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A B S T R A C T   

Shrimp aquaculture is one of the fastest growing food-producing avenues, where antibiotics usage has become an 
issue of great concern due to the development of antimicrobial resistance in bacteria. A total of 2304 bacterial 
isolates from 192 samples (sediment, water, shrimp, and source water) from Andhra Pradesh, India were 
screened. Antibiotic resistance of bacterial isolates was highest for oxytetracycline (23.4%) followed by eryth-
romycin (12.7%), co-trimoxazole (10%) ciprofloxacin (9.6%), and chloramphenicol (6%), of which 11.9% iso-
lates were multi-drug resistant. Bacterial isolates from shrimp (26.7%), water (23.9%), and sediment (19.6%) 
samples exhibited more resistance (p ≤ 0.05) towards oxytetracycline. Higher antibacterial resistance was 
observed from samples of southern Andhra Pradesh (locations L6 and L7). Gram negative bacteria were more 
prevalent (64%) and showed significantly (p ≤ 0.01) higher resistance. This study indicated the wider distri-
bution of antibiotic-resistant bacteria in shrimp aquaculture ponds with potential risk to humans and the 
environment.   

1. Introduction 

Aquaculture is one of the rapidly growing food sectors in the world 
which contributes substantially to food, nutrition, and livelihood secu-
rity. The global fish production has grown to 179 million tonnes (valued 
at USD 401 billion), out of which aquaculture contributed 46% in terms 
of quantity (82 million tonnes) and 62% in terms of value (250 billion 
USD) (FAO, 2020). Marine and coastal aquaculture together produced 
30.8 million tonnes of aquatic animals that are worth 106.5 billion USD. 
Presently, Penaeus vannamei (white leg shrimp) is the dominant species 
of cultured shrimps that can be easily farmed in brackish water, fresh-
water, and arid saline-alkaline waters. Production of P. vannamei is 4.96 
million tonnes that contributes to 52.9% of the total crustacean pro-
duction (FAO, 2020). In India, the culture of P. vannamei has expanded 
to 100,206 ha by 2017–18 which accounts for 622,000 t of production 
(Salunke et al., 2020; MPEDA, 2018). Among different shrimp produc-
ing states of India, Andhra Pradesh is the leading state in both 
P. vannamei production (456,000 t) and in the cultured area (62,000 ha) 
(MPEDA, 2018). 

Antimicrobials are used in aquaculture worldwide, especially in 
intensive culture systems for growth promotion (Thornber et al., 2020) 
and in control of diseases (Romero et al., 2012; Rakesh et al., 2018). The 
incidence of diseases in P. vannamei culture in different regions drives 
the farmers to use antibiotics, bactericidal and chemical drugs (Mishra 
et al., 2017). In shrimp aquaculture, antibiotics such as ciprofloxacin, 
chloramphenicol, erythromycin, co-trimoxazole and tetracycline are 
commonly used (Costa et al., 2015). Excessive application of antibiotics 
in food production sectors has caused health problems and there is great 
concern on the emergence and dissemination of microbial resistance 
(WHO, 2016). In the recent years, despite strict regulations on antibi-
otics use in shrimp aquaculture, several consignments of shrimp exports 
were rejected due to the presence of pharmacologically prohibited 
substances including antibiotics (Panda and Ravishankar, 2018). 
Several studies reported antibiotic resistance of bacteria isolated from 
P. monodon farming (Kitiyodom et al., 2010; Hossain et al., 2012; Hua 
and Apun, 2013; Abraham, 2016; Kathleen et al., 2016; Narayanan 
et al., 2020). Similarly, several authors have also reported antimicrobial 
resistance (AMR) in bacteria from P. vannamei culture systems, but their 
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studies centred on specific pathogens that were of public health signif-
icance (Banerjee et al., 2012; Stalin and Srinivasan, 2016; Teng et al., 
2017; Dhayanath et al., 2019; Jiang et al., 2020). Cultured aquatic en-
vironments may be considered as a pool of antibiotic-resistant bacteria 
and emerging pollutant for antibiotic resistance (Marti et al., 2014) and 
therefore the specific-pathogen focussed approach does not provide the 
complete picture on the prevalence of drug-resistant bacteria in the 
aquatic animal food production system. 

