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Foreword 
Food security is a key factor in defeating malnutrition and improving a country's socioeconomic status. 
To overcome nutrition deficiencies, fisheries contribute a significant amount of animal protein to the 
diets of people worldwide. This source of protein is highly nutritious and the cheapest compared to 
livestock and poultry. Aquaculture also plays a vital role in national economic development and global 
food supply. However, this sector may contribute to the spread of antimicrobial resistance, one of the 
important global one health issues, due to excessive therapeutic and prophylactic antimicrobial use. 
 
To curtail antimicrobial resistance, a country should have a strong monitoring and surveillance system 
for AMR in the veterinary and human sectors. The Ministry of National Food Security and Research 
has already developed the “National Surveillance Strategy for AMR in Healthy Food Animals” and 
“National Surveillance Strategy for AMR in Sick Food Animals” followed by the implementation of a 
national AMR surveillance pilot in healthy food animals. In order to undermine the driving forces for 
the inter-sectoral AMR spread, it's monitoring in aquaculture and fisheries is equally important. For 
the establishment of baseline data on the prevalence of resistant microorganisms, strengthening of 
AMR surveillance components and genomic analysis for isolated bacteria in aquaculture, the “National 
Surveillance Strategy for AMR in Aquaculture” has been developed. For this document, all provincial 
fisheries departments, academic institutes’ fisheries departments, Aquaculture and Fisheries Program 
NARC, Fisheries Development Board, aquaculture farmers, donor agencies and other relevant 
stakeholders were consulted. 
 
I congratulate the team for achieving another milestone in the veterinary sector through the support 
of Fleming Fund Country Grant Pakistan. I am looking forward to the implementation of this strategy 
in parallel with the strengthening of AMR laboratories for aquaculture in the country. 
 

Dr. Muhammad Akram 
Animal Husbandry Commissioner 

Ministry of National Food Security and Research 
Government of Pakistan 
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Message from Team Lead, Fleming Fund Country Grant 
Pakistan (DAI) 
Antimicrobial use (AMU) in the rapidly expanding aquaculture industry may contribute to the rise of 
antimicrobial resistance, carrying potential consequences for animal, human, and ecosystem health. 
Hence, timely detection of antimicrobial-resistant pathogens and continuous monitoring programmes 
are inevitable. This document will help the authorities to curb the use of antibiotics and implement 
appropriate management measures to overcome the threat.  
 
Antimicrobial resistance has become a global public health concern. National governments and 
international organizations recognize the concern and are making efforts to curb and curtail the 
menace. Since the problem is multifaceted and multidimensional, solutions also need to be multi-
pronged. As against the earlier concepts of a narrow focus on the human sector alone, it is now widely 
recognized that animals and the environment are equally, if not more, important and need to be 
equally focused in any and all interventions targeting antimicrobial resistance (AMR); the concept 
named ‘One Health Approach.  
 
Fleming Fund, set up by the UK in response to the UK AMR review and WHO Global Action Plan on 
AMR, has also been built around the same concept. The fund has been supporting the Government of 
Pakistan since 2019 in its efforts against AMR on all fronts; Human, Veterinary and Environment. The 
document in hand “National Surveillance Strategy for Antimicrobial Resistance in Aquaculture” has 
been developed as part of this collaboration. This strategy will help the authorities to control and 
manage the use of antibiotics in aquaculture. This will have a cross-cutting impact as aquaculture has 
the potential to contribute towards both human and veterinary sectors. 
Fleming Fund Country Grant Pakistan stands with the People and Government of Pakistan in their fight 
against AMR. 
 

Dr. Qadeer Ahsan 
Team Lead 

Fleming Fund Country Grant Pakistan 
DAI Private Limited 

Islamabad, Pakistan 
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1 Introduction 
Antimicrobial resistance (AMR) is the greatest emerging threat to global public health systems and 
food security, whereby the microbes that cause diseases are becoming resistant to the antimicrobials 
used to treat them. Food production environments are considered to pose a particularly high risk to 
the emergence and dissemination of AMR, especially in low- and middle-income countries (LMICs)1. It 
has been estimated that AMR is responsible for the death of 700,000 humans annually and this 
number is expected to increase to 10 million lives each year by 2050 in the absence of an effective 
intervention to contain its emergence and spread1,2. In 2024 it was estimated that every year 7·7 
million deaths are associated with bacterial infections. Out of the deaths caused by bacterial infections 
4·95 million are associated with AMR, of which 1.27 million are caused by bacterial pathogens resistant 
to the antibiotics available to treat them3. The 2024 WHO Bacterial Priority Pathogens List includes 24 
antibiotic-resistant bacterial pathogens spanning 15 families. These pathogens are categorized into 
critical, high, and medium priority groups to guide research, development, and public health 
interventions in the fight against antimicrobial resistance4. 
 
Aquaculture is a rapidly growing industry that currently accounts for almost half of the fish used for 
human consumption worldwide. Intensive and semi-intensive practices are used to maximize fish 
production volume, but frequent disease outbreaks could occur often requiring antimicrobial use 
(AMU)5. These antimicrobials are usually administered to entire populations containing sick, healthy, 
and carrier fish, by a process known as metaphylaxis. They are usually administered orally to groups 
of fish that share tanks or cages, in formulated feed, and occasionally by bath, and by immersion in 
closed containers. In the absence of collectors to remove uneaten medicated feed from water, it is 
estimated that up to 80% of the administered antimicrobial active ingredients remain in the water and 
sediments close to the application sites2,7. Therefore, it is expected that the aquaculture environment 
could retain higher antimicrobial concentrations than those in terrestrial animal farming conditions. 
The exact AMU levels are not easy to determine because countries have different distribution and 
registration systems5 as well as modes of administration and farm production decontamination 
practices (waste/water disposal from animal environment). For aquatic diseases in Southeast Asia 
(SEA) resistance to 17 antimicrobial classes has been reported6. According to the study, resistance to 
the following classes were frequently observed: aminoglycosides, beta-lactams, (fluoro)quinolones, 
tetracyclines and sulfonamides6. Additionally, beta-lactam antimicrobials, tetracyclines as well as 
sulfonamides were observed at levels above 40%6 in isolates tested. In terms of antimicrobial resistant 
bacteria (ARB), the indicator Gram-negative organism Escherichia coli, and foodborne pathogens 
Aeromonas spp. and Vibrio spp. were the most widely and frequently reported ARB in SEA aquaculture 
sector6.   

