
https://doi.org/10.1177/1178636118786925

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Microbiology Insights
Volume 11: 1–8
© The Author(s) 2018
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1178636118786925

Introduction
Fish has been an integral part of the human diet for many 
generations, dating back to over 40 000 years.1 It is an 
important source of proteins, essential vitamins, and low 
saturated fats in the world. Consumption of fish is largely 
seen as a positive health behavior because fish offers several 
kinds of health benefits.2–4 For instance, consuming a diet 
containing fish (at least) once a week can reduce mortality 
associated with coronary heart diseases.2–5 Furthermore, 
many seafoods contain high amounts of key omega-3 fatty 
acids, which have been shown to help lower the risk of renal 
deterioration, breast cancer, and promote plasma membrane 
remodeling.6,7

Consequently, increased fish consumption has become a 
global trend, with levels almost doubling within the past 
40 years.8,9 Seafood products make up about 13.8% to 16.5% of 
the total animal protein consumed worldwide and about 1 bil-
lion people rely heavily on various seafoods as primary source 
of animal protein.9 However, seafoods can also expose 

consumers to various risks because they serve as habitats to a 
repertoire of both pathogenic and nonpathogenic bacteria. 
Foodborne outbreaks and the diseases associated with them 
threaten public health and place enormous burden on health 
care systems worldwide. In the United States, more than 9 mil-
lion cases of foodborne diseases occur annually, with many of 
them leading to hospitalizations and death.6,10

As fish consumption is becoming more and more common 
to the public, there is a growing interest in understanding the 
risks associated with it. Traditionally, research in this area has 
focused on the effects of fish-related chemical contaminants 
and marine toxins on human health.2 However, both raw and 
undercooked fish can expose consumers and handlers to many 
types of bacteria either from their original environment or 
their postharvest storage and processing conditions.11,12 Some 
of the contaminating bacteria can be opportunistic and patho-
genic.13 In this study, we examined bacterial communities pre-
sent on the skin of fish commonly sold at local supermarkets to 
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assess the existence of potential disease-causing and antibiotic-
resistant bacteria.

Materials and Methods
Preparation of f ish samples

Different species of fish were purchased from 10 randomly 
selected supermarkets (Table 1) in Houston, Texas, USA, from 
July to September 2015. Based on initial survey and consulta-
tion with store workers, a list of fish commonly purchased from 
each store was compiled. Consequently, different types of fish 
(one each) identified to be popular from the list were pur-
chased, in whole, gutted, or filleted. These include salmon, cat-
fish, tilapia, shrimp, bass, red snapper, trout, smelt, perch, cod, 
swai, croaker, pompano, grouper, and barb fish (Table 1). All of 
the fish were wild-caught, except tilapia and catfish, which 
were farm-raised. However, information about the country of 
origin of each fish was not available. For the fish fillet that 
required processing, they were degutted and cut at the super-
market according to their standard practices. All of the fish 
samples were packaged by the store in a sterile transparent 
ziplock bags, transported to the laboratory on ice, and pro-
cessed within 2 hours of purchase. Depending on the fish type, 
the average weight ranged from 2 to 25 g.

To isolate bacteria present on the skin, each fish was care-
fully rinsed with 30 mL of sterile brain heart infusion (BHI) 

broth medium (Becton Dickinson, Cockeysville, MD, USA). 
The rinsed broth from each fish was divided into 2 in 50-mL 
conical tubes; 15 mL was incubated at 37°C for 24 hours under 
aerobic conditions in a shaking incubator at 250 rpm. The 
other 15 mL was incubated at 37°C for 24 hours anaerobically 
in an atmosphere of 10% H2, 5% CO2, and 85% N2 using a 
Controlled Atmosphere Anaerobic Chamber (Plas-Labs, 
Lansing, MI, USA). Both aerobic and anaerobic cultures were 
incubated at 37°C to encourage growth of human pathogens. 
Frozen stocks (1 mL) of each culture were stored in 10% dime-
thyl sulfoxide (DMSO) at −80°C until analyzed. The rest of 
the culture (14 mL each) was centrifuged at 4000g for 10 min-
utes and the bacterial pellets were stored at −80°C until DNA 
isolation.

