parts of the coastal area of Douala coastal region are not just a public health crisis environment
but also prone to humanitarian disaster area as well. From 2010 to 2012, 23000 people contacted
cholera of which 843 died [38]. Cholera and Vibriosis risk factors such as slum settlement, lack of
proper social amenities and services for example, drainage; waste collection; poor hygiene and
sanitation facilities, are generally spread throughout the Atlantic coast. These factors could account
for the high prevalence of Vibrio parahaemolyticus in the study area.

In this study, 80.4% of Vibrio parahaemolyticus were able to haemolyse human red blood cells in
blood agar. This finding is similar to that of Robert et al. [52] and Arunagiri et al. [9] who reported
haemolysis of human red blood in blood agar when Vibrio parahaemolyticus was grown. The urease
positive strains of Vibrio parahaemolyticus in this study also haemolysed red blood cells. Urease
production in Vibrio parahaemolyticus has been suggested to be a marker of TDH-related haemolysin
(TRH) gene but not thermostable direct haemolysin (TDH) gene [18].

Haemolysis of human red blood cell by Vibrio parahaemolyticus is significantly associated with
enteropathogenicity of Vibrio parahaemolyticus [53]. Vibrio parahaemolyticus that are able to
haemolysis red blood cell have the disease causing properties (virulence factor) within its DNA. It has
been reported that Vibrio parahaemolyticus haemolysis of red blood cell is as a result of the presence
of the TDH gene [54]. The specificity of the thermostable direct haemolysin (TDH) or/and a TDH-
related haemolysin (TRH) genes of Vibrio parahaemolyticus has been used as a molecular marker for
Vibrio parahaemolyticus or for evaluation of the potential pathogenicity of Vibrio parahaemolyticus
strains [54]. These genes code for the virulence factor in the Vibrio parahaemolyticus, suggesting that
the Vibrio parahaemolyticus that were isolated from shrimps in our study could be pathogenic.

Gopal et al. [18] reported pathogenic strains of Vibrio parahaemolyticus in aquaculture systems and
concluded that the low but detectable frequency of TDH/TRH positive strains, that is, potentially
human pathogenic Vibrio parahaemolyticus in shrimp environs in India suggests a probable risk for
health of people consuming raw seafood.

In this study the contamination rate of Penaeus monodon with Vibrio parahaemolyticus was high
(65.3%). Vibrio parahaemolyticus are regularly linked to human food borne infections caused by
consumption of undercooked or recontaminated shellfish [30]. Vibrio parahaemolyticus is an
organism of concern in shrimp culture because some strains are associated with diseases in shrimp
[55-56] and also because strains of this species are human pathogens, causing gastroenteritis [53, 57-
58] worldwide and sporadic cases of and outbreaks occur regularly in Asia as well as in other
countries [59]. It has also been reported in wound infection and in septicemia [60-62].

5. CONCLUSION

This study revealed that Penaeus monodon was grossly contaminated with Vibrio parahaemolyticus
and as such may constitute a potential health hazard to human. Due to the potential hazard of
pathogenic Vibrio parahaemolyticus, it is therefore necessary to emphasise seafood hygiene.
Surveillance of potential contaminant bacteria for example Vibrio cholerae is crucial for sustenance of
the public’ health since outbreaks of cholera in this area have been reported in the past three years
(2010-2012).

ACKNOWLEDGMENTS

We sincerely thank the Department of Animal Sciences, Faculty of Agriculture and Veterinary
Medicine, University of Buea, Cameroon who supported this work for purchase of laboratory
reagents. Biotechnology Center, Nkolbisson University of Yaoundel aided this work by laboratory
reagents purchase and by making the instruments and equipment in the Food safety laboratory
available for the execution and analysis of the work.

International Journal of Research Studies in Biosciences (IJRSB) Page | 16



Rhoda Nsen Bughe et al.

REFERENCES

[1] Din J. N., Newby D. E., and Flapar D. A., Omega 3-fatty acids and cardiovascular disease.
Fishing for a natural treatment, Bri. Med. J. 328, 30(2004).

[2] Popovic N. T., Skukan B. A., Dzidara P., Cooz-Rakovac R., Strunjak-Perovic I., Kozacinski L.,
Jadan M. and Brlek-Gorski D, Microbiological quality of marketed fresh and frozen seafood
caught off the Adiatic coast of Croatia, Veterinarni 55(5), 233-241(2010).

