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Abstract
Vibrio species that inhabit seafood are often implicated in seafood disease outbreaks. Recently, 1/7brio
harveyi has been reported as an emerging human pathogen from seafood. However, the cold chain is a
major control method against pathogens from seafood. This study investigates the effectiveness of the
cold chain in isolating 7brio spp. and 1/ibrio harveyi from shrimp and fish collected in Kribi. A total of
122 samples consisting of 60 shrimp (Penaens monodon and Penaens kerathurus) and 62 fish (Galeoides
decadactylus and Dicentrarchus labrax) were collected from fishermen at the Boamanga beach in Kribi in
this longitudinal study. Samples were frozen at -20°C in the laboratory and subjected to microbiological
and molecular analyses. Of the 122 samples analyzed, 94(77.1%) were contaminated with 121 bacterial
isolates. Isolates were identified as ["zbrio phenotypically and genotypically recording 96(79.3%) and
83(68.6%) respectively. No 17brio harveyi was detected. This therefore, suggests [7brio harveyi sensitivity
to cold chain. Notwithstanding, Vzbrio cholerae, V. parabaemolyticns, V. vulnificus, V. fluvialis; and Aeromonas
hydrophila and Pastenrella pnemotropica were identified. The high prevalence of 1/7brio species presents a
public health risk, emphasizing the essence for stringent hygienic practices during seafood processing to

minimize risks of infection for consumers or fishermen.
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Résumé
Les Vibrions sont impliqués dans les épidémies liées aux produits de la mer. Récemment, Vibrio harveyi
a été signalé comme un pathogene humain émergent. Cependant, la chaine du froid est une méthode
majeure de controle des agents pathogénes dans les fruits de mer. Cette étude examine Pefficacité de la

chaine du froid pour isoler 1ibrio harveyi dans les fruits de mer collectés a Kribi. Un total de 122
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échantillons (60 crevettes : Penaeus monodon et Penacus kerathurus) et 62 poissons : Galeoides decadactylus
et Dicentrarchus labrax) ont été collectés aupres de pécheurs de la plage de Boamanga a Kribi. Les
échantillons ont été congelés a -20°C au laboratoire puis soumis aux analyses microbiologiques et
moléculaires. Sur les 122 échantillons analysés, 96(79.3%) et 83(68.6%) étaient contaminés avec [zbrio
spp. sur plan phénotypique et génotypique respectivement. Aucun 7brio harveyi n’a été détecté, suggérant
donc une sensibilité de [Zbrio harveyi a la chaine du froid. Cependant un risque de contamination aux
autres especes de Vibrio: 1ibrio cholerae, V. parahaemolyticus, V. valnificus, and V. fluvialis subsiste, ce qui
constitue un probleme pour la santé publique, soulignant 'importance de pratiques hygiéniques lors de
la transformation de ces produits de mer afin de réduire le risque d’infection des péches ou consommateuts.
Mots clés : identification phénotypiquement et génotypiquement, [zbrio spp., Vibrio harveyi, crevettes

et poissons congelés, débarcadére de Boamanga, Kribi.

1. INTRODUCTION humans have been reported (Stalin and Srinivasan,
The fishery sector, through its products remains 2016; Del Gigia-Aguirre et al., 2017; Brehm et
a resource of primary importance to global al., 2020). Besides health interest, a high

nutrition (FAO, 2018, 2020). Fish and shrimp are prevalence of pathogenic Vibrios in seafood

sources of proteins and essential trace elements products can hinder the exportation of these
that are valuable for nutritional balance and health products to the international market. This may
(rich in long-chain omega 3 and low in cholesterol) impede Cameroon, which intends to focus its
(FAO, 2020; MINEPIA, 2020). In many economic plan on the development of the fishery
developing countries and Cameroon inclusive, fish sector (a booming fertile heritage).