DNA extraction and 16S ribosomal RNA gene 
sequencing

DNA was isolated from each of the thawed bacterial pellets 
from the aerobic and anaerobic cultures using the Gene 
Reagent Pack on the Corbett Life Science X-tractor platform 
(Qiagen, Valencia, CA, USA). The extraction was performed 
based on the protocol provided by the manufacturer. The con-
centration of the extracted DNA was determined using 
NanoDrop (Thermo Scientific, Wilmington, DE, USA). A 
control sample was also extracted under similar conditions and 

Table 1. Distribution of the type and number of fish purchased from each store.

STORE TOTAL NO. 
OF FISH

FISH TyPE CONDITION OF FISH 
ANALyzED

TOTAL NO. OF 
FISH

STORES

A 14 Barb fish Whole and gutted 2 B, G

B 13 Bass Whole and gutted 8 A-H

C 12 Catfish fillet Fillet 10 A-J

D 14 Cod fillet Fillet 6 A, D-F, H, I

E 12 Croaker Whole and gutted 5 A-D, G

F 13 Grouper Whole and gutted 4 B, C, G, H

G 13 Perch Whole and gutted 7 A, C-H

H 10 Pompano Whole and gutted 5 A-D, F

I 7 Red snapper Whole and gutted 8 A-H

J 4 Salmon fillet Fillet 10 A-J

 Shrimp Whole 9 A-I

 Smelt Whole and gutted 7 A-G

 Swai fillet Fillet 6 A, D-G, I

 Tilapia Whole and gutted 7 A-G

 Tilapia fillet Fillet 10 A-J

 Trout Whole and gutted 8 A, B, D-F, H-J

All of the fish examined were wild-caught, except tilapia and catfish which were farm-raised.
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reagents, but without bacterial pellet. To identify the bacterial 
DNA present, the extracted DNA samples were normalized 
and analyzed by 16S ribosomal RNA (rRNA) gene sequenc-
ing. Sequencing was performed at the Alkek Center for 
Metagenomics and Microbiome Research (Baylor College of 
Medicine, Houston, TX, USA). The variable (V4) region of 
the bacterial 16S rRNA gene was polymerase chain reaction–
amplified and sequenced on the Illumina MiSeq platform 
(Illumina, San Diego, CA, USA) using 2 × 250 bp (base pairs) 
paired-end. The data were analyzed using the CMMR-16S 
(v4) analytic pipeline, as described previously.14–16 The 16S 
rRNA gene sequences were clustered into operational taxo-
nomic units (OTUs) at a similarity cut-off value of 97% using 
the UPARSE algorithm.17 The OTUs were determined by 
mapping to the SILVA database containing only the 16S V4 
region to determine taxonomies.18

Isolation of presumptive f ish-borne pathogens on 
selective and differential media

To gain insight into the types of pathogenic bacteria species 
present on the fish, the frozen stocks of the aerobic culture 
were further examined on selective and differential media. All 
of the media used were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). The media used were MacConkey Agar 
(for E. coli species), sorbitol MacConkey agar (for enterohem-
orrhagic E. coli), xylose lysine deoxycholate agar (for Shigella 
and Salmonella species), Oxford agar (for Listeria species), and 
Mannitol Salt Agar (for Staphylococcus aureus). A loopful of the 
frozen culture stocks from each of the fish were streaked on 
these media and incubated under aerobic conditions at 37°C 
for 24 to 48 hours. Bacterial growth on each of the selective and 
differential medium was recorded and enumerated. All of the 
bacterial colonies from each plate were pooled, cultured in BHI 
broth overnight at 37°C aerobically, and 1 mL of each frozen in 
10% DMSO at −80°C until analyzed, as described below.

Assessment of antibiotic susceptibility

To investigate whether the bacterial colonies isolated on the 
selective and differential media exhibit antibiotic resistance, 
antibiotic susceptibility test was performed. Due to the large 
number of samples, only the E. coli isolates selected from the 
MacConkey and sorbitol MacConkey agar and S. aureus iso-
lates from the Mannitol Salt Agar were tested. Two commonly 
prescribed antibiotics were tested on each bacteria. For E. coli, 
the pooled frozen stocks (described above) were initially cul-
tured on MacConkey agar plates containing ciprofloxacin 
(4 µg/mL) and gentamicin (16 µg/mL) at the minimum resist-
ance breakpoint concentrations reported in the Clinical and 
Laboratory Standards Institute (CLSI) 2014 guidelines. For S. 
aureus, the pooled frozen stocks were cultured on Mannitol 
Salt Agar plates containing ciprofloxacin (4 µg/mL) and van-
comycin (16 µg/mL). Growth on each medium was recorded 