 
1Kelly Thornber, Abul Bashar, Md. Salahuddin Ahmed, Ashley Bell, Jahcub Trew, Mahmudul Hasan, Neaz A. Hasan, Md. Mehedi Alam, 
Dominique L. Chaput, Mohammad Mahfujul Haque, and Charles R. Tyler, 2022. Antimicrobial Resistance in Aquaculture Environments: 
Unravelling the Complexity and Connectivity of the Underlying Societal Drivers. Environmental Science & Technology, 56 (21), 14891-
14903 
2O’Neill, J. 2016. Tackling drug-resistant infections globally: final report and recommendations. London: The Review on Antimicrobial 
Resistance; Available from: https://amr-review.org/sites/default/files/160525_Final%20paper_with%20cover.pdf. 
3 GBD 2019 Antimicrobial Resistance Collaborators. Global mortality associated with 33 bacterial pathogens in 2019: a systematic analysis 
for the Global Burden of Disease Study 2019. Lancet. 2022 Dec 17;400(10369):2221-2248. doi: 10.1016/S0140-6736(22)02185-7. Epub 
2022 Nov 21. PMID: 36423648; PMCID: PMC9763654. 
4 The 2024 WHO Bacterial Priority Pathogens List includes 24 antibiotic-resistant bacterial pathogens spanning 15 families. These 
pathogens are categorized into critical, high, and medium priority groups to guide research, development, and public health interventions 
in the fight against antimicrobial resistance. 
5 Santos L, and F Ramos, 2018. Antimicrobial resistance in aquaculture: Current knowledge and alternatives to tackle the problem. 
International Journal of Antimicrobial Agents 52 (2018) 135–143. 
6Bongkotrat Suyamud, Yiwei Chen, Do Thi Thuy Quyen, Zhan Dong, Chendong Zhao, Jiangyong Hu, Antimicrobial resistance in aquaculture: 
Occurrence and strategies in Southeast Asia, Science of The Total Environment, Volume 907,2024,167942.  
https://doi.org/10.1016/j.scitotenv.2023.167942. 
7 Cabello FC. Heavy use of prophylactic antibiotics in aquaculture: A growing problem for human and animal health and for the 
environment. Environ Mi- crobiol 2006;8(7):1137–44. doi: 10.1111/j.1462-2920.2006. 01054.x. 
 

https://doi.org/10.1016/j.scitotenv.2023.167942
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The need for intervention to control AMR in aquaculture is evidenced by the abundant scientific 
literature that reveals high levels of AMR in aquaculture environments and the associated risks to 
human, animal, and environmental health, especially in LMICs1,3,5,6. Moreover, as the pressure on food 
security and climate change intensifies, AMR in aquaculture would continue to increase considering 
that indiscriminate use of antimicrobials is common in many countries, including various top aquatic 
animal producing countries9. The literature reported diverse use of antimicrobial active ingredients, 
where an average 15 antimicrobial per country are used in the top 15 aquaculture producing 
countries, of which more than half fall in the category of LMIC10. It is also predicted that AMR in 
aquaculture would primarily impact countries with higher temperatures9.  
 
An essential measure to minimise the risk of AMR in aquaculture is to monitor AMU at a national, 
regional, and global level and advocate AMU reduction through better stewardship among involving 
farmers, veterinarians/aquatic animal health professionals (AAHP) and Veterinary Services 
(VS)/Aquatic Animal Health Services (AAHS). However, in aquaculture, monitoring AMU is a 
complicated task due to the diversity of species and culture systems, the unconsolidated nature of 
production in many regions, and the commonly unregulated use of antimicrobials11, for example, over-
the-counter use and off-label use of antimicrobials. Over 90% of the world aquaculture production is 
carried out in in LMIC where regulation and enforcement, as well as practices and resources in 
aquaculture are limited11. Furthermore, often antimicrobial treatments are administered without 
professional consultation or uninformed by any susceptibility testing16. Due to the high costs of 
developing new antibiotic molecules, antibiotic agents used in human and veterinary sector are also 
used in aquaculture sector. Six common classes of antibiotics (aminoglycosides, macrolides, 
penicillins, quinolones, sulphonamides, and tetracyclines) that are regularly used in aquaculture (and 
in livestock) are listed by the World Health Organization (WHO) as critically or highly important 
antimicrobials12, 13.  
 
External sources of AMR such as livestock and human wastewater that affect aquaculture 
environments are also critical and demand rigorous investigation. In LMICs, combining livestock and 
aquaculture in integrated farming systems presents an option for increased productivity, yet the 
potential exchange of ARBs and their genes from livestock wastes increases the risk of AMR in those 
systems8. Such a combination of unregulated drug use, intensive fish production and unchecked 
circulation of ARBs from aquatic animals to humans has created a perfect AMR storm that could lead 
to serious and long-term consequences. Country and regional programs for the surveillance and 
monitoring of AMR in bacteria isolated from aquatic animals are necessary, as described in the World 
Organization of Animal Health (WOAH)’s Aquatic Code3,14,15. 
 

 
8 Cabello F, Godfrey H, Buschmann A, Dölz H. Aquaculture is yet another environmental gateway to the development and globalisation of 
antimicrobial resistance. Lancet Infect Dis 2016;16: e127–33. 
9Reverter, M, S Sarter, D Caruso, J-C Avarre, M Combe, E Pepey, L Pouyaud, S Vega-Heredía, H de Verdal, RE Gozlan 2020. Aquaculture at 
the crossroads of global warming and antimicrobial resistance. Nat Commun 11:1870. 
10R Lulijwa, EJ Rupia, AC Alfaro 2020. Antibiotic use in aquaculture, policies and regulation, health and environmental risks: a review of the 
top 15 major producers. Rev Aquacult 12, 640–663. 
11JEM Watts, HJ Schreier, L Lanska, MS Hale 2017. The Rising Tide of Antimicrobial Resistance in Aquaculture: Sources, Sinks and Solutions. 
Mar Drugs 15, 158. 
12HY Done, AK Venkatesan, RU Halden 2015. Does the recent growth of aquaculture create antibiotic resistance threats different from 
those associated with land animal production in agriculture? The AAPS Journal 17, 3. 
13WHO 2019. Critically Important Antimicrobials for Human Medicine. 6th Revision 2018. Geneva. 

14 RA Miller, H Harbottle 2017. Antimicrobial drug resistance in fish pathogens. Microbiol Spectrum 6(1): ARBA-0017-2017. 
15 Smith, V Alday-Sanz, J Matysczak, G Moulin, CR Lavilla-Pitogo, D Prater 2013. Monitoring and surveillance of antimicrobial resistance in 
microorganisms associated with aquatic animals. Rev sci tech Off int Epiz 32 (2), 583-593 
16 Gauthier DT. Bacterial zoonoses of fishes: a review and appraisal of evidence for linkages between fish and human infections. Vet J 2015; 
203:27–35. 
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1.1 Rationale for the Strategy 
AMR data from aquaculture production in Pakistan is a knowledge gap in understanding the 
transmission of zoonotic and foodborne pathogen across the One Health domains (environment, 
animals, humans). Data from aquatic animals contributes to the "state of science” on AMR in Pakistan 
and integrated AMU/AMR surveillance initiatives and could be used for further studies including risk 
analysis of foodborne and zoonotic bacteria from aquatic animals, source attribution and microbial 
source tracking.  