are the primary source of animal protein

consumed because of their relative proximity and Albeit, ibrio harveyi inhabits coastal and marine
availability to all segments of the population. water, attached on the surface and gut of marine
Shrimp are considered luxury products unlike fish organism and shrimp pond water (Khamesipour
(MINEPIA, 2020). However, these fishery et al., 2014), the depletion of organic particles or
products have been identified as sources of plankton in seawater can lead to competition
pathogenic bacteria, particularly Vibrio species between Vibrio harveyi and other 17brio spp. or with
that pose a threat to public health (CDC, 2010; other marine bacteria (Long et al., 2005). This
Paudyal et al., 2017). In Cameroon, several competition is responsible for the inhibition of
species of Vibrio (V. parahaemolyticus, V. cholerae, growth or even death of certain [7brio species on
V. vulnificus and Vibrio alginolyticus) have been the surface of organic particles or plankton in
reported in shrimp, fresh fish, and marine waters suspension, making their detection impossible
(Ndip et al., 2002; Koji et al., 2015; Bughe et al., (non-cultivable) (Wong et al., 2024).

2016; 2017). Climatic and environmental factors (Salinity and

1. harveyi has been reported as the aetiology of temperature) (Toni et al., 2009; Zarei et al., 2012;
diseases in fish and shrimp in marine and Liang et al. 2019; Mirbakhsh et al., 2013) can
aquaculture environments (especially in fish and influence the survival of Vibrio species. Salinity
shrimp larvae) (Cano-Gémez, 2012; Hashem et is especially important for the survival of obligate
El-Barbary, 2013; Kumaran and Citarasu, 2016; halophilic Vibrio species such as 1. barveyi
Torky et al., 2016; Zhang et al., 2020; Pavlinec (Mirbakhsh et al., 2013). Temperature tolerance
et al., 2022; Triga et al., 2023). Additionally, few varies between species, but the highest densities
rare cases of less severe infections (digestive, skin, of Vibrios are found in water temperatures

and septicaemia) in (immunocompromised) between 20°C and 30°C (Tantillo et al., 2004).
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So these conditions can be used to control Vibrio

in seafood.

Thus, cold chain is usually used to maintain the
nutritional value of these products to avoid
depreciation immediately after catch (Amos,
2007) and also has a positive effect of inhibiting
the growth of or killing microbes present in fish
or shrimp (Bate and Bendall, 2010; De Silvia et
al., 2018, Di Salvo et al., 2023 ). It is of
paramount importance to assess the effectiveness
of the cold chain practice given that there is
paucity of information on Vibrio harveyi and
Vibrio spp. from frozen fish and shrimp available
in Cameroon despite its potential hazards.
Therefore the objective of this study was to assess
the effectiveness of cold chain in isolating 1.
harveyi and 17ibrio spp. in fish and shrimp from the

coastal waters of Kribi.

2. MATERIALS AND METHODS
2.1.

This study was carried out in Boamanga beach,

Study area and sampling

Kribi, capital of the Ocean Division, South
Region (Cameroon); located on the edge of the
Gulf of Guinea between 2° and 3° north latitude
and 9° and 10° east longitude (Tiafack, 2014).

A longitudinal study was conducted on One
hundred and twenty-two (122) samples consisting
of 60 shrimp (30 Penaeus monodon and 30
Penaeus kerathurus) and 62 fish (31 Galeoides
decadactylus and 31 Dicentrarchus labrax)
collected at the Boamanga beach from the month
of June to September, 2021. Sampling was
performed weekly and five fish and five shrimp
were bought, placed in sterile bags, and
transported in an isothermal cooler containing
frozen icepacks to the Food and Drug Safety
Research Laboratory, Biotechnology Center,
University of Yaoundél. Sample processing was

performed after two days of freezing at -20°C.
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2.2. Isolation and phenotypic identification
of Vibrio spp.