[3] Wafaa M. K. B., Walaa H. A., Amani A. F., Detection of Salmonella and Vibrio species in some
seafood in Alexandria, J. American Sci. 7(9), 663-668(2011).

[4] Fabbro, C., Cataletto, B., and Del Negro, P., Detection of pathogenic Vibrio parahaemolyticus
through biochemical and molecular- based methodologies in coastal waters of the Gulf of Trieste
(North Adriatic Sea), FEMS Microbiol let. 307, 158-164(2010). Doi:10.1111/j.1574-
6968.2010.01969.x.

[5] Cantet, F., Hervio-heath, D., Caro, A., Le Mennec, C., Monteil, C., Quéméré, C., and et al.,
Quantification of Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio cholerae in French
Mediterranean coastal lagoons, Res. Microbiol. 164(8), 867-874(2013).
Doi.org/10.1016/j.resmic.2013.06.005.

[6] Colwell, R. R. 1984. Vibrios in the environment, (west PA & Colwell, eds) p.634. John Wiley
&Sons, New York.

[7] Drake SL, DePaola A, Jaykus LA. An overview of Vibrio wvulnificus and Vibrio
parahaemolyticus, Compr Rev Food Sci Food Saf. 6, 120-144(2007). doi: 10.1111/j.1541-
4337.2007.00022.x.

[8] Adeleye, I. A., Daniels, F. V, and Enyinnia, V. A., Characterization and Pathogenicity of Vibrio
spp. contaminating Seafoods in Lagos, Nigeria, Internet J. Food Saf. 12, 1-9(2010).

[9] Arunagiri, K., Jayashree. K and Sivakumar, T., Isolation and identification of Vibrios from
marine food resources, Int J Curr Microbiol Appl Sci. 2(7), 217-232(2013).

[10] Abd-Elghany, S.M. and Sallam, K.I.,Occurrence and Molecular identification of Vibrio
parahaemolyticus in retail shellfish in Mansoura, Egypt, Food cont. 33,399-405(2013).
Doi.org/10.1016/j.foodcont.2013.03.024.

[11] Tang J. Y. H., Wan-Rosli W. F. Abdul-Razak N. H., Yeo C. C., Abu Bakar C. A. and Son R.
Incidence and antibiogram of Vibrio parahaemolyticus in processed and frozen bivalve mollusks
in Kuala Terengganu, Malaysia, International Food Research Journal 21(3), 1349-1353(2014).

[12] Mead S. P., Slutsker L., Dietz V., McCaig F. L., Bresee S. J., Shapiro C., Griffin M. P., and
Tauxe V. R., Food-Related Illness and Death in the United States, Emerg. Infect. Dis. 5(5),607-
625(1999).

[13] Kayser H. F., Bienz A. K., Eckert J., Zinkernagel M. R., Medical microbiology: Thieme, 2005,
ch,4, pp. 296-300.

[14] Velsusamy V., Arshak K., Korastynska O., Oliwa K. and Adley C., An overview of food borne
pathogen detection in the perspective of biosensors, Biotechnol. Advan. 28, 232-254(2010).

[15] Montieri S., Suffredini E., Ciccozzi M., Croci L., Phylogenetic and evolutionary analysis of
Vibrio parahaemolyticus and Vibrio alginolyticus isolates based on ToxR gene sequence, New
Microb. 33, 359-372(2010)

[16] Urmersbach S., Alter T., Koralage G. S. M., Sperling L., Gerdts G., Messelhausser U., and
Huehn S., Population analysis of Vibrio parahaemolyticus originating from different
geographical regions demonstrates a high genetic diversity, BMC Microb.14, 59 (2014). Doi:
10.1186/1471-2180-14-59

[17] Thakur B. A., Vaidya B. R. and Suryawanshi A. S., Pathogenicity and antibiotic susceptibility of
Vibrio species isolated from moribund shrimps, Indian J. of Mar. Sci. 32(1), 71-75(2003).

[18] Gopal, S., Otta, K. S., Kumar, S. Karunasagar, ., Nishibuchi, M., and Karunasagar, 1., The
occurrence of Vibrio species in tropical shrimp culture environments; implications for food
safety, Int J Food Microbiol. 102, 151-159(2005).

