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Abstract 

 

The present research quantified the risk mitigation indices associated with some risk mitigation 
protocols practiced by humans in Nigeria to mitigate the baseline risk of illness that were associated with 
Clarias gariepinus contaminated with multidrug-resistant AmpC beta-lactamase-producing Enterobacter 

cloacae pathogen. Identification of the multidrug-resistant AmpC beta-lactamase-producing E. cloacae 

pathogen was performed with phenotypic and molecular methods. The United States FDA-iRisk stochastic 
software quantified the baseline and residual risk of illness associated with the contamination and cross-
contamination routes of the C. gariepinus chain. The fresh adult C. gariepinus was contaminated with the 

multidrug-resistant E. cloacae pathogen (median concentration = 4.49 CFU g-1), but this was significantly 

reduced by the risk mitigation protocols practiced by the human consumers. The risk mitigation practices of 
human consumers resulted in a risk mitigation index of 0.92, which was equivalent to a 92% reduction in the 
baseline risk of illness (baseline risk of illness = 7.58 × 10-4; residual risk of illness = 5.9 × 10-5). In spite of the 
significant risk mitigation, inducible AmpC beta-lactamase resistance genes was still found in the residual 
multidrug-resistant Enterobacter cloacae pathogen, which survived the inadequate risk mitigation protocols 

that accounted for 8% residual risk of illness.   
 

Keywords: bio-risk; cross-contamination; multidrug-resistant AmpC beta-lactamase-producing 

Enterobactercloacae pathogen 

  
 
Introduction 

 
The absence of control of catfish aquaculture operations in Nigeria and many developing countries 

(Boss et al., 2016) could have a profound negative health impact on humans, especially as a result of probable 

improper handling of the contaminated catfish during processing in kitchen systems (Barker et al., 2003).  

An array of pathogenic bacteria, parasites and viruses (Pires et al., 2015) has been implicated as the 

main sources of contamination in aquaculture systems. The health impact resulting from these 
contaminations and cross-contaminations is often deduced by estimating the risk or probability of illness 
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caused by the contaminated food (Cassini et al., 2016).  The baseline risk of illness is defined as a measure of 

the health impact that is associated with the contaminated food that had not been subjected to any form of 
risk mitigations such as thermal processing or chemical disinfection. The residual risk of illness refers to a 
measure of the health impact that remained in the contaminated food after the implementation of some 
forms of risk mitigation protocols during processing of the contaminated foods in kitchen systems.  

Evaluations of the baseline and residual risk of illness in the catfish aquaculture chain usually involve 
the use of quantitative tools (FDA/CFSAN/JIFSAN/RSI, 2017) that can predict the risks of illnesses 
resulting from catfish contaminations and cross-contamination. The Codex Committee on Food Hygiene 
Principles and Guidelines for the Conduct of Microbiological Risk Assessment (Codex Alimentarius 
Commission, 1999), which consists of a hazard identification, hazard characterization, exposure assessment, 
and risk characterization (Park et al., 2014) is a routine risk assessment tool that is widely used for these 

microbial risk predictions.  
It has been asserted that Africa has the greatest burden of disease from contaminated foods among all 

age groups (Kirk et al., 2017). Hence, the hereby research aimed to specifically quantify the baseline risk of 

illness that was associated with fresh C. gariepinus harvested from Nigerian grow-out pond systems, as well as 

to assess the efficacy of the confounding risk mitigation protocols in the Nigerian C. gariepinus chain, as 

measured by the residual risk of illness.  
 

 
Materials and Methods 

 
Experimental design  

Fifty-four fresh adult C. gariepinus samples were collected from the grow-out pond systems in Nigeria. 

The C. gariepinus samples were individually analyzed to estimate the extent of contamination of the catfish 

samples with multidrug-resistant Enterobacter cloacae pathogen. C. gariepinus samples were also used to 

estimate the extent of cross-contamination in ready-to-eat salad samples that were cross-contaminated by 
contaminated catfish contact surfaces (knife, cutting tray, and processor’s hands) after some forms of risk 
mitigation protocols were initially applied to decontaminate the catfish contact surfaces which were 
previously used to process the catfish samples. Exposure variables (concentration and prevalence) were 
measured in the contaminated catfish and cross-contaminated ready-to-eat salad samples. 