1.2 Purpose of the Strategy  
This strategy outlines the framework for AMR surveillance in aquaculture in Pakistan that would serve 
as a guide in capacity building coordination and technical preparation for development of methods 
for AMR surveillance programmes in aquaculture production for the purposes of informing public 
health policy makers. This strategy will be a guiding document for the revision of AMR National Action 
Plan of Pakistan (2024-2028). 
 
Moreover, the proposed approach for the progressive expansion of the activities from pilot/limited 
scale to a full systematic national sustainable AMR surveillance programme implementation is the 
ultimate goal of the current strategy.  
 
1.3 Scope 
This document outlines the proposed surveillance framework, methodologies and coordination 
mechanisms for the surveillance of AMR in aquatic animals in Pakistan.  
 
1.4 Intended Users of this Strategy 
This strategy has been developed by MoNFS&R in consultation with relevant public and private 
stakeholders of aquaculture sector. It is intended for development and integration of aquatic AMR 
surveillance operationalization. The document is also a guideline for all relevant stakeholders 
including academia, research institutions and other donors.  
 

2 Current State of AMR in Aquaculture in Pakistan 
Pakistan is an agricultural country and is endowed with huge natural water resources, comprised of 
freshwater, marine and brackish water. According to the Economic Survey of Pakistan, 2023, 
approximately 193 freshwater fish species, and 800 marine fish species are present in Pakistan. Of 
these, only 31 of the freshwater fish species were considered commercially important and widely 
cultured. While 120 marine species (wild-caught) are commercially important, none of the marine 
species have been known to thrive in an aquaculture environment in Pakistan. Fishing sector having 
share of 1.39% in agriculture value addition and 0.32% in GDP, grew at 1.44% in 2023 compared to 
0.35% in 2022. The doubled growth over a period of a single year without any regulatory framework 
on antimicrobials use makes Pakistan highly susceptible to the evils of AMR. Yet no concentrated 
efforts have been conducted on a national level to collect baseline information to evaluate the burden 
of AMR in the country. Therefore, the current strategy will assess AMR burden in the aquaculture 
sector of Pakistan to contribute data for source attribution and risk assessment.  
 

3 Framework for AMR Surveillance in aquaculture in 
Pakistan  

This section describes the proposed approach to AMR surveillance in aquaculture and surveillance 
elements including the scale of statistical representativeness, specimens, microorganisms, and Anti-
microbial susceptibility testing (AST) panel to be used. The document is being based on the country’s 
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collective knowledge obtained from previous years during Phase I of Fleming fund Country Grant 
through surveillance piloting in healthy food animals (livestock and poultry) and lessons learned 
therein. This framework is the first of its kind being developed for the aquaculture sector to serve as 
a guide or further discussions with stakeholders and relevant parties involved in the implementation 
of the surveillance programme.  
 

3.1 Objectives 
Through consultation with federal and provincial stakeholders, the following objectives have been 
identified for the surveillance of AMR in aquaculture:  

1. Establish baseline data on the prevalence of bacterial pathogens and their resistance to 
antimicrobials in select aquatic species raised in various aquaculture production systems. 

2. Strengthen AMR surveillance system capacities for aquaculture sector, including 
epidemiological design (sampling frame, sample size calculation, sampling methodology), 
sample transportation, laboratory processing and quality data production.  

3. Contribute aquaculture AMR data into National AMR surveillance system, and potentially, 
contribute to global AMR data.  

4. Provision of policy guidelines to the concerned authorities based on AMR data in aquaculture 
of Pakistan. 

3.2 Target Bacterial Species 
With the world’s growing population and potential global trade of aquaculture, the risk of 
environmental contamination and development of aquatic-derived zoonoses in humans are 
increasing. Fish derived zoonotic diseases have caused considerable problems in the aquaculture 
industry and fishery worldwide such as those caused by Mycobacterium, Escherichia coli, Aeromonas, 
Salmonella, Streptococcus iniae15,16. The majority of the fish-derived zoonotic diseases are transmitted 
to humans mainly via the consumption of improperly cooked or raw fish or fish products. Therefore, 
the incidence of zoonotic diseases can be reduced by properly processing fish and fish products, e.g. 
by thermal (heat/freezing) treatment. The prevalence of zoonotic agents in fishes varies seasonally 
and should be regularly monitored14,16,17. The Common fish pathogens that infect fish handlers include 
Aeromonas hydrophilia, Mycobacterium marinum, Streptococcus iniae, Vibrio vulnificus and 
Photobacterium damselae.16 Foodborne illnesses associated with the consumption of fish involve 
mainly Listeria monocytogenes, Aeromonas spp. and Clostridium spp.16 Studies have suggested that 
commercial fish and seafood may act as a reservoir for multidrug-resistant (MDR) bacteria 17. 
Salmonella spp. is among a pathogen of zoonotic importance at point of sale (fish market sampling) 
for the purposes of assessing food safety of fish products sold for human consumption. CDC estimates 
that Salmonella causes about 1.35 million infections in humans that lead to 26,500 hospitalizations, 
and 420 deaths in the United States every year195. Consumption of Salmonella-contaminated fish and 
their products could cause symptoms such as gastroenteritis, abdominal cramps, fever, and 
bacteremia. For example, Salmonella-infected smoked fish can also serve as a vehicle for foodborne 
bacteria via contaminated skin, gills, and intestines.  Salmonella’s persistence in fish intestines and its 
shedding in feces could end up in the environment and subsequently spread elsewhere. Evidence of 
concurrent isolation of bacteria belonging to the Enterobacterales such as E. coli, Klebsiella, and 
Salmonella in fish and people underscores the zoonotic potential of these organisms (including 
antimicrobial resistant strains)18. The most common route of human infection with these bacteria is 

 
171Ziarati M, Zorriehzahra MJ, Hassantabar F, Mehrabi Z, Dhawan M, Sharun K, Emran TB, Dhama K, Chaicumpa W, Shamsi S. Zoonotic 
diseases of fish and their prevention and control. Vet Q. 2022 Dec;42(1):95-118. doi: 10.1080/01652176.2022.2080298. PMID: 35635057; 
PMCID: PMC9397527. 
18Oliviera RV, Oliviera MC, Pelli A.. 2017. Disease infection by Enterobacteriaceae family in fishes: a review. J Microbiol Exp. 4(5):00128 
19 US FDA. Salmonella. https://www.fda.gov/animal-veterinary/animal-health-literacy/get-facts-about-salmonella 
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through open wounds, direct contact via fish/fish products, or scratches serving as entry point of 
bacteria leading to systemic sequelae.  
 