and enumerated. Colonies were selected from each plate and 
the isolates were identified by conventional biochemical tests 
(for E. coli—glucose broth with Durham tubes, methyl red/
Voges-Proskauer, and oxidase tests; for S. aureus—blood agar 
plates and coagulase test).19 Following confirmation of the iso-
lates by the biochemical tests, the minimum inhibitory concen-
trations (MICs) of each antibiotic were determined (2 isolates 
per sample) using Etest (BioMérieux, France). Briefly, over-
night bacterial suspensions were adjusted to 0.5 McFarland 
standards, inoculated on Mueller-Hinton agar, and allowed to 
dry for 30 minutes. The Etest strips were placed onto the agar 
surface, incubated aerobically at 37°C for 24 hours, and the 
MICs read following the manufacturer’s instructions. Klebsiella 
pneumoniae ATCC BAA-1705 and E. coli ATCC 25922 were 
used as control.

Data analysis

All the data were analyzed and plotted using GraphPad Prism 
version 6.07 for Windows (GraphPad Software, San Diego, 
CA, USA). The Student t test was used to compare differences 
between the samples. In all cases, statistical significance was 
defined as having a P value of <.05.

Results
To isolate and evaluate the types of bacteria present on fish 
commonly sold in Houston supermarkets, 112 fish samples 
were examined (Table 1). A total of 15 different species of fish 
were purchased from 10 different randomly selected supermar-
kets. The variable region of the 16S rRNA gene was sequenced 
from each of the bacterial DNA to determine the total bacte-
rial composition and diversity. Approximately, 92% of the raw 
sequenced reads were mapped, yielding a total of 255 OTUs. 
For all of the fish examined, the aerobic bacteria had an average 
OTU count of 23, whereas the anaerobic bacteria had an aver-
age of 20 OTUs. The OTUs were not significantly different 
(P > .05) among the supermarkets where the fish samples were 
purchased.

The 16S rRNA analysis revealed a total of 12 bacterial phyla 
and 168 distinct genera. Firmicutes and Proteobacteria were 
the most abundant phyla observed in both aerobic and anaero-
bic bacteria cultures. The rest of the phyla were (in order of 
decreasing abundance) Bacteroidetes, Actinobacteria, 
Fusobacteria, Planctomycetes, Tenericutes, Verrucomicrobia, 
Euryarchaeota, Acidobacteria, Chloroflexi, and Spirochaetae. 
The 20 most abundant genera observed are shown in Figure 1. 
A number of unculturable bacterial genera were also detected 
(data not shown). The culture conditions may have favored the 
growth of certain bacteria in some of the fish types. For 
instance, there were no isolates of Shewanella from the aerobic 
cultures of river barb; however, they were present in the anaero-
bic cultures. In contrast, no Lysinibacillus species were identi-
fied in the anaerobic cultures of whole tilapia but were present 
in some aerobic cultures. Furthermore, incubation of the 
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samples at 37°C may have also favored bacteria that are adapted 
to grow at this temperature compared with the bacteria that are 
adapted to the lower temperatures of their aquatic habitat.

Bacterial genera with both known and unknown 
pathogenicity

To evaluate whether the bacterial genera identified contain 
species that are known to cause disease, we used the 
Pathosystems Resource Integration Center (PATRIC) data-
base20 and other literature sources to group the genera as path-
ogenic, nonpathogenic, or unknown pathogenicity. In all of the 
fish samples examined, bacterial genera with known patho-
genic species capable of causing disease were identified (Figure 
2-I). The pathogenic potential of the bacterial isolates was fur-
ther grouped based on supermarkets to assess whether certain 
bacterial genera may be associated with particular supermar-
kets. Fish from all of the stores surveyed had bacteria on them 
that were potentially pathogenic (Figure 2-II). Store H had the 
highest average number of known pathogenic bacterial genus 
in both aerobic12 and anaerobic10 cultures. Furthermore, store 
E had the lowest average number6 of pathogenic anaerobes, 
whereas store J had the lowest number of pathogenic aerobes.8 
These results suggest random distribution of potential disease-
causing bacteria on the fish samples examined, which were 
independent of the supermarkets from where they were 
purchased.