 
Preparation of catfish and ready-to-eat salad for microbial analyses 

Each adult C. gariepinus sample was dissected on a metal tray that had been initially sterilized in a hot 

air oven. It was then dissected with a sterilized surgical blade and some portion of the skin, alimentary organs, 
and gills were aseptically removed for analysis.     

Having removed the materials to be analyzed from a C. gariepinus sample, a sterile knife was 

subsequently used to partition the C. gariepinus in the laboratory, as is practiced in the kitchen by human 

consumers in Nigeria. The knives, cutting tray and processors’ hands were then decontaminated in the 
laboratory via three risk mitigation scenarios, as is also practiced by human consumers in Nigeria. The risk 

mitigation scenarios performed in the laboratory included: 
i. rinsing of the catfish contact surfaces with sterile water only. 
ii. aseptic scrubbing of the catfish contact surfaces with soap plus rinsing with sterile water. 
iii. aseptic scrubbing of the catfish contact surfaces with soap plus rinsing with sterile water 

containing 5,000 ppm hypochlorite.  
After each risk mitigation scenario, the decontaminated catfish contact surfaces were then used to slice 

salad ingredients (carrot, garbage and cucumber) that had initially been sterilized to eliminate extraneous 
pathogens. The sliced ingredients were then incorporated into the mayonnaise cream to produce the 
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prototype ready-to-eat salad sample that was analyzed to indirectly estimate the efficacy of the risk mitigation 
protocols that were used to mitigate the health impact of the catfish cross-contamination routes.   

A fourth risk mitigation scenario was also performed in the laboratory, to estimate the efficacy of 
mitigating the baseline risk of illness caused by the contaminated catfish. It involved cooking of the 
partitioned C. gariepinus to an internal temperature of 68 °C (internal temperature of well-cooked catfish) 

according to the method of Jackson et al. (1996), as also practiced by human consumers in Nigeria.  

 
Estimation of the initial prevalence and concentration of multidrug-resistant AmpC beta-lactamase-

producing E. cloacae pathogen 

Spread-plating technique was used to screen the samples for the presence of drug-resistant enteric 
bacterial colonies by inoculating samples on to ceftriaxone-impregnated crystal violet red bile (CVRB) agar 
plates (CLSI, 2014; Imade and Akinnibosun, 2018). The plates were incubated at 37 °C for 18 - 24 hours and 
the concentration of ceftriaxone-resistant enteric bacteria was subsequently deduced and reported as 
ceftriaxone-resistant enteric bacteria counts (CREC).  

Detection of multidrug resistance in the ceftriaxone-resistant colonies was performed with the Kirby 
Bauer disk diffusion test (CLSI, 2014). Ceftriaxone-resistant bacterial colonies that exhibited resistance to at 
least two antibiotics from two different antibiotics classes used in the disk diffusion test were confirmed as 
multidrug-resistant bacteria.  

Genus-level identification of multidrug-resistant E. cloacae pathogen was performed with standard 

phenotypic testing of the multidrug-resistant bacteria (Barrow and Feltham, 2013).  
Haemocytotoxigenic and Shigatoxigenic virulence traits in the multidrug-resistant bacteria were also 

detected as previously described (Karch and Meyer, 1989; Surendran and Thampuran, 2009; Imade and 
Akinnibosun, 2018).  

Species-level identification of the multidrug-resistant AmpC beta-lactamase-producing E. cloacae 

pathogen was performed with molecular methods (Lane, 1991; Conceicao et al., 2004; Imade and 

Akinnibosun, 2018).  
The concentration of the multidrug-resistant AmpC beta-lactamase-producing E. cloacae pathogen in 

a catfish sample was deduced with equations 1 and 2. Prevalence of contaminated catfish sample(s) in the 
batch of catfish samples examined in this study was calculated with equation 3. 

   
Cam: concentration of multidrug-resistant AmpC beta-lactamase-producing E. cloacae pathogen in a 

catfish sample. CREC: concentration of ceftriaxone-resistant enteric bacteria in a catfish sample. Pam: 

prevalence of multidrug-resistant AmpC beta-lactamase-producing E. cloacae pathogen in a catfish sample, 

mathematically expressed as follows: 

 

 
Ps: prevalence of contaminated catfish sample(s).  