Based on the above-mentioned studies and technical discussions in the stakeholders meeting, the 
following bacterial species are identified for the national AMR surveillance in aquaculture sector:  

§ As indicator organism: 
o Escherichia coli  

§ As foodborne pathogens: 
o Aeromonas spp.  
o Salmonella spp. 
o Vibrio spp.  
o Flavobacterium spp. 
o Yersinia spp. 
o Listeria monocytogenes 

 
Though the list of bacteria is curated for the purpose of National AMR surveillance, a pilot AMR 
surveillance will be conducted in the first year proceeding the National efforts in aquaculture. This 
pilot phase will be conducted to streamline and refine the study design, transportation mechanisms, 
laboratory procedures along with feasibility testing of the larger and broader surveillance design for 
the national surveillance efforts. 
 
3.2.1 Priority Pathogens for Pilot AMR Surveillance 
Prior to initiation of the national level AMR surveillance, it is imperative that a pilot surveillance is 
conducted in the first phase of the surveillance in aquaculture. The pilot will not only streamline the 
AMR surveillance systems in the aquaculture sector, but it will also facilitate the sample size 
calculations for the National AMR surveillance that would be based on AMR data specific to the unique 
epidemiological factors driving AMR in Pakistan’s aquaculture sector. Therefore, the stakeholders 
have prioritized the following two bacterial organisms for the pilot study where pond fish sampling 
will be done with focus on isolation of following bacteria: 

§ Aeromonas spp. (as foodborne pathogen) 
§ Escherichia coli (as indicator organism)  

 
After the pilot phase, the initial data will be presented to relevant stakeholders, One Health AMR 
committees and policy makers. The surveillance of other organisms will be conducted depending on 
the initial results and national capacities to implement a full systematic sample collection across the 
country.  
 

3.3 Sampling Frame  
A sampling frame refers to a list of sampling units from which samples can be collected. The sampling 
frame will be unique for each production system. In the case of an intensive/semi-intensive production 
system, a farm will be considered as the sampling unit while for the sampling at point-of-sale (grocery 
stores, wet markets, etc.), a shop in the fish market will be considered as a sampling unit.  
 
The list of sampling frames is generated with the help of federal and provincial aquaculture 
development departments. Area-wise sampling plan and testing of target bacteria by production 
systems are given in Table 1 and Table 2 respectively.  
 
For the pilot phase, only intensive/semi-intensive production systems will be targeted where a farm 
will be considered as a single sampling unit, irrespective of the number of ponds present in the farm. 
The method for within-farm pond selection will be simple random sampling that will be conducted by 
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generating random numbers and selecting three to five representative ponds for fish sampling, where 
one fish/water sample per pond will be selected and then pooled to be identified as one composite 
sample per farm.  
 

3.4 Sample Size 
Based on FAO guidelines on aquaculture one isolate of a specific bacterial type per farm represented 
in the dataset will be sufficient to estimate the potential AMR on that farm 20 .6For each farm three-
five fish will be collected and pooled to represent one sample (composite sampling). The number of 
isolates needed to estimate the prevalence of resistant bacteria are estimated using the following 
formula: 

 
N = [Z2× (P) × (1-P)]/e2 
 
Where: 
N = Total bacterial isolates to be tested per year, 
P = Prevalence of the resistance gene or phenotype,  
Z = The standard normal deviation, typically set at 95 percent confidence level (z=1.96) and  
e = Error (usually five percent or 0.05). 

 
Assuming 50% of the isolates tested per year will be positive for resistant phenotypes (for example to 
tetracycline), with 95% level of confidence and 5% desired precision a total of 384 bacterial isolates 
needs to be recovered for AST for each selected pathogen, both from fish and water separately for 
National AMR surveillance. As stated earlier, these 384 fish and 384 water samples will be composite 
in nature i.e. pooling of 3-5 samples will be done from 3-5 ponds per farm. These samples will be 
collected from the 23 districts that have been identified through stakeholder consultations in the 
aquaculture sector (Table 1). The number of farms/point-of-sale shops to be included in the study for 
sample collection for both types of biological samples (fish and water) is given in Annexure III. The 
pathogens whose prevalence has not been published in literature were assumed to be 50%. These 
sample sizes will be adjusted based on availability of resources, total farms in the country, and the 
initial data from pilot phase. 
 
For the pilot phase, we will start with a limited number of sites (eight (n=8)). A total of three to five 
fish per epidemiological unit/site per month will be collected and pooled to make one sample per site 
per month. Therefore, each month 8 pooled samples will be available to detect both priority bacteria 
(E. coli and Aeromonas) for the duration of the pilot.  
 

3.5 Priority AMR Sampling Sites, Fish Type and Production System 
For surveillance targeting bacteria, the aim is to estimate the unbiased national prevalence of AMR at 
the farm/pond level for different bacteria-antimicrobial combinations (i.e., the proportion of farms 
that has AMR for the given combination). The most appropriate unit of interest is the farm/pond, as 
this is the level at which management (antimicrobial treatment) and transmission (mixing of fish) 
patterns can provide a relatively homogenous AMR profile. For the national AMR surveillance, 
stakeholders identified 23 districts in Pakistan where aquaculture is intensively practised (Table 1). 
These identified districts exist in every province of Pakistan suggesting the wide spread of aquaculture 
production in the country. Semi-intensive and intensive farming is commonly practised in the country 
with Trout fish majorly harvested in the northern areas and Carps in the southern areas of the country. 

 
20 FAO, NParks and SFA, 2023. Monitoring and surveillance of antimicrobial resistance in bacterial pathogens from aquaculture – Regional 
Guidelines for the Monitoring and Surveillance of Antimicrobial Resistance, Use and Residues in Food and Agriculture. Volume 3. Bangkok. 
https://doi.org/10.4060/cc3512en 
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Table 1 gives details for each province of Pakistan. The number of sampling units within these 23 
districts will be identified with respect to each production system through snowball sampling (Table 
2). 
 
For the pilot phase, only healthy Trout and Carp fish (two species) will be sampled. Trout will be 
sampled from AJK, GB or KPK whereas Carp will be sampled from Islamabad, Punjab, Sindh or 
Baluchistan. These fish will only be sampled from intensive farms.  
 
Table 1: AMR Sampling sites, productions systems and common fish species. 