To gain insight into the source of bacteria identified, all of 
the genera associated with pathogenic bacteria were further 
grouped by their known ecological niche or habitat. About 5% 
of the pathogenic genera identified could be classified 

exclusively as soil bacteria, whereas 8% could be grouped as 
aquatic (Figure 3). Approximately, 35% of the identified genera 
were widely distributed in nature with no unique ecological 
niche. Interestingly, most of the genera identified (52%) are 
known to inhabit various mammalian niches.

The aerobic cultures were further examined on selective 
and differential media to investigate the presence of patho-
genic bacteria commonly implicated in food outbreaks.21–24 
Table 2 shows the number of fish tested and the type of bac-
teria present. Most of the fish samples had various kinds of 
presumptive pathogenic bacteria present on them and this 
was independent of fish type and supermarkets from where 
they were purchased.

A significant proportion of the bacterial isolates 
exhibit antibiotic resistance

Due to the presence of pathogenic bacteria on the fish capable 
of causing human disease, all of the E. coli and S. aureus isolates 
(Table 2) were further tested for susceptibility to two com-
monly prescribed antibiotics. The antibiotics tested were cipro-
floxacin (for both E. coli and S. aureus), gentamicin (E. coli), and 
vancomycin (S. aureus). From a total of 99 E. coli isolates tested, 
41 (41.4%) were resistant to ciprofloxacin, whereas 33 (33.3%) 
were resistant to gentamicin (Table 3). Out of a total of 31 S. 
aureus isolates tested, 27 (87%) were resistant to ciprofloxacin, 
whereas 19 (61.3%) were resistant to vancomycin (Table 4). 
Moreover, some of the E. coli isolates were resistant to both 
ciprofloxacin and gentamicin (28%), whereas a proportion of 
the S. aureus isolates were resistant to both ciprofloxacin and 
vancomycin (49%). All together, these results indicated that 

Figure 1. Genera-level relative abundance of the bacterial populations isolated on the fish. DNA isolated from (A) aerobic and (B) anaerobic cultures of 

bacteria present on the fish was analyzed by 16S rRNA gene sequencing. The V4 region of the bacterial 16S rRNA gene was PCR-amplified and 

sequenced on the Illumina MiSeq 2 × 250 bp platform.14 The 20 most abundant genera out of a total of 168 genera detected are shown. PCR indicates 

polymerase chain reaction; rRNA, ribosomal RNA.
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fish commonly sold in supermarkets could be a major source of 
pathogenic bacteria capable of causing human diseases and 
spreading antibiotic-resistant genes.

Discussion
Fish consumption constitutes a major part of the human diet 
worldwide and provides a variety of rich nutrients key to good 
health.18,19 However, pathogens transmitted from fish or the 
associated aquatic environment can lead to serious infections or 
even death. Furthermore, modern methods for food production 
such as minimal processing, mass production, and globalization 
can facilitate the spread of pathogens.25,26 Due to the increas-
ing popularity of fish consumption, it has become necessary to 
study seafood-associated pathogens and their impact on public 
health. In this study, we examined several fish commonly sold 

Figure 2. Distribution of bacteria isolated on different fish samples (I) and supermarkets (II) based on pathogenicity. The (A) aerobic and (B) anaerobic 

bacteria identified to the genera level by 16S rRNA sequencing were grouped into pathogenic, nonpathogenic, and unknown pathogenicity using the 

PATRIC online database and literature sources.20 Data represent the mean of the number of genera identified in each group. PATRIC indicates 

Pathosystems Resource Integration Center; rRNA, ribosomal RNA.

Figure 3. Distribution of bacteria isolated on fish according to their known 

ecological niche. Bacteria were grouped based on their known ecological 

niche using literature searches and the PATRIC online database.20 

PATRIC indicates Pathosystems Resource Integration Center.
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at local supermarkets in Houston, Texas, for the presence of 
pathogens and antibiotic-resistant bacteria using 16S rRNA 
sequencing and culture methods. Our results revealed a more 
complex diversity of various bacterial genera than previously 
reported on fish.27–29

The study also revealed the presence of known pathogenic 
bacteria, including Aeromonas species, Salmonella species, E. 
coli, Listeria monocytogenes, Staphylococcus species, Enterococcus 
species, and Vibrio species on the fish samples analyzed. Some 
of these pathogens such as E. coli are commonly implicated in 
food outbreaks.30–33 Interestingly, fish with intact skin had 
more bacteria present suggesting that the skin probably facili-
tates bacterial attachment and adherence, which may enable 
them to colonize. Various anaerobes were also detected even 
though the samples cultured were from fish skin. This may be 
due to the presence of aerobic-resistant spores on the fish from 
contaminating sources or the bacteria were facultative anaer-
obes. However, the anaerobic cultures were not examined due 
to the large number of samples tested and will be analyzed in a 
future study.

