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Abstract
The prevention of diseases in fish is important for both animal welfare and farm productivity. In Cameroon, 

information related to the origin of infections in farmed fish is scarce. This study aims to assess the farming practices 
influencing the Risk Level of Fish Infections (RLFI) for a sustainable aquaculture in Wouri Division. A total of 35 
farms were audited from March to May 2022 using “snow ball” technique, on-farms observations and face-to face 
interview-based questionnaire. The determination of the RLFI was based on the Compliance Rate (CR) of biosecurity 
measures. The results showed that the intensive production system (87.87%) was the most practiced followed by the 
semi-intensive system (12.13%). Overall, the CR was intermediate (40.52±14.70%) corresponding to a moderate  
RLFI and significantly higher on nursery farms (48.81±12.44%) followed by nursery + grow-out (47.92±13.63%) and 
grow-out (35.41±14.02%) farms. No farm recorded a minor RLFI. The CR was insignificantly higher in intensive 
system (42.09±14.75%) than in semi-intensive system (29.17 ±8.10%) and not affected by the culture facilities. A 
positive, strong and significant relationship was found between the fishing method, quarantine of new fish and the 
CR. The government should financially and technically empower fish farmers in biosecurity practices for optimum 
fish production. 

Keywords: Farming practices; Biosecurity; Fish infections; Sustain-
able aquaculture 

Introduction
Diseases have been reported as the main limiting factor in 

Aquaculture. According to [1], it’s the principal cause of massive 
deaths of farmed fish resulting in gross economic loss in Cameroon. 
The number of disease outbreaks and economic losses reflect the 
immaturity of the fish farming industry and current gaps in aquatic 
animal health governance. As a result, disease remains an economic and 
societal challenge. For example, infectious anemia in salmon resulted in 
estimated annual economic losses of 11 and USD 14 million in Norway 
and Canada, respectively, from 1998 to 1999 ) [2]. The direct financial 
loss of USD 420.50 caused by the enteric red plague has been reported in 
farmed fishes in Cameroon [1]. For the sustainability of the fish farming 
industry, diseases must then be properly managed with an emphasis 
on the prevention, a sign of maturation of the fish farming industry. 
In other words, it is better to act upstream by preventing pathologies 
through the rigorous implementation of biosecurity measures because 
downstream, their treatment is technically and financially demanding.

Biosecurity is the application of measures aimed to reduce risk level 
or the probability of the introduction (external biosecurity) and further 
spread of pathogens within the farm (internal biosecurity) [3]. The key 
concept in biosecurity is to avoid transmission, either between farms or 
within the farm. Hence, biosecurity measures must reduce the infection’s 
risk level of farms animals or the probability of effective transmission. 
Therefore, the epidemiology of the diseases to be avoided, particularly of 
the routes of transmission, the stability of the agent in the environment 
and the role of fomites and vector should be thoroughly known [4]. 
Biosecurity is also a strategic approach that integrates and encompasses 
both policy and regulatory frameworks to analyze and manage risks to 
prevent the exposure, introduction, transmission and spread of disease 

on farms. Biosecurity helps to reduce the cost associated with farm 
diseases, including sub-clinical diseases whose consequences may be 
invisible, but which have a significant effect on performance, product 
quality, clientele, quality assurance and fish production costs [2, 3, 5]. 
A good biosecurity practice may help to improve the animal welfare, 
farm productivity and may contribute to reducing the use of antibiotics. 
Knowing of the biosecurity compliance rate can also help to evaluate 
and the risk level of fish infections as they are negatively correlated or 
evolve in opposite directions. As the compliance rate increases, the level 
of risk of fish infections decreases and vice versa.

In Cameroon, some works have been done on biosecurity practices 
in pig and poultry farms [6-8]. The concept of aquaculture biosecurity is 
still poorly known, aside from the study carried out by [9] on biosecurity 
practices in aquaculture farms in the West Region of Cameroon. In the 
same vein, there is an urgent need to establish a general mapping of 
biosecurity practices in aquaculture farms throughout the country. A 
thorough knowledge of the biosecurity compliance and indirectly the 
risk level of fish infections or the probability of disease transmission 
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within or between farms as well as the determining factors (farming 
practices) can help decision-making by stakeholders in the aquaculture 
sector to improve farm productivity. 