 
Stochastic quantification of the baseline risk of illness associated with the contaminated fresh catfish 

The baseline risk of illness inferred the degree of health risk that humans were exposed to if 
appropriate intervention protocols were not performed prior to consumption of the fresh C. gariepinus 

harvested from the grow-out ponds. The baseline risk of a case of illness per serving was calculated across all 
the iterations simulated with the FDA-iRisk software as follows:  
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Pf, h: probability (baseline risk) of a case of illness. P (ɛh / AD f, h): probability of response provided by 

interpolation from the dose-response model specified for hazard h, given ingestion of dose AD f, h. P (γh / ɛh): 

probability of acute illness given response ɛh occurred if ɛh is an end point other than frank illness. Ps 

(probability of exposure): prevalence of contaminated units of catfish provided by the process model. E 

denotes the expectation of the value in the brackets, as computed from the mean of the iterations within a 
Monte Carlo simulation. 

 
Quantitative modelling of risk mitigation protocols 

Modelling of the decontamination (risk mitigation) protocols employed in kitchen systems during 
partitioning of contaminated aqua-cultured C. gariepinus was based on the behavioural practices of human 

consumers during processing of the catfish in kitchen systems. A descriptive study was employed, in which a 
sample size of 1,050 respondents drawn from Edo (Latitude: 6.5438°N, 5.8987°E), Anambra (Latitude: 
6.8959°N, 4.8936°E) and Ondo (Latitude: 6.2758°N, 7.0068°E) States in Nigeria were enrolled and a 
structured self-reported questionnaire administered to each of the respondents. The responses were 
subsequently analyzed with the NCSS version 12 Data Analysis software.  

 
Process model description of C. gariepinus contamination/cross-contamination  

Three processing stages were formulated to depict the C. gariepinus contamination route in the C. 

gariepinus chain. These stages include the hatchery/pre-harvest, harvest and partitioning stages. The three 

stages spanned the time the fresh fingerlings/juveniles (which were harvested from the nursery pond at the 
end of the hatchery/pre-harvest stage) entered the grow-out pond to the time they reached adult size in the 
grow-out pond (at the end of the harvest stage) and ultimately to the time the adult C. gariepinus were 

processed in the kitchen (partitioning stage).  
The C. gariepinus cross-contamination route was depicted with two processing stages. One of the 

stages comprise the cross-contamination of food contact surfaces, such as kitchen utensils and the hands of 
the processors, during the partitioning of catfish in the kitchen; the other processing stage depicts a scenario 
in which ready-to-eat salad was cross-contaminated with improperly decontaminated food contact surfaces 
prior to consumption.  

 
Calculation of the residual risk of illness resulting from the risk mitigation protocols 

The health impact of the risk mitigation protocols practiced by human consumers in Nigeria during 
catfish processing in the kitchen was deduced as follows: 

Ri = 1 -   
��

��
                                                (5) 

Ri is the risk mitigation index. 

Rb is the baseline risk of a case of illness caused by the contaminated fresh catfish. 

Rc is the residual risk of a case of illness across all the risk mitigation protocols examined. It is 

mathematically represented as: 

      
Fp: frequency of a specific risk mitigation protocol practiced by human consumers.  Rp: residual risk of 

a case of illness resulting from a specific risk mitigation protocol. N: total number of risk mitigation 

protocol(s) examined.  
 
Data analysis 

NCSS version 12 data analysis software was used to analyse the descriptive statistics of concentration 
and prevalence data. The NCSS version 12 data analysis software was also used to implement the Wei's Urn 
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iterative randomization protocol, Shapiro Wilk normality test, Levene test of homogeneity and Kruskal-
Wallis non-parametric ANOVA test. The FDA-iRisk stochastic software estimated the baseline and residual 
risk of illness that was associated with the C. gariepinus chain. 

 
 
Results  

 
Identification of multidrug-resistant AmpC beta-lactamse-producing E. cloacae pathogen    

GenBank accession numbers for deposited strains of the isolated multidrug-resistant E. cloacae 

pathogen were MH071286 and MH027596. Metadata which described these isolated strains as pathogens 
affecting public health were also deposited under GenBank accession numbers SAMN08728319 and 
SAMN0878310. The annotated AmpC β-lactamase enzymes as well their translated nucleotide sources were 
deposited under GenBank accession numbers AXH01353, AXH01354, MH110562 and MH110563. 
GenBank accession numbers for metadata which described these isolated multidrug-resistant pathogenic 
strains as AmpC β-lactamase producers were SAMN08728284 and SAMN08728333. A pair-wise amino acid 
sequence alignment between the AmpC β-lactamase (AXH01353) produced by a pathogenic multidrug-
resistant isolate (Enterobacter cloacae NG 14) and the consensus sequence of its cubic O group peptidase 

family, which further confirmed the production of AmpC beta-lactamase by the isolated E. cloacae pathogen 

is shown in Figure 1.    
 