International Journal of Research Studies in Biosciences (IJRSB) Page | 17



Prevalence of Vibrio parahaemolyticus in Penaeus Monodon (Fabricius, 1798) from the Douala Coastal
Waters of Cameroon: Implication for Food Safety

[19] Srinivasan, P. and Ramasamy , P., Occurrence, distribution and Antibiotic Resistance patterns of
Vibrio species associated with Viral diseased shrimp of South Indian Aquculture Environment,
IntJ Agri Sci. 01-10(2009).

[20] Pal, D. and Das, N., Isolation, identification and molecular characterization of Vibrio
parahaemolyticus from Fish samples in Kolkata, Eur Rev Med Pharmacol Sci. 14, 545-
549(2010).

[21] Alagappan, M. K., Deivasigamani, B. and Balamurugan, S., Occurrences of pathogenic Vibrio
parahaemolyticus from Vellar estuary and shrimp ponds. Afri. J. Biotechnol., 12(14), 1624-
1629(2013).

[22] Sudha, S., Mridula, C., Silvester, R. and Hatha, M. A. A., Prevalence and antibiotic resistance of
pathogenic Vibrios in shellfishes from Cochin market. Indian J Geomarine Sci. 43(5), 815-
824(2013).

[23] Amirmozafari, N., Forohesh, H., and Halakoo, A., Occurrence of pathogenic Vibrios in Coastal
areas of Golestan province in Iran, Arch. Razi Ins. 60, 33- 44(2005).

[24] Amiri A. A., Amiri S., Behrouzi S., Naseri F., Arabzadeh P., Babaalian A. and Khodadadi A.,
Survey of the Sensitivity of Vibrio spp., isolated from Litopenaeus vannamei to different
antibiotics. Journal of Fisheries and Aquatic Science 9(6), 487-495(2014). Doi:
10.3923/jfas.2014.487.495

[25] Khamesipour, F., Noshadi, E., Moradi, M., Raissy, M. (2014) Detectio of Vibrio spp. in shrimp
from aquaculture sites in Iran using Polymerase chain reaction (PCR), AACL Bioflux. 7(1), 1-
7(2014).

[26] zulkifli, Y., Alitheen, N.B., Son,R., Yeap, S.K., Lesley, M. B. and Raha, A. R., Identification of
Vibrio parahaemolyticus isolates by PCR targeted to the toxR gene and detection of virulence
genes, Int Food Res J. 16, 289 — 296(2009).

[27] Sujeewa A. K. W., Norrakiah A. S. and Laina M., Prevalence of toxic genes of Vibrio
parahaemolyticus in shrimps (Penaeus monodon) and culture environment, Int. Food Res. J. 16,
89-95(2009).

[28] Ranasangan, J., Imm, L. K. L., Lal, M. T., and Sade. A., Phenotyptic characterization and
Antibiotic susceptibility of Vibrio spp. isolated from aquaculture waters on the west coast of
Sabah, Malaysia, IntJ Res pure and Appl Microbiol, 3(3), 58-66(2013).

[29] Al-Othrubi M. S., Kqueen Y. C., Mirhosseini H., Hadi A. Y., Radu S., Antibiotic Resistance of
Vibrio parahaemolyticus Isolated from Cockles and shrimp Sea Food marketed in Selangor,
Malaysia. Clinical microbiology: open Access. 3(3), 1-7(2014). Doi. Org/10.4172/2327-5073.
1000148

[30] Merwad A. M. A, El-Ghareeb, W. R. and Taisir, S. M.,Occurrence of some zoonotic Vibrios in
Shellfish and Diarrheic Patients with Regard to tdh gene in Vibrio parahaemolyticus, J Am Sci,
7(9), 449-458(2011).

[31] Adebayo-Tayo C. B., Okonko O. I., John, O. M., Odu,N.N., Nwanze, C. J. and Ezediokpu N. M.,
Occurrence of Potentially Pathogenic Vibrio species in Sea Foods obtained from Oron creek,
Adv. Biol. Res. 5(6), 356-365(2011).

[32] Ashiru W. A., Uaboi-Egbeni W. A., Odunlade K. A., Ashade O. O., Oyegoke M. T., and Idika,
N.C., Isolation of Vibrio species from the Gut of swimming Crabs (callinectus sp.) and their
Antibiotic Susceptibility, Pak J of Nutr. 11(6), 536-540(2012).