The data did not suggest a distinct correlation between the 
different bacteria identified in the supermarkets. Instead, we 
observed random distribution of bacteria on the fish examined, 
which was independent of the supermarkets. Moreover, no cor-
relation in bacteria diversity or abundance between the fish 

samples that were farmed-raised and those that were wild-
caught was found. This indicates that postharvest handling and 
processing conditions may be involved in facilitating the spread 
of bacteria. Thus, the source of these pathogens may likely be 
due to human contamination as they are not part of the known 
fish skin microbiota.

Further examination of the bacteria isolated from the fish 
revealed the existence of antibiotic resistance phenotypes. The 
E. coli and S. aureus strains were isolated from multiple fish 
samples that were resistant to ciprofloxacin, gentamicin, and 
vancomycin, antibiotics commonly prescribed for various bac-
terial infections. Our investigation is ongoing to identify and 
characterize the potential sources of bacterial contaminants, 
antibiotic-resistant genes, and the resistance mechanisms 
involved. Given that fish harbor multiple bacterial communi-
ties living in close proximity to each other, antibiotic resistance 
in some of these bacteria could lead to easy transfer of resistant 
genes to others. This could result in increased spread of antibi-
otic resistance in the human population. The spread of bacteria 
present on fish with antibiotic-resistant genes may also be 
exacerbated by consumption of undercooked or raw seafoods. 
Based on these results, we propose improving sanitary handling 
and processing of fish to reduce the risk of spread of patho-
genic bacteria and pathogens capable of spreading antibiotic-
resistant genes in the human population.

Table 2. Analysis of the fish-borne bacterial samples on selective and differential media.

TyPE OF 
FISH

TOTAL NO. OF 
CULTURE SAMPLES

MACCONkEy SORBITOL 
MACCONkEy

XyLOSE LySINE 
DEOXyCHOLATE AGAR

OXFORD 
AGAR

MANNITOL 
SALT

Salmon fillet 10 7/10 4/10 1/10 4/10 3/10

Catfish fillet 10 6/10 4/10 1/10 2/10 1/10

Shrimp 9 8/9 2/9 4/9 3/9 0/9

Tilapia fillet 10 10/10 1/10 1/10 4/10 0/10

Tilapia 7 5/7 4/7 3/7 2/7 5/7

Bass 8 4/8 2/8 6/8 3/8 2/8

Croaker 5 5/5 3/5 3/5 1/5 3/5

Smelt 7 2/7 1/7 3/7 1/7 1/7

Cod fillet 6 3/6 1/6 0/6 1/6 2/6

Red snapper 8 6/8 2/8 3/8 3/8 2/8

Swai fillet 6 5/6 4/6 2/6 4/6 1/6

Grouper 4 2/4 1/4 0/4 1/4 1/4

Trout 8 5/8 1/8 0/8 2/8 3/8

Perch 7 3/7 4/7 2/7 1/7 0/7

Pompano 5 3/5 1/5 2/5 1/5 5/5

Barb fish 2 1/2 0/2 0/2 0/2 2/2

The media used were MacConkey agar (for E. coli species), sorbitol MacConkey agar (for enterohemorrhagic E. coli), XLD agar (for Shigella and Salmonella species), 
Oxford agar (for Listeria species), and Mannitol Salt Agar (for Staphylococcus aureus).
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Table 3. Ciprofloxacin- and gentamicin-resistance profiles of Escherichia coli strains isolated on the fish samples.