 
Figure 1. RPS-BLAST pair-wise sequence alignments between the AmpC beta-lactamase amino acid 
residues of cubic O group peptidase consensus sequence (COG1680) and the query AmpC beta-
lactamase amino acid residues (AXH01353) derived from the translated nucleotide sequence 

(MH110562) of E. cloacae HK 14. COG1680 is the accession number of the specific hit (cubic O group 

peptidase conserved domain database. (+) symbol indicate the specific location of the serine active site 
within the highly conserved motifs. (- - - -) indicate regions of amino acid sequence deletions in the 
AmpC beta-lactamase enzyme due to mutations in the query translated nucleotide sequence. The 
BLAST was implemented with the conserved domain bioinformatics tool (CD SEARCH/cdd v3.16) 
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FDA-iRisk inputs used for the stochastic quantification of aquaculture operations (putative risk factors) in 

the grow-out pond systems 

Descriptive statistical variables of the initial concentration and prevalence of multidrug-resistant 
AmpC beta-lactamase-producing E. cloacae pathogen present in the fresh C. gariepinus samples that were 

inputted as probability distributions into the FDA-iRisk software to stochastically quantify the variability in 
the concentration of the pathogen are presented in Table 1. Quantification of the variability in concentration 
parameter was based on the outcome of the normality test performed on the initial concentration datasets of 
the pathogen. Concentration datasets of the pathogen in the fresh C. gariepinus were non-normally 

distributed (p < 0.05). Thus, triangular probability distribution [expressed as Triangular (Minimum, Mode, 

Maximum)] was used to stochastically quantify the concentration of the pathogen in the fresh C. gariepinus 

samples.  
 
Table 1. Variables inputted into FDA-iRisk software for stochastic quantification of variability in the 

concentration of the pathogen in C. gariepinus  

Predictor pathogen Parameters 

Grow-out ponds (N = 54) 

Prevalence of 
contaminated 

catfish 

Amount of 
contamination 

added 

Concentration 
after addition 

process 

(A) (Log10CFU) (Ci) (Log10CFU g-1) 

Enterobacter cloacae 

Mean 0.84 5.18 4.04 

Median 1.00 5.88 4.79 

Mode 1.00 6.58 5.18 

Standard deviation 0.24 1.71 1.42 

Minimum 0.00 0.00 0.00 

Maximum 1.00 7.49 6.10 
N represents the total number of catfish samples examined. 

 
FDA-iRisk inputs used for the stochastic quantification of confounding risk factors in the kitchen system  

Process modelling of the confounding risk factors was based on the risk mitigation behaviours of 
human consumers in Nigeria during catfish processing in the kitchen as indicated in Table 2. All respondents 
said that they ensured that catfish was well-cooked prior to consumption. Thus, upon modelling of the risk 
mitigation scenario in which fresh catfish samples were cooked to an internal temperature of 68 °C (internal 
temperature of well-cooked catfish) according to the method of Jackson et al. (1996), the E. cloacae pathogen 

was not found in all the well-cooked catfish samples examined. Nine per cent of respondents rinsed catfish 
contact surfaces (knife, cutting board and processors’ hands) with water only after the use of these contact 
surfaces to process catfish in the kitchen. Upon modelling of this risk mitigation scenario in the laboratory, 
the E. cloacae pathogen was found in the cross-contaminated ready-to-eat salad samples. The pathogen was 

also found in another risk mitigation scenario in which ready-to-eat salad samples were cross-contaminated 
by pre-sterilized salad ingredients (carrot, cucumber, garbage) that were sliced with catfish contact surfaces 
that had initially been scrubbed with soap and rinsed in sterile water after their use to partition fresh C. 

gariepinus samples in the laboratory. No E. cloacae pathogen was isolated from ready-to-eat salad samples in 

the risk mitigation scenario in which the ready-to-eat salad samples were prepared with pre-sterilized salad 
ingredients that were sliced with catfish contact surfaces which had initially been scrubbed with soap and 
rinsed in sterile water containing 5,000 ppm hypochlorite after their use to partition fresh catfish samples in 
the laboratory.    