Province Production System  Fish Type Districts 

AJK Conventional 
/Capture Inland 
Semi-Extensive 
Systems 

Trout, Carps Muzaffarabad,  
Neelum Area 
Mirpur 
Mangla dam 

Punjab  Pond Culture (Semi-
intensive) 
Cage Culture 
(Intensive)  

Carps  
Tilapia  

Muzaffargarh  
Gujranwala 
Alipur Chatha 
Sargodha 
Lilla 
Faisalabad 
Mianwali 

Sindh  Natural Fish 
Farming / Intensive 

Rohu 
Thaila 
Mori 
Tilapia,  
Chinese Carp 
Cat fishes,  
Indigenous Carps 

Sukkur 
Hyderabad 
Karachi 
Badin 

Baluchistan Captured Fisheries 
Semi-Intensive 

Carps  
Trout 

Dera Murad Jamali 

GB Raceway 
(Intensive) 

Trout Skardu 
Gilgit 
Ghizer 
Jaglot 

KPK Raceway 
(Intensive) 
Bio-Flock 

Carp  
Trout 

Peshawar 
Kohat 
Swat 
Mardan 

 
Table 2: Production systems and target bacteria for each system. 

Production System Target Bacteria  

Inland capture fish (wild-caught fish from rivers)  
 

Escherichia coli  
Aeromonas spp.  
Salmonella spp. 

Pond culture E. coli 
Aeromonas spp. 
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3.6 Type of Samples and Collection 
3.6.1 Biological Samples 
Whole fish samples will be collected directly from the farm level as well as from the fish market, 
preferable when fresh supplies arrive. The weight of fish should be at least 350 grams and no more 
than 1 kilogram. Samplers should be familiar with the local operational market details and plan their 
trips accordingly. For the pilot phase only, biological samples will be collected. 
 
3.6.2 Environmental Samples 
As fish environment is also important so 100ml of water sample per farm will be collected in a pre-
labelled sterile container and tested for the same bacterial organisms. The pond water samples will 
be collected each time along with the collection of regular fish samples.  For the pilot phase, no water 
samples will be collected.   
 

3.7 Logistics of Sampling 
Ideally, the first two working days of the week are the most suitable time for the collection and 
transportation of samples to the laboratory. The number of samples collected and transported to the 
laboratory will be in accordance with laboratory capacity. A regular sample collection protocol may be 
helpful in the efficient utilization of laboratory capacity. 
 

3.8 Review of Sampling Methodology and Troubleshooting 
The sample collection protocol and AST results will be reviewed annually to identify changes needed 
to improve the sampling plan for better data quality. For example, less than 70% recovery of E. coli 
isolates of collected samples could be considered as the threshold to make necessary modifications20 
as E. coli is a ubiquitous organism and present in diverse food/animal matrices. 
 

3.9 Biosecurity Practices while Collecting Samples 
Application of good biosecurity practices while collecting samples is important to avoid transmission 
of diseases between fish farms and to ensure occupational health and safety. Before visiting a 
farm/sampling unit make sure that there is no evidence of any infectious disease on that 
farm/sampling unit. Do not collect samples from a farm/household where there are signs of highly 
contagious disease in the fish.  
 
Some basic practices may help in improving biosecurity. 

1. Minimum number of persons should enter the farm. Ideally, two persons are sufficient-one to 
collect samples and the second to collect data. 

2. The vehicle of the sampler should be parked outside the farm. 
3. Proper personal protective equipment (PPEs) such as overall, clean gumboots and gloves must 

be worn by the sampler and data recorder while entering the farm. It is better to use 
disposable PPEs which can be disposed of after use on one farm. 

4. Follow other biosecurity measures imposed by the farmer/producer. 
5. Disinfectant such as potassium peroxymonosulfate may be considered as a disinfectant of 

choice before collecting the sample in field conditions since it is not inactivated by heat 
(normal environmental temperature in tropical locations) or contact with organic matter. 
Therefore, it remains effective against a range of microorganisms. 
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3.10 Sample Labelling 
Each sample should be disposable placed in a plastic bag pre-labelled appropriately with a permanent 
marker for proper identification. Relevant epidemiologic information must be obtained on prescribed 
proforma that should then be placed in a plastic bag and transported to the laboratory along with the 
biological samples.19,7 The use of unique identification numbers for ease of labelling (for each farm 
location) would be considered, for example:  

Country code (Pakistan): PK,  
Province code (Gilgit-Baltistan): GB,  
District code (Gilgit): 11,  
Farm Name (Lucky Farm): LF,  
Year of sample collection: 2024, 
Sample Number: 01,  
Combined Identification number: PK/GB/11/LF/24/001. 
 

3.11 Sample Packaging and Transport 
Proper packaging and timely transportation of samples according to international guidelines are not 
only important for maintaining sample quality and follows biosafety and biosecurity requirements 
pertaining to the handling of biological materials. Triple-layer packaging is the recommended method 
of transportation of samples21,8. Briefly, a sample should be placed in a leak-proof primary container 
(a plastic seal bag) covered with absorbent. The second layer should be leak-proof packaging to 
protect the inner container. The external layer should be durable and hard covering with proper 
labelling, signs, details of the contents inside and information about the consignee.  
 
The samples should be transported immediately most preferably within 24 hours of collection under 
cold conditions (at least 4°C) to avoid deterioration of the quality of samples. In the lab, the processing 
of samples should start immediately and must not exceed 72 hours’ post-sample collection. In case of 
delayed processing, the samples should be stored at 4-8 °C.9, 21. The laboratory should keep a record 
of the time and date of collection of the sample, receipt of the sample in the lab and processing of the 
sample.    
 

3.12 Laboratory methods 
3.12.1 Designated Laboratory for Sample Processing 
In Pakistan, the two federal laboratories under the Ministry of National Food Security and Research 
(MoNFS&R), i.e., the National Reference Laboratory for Poultry Diseases (NRLPD) and the National 
Veterinary Laboratories (NVL), have been identified as National Reference Laboratories (NRLs) for the 
animal health sector. Under the Fleming Fund Country Grant, these laboratories have received 
necessary refurbishments, and capacity strengthening training of staff and have been provided with 
necessary equipment and consumables for AMR surveillance. Amongst these labs, NVL will be the 
forefront laboratory that will support Fleming Fund in the initial phases of AMR surveillance in 
aquaculture along with the Aquaculture and Fisheries Program (AFP) at National Agriculture Research 
Centre (NARC). AFP will lead the surveillance in aquaculture sector once its fully strengthened to 
conduct AMR surveillance at national level. There are at least three provincial labs under the Provincial 
Fisheries departments (two in Punjab and One in Sindh) who will also be on boarded in the 
implementation of this strategy. 

 
21FAO. 2019. Monitoring and surveillance of antimicrobial resistance in bacteria from healthy food animals intended for consumption. 
Regional Antimicrobial Resistance Monitoring and Surveillance Guidelines – Volume 1. Bangkok. 
 