Farming practices such as “herd size” have been found to be 
associated with the biosecurity status in pig herds [10, 11]. Additionally, 
husbandry system, culture duration, pond water source, size of ponds, 
number of ponds per farm and capture method have been reported to 
influence the biosecurity score [9]. To our knowledge, no relationship 
was established between those farming practices and the risk level of 
fish diseases. Moreover, such factors have not yet been investigated in 
fish farms of the Littoral Region of Cameroon and especially in Wouri 
Division which is one of the main fish farming poles of the Country. 
This study aims to assess the farming practices influencing the risk 
level of fish infections for a sustainable aquaculture in Wouri Division, 
Cameroon. 

Materials and Methods
Study area

The investigation was conducted from March to May 2022 in 33 fish 
farms located in Wouri Division in the Littoral Region of Cameroon 
(Figure 1). The area lies between longitude 9°76’78’’-9°46’4.3’’East of 
the Greenwish meridian and latitude 3°97’04’’- 3°58’13’’North of the 
equator. The climate is of equatorial type characterized by a long rainy 
season running from March to November and a short dry season from 
December to February. The average annual temperature ranges between 
25.5 and 28.9 °C while the rainfall is 3619 mm [12].

Selection of fish farms 

The first farm was located with the help of a local inhabitant. The 
next farms were located using the “snow ball” technique. Indeed, 
the previously selected farmer indicated the neighboring farm and 
so on till no new farm could be found within the study area [7, 13]. 
Farm’s selection process was also based on road accessibility including 

distance and time to trek to farms, functional status and farmer consent 
to collaborate in the study [14].  

Questionnaire design

The data was collected through personal observation of the 
researcher and face-to-face interview between the latter and the farm 
managers using a semi-structured questionnaire divided into two 
parts namely questions related to the fish farming practices and the 
biosecurity measures (Table 1) grouped into components (isolation, 
traffic control and sanitation) [4, 5]. The questionnaire was previously 
tested in a sub-sample of seven (7) farms in the study area to verify 
the relevance, clarity, redundancy and consistency of the question 
and subsequent adjustments made when necessary. The GPS (Global 
Positioning System) was used to geolocate the farms.

Biosecurity scoring system 

The linear scoring system was used by assigning 1 and 0 respectively 
to the implemented biosecurity measure or not. The final score of a 
farm was the sum of all the values recorded in the farms (0 or 1 per 
measure). Given that a biosecurity component (isolation, traffic 
control and sanitation) included several measures, the mean score 
of a component was obtained by adding up the scores of individual 
measures. Thereafter, the total score was divided by the total number of 
measures within the component [6]. The total score recorded by a farm 
could not exceed 33 points. The linear scoring system was empirically 
calculated as previously reported by [15-17]. The measures were 
therefore weighted equally and any biosecurity measure estimated to be 
less efficient in the transmission and occurrence of a disease since fish 
may suffer from poor health resulting from the lack of implementing 
biosecurity measures. The main concern of this study was the 
importance of implementing biosecurity measures on the health of 
reared fish and not the risk level generated by each biosecurity measure 
as it is the case in disease transmission pathways. The weighed scoring 
systems in the disease transmission pathways should not have the same 

Figure 1: Map of the Littoral Region of Cameroon showing Wouri Division and audited fish farms.
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efficiency as direct contact is likely more risky than indirect contact 
with less efficiency for transmitting pathogens. The Compliance Rate 
(CR) of biosecurity measures defined and ranked after [14] was used 
to determine the risk level of fish infections and to categorize the fish 
farms (Table 2). The biosecurity compliance rate and the risk level of 
fish infections are negatively correlated or evolve in opposite directions. 
In other words, as the compliance rate increases, the level of risk of fish 
infections decreases and vice versa.