The hepatopancreas and intestines of frozen
shrimp and fish were analysed; five grams each
of aseptically extracted hepatopancreas and
intestines was placed in separate sterile plastic bags
containing 45 ml of 3% NaCl-supplemented
alkaline peptone water (Biotec lab, UK). The
samples were homogenised in plastic bags using a
400 W Bag-Mixer (Interscience, St. Nom, France)
and incubated at 28°C for 24 h. After incubation,
a tenfold serial dilution of up to 10* was
petrformed and 0.1 ml was pipetted, spread onto
Thiosulphate Citrate Bile Salt Sucrose (TCBS)
agar plate (Huankai Microbial (HKM) LTD,
Guangzhou, China), and incubated at 28°C for
24 h. Suspected discrete colonies of 1zbrio
species were identified based on cultural
characteristics: yellow or green colonies with
smooth surfaces and circular or regular outlines
with a diameter of + 2 mm. These colonies were
streaked on 3% NaCl-supplemented nutrient agar
plate (Liofilchem, Italy) and incubated for 24 h at
28°C. Pure isolates were phenotypically identified
using; motility, Gram staining, oxidase and catalase
tests (Cheesbrough, 20006). This was followed by
the Analytical Profile Index (API) 20 E strip kit
test (BioMerieux, France). The results were
analyzed using catalogue version 4 and online
microbial identification software (API web

software, BioMerieux).

2.3. Molecular identification of Vibrio spp.
and Vibrio harveyi

2.3.1. DNA extraction

DNA extraction was performed by boiling method

as previously described by Kim et al. (2007).

Briefly, two or three 24-hour pure colonies of

phenotypically identified Vibrio isolates were

obtained from a 3% NaCl-supplemented Tryptic

Soy agar plate (Liofilchem, Italy) and transferred

into a 1.5 ml sterile Eppendorf tube containing

500 ul of nuclease-free water. Next, 0.5 pl triton
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X 100 (Sigma, Germany) was added to the
mixture and vortexed for 5 seconds. The solution
was then heated in a hot block at 100°C for 20
min and cold shocked at -20°C for 20 minutes.
This was followed by centrifugation at 10000 rpm
for 10 min. Finally, 200 pl of the supernatant
(DNA) was collected and transferred into a new
sterile Eppendorf tube. The DNA concentration
was  measured

using a  Nanodrop

spectrophotometer and stored at -20°C.

2.3.2. Amplifications and Electrophoresis

Amplifications of the 16S rDNA gene and the
16S rRNA gene for the genus |7brio and 1. harveyi
identification were performed respectively. The
16S rDNA gene was amplified for then
identification the genus Zbrio, following the
described by Bughe (2017).

Amplification was conducted using a T3 Thermal

protocol

cycler (Biometra, UK).

Each PCR run had a total volume of 20ul which
included 7ul of nuclease-free water (QIAGEN),
10ul of ‘One Hot Start Taq Master Mix’
(BIOLABS.), 0.5pl of 0.1M of each primer
(Universal Primers; FD2: 5'-
AGAGTTTGATCATGGCTCAG-3"; RP1: 5'-
ACGGTTACCTTGTTACGACTT-3") and 2 ul of
DNA extract. DNA amplification was performed
under the following conditions: initial
denaturation at 94°C for 5 minutes, followed by
40 cycles of denaturation at 94°C for 1 minute,
annealing at 65°C for 1.5 minutes, extension at
72°C for 2 minutes, and final extension at 72°C
for 5 minutes. The 16 tRNA gene for the
identification of 7. harveyi was amplified as
described by Fukui and Sawabe (2007) with slight
modification. Only genotypically identified zbrio
spp. samples were retained. Each PCR run had a
total volume of 20ul containing 7ul of nuclease-
free water (QIAGEN), 10ul of ‘One Hot Start
Taq Mix’ (BIOLABS), 0.5ul of 0.2M of each
primer (specific primers; VHARF: 5'-
CCGCATAATACCTACGGGTC-3"; VHARR:
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5'- ACCCGAAGTGCTGGCAAACA-3") and 2 ul
of chromosomal DNA extract from genotypically
identified zbrio genus. DNA amplification was
petrformed under the following conditions: initial
denaturation at 94°C for 3 minutes, followed by
20 cycles of denaturation at 94°C for 30 seconds,
annealing at 65°C for 30 seconds, extension at
72°C for 30 seconds and final extension at 72°C
for 10 minutes. The amplicons were visualised
using a UV reader after electrophoresis of the
PCR product in a 1% agarose gel electrophoresis

system at 150 volts for 30 minutes.