22 Smith, P. 2019. The performance of antimicrobial susceptibility testing programmes relevant to aquaculture and aquaculture products. 
FAO Fisheries and Aquaculture Circular No. 1191. FAO, Rome. http://www.fao.org/documents/card/en/c/ca6028en/ 
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3.12.2 Bacterial Isolation 
Samples will be processed following the FAO’s Fisheries and Aquaculture Circular (2019) for bacterial 
isolation22 and internationally recognized laboratory methodologies, also published by the FAO. For 
the two target bacteria during the pilot phase, in brief, the following routine methodology will be used 
for the recovery and identification of these target organisms: 

§ For E. coli, fish muscle/tissue will be mixed with buffered peptone water (BPS) (1:10 ratio), 
incubated for 24 hours at 35◦C ± 1◦C, then a loopful will be streaked onto MacConkey agar 
followed by incubation at the same temperature above for 19 hours. Lactose fermenting 
colonies will be transferred into Luria-Bertani (LB) broth again and presumptive E. coli will be 
subjected to routine biochemical tests (Simmon’s Citrate, indole tests, etc.) and confirmed 
using API-20E or (and) MALDI-TOF. 

 
• For Aeromonas spp., samples will be cultured using any of the available media (glutamate 

starch phenol red agar, bile salts-irgnisan brilliant green agar, starch ampicillin agar or non-
selective agars such as (tryptic soy agar (TSA) or blood agar). Presumptive isolates will be 
further characterized using common biochemical tests (oxidase-, catalase+, glucose-
fermenting, fermentative on TSA and other characteristics) and identified using API or (and) 
MALDI-TOF20. 

 
3.12.3 Antimicrobial Susceptibility Testing (AST) 
Antimicrobial susceptibility testing will be done using disc diffusion method employing international 
CLSI standards. The list of antimicrobials is given in Annexure II. The antimicrobial panel for Gram-
negative organisms would be like those recommended in the literature, following the suggested disc 
potencies, prescribed QC strains, etc. A customized plate configuration (or similar panel of 
antimicrobial if using disc diffusion) will be used 10,21. The panel is typically comprised of antimicrobials 
critically used in human medicine (public health configuration). 
 

4 Coordination Mechanism of Aquaculture AMR 
Surveillance 

The Animal Husbandry Commissioner (AHC) of Pakistan, under the MoNFSR, will be the custodian for 
all national-level activities related to AMR. MoNFSR will nominate a National Focal Person (NFP) for 
the surveillance of aquatic animals, who will coordinate the activities with NVL, AFP and Provincial 
Fisheries Departments, for the implementation of field activities and laboratory testing methods. 
Provincial departments will nominate a Provincial Focal Person (PFPs) for AMR. These PFPs, in 
consultation with their department, will identify Field Surveillance Sites (FSSs) and identify Field Focal 
Points (FFP), who will conduct or facilitate field activities. FFP will coordinate with PFP and NFP for 
sampling and transport as per the guidelines in this document. 
 
In the pilot phase of surveillance activities, samples will be transported to NVL. However, as resources 
become available under government or support projects, the capacity of AFP and Provincial Peripheral 
Laboratories (PPLs) can be enhanced, and samples can be transported to AFP and PPLs for processing 
and diagnosis. Personnel trained in laboratory procedures will perform primary culture and 
antimicrobial susceptibility testing following the guidelines in this document within the recommended 
period. Laboratories should communicate results with the AHC office.  
 
Likewise, data forms accompanying the samples should be entered into an appropriate database like 
WHONET. Both the laboratory findings and field data should be shared with the Federal Epidemiology 
Unit (FEU)/AMR-coordination Unit under the AHC office for data management, analysis, and 

 
 

https://openknowledge.fao.org/items/d029efb3-e897-47bd-91b4-0b99b6c5c2ed
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dissemination to relevant stakeholders, including public health counterparts, to foster the One Health 
approach for AMR surveillance in Pakistan. This system will be institutionalized for the sustainability 
point of view.  

 
Figure 1: Proposed mechanism of aquaculture surveillance and reporting. 

5 Data Management, Analysis and Reporting 
5.1 Recording and Storing AMR data 
The AMR data should contain essential variables for ease of transition into an AMR analytic software 
such as WHONET and to be able to contribute to global surveillance initiatives such as the International 
FAO Antimicrobial Resistance Monitoring (InFARM)11,23 System. This system is like human health’s 
GLASS, administered by the World Health Organization. The data collected will also be extremely 
useful for other data utility including detailed epidemiological analysis, for example, risk profiling/risk 
assessment of aquatic animal products. As described in the WOAH’s Terrestrial Animal Health Code, 
Chapter 6.8, Article 6.8.8 recommends the following for recording and storing AMR data: 

§ Maintain raw data (primary, non-interpreted), in order to support evaluation of future 
research questions. This also allows flexibility in conducting retrospective analysis, for 
example, a change in clinical breakpoints or the utility of both CLSI clinical breakpoints and 
EUCAST ECOFFs (for the purposes of identifying emerging resistance/non wild-type isolates). 

§ Consider the interoperability of different computer systems and programs that may be used 
to exchange surveillance data between platforms.  

§ Collect quantitative AST results in a national database as the following:  
o distributions of MICs (ug/mL) if using microbroth dilution methodology 
o inhibition zone diameters (mm) if using disk diffusion method 

 
23 FAO. 2024. The InFARM System. https://www.fao.org/antimicrobial-resistance/resources/infarm-system/en/ 
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§ Information that accompanies the AST results, also known as the “metadata” related to the 
sample or isolate and relevant surveillance demographics: 

o sampling program 
o sampling date 
o production type 
o sample EPID number 
o Type of sample (Fish/water) 
o purpose of sampling 
o type of AST method used  
o geographical origin (geographical information system data, where available) of the 

farm/ market 
o exposure to antimicrobial agents 
o bacterial isolation rate 

§ Accompanying laboratory data: 
o laboratory identity 
o isolation date 
o reporting date 
o bacterial species, and, where relevant, other typing characteristics, such as serotype 

or serovar 
o antimicrobial susceptibility result or resistance phenotype.  

 

5.2 Interpretation of Result 
As suggested by the WOAH code and described in FAO guidelines on AMR in aquaculture, the following 
items should be considered during the interpretation of results 22,23: 

§ Report resistant isolates as a proportion of isolates tested, including interpretation criteria 
when reporting on AMR monitoring and surveillance data in healthy food animals. 

§ Where possible choose epidemiologic cut-off value (ECOFFS) over clinical susceptibility break-
points (CBPs) as the interpretation criteria. 