Data analysis

Farming related characteristics and biosecurity compliance rates 
were subjected to descriptive statistics. The Kruskal-Wallis (K) and 
Mann-Whitney (U) tests, the analysis of variance (F) were used to 
assess the effects of the farming practices on the compliance rate of 
biosecurity measures while the relationship between both variables was 
determined using the multivariate linear regression model. Data were 
analyzed using the R software and the significance level (p) was set at 
0.05.

Results
Fish farming practices in Wouri Division

The fish farming practices in Wouri Divison are summarized in 
Table 3. It appears that Clarias gariepinus Burchell, 1822 was the only 
reared species of fish. The intensive production system (87.87%) and 
non-integrated fish farming (100%) were the most practiced. Grow-

Biosecurity Components N° Biosecurity Measures
Isolation 1 Farm is fenced

2 Other animals species are absent on the farm
3 New fish are quarantined before  rearing
4 Absence of bushes and trees around farms
5 Space for visitors
6 Water flow is continuous
7 Rearing facilities are layout in derivation

Traffic control 8 Visitors not allowed to have contact with water
9 No exchange of breeding tools between farms

10 Water supply tracks protected to trap debris and unwanted aquatic animals
Sanitation 11 Use of footbaths

12 Veterinary intervention
13 Incineration of dead fish
14 Especial  outfit (clean coverall and boots) for staff
15 Especial outfit for visitors
16 Analysis of water quality
17 Diagnosis of fish diseases
18 Sanitary lock
19 Awareness of  biosecurity measures
20 Awareness of fish diseases
21 Disinfection of breeding tools before use
22 Disinfection of breeding tools after use
23 Treatment of fish disesases
24 Captured fish not put back into  water

Table 1: Biosecurity components and measures studied.

Compliance  Rate Implementation Level Biosecurity Practice Risk Level Type of Farm
[0-25] Low Poor Major A
[25-75] Intermediate Intermediate Moderate B
[75-100] high Good Minor C

Table 2: Classification of fish farms based on the compliance rate of biosecurity measures.

Farming practices Variables (N = 33) Frequencies (%)
Fish species reared Clarias gariepinus 100
Production systems Intensive 87.87

Semi intensive 12.13
Extensive 0

Type of  fish farming Integrated 0
No integrated 100

Culture phases Fry farming (nursery) 27.27
Grow-out 66.66

Fry farming + grow-out 18.18
Types of culture facilities Ponds 3.03

Fastanks 69.69
Concrete tanks 6.06

Fastanks + concrete tanks 15.15
Ponds + fastanks + concrete 

tanks
6.06

Number of production 
cycles per year

01-Feb 51.51
>2 48.48

Source of water River 3.03
Boreholes 63.63

Wells 30.3
Camwater1 3.03

Treatment of water 
before use

Yes 12.12
No 87.87

Use of fertilizer yes 6.06
No 93.93

Table 3: Frequency distribution of farms in Wouri Division according to the farming 
practices.
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out was the most common culture phase (66.66%) followed by nursery 
or fry farming (27.27%) and nursery + grow-out (18.18%). The non-
ground system was diversified and especially the fastanks (69.69%) 
was the most represented and used by about 95% of the farms, unlike 
the ground system (ponds). Only 36.36% of fish farmers practiced 
quarantine of new fish. The main source of water was boreholes 
(63.63%) while 87.87% of farms did not treat water before use.

Frequency distribution of farms according to the compliance 
rate of biosecurity components

The frequency distribution of farms according to the compliance 
rate of biosecurity components is summarized in Table 4. Overall, the 
compliance rate (40.52±14.70%) was intermediate corresponding to a 
moderate risk level of fish infections and significantly higher for the 
isolation component (60.17 ± 19.81%) followed by traffic control (53.53 
± 25.87%) and sanitation (27.70 ± 19.70%). No farm was at a minor risk 
level of contamination. The compliance rate was low and intermediate 
in 18.18% and 81.81% of farms respectively. No farm showed a good 
biosecurity practice.