TyPE 
OF FISH 
SAMPLES

NO. OF 
CULTURE 
SAMPLES

CIPROFLOXACIN GENTAMICIN

PROPORTION 
OF SAMPLES 
THAT GREW 
RESISTANT 
BACTERIA

NO. OF 
ISOLATES 
TESTED

MIC, MG/
ML

PROPORTION 
OF SAMPLES 
THAT GREW 
RESISTANT 
BACTERIA

NO. OF 
ISOLATES 
TESTED

MIC, MG/
ML

Salmon fillet 10 4/10 8 4-256 2/10 4 16-64

Catfish fillet 10 6/10 12 16-128 4/10 8 8-64

Shrimp 9 4/9 8 4-128 2/9 4 8-32

Tilapia fillet 10 5/10 10 16-128 3/10 6 8-64

Tilapia 7 6/7 12 8- 512 5/7 10 16-32

Bass 6 2/6 4 4-64 1/6 2 16-128

Croaker 5 3/5 6 4-32 2/5 4 32-128

Smelt 3 0/3 0 0 1/3 2 8-128

Cod fillet 4 0/4 0 0 0/4 0 0

Red snapper 8 2/8 4 16-64 3/8 6 16-64

Swai fillet 6 3/6 6 4-128 2/6 4 16-256

Grouper 3 1/3 2 4-16 2/3 4 16-64

Trout 6 1/6 2 8-32 2/6 4 32-128

Perch 7 3/7 6 16-256 1/7 2 16-32

Pompano 4 1/4 2 4-32 2/4 4 16-64

Barb fish 1 0/1 0 0 1/1 2 16-128

Pooled stocks of bacterial isolates that grew on MacConkey agar were further subcultured on MacConkey agar containing ciprofloxacin (4 μg/mL) or gentamicin (8 μg/
mL) to select resistant colonies. Following confirmation by biochemical testing, two colonies were selected from each sample and the minimum inhibitory concentrations 
(MIC) were determined for each antibiotic.

Table 4. Ciprofloxacin- and vancomycin-resistance profiles of Staphylococcus aureus strains isolated on the fish samples.

TyPE OF FISH 
SAMPLES

NO. OF 
CULTURE 
SAMPLES

CIPROFLOXACIN VANCOMyCIN

PROPORTION 
OF SAMPLES 
THAT GREW 
RESISTANT 
BACTERIA

NO. OF 
ISOLATES 
TESTED

MIC, MG/
ML

PROPORTION 
OF SAMPLES 
THAT GREW 
RESISTANT 
BACTERIA

NO. OF 
ISOLATES 
TESTED

MIC, MG/
ML

Salmon fillet 3 3/3 6 4-128 2/3 4 32-128

Catfish fillet 1 1/1 2 4-32 1/1 2 16-64

Shrimp 0 0 0 0 0 0 0

Tilapia fillet 0 0 0 0 0 0 0

Tilapia 5 4/5 8 8-256 5/5 10 64-256

Bass 2 2/2 4 4-128 1/2 2 32-64

Croaker 3 3/3 6 4-16 2/3 4 64

Smelt 1 1/1 2 32 0 0 0

Cod fillet 2 2/2 4 16-128 0 0 0

Red Snapper 2 2/2 4 16-64 1/2 2 16-32

 (Continued)
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TyPE OF FISH 
SAMPLES

NO. OF 
CULTURE 
SAMPLES

CIPROFLOXACIN VANCOMyCIN

PROPORTION 
OF SAMPLES 
THAT GREW 
RESISTANT 
BACTERIA

NO. OF 
ISOLATES 
TESTED

MIC, MG/
ML

PROPORTION 
OF SAMPLES 
THAT GREW 
RESISTANT 
BACTERIA

NO. OF 
ISOLATES 
TESTED

MIC, MG/
ML

Swai fillet 1 1/1 2 4-64 1/1 2 32-64

Grouper 1 1/1 2 4-16 1/1 2 32

Trout 3 3/3 6 8-64 2/3 4 32-128

Perch 0 0 0 0 0 0 0

Pompano 5 2/5 4 4-16 3/5 6 32-128

Barb fish 2 2/2 4 8-128 1/2 2 32-64

Pooled stocks of bacterial isolates that grew on Mannitol Salt Agar were further subcultured on Mannitol Salt Agar containing ciprofloxacin (4 μg/mL) or vancomycin 
(16 μg/mL) to select for resistant colonies. Following confirmation by biochemical testing, two colonies were selected from each sample and the minimum inhibitory 
concentrations (MIC) were determined for each antibiotic.

Table 4. (Continued)
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