In tropical regions, culturable heterotrophic bacterial populations 
prevail in higher densities than the autotrophic bacterial populations, as 
the conditions are congenial for the rapid proliferation of heterotrophs. 
Moreover, the isolation and characterization of heterotrophs in terms of 
antibiotic resistance is easier in comparison to the specific pathogen 
strategy. The heterotrophic bacteria have been used as indicator or-
ganisms for determining drug resistance in water quality surveillance 
programs (Huys et al., 2007). The data on antibiotic resistance of these 
heterotrophic bacteria will help in elucidating their role in the acquisi-
tion of resistance and its dissemination as there is large scale horizontal 
gene transfer by mobile genetic elements among the heterotrophic 
bacteria in aquatic environs (Von Wintersdorff et al., 2016). However, 
there is a paucity of information available on the prevalence of anti-
microbial resistance in culturable heterotrophic bacteria from 
P. vannamei and its culture environment. Hence, the present study is 
undertaken to assess the heterotrophic bacteria from shrimp 
(P. vannamei) culture ponds in different geographical locations of 
Andhra Pradesh, India and to study their resistance against five 
commonly used antibiotics viz., ciprofloxacin, chloramphenicol, eryth-
romycin, co-trimoxazole and oxytetracycline. 

2. Materials and methods 

2.1. Study locations 

A total of 180 samples comprising of pond sediment (n-60), farm 
water (n-60) and farmed shrimp (n-60) from sixty shrimp ponds in 12 
different geographical locations of Andhra Pradesh, India was investi-
gated over a period of 24 months (January 2017 to December 2018). The 
shrimp ponds were 4000 to 6500 m2 in size with water depth ranging 
from 1.5 to 2.5 m and stocked with post-larvae at a density of 10 to 40 
shrimp per m2. The shrimps were fed with commercial pellet feeds and 
provided with continuous aeration (Supporting Tables S1A–S1F). The 
shrimp ponds were located in four districts namely Srikakulam (L1, 
L10), East Godavari (L2, L3, L4, L5, L11 and L12), West Godavari (L8, 
L9) and Sri Potti Sriramulu Nellore (L6, L7) districts of Andhra Pradesh 
(Fig. 1). In each of the pond location, three samples of sediment (S), 
water (W), and shrimp (Sh) were drawn and designated as L1ASh, 
L1AW, L1AS; L1BSh, L1BW, L1BS; L1CSh, L1CW, L1CS; L1DSh, L1DW, 
L1DS; L1ESh, L1EW, L1ES (A, B, C, D, E are five shrimp ponds) for the 
location L1 and a similar pattern was followed for all other locations 
(L2− L12), respectively. In addition, source water (SW) samples ((n-12) 
(reservoir pond) were also collected from respective pond sites and 
designated as L1SW to L12SW for location L1 to L12 (one water sample 
for each location). The management of ponds from locations L1 to L11 
was carried out by aqua farmers in respective locations and the mini-
mum distance between any two sampling ponds was 2 to 6 km, wherein 
the information available on the use of antibiotics was uncertain during 
the rearing of shrimps. The ponds at location L12 (control ponds) were 
operated by a federal agency (ICAR-Central Institute of Fisheries Edu-
cation, Kakinada), in which antibiotics were not employed during the 

Fig. 1. Map showing different sample collection locations of Andhra Pradesh, India where the shrimp ponds were located (Inset: Map of India highlighting Andhra 
Pradesh). L1- Location 1 (18.58′N; 84.30′E); L2- Location 2 (16.92′N; 82.21′E); L3- Location 3 (16.96′N; 82.18′E); L4- Location 4 (16.52′N; 81.98′E); L5- Location 5 
(16.73′N; 82.21′E); L6 (14.34′N; 80.03′E); L7- Location 7 (14.26′N; 80.11′E); L8- Location 8 (16.46′N; 81.39′E); L9- Location 9 (16.47′N; 81.49′E); L10- Location 10 
(18.18′N; 83.84′E); L11- Location 11 (16.90′N; 82.16′E); L12- Location 12 (16.93′N; 82.25′E). 
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rearing of animals. 

2.2. Sample collection 

The samples from shrimp culture ponds were collected for each 
location separately as per the procedure described by Tendencia and De 
la Peña (2001). From each sampled pond, farm water was collected from 
three different places (near the water inlet from where the water enters 
the pond, from the middle of the pond, and near the outlet of pond from 
where the water exits) separately at a depth of 50 cm by using a 500 mL 
sterile water collection bottle and all three portions were pooled to 
represent a single composite water sample. Sediment samples (approx. 
500 g) were collected from the surface layer (1–2 cm depth) of pond 
bottom at the same locations from where the farm water samples were 
collected, in a sterile sample collection bag and later pooled to a single 
sediment sample. Active sampling was performed, wherein healthy 
shrimps (8–10 animals) (appx. 4–8 g weight) which accumulated in the 
feed check tray were collected into a sterile sampling bag. The sampling 
was carried out from the standing crop of the respective locations, 
separately, at random, as the time schedule for crop season varied from 
location to location. Each sample was assigned with a unique code, after 
collection in sterile condition and transported to the laboratory for im-
mediate analyses. Water quality parameters such as temperature, pH, 
and salinity were measured from all pond collection sites employing a 
multi-parameter detection probe (Hanna Instruments, USA). Other pa-
rameters namely dissolved oxygen (D.O.), alkalinity, total hardness, 
ammonia, nitrite, and hydrogen sulphide were obtained from the field 
logbook. 