Effect of the production system on the compliance rate of bi-
osecurity practices

The biosecurity practices (Figure 2) were insignificantly (U = 27; 
p = 0.09) more applied in intensive system (42.09±14.75%) than in 
semi-intensive system (29.17 ±8.10%). In other words, the risk level of 
fish infections was higher in the semi-intensive system. Whatever the 
production system, the biosecurity component related to the isolation 
recorded the highest (p < 0.05) compliance rate followed by the traffic 
control and sanitation.

Effect of the culture phases of fish on the compliance rate of 
biosecurity practices

The effect of the culture phases of fish on the compliance rate of 
biosecurity practices is highlighted in Figure 3. Regardless of the 

Inspection of fish Yes 93.93
No 6.06

Quarantine of new fish Yes 36.36
No 63.63

Duration of 
acclimatization  of new 

fish (days)

No acclimatization 21.22
01-Jul 78.78

Type of feeds used Farm-made 3.03
Manufactured 72.72

Farm-made + manufactured 24.25
Feed storage Store 81.81

Others 18.18
Duration of feed storage  

(weeks)
≤4 78.78
>4 21.21

Workforce on the farm 
(manpower)

[1-2] 57.58
[2-7] 42.42

n: Number of audited farms; 1: Cameroon water utilities corporation (company in 
charge of potable water supply in Cameroon)
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Figure 2: Effect of the production systems on the compliance rate of biosecurity 
practices.

Figure 3: Effect of the culture phases on the compliance rate of biosecurity 
practices in fish farms in Wouri division.

Biosecurity Components Compliance rate (%) F p
[0-25] [25-75] [75-100] M ±SD (Min-Max)

Isolation 1 (3.03) 27 (81.81) 5 (15.15) 60.17±19.81 (14.28-100) 22.73 <0.0001*
Trafic Control 2 (6.06) 27 (81.81) 4 (12.12) 53.53±25.87 (0-100)

Sanitation 13 (39.39) 20 (60.60) 0 (0) 27.70±19.70 (0-64.28)
Overall 6 (18.18) 27 (81.81) 0 (0) 40.52±14.70 (16.67-75)

Number of  farms (% of farms); M: Mean; SD: Standard deviation; Min:  minimum; Max: maximum; *: Significant

Table 4: Frequency distribution of farms according to the compliance rate of biosecurity components.
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biosecurity components, compliance rates were intermediate and 
significantly (K = 6.76; p = 0.034) higher (48.81±12.44%) on farms 
practicing nursery (fry farming) followed by nursery + grow-out 
(47.92±13.63%) and grow-out (35.41±14.02%) farms. All three 
categories of farms were at moderate risk of pathogens contamination. 
Whether in nursery or nursery + grow-out farms, the most observed 
components were in decreasing order, traffic control, isolation and 
sanitation. This trend was not noted in farms practicing only grow-out 
although sanitation was always the least observed (18.57±17.40%).

Compliance rate of biosecurity practices based on culture 
facilities

The compliance rate according to culture facilities (Figure 4) showed 
that biosecurity practice was poor (16.67±0%) on farms where ponds 
were the only culture facility and intermediate on farms with other 
types of facilities. The biosecurity compliance rate was not significantly 
(K = 3.54; p = 0.473) affected by the type of culture facilities. Overall, 
the traffic management component was the most observed followed by 
isolation and sanitation but without significant difference.

Effect of the workforce on the compliance rate of biosecurity 
practices

The increase of human resources had a positive effect on the 
compliance rate (Figure 5). Indeed, a significant higher (U=78.50; p 
= 0.048) compliance rate was recorded in farms with more than two 
workers.

Relationship between the farming practices and the 
compliance rate of biosecurity measures

The multivariate linear regression of the farming practices 
influencing the compliance rate of biosecurity measures (Table 5) 
showed a positive, strong (R2= 0.917) and significant relationship 
between the protection of farms from wild animals, fishing method, 
quarantine of new fish and the compliance rate. In contrast, the 
latter was negatively, strongly and significantly associated with the 
acclimatization of new fish.
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Figure 4: Compliance rate of biosecurity practices based on culture facilities found 
in fish farms in Wouri division, Cameroon.
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Figure 5: Effect of the workforce on the compliance rate of biosecurity practices.