[33] Ndip N.R., Akochere K. J-F., Mokosso K. D., Ndip M. L., Anyangwe A. N. I., Carriage of
Vibrio spp. by shrimps harvested from the coastal waters of south west Cameroon. East Africa
Medical Journal, 79(3), 146-149(2002).

[34] Bhaskar N. and Setty R. M. T., Incidence of Vibrios of public healtg significance in the farming
phase of tiger shrimp (Penaeus monodon). J. Sci. Food Agri 66, 225-231(1994).

[35] Jayasree L., Janakiram P., and Madhavi R., Characterization of Vibrio spp. Associated with
Diseased Shrimp from culture ponds of Andhra Pradesh (India), J World Aquac Soc. 37 (4), 523
—532(2006).

International Journal of Research Studies in Biosciences (IJRSB) Page | 18



Rhoda Nsen Bughe et al.

[36] Noriega-Orozco L., Acedo-Félix E., Higuera-Ciapara I., Jiménez-Flores R., Cano R., Pathogenic
and non-pathogenic Vibrio species in aquaculture shrimp ponds, Revista Latinoamericana de
Microbiologia, 49 (3-4),60-67 (2007).

[37] Rao, M. B. and Surendran, K. P. (2013) Pathogenic Vibrios in Penaeus monodon shrimp
hatcheries and Aquaculture Farm, Fish Technol. 50,161-167(2013).

[38] Ndah B. A., and Ngoran D. S., Liaising Water Resources Consumption, Urban Sanitation and
Cholera Epidemics in Douala, Cameroon: A CommunityVulnerability Assessment, Journal of
Resources Development and Management 8,63-78 (2015).

[39] Ajao A. T., and Atere G. T., Bacteriological assessment and hygienic standard of food canteens
in Kwara state Polytechnic, llorin, Nigeria, Afri. Scientist. 10(3), 173-180(2009).

[40] Edema M. O. and Omemu M. A., Microbiology and food hygiene in public food services. In. the
book of Abstract no 54 of the 1% Intl. Conference on science and National development,
organized by COLNAS, UNAAB, from 25-28 oct., 2004. Pp: 51

[41] Guévart E., Noeske J., Solle J., Essomba J.-M., Edjen guile M., Bita A., Mouangue, A. and
Manga B., Déterminant du cholera a Douala Médecin Tropical. 66, 283-291(2006).

[42] Din N., Saenger P., Priso R. J, Dibong D. S., Blasco F., Logging activities in mangrove forests:
A case study of Douala Cameroon. African Journal Environmental Science and Technology 2,
22-30(2008)

[43] Din N. and Baltzer F., Richesse floristique et évolution des mangroves de 1’estuaire du
Cameroun. African Geosciences Review , 2, 119-130(2008).

[44] Fawole, M. O. and Oso, A. B. (2001). Laboratory manual of Microbiology: Revised edition
spectrum books Ltd. Ibadan, pp: 127.

[45] Felix F., Nugroho T., Silalahi S. and Octavia Y., Molecular characteristics of Vibrio sp causing
Black Tiger Prawn (Penaeus monodon) Disease in Sumatra and Java shrimp ponds by 16S rDNA
Sequencing. Journal of Agricultural Technology 7(3), 679-694(2011).

[46] Parthasarathy S, Das S. C, and Kumar A., Occurrence of pathogenic Vibrio parahaemolyticus in
crustacean shellfishes in coastal parts of Eastern India, Veterinary World, 9(3), 330-336(2016).
doi: 10.14202/vetworld.2016.330-336

[47] Hua M. L. and Apun K., Antimicrobial susceptibilities of Vibrio parahaemolyticus isolates from
Tiger shrimps (Penaeus monodon) aquaculture in Kuching, Sarawak, Res. J. Microbiol. 1-8
(2012).