Descriptive statistical variables of the initial concentration and prevalence of the E. cloacae pathogen 

harbored in the cross-contaminated ready-to-eat salad samples that were inputted as probability distributions 
into the FDA-iRisk software to stochastically quantify the variability in the concentration parameter are 
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presented in Table 3. The resultant probability distributions of the initial concentration datasets which was 
used by the FDA-iRisk software to implement the Latin Hypercube sampling that generated multiple 
datasets (iterations) used in performing Monte Carlo simulations of the risk mitigation events in the kitchen 
systems is shown in Figure 2.  

 
Table 2. Risk mitigation behaviors of human consumers during C. gariepinus processing in kitchen 

systems 

1. 

Question types 

Subjects’ response to questions 
(N = 1050) 

Mean 
(× 100%) 

S. error 
(× 100%) 

95% CI 
(× 100%) 

Sanitization of hands, knife and cutting board 
after their use to process catfish in the kitchen: 

i. rinse with water only 0.09 0.01 0.07 – 0.11 

ii. scrub with soap followed by rinsing with water 0.89 0.01 0.87 – 0.91 

iii. scrub with soap followed by rinsing with water 
containing 5,000 PPM hypochlorite. 

0.02 0.00 0.01 – 0.03 
   

2. 

Cooking of catfish prior to consumption: 

i.   well-cooked before consumption 1.00 0.00 0.00 – 0.00 

ii.  consumed even when not properly cooked 0.00 0.00 0.00 – 0.00 
N: total number of human respondents. PPM: parts per million. S. Standard. CI: confidence interval of mean 

 
Table 3. Variables inputted into FDA-iRisk software for stochastic quantification of variability in the 
concentration of the pathogen in cross-contaminated ready-to-eat salad 

Specific 
hazard 

Statistical 
parameters 

Risk mitigation protocols in kitchen systems 

Cross-contamination of ready-to-eat salad samples with 
catfish contact surfaces which were rinsed with water 

only 

Cross-contamination of ready-to-eat salad samples with 
catfish contact surfaces which were scrubbed with soap 

and rinsed with water 

(N = 18) (N = 18) 

Prevalence 
of ready 

to-eat 
salad 

Amount of 
contamination 

added (A) 

(Log10 CFU) 

Transfer 

rate (T) 

(×100%) 

Concentration 
after addition 

process (Ci) 

(Log10 CFU 
g1) 

Prevalence 
of ready 

to-eat 
salad 

Amount of 
contaminati

on 

added (A) 

(Log10 CFU) 

Transfer 

rate (T) 

(×100%) 

Concentration 
after addition 

process (Ci) 

(Log10CFU g1) 

Enterobacter 

cloacae 

Mean 1.00 4.11 0.92 2.71 0.22 0.80 0.19 0.49 

Median 1.00 4.10 0.94 2.70 0.00 0.00 0.00 0.00 

Mode 1.00 4.10 0.94 2.70 0.00 0.00 0.00 0.00 

Std. Dev. 0.00 0.14 0.04 0.14 0.43 1.55 0.37 0.95 

Minimum 1.00 3.80 0.83 2.40 0.00 0.00 0.00 0.00 

Maximum 1.00 4.33 0.97 2.93 1.00 3.80 0.91 2.40 

95% CI 1.00-1.00 4.04-4.18 0.91-0.95 2.64-2.78 0.01-0.44 0.03-1.57 0.01-0.37 0.02-0.97 

N: number of samples examined. CI: confidence interval of mean. 

 
In the risk mitigation scenario in which catfish contact surfaces were rinsed with water only prior to 

their use to slice the salad ingredients, the concentration datasets of the multidrug-resistant E. cloacae 

pathogen present in the cross-contaminated ready-to-eat salad samples were normally distributed (p > 0.05). 
Hence, for this scenario, normal-truncated probability distribution [expressed as Normal-Truncated (Mean, 

Standard deviation, Lower bound, Upper bound)] was used to stochastically quantify the concentration of the 

E. cloacae pathogen in the cross-contaminated ready-to-eat salad samples. However, in the risk mitigation 

scenario in which catfish contact surfaces were aseptically scrubbed with soap and then rinsed with sterile 
water prior to their use to slice the pre-sterilized salad ingredients, the concentration datasets of the E. cloacae 

pathogen present in the cross-contaminated ready-to-eat salad samples was non-normally distributed (p < 
0.05). Thus, for this scenario, triangular probability distribution [expressed as Triangular (Minimum, Mode, 
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Maximum)] was used to stochastically quantify the variability in the concentration of the pathogen in the 

cross-contaminated ready-to-eat salad samples.   