Discussion  
The fish farming practices in Wouri Divison revealed Clarias 

gariepinus Burchell, 1822 to be an excellent candidate for fish farming 
for several reasons. These include high growth rate, reduced respiratory 
requirements, adaptation to various farming systems, resistance or 
hardiness to diseases [18] and possibility of high stocking density [19]. 
In addition, broodstock produce large quantities of eggs and sperm. 
This species of fish accepts a wide variety of artificial feeds and tolerates 
poor environmental conditions. The flesh is highly appreciated by a 
large segment of Cameroonians and is therefore easily marketed. 

The high representation (87.87%) of farms practicing the intensive 
production system compared to the semi-intensive system suggests that 
the proximity of the study area to the Institute of Fisheries and Aquatic 
Sciences (ISH) at Yabassi, University of Douala-Cameroon would 
have contributed to the training of fish farmers in modern production 
techniques. Indeed, 53.85% of farmers who received training in fish 

Farming Practices Regression 
Coefficient

p R2 Constant

Production system -2.105 0.613 41.402
Culture phases -3.953 0.488

Protection of farm against 
wild animals

7.598 0.033*

Quarantine of new fish 15.414 0.000* MR2= 0.917
Acclimatization of new fish 14,481 0.003* AR2= 0.839

Fishing methods 12.719 0.048*
Fishing frequencies -0.481 0.588

Treatment of water before 
use

8.265 0.148

Types of culture facilities -1.456 0.952 MR2=0.513 35.463
Number of  culture 

facilities
0.644 0.159 AR2= 0.220

Type of feeds -12.881 0.258 MR2=0.451 45.859
Feeding frequencies -0.695 0.135 AR2= 0.268

Storage of fish -1.389 0.18
MR2: Multiple R-squared; AR2: Adjusted R-squared ; R2: Determination  coefficient; 
p: Error probability; *: Significant

Table 5: Multivariate linear regression result of fish farming practices influencing 
the biosecurity compliance rate in Wouri Division, Cameroon.
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farming came from that school whose purpose is to train fisheries 
engineers. Contrary to the present study, 84.3% of the farms practicing 
the extensive production system have been reported in the in the West 
Region of Cameroon because of the high cost and the unavailability 
of quality manufactured feed and the lack of mastery of production 
techniques [9]. 

The above-ground system, especially fastanks (69.69%) was the 
most represented (95% of farms) while the ground system (ponds) was 
of concern to only 3.03% of the producers. The reason being the scarcity 
of large land areas required by the ground system. This observation 
contrasts with [20] and [21] who obtained 97.5 and 82.6% respectively 
of the farms with ponds built in derivation given that land areas are 
available. Fry farming or nursery phase was practiced only by 27.27% 
of farms unlike the grow-out phase (66.66%) probably because fry are 
more vulnerable to diseases hence the risk of loss of production by fish 
farmers. 

Overall the moderate risk level of fish infection (CR = 40.52±14.70%) 
recorded during this study is below the expected minor level (high CR). 
The similar value was reported by [22]  in fish farms in Côte d’Ivoire 
while a major risk level (low CR) was obtained by [6, 9, 23, 24]. The 
explanations provided by these authors were the ignorance of farmers 
due to the lack of training, the inadequate or lack of application of the 
appropriate measures against disease transmission and occurrence 
in their farms, the lack of knowledge and understanding, lack of 
communication, time, and audit programs of biosecurity, potential risks 
and economic constraint.  The most observed biosecurity component 
was isolation followed by traffic control and sanitation because isolation 
measures appear to be inexpensive and less constraining.