2.4 Statistical analysis

The data were input in Microsoft excel sheet
version 2010 from which the percentage of
occurrence were recorded and the tables were

constructed.

3.RESULTS
3.1.

Identification of Vibrio species.

Phenotypic and genotypic
The prevalence of bacteria in the samples was
77.1% (94), with shrimp and fish accounting for
36.9% and 40.2% respectively. A total of 121
bacterial isolates wetre obtained from the fish (49)
and shrimp (45). Phenotypic identification
recorded ninety-six (96) 1zbrio spp. out of the 121
isolates, with 45 contaminated shrimp and 49
contaminated fish. The results obtained were
based on the morphological analysis of colonies,
which were yellow or green in color, demonstrated
flagella evidence when motility tested, and
presented as short, straight, curved, or slightly
comma-shaped Gram-negative rods (Figure 1 and
2).

The biochemical analyses included catalase and
oxidase tests, as well as the Analytical Profile
Index (API) 20E test, interpreted using catalogue
version 4 and online microbial identification
software (API web software, BioMéricux).

All Vibrio species tested positive for catalase and

oxidase. The kit used for identifying Vibrio
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primarily described it as “good” for the genus and
“indiscriminate” at the species level, as some
substrate reactions were similar to those of
Aeromonas and Pasteurella. However, satisfactory
identification of Vibrio parahaemolyticus was
achieved. All Vibrio parabaemolyticus isolates
possessed the following enzymes: lysine
deaminase and gelatinase, fermented glucose,
produced indole, and reduced nitrate, while all
Vibrio cholerae produced indole and reduced
nitrate. The other Vibrio species varied in their
reactions to the different substrates used for their
identification (Table 1). There was no
identification code that matched the identity of
Vibrio harveyi from the API web software.

Among the 25 isolates that could not be classified
as Vibrios, six were identified as Pasteurella
puenmotropica and tive as Aeromonas hydrophila; the
remainder could not be identified at the genus
level using the Analytical Profile Index (API)

Yellow colony

20E. Overall, this resulted in a prevalence of
79.3% for Vibrio species in frozen fish and shrimp
(Table 2).

Vibrio cholerae was the most predominant isolate
from both shrimp and fish samples, with a
prevalence of 35.8%, followed by [ibrio
parahaemolyticus (15.7%), Vibrio spp. (17.4.8%),
Vibrio vuinificns (9.1%), and Vibrio fluvialis (1.7%)
(Table 2). Of the 96 bacterial isolates analysed
by conventional PCR, 83 were identified as
belonging to the genus 1ibrio, resulting in a
prevalence of 68.6% (37 shrimps and 42 fish).
Fish samples were more contaminated (45.5%)
than shrimp (33.9%) (Table 3, Figure 3 and 4).
Despite the high contamination rate with the
genus V5brio, no VVibrio harveyi was found among
the 83 genotypically identified [77brio isolates.
Additionally, 31.4% of the bacterial isolates did

not belong to the genus 17brio.

Figure 1 Legend: This is a Thiosulphate
citrate bile sucrose agar plate on which
two types of colonies have grown
appearing yellow and green. Each of the
colony depict a different species of a

bacterium

Green colony

Figure 1: Yellow and Green colonies of bacteria on Thiosulphate citrate bile salt sucrose agar plate

Figure 2: Gram negative comma-shaped and short straight rods

of Vibrio species from fish and shrimp
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B Figure 2 Legend: In A: the pink
comma-shaped rods are Gram negative
bacteria of the genus 17670 and in B: the
pink short straight rods still show Gram
negative bacteria of the same genus 1Zbrio
viewed under X 100 objective oil
immersion of an optical Microscope.
These are the different types of rods
shaped bacteria that were isolated both
in fish and Shrimp.
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Table 2: Prevalence of Vibrio species and other bacteria isolated from frozen Fish and shrimp of Kribi

coastal water from phenotypic identification.