 
Figure 2. Probability distribution curves used in implementing the Monte-Carlo simulations used for the 
stochastic quantification of the variability in the concentration of multidrug-resistant AmpC beta-

lactamase-producing Enterobacter cloacae pathogen in the cross-contaminated ready-to-eat salad. PDF 

(yellow line) represents probability density function. CDF (blue line) represents the cumulative 
distribution function. It was implemented with the FDA-iRisk version 4.0 software 

 
Other modelling parameters inputted into the FDA-iRisk software 

Serving size inputted into the FDA-iRisk software was stipulated by the United States Food and Drug 
Association (FDA) and Environmental Protection Agency (EPA) (FDA and EPA, 2017). The population 
group that was examined was the immune-compromised HIV/AIDS adult population group and the 
inputted serving sizes of fresh C. gariepinus and ready-to-eat salad for this population group was estimated at 

values of 113.4 g and 113.4 g respectively. Thus, the inputted dose was equivalent to the product of the 
serving size and concentration of the multidrug-resistant AmpC beta-lactamase-producing E. cloacae 

pathogen present in the C. gariepinus and/or ready-to-eat salad samples which was derived from the process 

modelling of the catfish grow-out ponds and/or kitchen systems. 
The dose-response curve for the pathogen is shown in Figure 3. The infectious dose of E. cloacae (1 × 

103 CFU) stipulated by the Canadian Pathogen Regulation Directorate (2010) was inputted into the FDA-
iRisk software as an r-parameter (the probability that a single pathogen survived and initiated an illness, 
which was estimated at 0.001).  

 
FDA-iRisk output of the baseline risk of illness 

In the absence of adequate microbial mitigation protocols during the processing of fresh C. gariepinus 

by human consumers, the presence of multidrug-resistant AmpC beta-lacatamase-producing E. cloacae  

pathogen in the fresh catfish appeared to pose significant risk of illness to potential immune-compromised 
consumers, since 758 potential immune-compromised consumers were most likely to fall ill per one million 
potential immune-compromised consumers that were exposed to the contaminated catfish. 
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Figure 3. Dose-response curve of the Enterobacter cloacae pathogen. The dose-response curve was 

implemented with the FDA-iRisk version 4.0 software 

 
FDA-iRisk output of the residual risk of illness 

Due to the improper risk mitigation protocols still practiced by some human consumers during 
processing of fresh C. gariepinus in kitchen systems, residual risks were associated with some of the risk 

mitigation scenarios modelled in the laboratory as represented in Table 4. Upon risk mitigation with sterile 
water only, as well as with soap plus rinse with sterile water, residual risks of a case of illness were estimated at 
9.74 × 10-4 and 9.92 × 10-5 respectively. However, no residual risk of illness was associated with the remaining 
two risk mitigation scenarios in which catfish contact surfaces were initially scrubbed with soap and then 
rinsed with sterile water containing 5,000 ppm hypochlorite, as well as the scenario in which fresh C. 

gariepinus were well-cooked prior to consumption.  

 
Table 4. Quantitative outputs of the residual risk of illness  

Parameters 

Rp Fp × Rp Rc Rb Ri 

W WS WSH TT W WS WSH TT 
(× 10-4) 

Ric Ricc 

(× 10-4) (× 10-4)  

9.74 0.99 0.00 0.00 0.88 0.88 0.00 0.00 0.59 7.58 1.00 0.92 
W: rinse with sterile water only; WS: scrub with soap plus rinse with sterile water; WSH: scrub with soap plus rinse 

with sterile water containing 5000 ppm hypochlorite; TT: well-cooked C. gariepinus samples; Rp is the residual risk 

of a case of illness resulting from a specific risk mitigation protocol; Fp: the frequency of a specific risk mitigation 

protocol practised by the human population; Rc: residual risk of a case of illness across all the risk mitigation 

protocols of the cross-contamination route; Rb: baseline risk of a case of illness caused by the contaminated C. 

gariepinus harvested from the grow-out ponds; Ri: risk mitigation index; Ric:risk mitigation index from the C. 

gariepinus contamination route: Ricc: risk mitigation indices from the C. gariepinus cross-contamination routes.  