2.3. Isolation and enumeration of total culturable heterotrophic bacteria 

Isolation and enumeration of culturable heterotrophic bacteria from 
samples were carried out by surface plate technique as per ISO 4833-2: 
2013 with minor modifications (marine agar was employed instead of 
plate count agar). One gram or 1 mL of sample (composite sediment, 
water samples and pooled shrimp meat without head) was homogenized 
in 9 mL of sterile phosphate buffer saline (PBS, pH 7.2), serially diluted, 
spread plated on marine agar (BD Difco, USA) in duplicate and incu-
bated for 24–48 h at 30 ◦C in the incubator (Thermoscientific, USA). For 
data analyses, counts from five ponds in a single location were taken and 
the means were compared. As described in ISO 4833-2: 2013 repre-
sentative bacterial colonies (30 to 40 distinct morphological colonies) 
were randomly selected from the plates for each sample, purified and 
maintained on marine agar slant for further studies on antibiotic resis-
tance. Additionally, all the purified isolates were preserved in 30% 
glycerol and stored at -80 ◦C. 

2.4. Antibiotic sensitivity studies 

Antibiotic susceptibility test of bacteria was carried out by disc 
diffusion method (CLSI, 2020) against five classes of antibiotics namely 
tetracyclines, macrolides, folate pathway inhibitors, quinolones, and 
phenicols. Escherichia coli (ATCC 25922) and Staphylococcus aureus 
(ATCC 29213) were employed as quality control strains. All bacterial 
isolates were inoculated into Mueller-Hinton (MH) broth and incubated 
overnight (16–18 h) at 35 ◦C. The grown culture was centrifuged at 
5000 rpm for 5 min at 25 ◦C and the supernatant was discarded. The 
bacterial pellet was dissolved in PBS (pH 7.2) and the optical density 
(OD600) was adjusted to 0.5. The bacterial suspension was spread plated 
onto MH agar using sterile cotton swabs and kept for 5 min for drying 
before placing the antibiotic discs. The plates were then incubated at 35 
± 1 ◦C for 18–24 h. After incubation, the zone of inhibition was 
measured and the resistance pattern was interpreted as per CLSI (2020). 
The antibiotics discs (Himedia, India) used in this study and their con-
centrations were: ciprofloxacin (5 μg); chloramphenicol (30 μg); co- 
trimoxazole (10 μg); erythromycin (15 μg) and oxytetracycline (30 μg). 

2.5. Morphotintorial categorization of bacterial isolates by Gram staining 

Gram staining of the bacterial isolates from sediment, water, and 
shrimp was performed as described by Chauhan and Jindal (2020) and 
morphotintorial categorization was carried out. 

2.6. Data analysis 

Statistical analysis of the data was carried out by using SPSS (SPSS 
20, USA) software. Two-way Analysis of Variance (ANOVA, Duncan's) 
was applied to test the significant differences in mean culturable het-
erotrophic plate counts (HPC) and antibiotic resistance of bacteria iso-
lated from different samples and locations. Pearson correlation 
coefficient (r) was used to analyse the correlation of antibiotic resistance 
of bacteria isolated from sediment, water, and shrimp. The paired t-test 
was used to test the significant differences in antibiotic resistance pat-
terns of bacterial groups based on Gram staining. 

3. Results 

3.1. Water quality parameters 

Water quality parameters of shrimp ponds during the present study 
are presented in supporting Tables S1A to S1F. Variations in the water 
quality parameters of the shrimp ponds were minimal. Water tempera-
ture, dissolved oxygen, and pH were in the range of 29–32 ◦C, 5–6 mg 
L− 1 and 7.6–8.2, respectively at all the locations. Alkalinity and total 
hardness were observed in the range of 100–250 mg L− 1 and 1250–3600 
mg L− 1, respectively. However, a wide variation was recorded for water 
salinity with a minimum of 4 psu in location L3 and a maximum of 32 
psu in location L7. Other water quality parameters such as ammonia, 
nitrite, and hydrogen sulphide were not detected in any of the locations. 