Isolates Fish shrimp Total
Vibrio parahaemolyticus 10(8.3%) 9(7.4%) 19(15.7%)
Vibrio cholerae 24(19.8% 19(15.7%) 43(35.5%)
Vibrio vulnificus 8(6.7%) 3(2.4%) 11(9.1%)
Vibrio fluvialis 0 2(1.7%) 2(1.7%)
Vibrio species 13(10.7%) 8(6.7%) 21(17.4%)
Total Vibrio isolates 55(45.5%)  41(33.9%) 96(79.3%)
Aeromonas hydrophila 3(2.4%) 2(1.7%) 5(4.1%)
Pasteurelia pneumotropica 5(4.1%) 1(0.8%2) 6(4.9%)
Unclassified bacteria 8(6.7%) 6(4.9%) 14(11.6%)
Total non —Vibrio _isolates 16(132%)  9(7.5%) 25(20.7%
Total 71(58.7%) 50(41.3%) 121(100%)

Table 3: Prevalence of Vibrio species isolated from frozen Fish and shrimp of Kribi coastal water from
PCR.

Isolates Fish shrimp Total
Vibrio parahaemolyticus  10(83%) 9(7.4%) 19(15.7%)
Vibrio cholerae 19(15.7% 16(13.2%) 35(28.9%)
Vibrio vulnificus 7(5.8%) 3(2.4%) 10(8.3%)
Vibrio fluvialis 0 2(1.7%) 2(1.7%)
Vibrio species 11(9.1%) 6(4.9%) 17(14.0%)
Total identified 47 (38.9%) 36(29.7%) 83(68.6%)
Non-Vibrio isolates 24 (19.8%) 14((11.6%) 38(31.4%)
Total 71(58.7%) 50(41 3%) 121(100%)

M12 3456 78 91011121314

bp

1200
1000

500
300

1200bp

100

Figure 3: A; Polymerase Chain reaction of the 16S rDNA gene Agarose gel electrophoresis for identification
of Vibrio spp. for Fish

Legend: lane M; molecular weight marker (100bp), lane 1; positive control,

Lanes 2, 3,4, 5,7,8,9, 11, 12, 13, and 14; represent isolates that were positive for [brio genus, Lane 6, and 10;
represent isolates that were negative for 1Zbrio genus;

bp: base pair
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3B: Pictogram of'the above gel
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Figure 4 A: Polymerase Chain reaction of the 16S rDNA gene Agarose gel electrophoresis for identification
of Vibrio spp. from Shrimp

4B: Pictogram of the above gel

Legend: lane M; molecular weight marker (100bp),

Lanes 1 and 13; isolates that were negative for zbrio genus,

Lanes 2, 3, 4,5, 6, 7, 8, 9, 11, 12; isolates that were positive for [ibrio genus,

bp: base pair.
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4. DISCUSSION
This study highlighted that, though there was a
high contamination of laboratory-frozen shrimp
and fish samples of the Kribi Coastal water,
Cameroon with the genus Vibrio, ibrio harveyi
was absent. Phenotypic identification detected
other species of Vibrio: Vibrio cholerae, 1ibrio
parabaemolyticus, Vibrio vulnificus, and Vibrio
fluvialis as well as Pastenrella pnenmotropica and
Aeromonas hydrophila. This means, the cold chain
killed the viable -culturable V7brio harveyi while
other Vibrio species and other bacteria were
unaffected and remained viable. Other studies
report that when Vibrio species enter the viable-
but- non-culturable state, they can survive for
long periods in frozen seafood (D1 Salvo et al.,
2023). The existence of [7brio cells in the VBNC
state in fish and shellfish pose a public health
risk as the VBNC bacterium resuscitates under
favourable conditions and proliferate resulting to
disease outbreak, when in contact with open
wounds, or ingested. However, if proper hygienic
processing conditions are respected, there will be

probably less public health risk.