 
 
Discussion 
 
The hereby research revealed that fresh C. gariepinus harvested from the grow-out ponds harboured 

high concentrations of multidrug-resistant AmpC beta-lactamase-producing E. cloacae pathogen (Table 2 

and Figure 1). This agreed to earlier findings by Efuntoye et al. (2012), Adedeji and Onwenefah (2013) and 
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Ekundayo et al. (2014) who indicated that there was an abundance of multidrug-resistant bacteria in the 

Nigerian catfish pond systems. However, in contrast to the present findings, Boss et al. (2016) who worked 

with aquaculture-produce from the European countries reported that no multidrug-resistant bacteria were 
found in aquaculture-produce collected from European aquaculture systems. 

The baseline and residual risks of illness which was associated with C. gariepinus contamination and 

cross-contaminations were quantified with the FDA-iRisk version 4.0 stochastic software using inputs that 
were obtained from surveillance studies (Table 1), as well as inputs from experts’ elicitations (FDA and EPA, 
2017; Canadian Pathogen Regulation Directorate, 2010) (Figure 3) and human behavioural studies (Table 
2).  

As indicated in the present study, the multidrug-resistant AmpC beta-lactamase-producing E. cloacae 

pathogen in fresh C. gariepinus (Table 1 and Figure 2) was found at a relatively high concentration (median 

concentration = 4.49 log10 CFU g-1) that was significantly above standard bacteriological limit (< 2 log10 CFU 
g-1), thus, implying a probable significant health consequence in humans, especially immune-compromised 
humans. This probable significant health consequence of the pathogen was further corroborated by a 
predicted baseline risk of 7.58 × 10-4 in the immune-compromised population group examined in the study. 
However, this potentially huge burden resulting from the presence of the opportunistic E. cloacae pathogen 

in the Nigerian catfish grow-out ponds was significantly ameliorated by the risk mitigation protocols (Tables 
3 and 4) practiced by human consumers in Nigeria. The risk mitigation practices of human consumers 
resulted in a risk mitigation index of 0.92 (Table 4), which was equivalent to a 92 % reduction in the baseline 
line risk of illness (baseline risk of illness = 7.58 × 10-4; residual risk of illness = 5.9 × 10-5). Nevertheless, 
inducible AmpC beta-lactamase resistance genes were found in the residual multidrug-resistant E. cloacae 

pathogen present in the cross-contaminated ready-to-eat salad due to improper decontamination of the 
catfish contact surfaces. Because this resistance genes, which originates from the contaminated catfish, can be 
readily horizontally transferred (Pérez-Pérezand Hanson, 2002) to other clinically relevant pathogens present 
in other ready-to-eat foods, the C. gariepinus aquaculture in Nigeria could still indirectly pose a significant 

health burden to human consumers. Hence, the relevant regulatory agencies in Nigeria should urgently 
commence the monitoring of C. gariepinus aquaculture operations in order to eradicate the burden of 

multidrug resistance propagated by the aqua-cultured catfish cross-contaminations. 
 

 
Conclusions 

 
The present research provided empirical evidence which indicated that the Nigerian catfish grow-out 

ponds were reservoirs of pathogenic multidrug-resistant bacteria. It also revealed that the microbial burden 
associated with fresh catfish harvested from the grow-out pond systems was significantly ameliorated by the 
risk mitigation protocols practiced by human consumers in Nigeria. In spite of the significant risk mitigation, 
inducible AmpC beta-lactamase resistance genes was still found in the residual multidrug-resistant 
Enterobacter cloacae pathogen, which survived the inadequate risk mitigation protocols that accounted for 8% 

residual risk of illness. Because the resistance genes that originated from the contaminated catfish can be 
horizontally transferred to clinically relevant pathogens present in other ready-to-eat foods, the relevant 
regulatory agencies in Nigeria should urgently commence the monitoring of catfish aquaculture operations in 
order to eradicate the burden of multidrug resistance propagated by the aqua-cultured catfish cross-
contaminations. 
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