[48] Gomez-Gil, B., Tron-Mayen, L., Roque, A., Turnbull, F. J., Inglis, V., Guerra-Flores, L. A.,

Species of Vibrio isolated from hepatopancreas, haemolymph and digestive tract of a population
of healthy juvenile Penaeus vannamei. Aquaculture, 163, 1-9(1998)

[49] Hopkin, S.P., Nott, J.A. (1980). Studies on the digestive cycle of the shore crab Carcinus maenas
(L) with special reference to the B cells in the hepatopancreas, J. Mar. Biol. Assoc. U.K. 60,
891-90

[50] Alday-Sanz, V. (1994). Studies on the pathogenesis of Vibrio spp. infection in Penaeus monodon
Fabricius. PhD thesis, Univ. of Stirling, Scotland.

[51] Xu X., Cheng J., Wu Q., Zhang J. and Xie T., Prevalence, characterization, and antibiotic
susceptibility of Vibrio parahaemolyticus isolated from retail aquatic products in North China.
BMC Microbiology 16, 32(2016). doi 10.1186/512866-016-0650-6

[52] Robert M. T., Rosemary E. N., Procter L. S. And Herbert E., Comparative hemolytic activity of
Vibrio parahaemolyticus and related Vibrios, Infection and Immunity, 1(4), 394-399(1970).

[53] Sakazaki R., Tamura K., Kato T., Obara Y., Yamai S. and Hobo K., Studies on the
enteropathogenic, facultatively  halophilic  bacteria, Vibrio  parahaemolyticus Ill.
Enteropathogenicity, Jap. J. Med. Sci. Biol. 21(5), 325-331(1968).

[54] Klein L. S., West G. K. C., Mejia M. D., Lovell R. C., Genes Similar to the Vibrio
parahaemolyticus Virulence-Related Genes tdh, tlh, and vscC2 Occur in Other Vibrionaceae

Species Isolated from a Pristine Estuary, Appl. and Env. Microbiol. 80(2), 595-602(2013). doi:
10.1128/AEM.02895-13

International Journal of Research Studies in Biosciences (IJRSB) Page | 19



Prevalence of Vibrio parahaemolyticus in Penaeus Monodon (Fabricius, 1798) from the Douala Coastal
Waters of Cameroon: Implication for Food Safety

[55] Lightner, D.V., Shrimp pathology: major diseases of concern to the farming industry in the
Americas, Mem. Congr. Ecuat. Acuicult., 177-195(1992).

[56] Vaseeharan, B. and Ramasamy, P., Abundance of potentially pathogenic microorganisms in
Penaeus monodon larvae rearing systems in India, Microbiol. Res. 158, 299- 308(2003).

[57]Honda, T., Ni, Y.X., Hori, S., Takakura, H., Tsunasawa, S., Sakiyama, F., et al., A mutant
haemolysin with lower biological activity produced by a mutant Vibrio parahaemolyticus, FEMS
Microbiol let. 61, 95-100(1989).

[58] Letchumanan, V., Chan, K-G., Lee, L-H., Vibrio parahaemolyticus: a review on the
pathogenesis, prevalence, and advance molecular identification techniques. Review article. Front
Microbiol, 5(705): 1- 13(2014). doi: 10.3389/fmicb.2014.00705

[59] Serichantalergs, O., Bhuiyan A. N, Nair B. G., Chivaratanond O., Srijan A., Bodhidatta L.,
Anuras S. and C.J. Mason J.C., The dominance of pandemic Vibrio parahaemolyticus in
expatriates and sporadic cases of diarrhoea in Thailand and a new emergent serovar (03:K46)
with pandemic traits, J. Med. Microbiol. 56(5), 608-613(2007).

[60] Mertens, A., J. Nagler, W. Hansen, and E. Gepts-Friedenreich., Halophilic, lactose-positive
Vibrio in a case of fatal septicemia, J. Clin. Microbiol. 9, 233-235(1979).

[61] Miyamoto Y., Obara, Y., Nikkawa T., Yamai S., Kato T., Yamada Y. and Ohashi M. Simplified
purification and biophysicochemical characteristics of Kanagawa-associated hemolysin of V.
parahaemolyticus. Infection and Immunity 23, 567-576(1980).

[62] Daniel N. A., Mackinnon L., Bishop R., Altekruse S., Ray B., Hammond R. M. et al., Vibrio
parahaemolyticus infection infections in the United States, 1973-1998, J. Infection Dis. 181,
1661-1666(2000). doi. 10.1086/315459

International Journal of Research Studies in Biosciences (IJRSB) Page | 20