The absence of ibrio harveyi in this study ties
with the findings of De Silva et al. (2018) who
could not detect [Zbrio harveyi in frozen shrimps
but detected in live ones. This implies that some
Vibrio species for example [zbrio harveyi cannot
survive freezing, The cold chain does not only
affect the growth of Vibrio harveyi, but other
Vibrio like Vibrio parabaemolyticus whose load
decreases when cold chain is practiced (Di Salvo
et al., 2023; Love et al., 2020). This statement
justifies the presence of VV7brio parahaemolyticus
reported in this study and other species like 1zbrio
cholerae, Vibrio vulnificus, and Vibrio fluvialis. This
study agrees with findings of Bughe et al. (2020)
who transported shrimp in ice for the
investigation of Vibrio species in freshly caught
shrimps of the same study site and reported the
absence of 1ibrio harveys, but /. alginolyticus and
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V. parahaemolyticus were identified in the samples.
This implies that, 177brio harveyi is very sensitive
to low temperature. The absence of brio harveyi
from the laboratory -frozen fish and shrimp in this
study, attest to the effect of cold chain on the
detection of . harveyi.

Even with optimal culturing conditions, such as
suitable salinity levels in the culture medium and
appropriate incubation temperatures, 1/zbrio harveyi
was not detected in the samples. This indicates
that the cold chain negatively impacts the survival
of 1ibrio harveyi cells in frozen fish and shrimp.
This finding corroborates with the report of
Tantillo et al. (2004), who noted variations in
temperature tolerance among different Vibrio
species and highlighted that high densities of
Vibrios are typically found in water temperatures
ranging from 20°C to 30°C.

Vibrio harveyi is commonly found in low numbers
in marine environments. Although appropriate
isolation techniques have been employed for
isolating . harveyi from shrimp, the isolation rate
is often low among marine shrimp but is high and
casily detected in aquaculture ponds (Torky et al.,
2016; Pavlinec et al., 2022). The presence of 1.
harveyi in farmed-shrimp and fish can be attributed
to the favourable conditions for their growth and
survival, such as temperature, salinity, pH, organic
particles, and plankton (Copin et al., 2019). Several
studies have been documented showing the
presence of 7brio harveyi in farmed-shrimp and
fish across different regions; Asia (China, Vietnam,
Malaysia, and India) (Zhu et al., 2020; Sony et al.,
2021; Yang et al., 2021) and Europe (Spain)
(Puyjalte et al., 2003).

Some species of Vibrio have been reported as
both pathogens and opportunistic pathogens to
immune-compromised humans and animals
leading to conditions such as septicaemia, and

digestive tract and skin infections. [ibrio harvey:
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is reported in diseased-farmed shrimp and fish
(Torky et al. (2016); Amatul-Samahah et al. 2022;
Gan et al., 2022). Additionally, 7brio harvey: has
been linked to wound infections with the first
report case study in Spain (Del Gigia-Aguirre et
al. (2017) and another case following traumatic
leg amputation (Brehm et al. 2020). These reports
highlight the risk associated with handling fish
and shrimp with open wounds, which may expose
individuals to infection by 7brio harveyi and other
Vibrios.

A imitation of this study is that DNA for
molecular analysis was extracted from colonies
of bacteria isolated from frozen shrimps and fish;
meanwhile if it was extracted from the frozen
shrimp and fish directly, the DNA of viable-but-
non-culturable state of Vibrio harveyi could have
been detected, if present. Further research should
be performed on similar frozen shrimps and fish
samples without necessarily isolating the bacteria.
To confirm VVibrio harveyi on culture media, live

fish and shrimp samples of marine water should

be used.

S. Conclusion

Freezing effectively kills bacteria in seafood, as
this study demonstrate the absence of 1Zbrio
harveyi in laboratory-frozen shrimp and fish
collected from Ktribi coastal waters. However, the
cold chain could not eliminate completely all
Vibrio species in the samples as other species
including Vibrio cholerae, V. parabaemolyticus, 1.
valnifiens and V. fluvialis were presence; therefore,
there is a public health risk. Thus, careful
processing of these products is essential to

prevent self-contamination.
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