§ For ECOFFs, “non-wild type” will only apply to resistant bacterial populations and “wild type” 
will apply to the normal susceptible population. 

§ To support tracking of resistance patterns over time, collect data on individual isolates. 
Include supportive data on the use of antimicrobial and farm management practices. 

 
5.2.1 Analysis 
Analysis of various AMR outcomes, in addition to the proportion of resistant isolates should be 
conducted to gain insight to the data collected. This could be done using commercial analytic 
softwares (e.g., SAS, Stata, R package), WHONET (preferred) or by participating to the InFARM System 
(i.e., the private interface enables data analysis and visualizations that could be used in national AMR 
reporting). The following measurements could be generated: 

§ AMR outcomes 
o Percentage resistant, intermediate and susceptible (if using CLSI breakpoints) or 

percentage wild type and non-wild type if using EUCAST ECOFFs; 
o Percentage of susceptible isolates (exhibited susceptibility to the panel tested) and 

percentage of multidrug resistant isolates (percentage of isolates resistant to 3 or 
more classes of antimicrobials in the panel); 

o AMR phenotypic patterns. 
 

§ Analytic methods 
o Temporal and geographical variations using appropriate models or descriptive 

assessment of trends (increased, decreased, stable). 
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5.2.2 Reporting 
The surveillance results and their interpretations will be summarized into various formats such as 
quarterly bulletins and annual reports. Knowledge dissemination and exchange with specific 
stakeholders such as the concerned ministries, departments, research institutes, aquaculture 
producer/farmer network and allied industries (e.g., fish hatcheries, feed mills, pharmaceutical 
industries) will also be conducted through the AMR-coordination unit at the AHC office. This will 
ensure and enable stakeholders in timely decision making.  
 

5.3 Contributing to National AMR Integrated Surveillance 
The current strategy has been designed to facilitate its incorporation into the proposed revision of 
AMR National Action Plan (2024-2028) of Pakistan. This strategy is the first of its kind to propose AMR 
surveillance in aquaculture which is a fast-growing sector in Pakistan that facilitates food security and 
safety concerns. Through an in-depth and timely intervention through this comprehensive AMR 
surveillance strategy, MoNFS&R has taken a proactive interest in combating the pandemic of AMR in 
collaboration with Fleming Fund Country Grant Pakistan.   



   

 23 

 

Annexure I – Sample Collection Form 
 

SAMPLE COLLECTION FORM 
 
EPID Details 
Country:     
Province:  
District: ______________________  
Name of Farm (Standard Name):    
Sample Number:    
Date of Sample Collection:    
EPID Number:    
Name of Laboratory where sample will be processed:   
 
Farmer Information 
Name:                    
Farm Address:   
Geo-location (GPS coordinates/IP address):   
Mobile #:  
 
Sampler information: 
Name:   
Mobile #:  
Designation:  
Organization:  
Sample Collection Date:  
Sample Collection Time:  
Signature of Collector:  
 
Farm/Pond Information 
Farm Size (acres):    
Number of ponds:   
Fish Type/ Species:    
Quantity of Fish production at the time of sample collection (Tonnes):   
 
Farm History 
Date of stocking:                                                   
Recent Disease Report:  
Production Type: _ Cage culture/ Conventional/ Capture-inland / Semi-intensive / Extensive/ 
Pond culture/ Natural Fish-farming / Raceway / BioFlock / others 
__________________________________ 
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Sample Details 

Sr. No. Sample ID Specie/ Common 
Name 

Length Weight Sex Fish/ Water 
Sample 

Comments 

1.        
2.        
3.        
4.        
5.        

 
For Laboratory Use Only 
Date of sample arrival:       
Time of sample arrival:       
Name of person receiving the sample:      
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Annexure II – List of Antimicrobials 
The following are tables derived from the Monitoring and surveillance of antimicrobial resistance in 
bacterial pathogens from aquaculture Regional Guidelines for the Monitoring and Surveillance of 
Antimicrobial Resistance, Use and Residues in Food and Agriculture – Volume 3. 
 
Table 3:Table adapted from CLSI VET04 (2020b), guidelines. Availability of QC data for suggested panel 
of antimicrobial agents, disc diffusion (22±2°C, 24–28 h; 22±2°C, 44–48 h; 28±2°C, 24–28 h). 

 
 
Antimicrobial class 

 
 
Antimicrobial 
agent 

 
 
Disc contents 

Escherichia 
coli (ATCC 
25922) Disc 
(MHA)a 

Aeromonas 
salmonicia 
subsp. 
salmonicida 
(ATCC 33658) 

Aminoglycosides Gentamicin 10 µg ✓ ✓ 

Anti-folates Trimethoprim-
sulfamethaxazole 1.25/23.75 µg ✓ ✓ 

β-Lact4am Ampicillin 10 µg ✓ ✓ 
Macrolides Erythromycin 15 µg ✓ ✓ 
Phenicols Florfenicol 30 µg ✓ ✓ 

Quinolones 
Enrofloxacin 5 µg - ✓ 
Oxolinic acid 2 µg ✓ ✓ 

Tetracyclines Oxytetracycline 30 µg ✓ ✓ 
 
Table 4: Table adapted from CLSI VET04 (2020b) guidelines. CLSI ECVs for aquatic pathogens and 
agents most frequently used in aquatic animals.  

Species Method Temperature/ 
time Media Agents 

A. salmonicida 
Disc diffusion 22°C/44–48 h MHA ery, gen, flr, ors, 

oxo, oxy, sxt 
Broth dilution MIC   22°C/44–48h CAMHB flr. oxo, oxy ors 

A. hydrophila 
Disc diffusion 28°C/24–28 h MHA ery, enr, gen, flr, 

oxo, oxy 
Broth dilution 
MIC   28°C/24–28 h CAMHB ery, enr, gen, 

flr, oxo, oxy 
 
Table 5: Table adapted from CLSI VET04 (2020b) guidelines. Fish-specific CLSI CBPs. 

Species Method Temperature/ 
time Media Agents 

A. salmonicida Disc diffusion 22°C/44–48 h MHA oxo, oxy 

 Broth dilution MIC 
  22°C/44–48 h CAMHB oxo, oxy 
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Annexure III - Number of Farms/Point-of-Sale Shops 
The following calculations have been done based on studies done outside of Pakistan. Post pilot phase 
of surveillance in Pakistan and the data generated therein, the following calculations will be re-
adjusted. The tables are only for guiding purpose and do not attempt to finalize sample size required 
for national surveillance. 
 
Table 6: Number of farms required to be enrolled to estimate the prevalence of AMR in bacterial 
isolates recovered from fish. Three to five fish per farm will be collected and pooled to form one 
representative composite sample. 