3.2. Enumeration of total culturable heterotrophic bacteria 

The HPC of pond sediment, farm water and farmed shrimp samples 
collected from shrimp ponds is shown in Fig. 2. Significant difference (p 
≤ 0.05) was observed in the HPC among the samples in different loca-
tions. The mean HPC from the sediment samples was recorded in the 
range of 6.3 to 6.4 Log10 CFU g− 1 with highest count from the ponds in 
location L5 (Fig. 2a). In case of water samples, the mean HPC was 
observed in the range of 4.2 to 4.4 Log10 CFU mL− 1 with the highest 
count from the ponds in location L11 (Fig. 2b). Similarly, in the case of 
shrimp samples, the mean HPC was observed in the range of 5.3 to 5.4 
Log10 CFU g− 1 with the highest count from ponds in location L11 
(Fig. 2c). 

3.3. Resistance pattern of bacterial isolates to different antibiotics 

A total of 2304 bacterial isolates from shrimp pond samples (sedi-
ment, water, shrimp, and source water) were evaluated for resistance 
against five different antibiotics. Bacterial isolates exhibited the highest 
resistance towards oxytetracycline (23.4%) followed by erythromycin 
(12.7%) (Fig. 3). Among the bacterial isolates from source water sam-
ples, the highest resistance was observed for erythromycin (5.6%) fol-
lowed by oxytetracycline (3.5%). Among all the antibiotic resistant 
bacteria from shrimp ponds, 11.9% of isolates were multi-drug resistant 
(MDR). Similarly, 1.4% of the resistant bacterial isolates from source 
water (SW) samples showed MDR. 

3.4. Antibiotic resistance of bacteria isolated from farm sediment, pond 
water and farmed shrimp samples 

The data pertaining to antibiotic resistance (percentage) of bacteria 
isolated from sediment, water, and shrimp samples is depicted in Fig. 4. 
The bacteria isolated from shrimp samples (26.7%) exhibited higher 
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resistance towards oxytetracycline compared to the water (23.9%) and 
sediment (19.6%) samples and were significantly different (p ≤ 0.01). 
Pearson correlation coefficient analysis showed significantly positive 
correlation in the antibiotic resistance of bacterial isolates from the pond 
sediment and farm water (r = 0.979, p ≤ 0.05); pond sediment and 
farmed shrimp (r = 0.895, p ≤ 0.05) and pond water and farmed shrimp 
(r = 0.962, p ≤ 0.05). Among the three categories of samples, multi-drug 
resistance was relatively higher in farmed shrimp (12.9%) compared to 
pond sediment (11.5%) and farm water (10.7%). 

3.5. Location-wise variation in antibiotic resistance 

The antibiotic resistance (percentage) of bacterial isolates from 
sediment, water, and shrimp samples at different locations (L1− L12) of 
shrimp ponds is depicted in Fig. 5. Among the sediment samples from all 
locations, antibiotic resistance was observed highest at location L6 
(ciprofloxacin-18.3%; chloramphenicol-15%; co-trimoxazole-31.7%; 
erythromycin-25% and oxytetracycline-60%) (Fig. 5a). Similarly, for 
water samples collected from all locations, maximum resistance was 
noted at the location L6 to all antibiotics (ciprofloxacin-25%; 

Fig. 2. a. Mean HPC (Log10 CFU g− 1) of sediment samples collected from 
shrimp ponds of different locations (L1–L12). Values (mean Log10 CFU g− 1 

±

SD, n = 5) containing different superscripts denotes significant difference 
among the locations (p ≤ 0.05). 
b. Mean HPC (Log10 CFU mL− 1) of water samples collected from shrimp ponds 
of different locations (L1–L12). Values (mean Log10 CFU mL− 1 ± SD, n = 5) 
containing different superscripts denotes significant difference among the lo-
cations (p ≤ 0.05). 
c. Mean HPC (Log10 CFU g− 1) of shrimp samples collected from shrimp ponds of 
different locations (L1–L12). Values (mean Log10 CFU g− 1 ± SD, n = 5) con-
taining different superscripts denotes significant difference among the locations 
(p ≤ 0.05). 

Fig. 3. Antibiotic resistance (Mean ± SD) of bacteria isolated from shrimp pond 
samples and source water samples to different antibiotics. 