The biosecurity practice although overall intermediate was more 
observed (p = 0.090) in the intensive system (42.09±14.75%) compared 
to the semi-intensive system (29.17±8.10%). In other words, the 
semi-intensive system was more prone to infections probably due to 
the improved rearing techniques in the intensive system to reduce 
mortalities. The management of the farm and particularly the hygiene 
rules are more accurate in the intensive system as a result of the new 
infrastructural technology used as well as the advanced and easily 
controllable production techniques.

Regarding the effect of culture phases on biosecurity practice, the 
compliance rate was intermediate and significantly higher during the 
nursery phase in the hatcheries (48.81±12.44%) compared to the grow-
out phase (35.41±14.02%). Thus, the risk of infection of fish was lower 
during fry farming. This observation would depend on the sensitivity 
and zoo technical delicacy of the fry production phase. Indeed, fry are 
more vulnerable to diseases than other developmental stages because 
of the weakness of their immune systems [25]. Fish acquire adaptive 
immunity with age, which would justify the decrease in compliance 
with hygiene measures during fish grow-out. The fear of production 
loss would have led fish farmers to emphasize barrier measures in the 
hatchery. 

Although the compliance rate was higher during nursery phase, this 
is still problematic as the norm recommends a good biosecurity practice 
especially in hatcheries and not an intermediate practice as is the case 
in this study. These observations are due to the financial constraints 
raised by 57.57% of the fish farmers. The lack of aquacultural training, 
ignorance or poor application of biosecurity measures may also be 
mentioned [23, 24, 26]. This intermediate value of the compliance rate 
could be an explanation for the mortality rates of up to 100% observed 
in the Wouri Division farms and especially in hatcheries. As for the 

effect of the type of culture facilities on the observance of hygiene 
measures, the biosecurity practice was poor (16.67±0%) in the pond 
farms and intermediate in the other types of infrastructure. In fact, 
unlike ponds, rearing practices and biosecurity measures are more 
accurate, easily applicable and controllable in above-ground systems 
like fastanks and Water Recycle System (WRS) because of the more 
advanced technology.

The multivariate linear regression of the farming practices 
influencing the biosecurity practices showed a positive, strong and 
significant relationship between the protection of farms from wild 
animals, fishing method, quarantine of new fish and the compliance 
rate of biosecurity measures. This could be explained by the fact that 
some measures (fenced farm, no exchange of fishing materials with 
other farms, disinfection of farming equipment after use, quarantine 
of new fish) were more applied than others. This type of relationship 
between farming practices and compliance rate was expected since 
the implementation of standard biosecurity measures (use of foot 
bath, veterinary visit, and management of dead fish, wearing of 
protective clothing by employees, special clothing for visitors, water 
quality analysis and treatment of fish diseases) was limited by high 
costs. Fishing method has been reported to be positively associated 
with the compliance rate of biosecurity measures in the West Region 
of Cameroon [9]. A negative, strong and significant association was 
establish between the compliance rate of biosecurity measures and the 
acclimatization of new fish. Fish farmers seem to replace quarantine 
with acclimatization, which is not a hygiene measure per se as there 
may be healthy carriers in the batch of new fish imported into the farm.

Though the increase of manpower had a positive effect on the 
compliance rate, the risk level of fish infections remained moderate 
because the manpower was mainly composed of family members some 
of whom lacked experience [9]. 

The government should build the capacity of fish farmers in 
aquaculture biosecurity through seminars and funding for fish 
farming projects. Good biosecurity practice will in the long term allow 
certification of farms and will thus guarantee the quality assurance of 
aquaculture products. 

Conclusion 
Overall, the risk level of fish diseases in Wouri Division was 

moderate i.e. intermediate compliance rate of biosecurity measures and 
varied according to the farming practices. A positive and significant 
relationship was found between protection of farms from wild animals, 
fishing method, quarantine of new fish and the compliance rate. The 
latter was negatively, strongly and significantly associated with the 
acclimatization of new fish. The intermediate biosecurity practice in 
fish farms may be responsible for the frequently reported epizootics. 
The government should financially and technically empower fish 
farmers in biosecurity practices for optimum fish production. 
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