Bacteria 

Required 
number 
of 
bacterial 
isolates to 
estimate 
AMR (a) 

Expected 
prevalence 
(%) of target 
bacteria in 
fish samples 
(b) 

Number of 
samples to be 
tested to obtain 
the required 
number of 
bacterial isolates 
c = (a/b)*(100) 

Extra 
samples (d) 
= 
[Missingness 
(5%) + loss 
of isolates 
(2%)]*c =  

Total 
number 
of Fish 
samples 
to be 
tested = 
c+d 

E. coli2412 384 81.8 469 33 502 
Aeromonas spp.25  384 19.2 2000 140 2140 
Salmonella spp.26 384 24 1600 112 1712 
Vibrio spp.25  384 24.8 1548 108 1657 
Flavobacterium spp. 384 50* 768 54 822 
Yersinia spp.27 384 14 2743 192 2935 
Listeria 
monocytogenes27 384 13 2954 207 3161 

* Prevalence assumed at 50%. 

Table 7: Number of farms required to be enrolled to estimate the prevalence of AMR in bacterial 
isolates recovered in fish environment (water). Water from three-five ponds (from which fish will be 
collected) will be pooled to form one representative composite sample. 

Bacteria 

Required 
number of 
bacterial 
isolates to 
estimate 
AMR (a) 

Expected 
prevalence 
(%) of target 
bacteria in 
water 
samples (b) 

Number of samples 
to be tested to 
obtain the required 
number of bacterial 
isolates 
c = (a/b)*(100) 

Extra 
samples (d) 
= 
[Missingness 
(5%) + loss 
of isolates 
(2%)]x c =  

Total 
number 
of water 
samples 
to be 
tested = 
c+d 

E. coli2813 384 40 960 67 1027 

 
24Sivaraman, G. K., Sudha, S., Muneeb, K. H., Shome, B., Holmes, M., & Cole, J. (2020). Molecular assessment of antimicrobial resistance and 
virulence in multi drug resistant ESBL-producing Escherichia coli and Klebsiella pneumoniae from food fishes, Assam, India. Microbial 
pathogenesis, 149, 104581. https://doi.org/10.1016/j.micpath.2020.104581 
25Zaher, H. A., Nofal, M. I., Hendam, B. M., Elshaer, M. M., Alothaim, A. S., & Eraqi, M. M. (2021). Prevalence and Antibiogram of Vibrio 
parahaemolyticus and Aeromonas hydrophila in the Flesh of Nile Tilapia, with Special Reference to Their Virulence Genes Detected Using 
Multiplex PCR Technique. Antibiotics (Basel, Switzerland), 10(6), 654. https://doi.org/10.3390/antibiotics10060654 
26Traoré, O., Nyholm, O., Siitonen, A., Bonkoungou, I. J., Traoré, A. S., Barro, N., & Haukka, K. (2015). Prevalence and diversity of Salmonella 
enterica in water, fish and lettuce in Ouagadougou, Burkina Faso. BMC microbiology, 15, 151. https://doi.org/10.1186/s12866-015-0484-7 
27Terentjeva, M., Eizenberga, I., Valciņa, O., Novoslavskij, A., Strazdiņa, V., & Bērziņš, A. (2015). Prevalence of Foodborne Pathogens in 
Freshwater Fish in Latvia. Journal of food protection, 78(11), 2093–2098. https://doi.org/10.4315/0362-028X.JFP-15-121 
 
28Chibuike K.U., Iroha I.R., Moses I.B., Chukwunwejim C.R., Peter I.U., Edemekong C.I., Ndugo C.M., Ngene O., Egbuna N.R., Okonkwo-Uzor 
N.J. Phenotypic Screening of Multidrug-Resistant Escherichia coli from Water and Fish Collected from Different Fish Farms within Abakaliki 
Metropolis, Nigeria. Sci. Res. Essays. 2021; 16:15–19. doi: 10.5897/SRE2020.6705. 
29El-Gohary, F. A., Zahran, E., Abd El-Gawad, E. A., El-Gohary, A. H., M Abdelhamid, F., El-Mleeh, A., Elmahallawy, E. K., & Elsayed, M. M. 
(2020). Investigation of the Prevalence, Virulence Genes, and Antibiogram of Motile Aeromonads Isolated from Nile Tilapia Fish Farms in 
Egypt and Assessment of their Water Quality. Animals: an open access journal from MDPI, 10(8), 1432. https://doi.org/10.3390/ani10081432 

https://doi.org/10.1016/j.micpath.2020.104581
https://doi.org/10.3390/antibiotics10060654
https://doi.org/10.1186/s12866-015-0484-7
https://doi.org/10.4315/0362-028X.JFP-15-121
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Bacteria 

Required 
number of 
bacterial 
isolates to 
estimate 
AMR (a) 

Expected 
prevalence 
(%) of target 
bacteria in 
water 
samples (b) 

Number of samples 
to be tested to 
obtain the required 
number of bacterial 
isolates 
c = (a/b)*(100) 

Extra 
samples (d) 
= 
[Missingness 
(5%) + loss 
of isolates 
(2%)]x c =  

Total 
number 
of water 
samples 
to be 
tested = 
c+d 

Aeromonas 
spp.29  384 12.5 3072 215 3287 

Salmonella spp. 384 50* 768 54 822 
Vibrio spp.  384 50* 768 54 822 
Flavobacterium 
spp. 384 50* 768 54 822 

Yersinia spp. 384 50* 768 54 822 
Listeria 
monocytogenes 384 50* 768 54 822 

*Prevalence assumed at 50%. 
 
Table 8: Number of point-of-sale shops required to be enrolled to estimate the prevalence of AMR in 
bacterial isolates recovered from fish.. Three to fish fish of same specie per shop will be collected and 
pooled to form one representative composite sample. 

Bacteria 

Required 
number of 
bacterial 
isolates to 
estimate 
AMR (a) 

Expected 
prevalence 
(%) of 
target 
bacteria in 
fish 
samples 
(b) 

Number of 
samples to be 
tested to 
obtain the 
required 
number of 
bacterial 
isolates 
c = (a/b)*(100) 

Extra 
samples (d) = 
[Missingness 
(5%) + loss of 
isolates 
(2%)]*c =  

Total 
number of 
Fish 
samples to 
be tested = 
c+d 

E. coli3014 384 92 417 29 447 
Aeromonas spp.31  384 78.7 488 34 522 
Salmonella spp.30 384 24 1600 112 1712 
Vibrio spp.30 384 62 619 43 663 
Flavobacterium spp. 384 50* 768 54 822 
Yersinia spp.27 384 28 1371 96 1467 
Listeria 
monocytogenes27 384 26 1477 103 1580 

*Prevalence assumed at 50%.
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