Fig. 4. Antibiotic resistance (Mean ± SD) of bacteria isolated from farm sedi-
ment, pond water and farmed shrimp samples. 
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chloramphenicol-11.7%; co-trimoxazole-35%; erythromycin-30% and 
oxytetracycline-60%) (Fig. 5b). However, bacterial isolates from shrimp 
samples at location L7 showed peak resistance to all antibiotics (cipro-
floxacin-31.7%; chloramphenicol-15%; co-trimoxazole-26.7%; erythro-
mycin-33% and oxytetracycline-66.7%) (Fig. 5c). In location L12 the 
bacterial isolates from all the samples showed the lowest resistance (%) 
to the tested antibiotics. There exists a significant difference (p ≤ 0.01) 
among the locations to antibiotic resistance of bacteria isolated from 

farm sediment, pond water, and farmed shrimp samples. 

3.6. Pond-wise differences in antibiotic resistance 

The differences in pond-wise antibiotic resistance (percentage) of 
bacteria sourced from sediment, water, and shrimp samples were ana-
lysed and shown in Table 1 and Supporting Table S2. The utmost 
resistance percentage (mean ± SD) was shown by bacteria isolated from 
sediment (60 ± 21.5), water (60 ± 13.6), and shrimp (66 ± 18) towards 
oxytetracycline (Table 1). The highest resistance to ciprofloxacin was 
observed from the shrimp sample of pond L7 E (58.3%), whereas, 
highest antibiotic resistance for chloramphenicol was seen in the bac-
terial isolates from sediment sample of pond L5 E (41.67%). In case of 
co-trimoxazole, the percent resistance was highest for bacterial strains 
isolated from water samples in the pond L6 D (75.0%). Similarly, the 
antibiotic resistance for erythromycin (66.67%) and oxytetracycline 
(100.0%) was found to be high in bacterial isolates from shrimp samples 
in pond L7 D (Supporting Table S2). 

3.7. Antibiotic resistance among morphotintorial groups 

All the bacterial isolates from sediment, water, and shrimp samples 
were categorized by Gram staining into two morphotintorial groups: 
Gram positive (GP) and Gram negative (GN) (Table 2). The majority of 
bacteria isolated from shrimp farms belonged to GN (64.2%). The 
antibiotic resistance in GP ranged from 5 to 82% with a maximum at 
location L6. In the case of GN rods, the antibiotic resistance varied from 
6.1 to 70.6% and was highest in location L6. Similarly, GN antibiotic 
resistance ranged from 15.5 to 82.8% with extremity in locations L6 and 
L1. A Significant difference was observed in the antibiotic resistance of 
GP and GN (paired t-test, p ≤ 0.01). 

4. Discussion 

P. vannamei shrimp is cultured globally and contributes significantly 
to the world economy (FAO, 2020). A remarkable growth in production 
of P. vannamei has been witnessed in India since 2009 and among all the 
states in India that farm P. vannamei, the state of Andhra Pradesh leads in 
production and area under culture (MPEDA, 2018). All the water quality 
parameters recorded in this study were optimal, indicating that there 
was no stress during the rearing of shrimps. Saraswathy et al. (2019) 
have indicated that the significant deviations in water quality parame-
ters may act as stress to the aquatic animals under intensive culture 
systems. However, few deviations were seen in water alkalinity and 
hardness. Pond waters with higher alkalinity have a greater concentra-
tion of metal ions which are essential for microbial growth. Similarly, 
the pond water with low alkalinity inhibits the microbial decomposition 
of organic matter at the pond bottom, thereby changing the microbial 
composition in the pond sediments. Similarly, both water alkalinity and 
hardness had a profound influence on the microbial populations 
involved in the nitrogen and sulphur cycles (Boyd et al., 2016). Bene-
ficial bacterial species such as Bacillus are involved in maintaining 
alkalinity and reducing water hardness in aquaculture ponds. Sporula-
tion of the bacterial species has also been affected due to the high 
hardness of pond waters (Hlordzi et al., 2020). 

Water quality considerably influences the microbial load of an 
aquaculture pond and the diversity of bacteria varies based on different 
parameters (Qin et al., 2016). In this study, the culturable HPC of farm 
sediment, pond water, and farmed shrimp were in the range of 6.18 to 
6.52 Log10 CFU g− 1, 4.14 to 6.5 Log10 CFU mL− 1 and 5.11 to 5.51 Log10 
CFU g− 1 respectively and are on par with the total bacterial counts re-
ported by several authors (Raja et al., 2017; Joseph et al., 2017; Tawade 
et al., 2019). A significant difference (p ≤ 0.5) was noticed between the 
mean counts at different locations. Sediment samples recorded high 
culturable heterotrophic bacteria compared to rearing water and 
shrimp. Shrimp aquaculture ponds with high stocking densities employ 

Fig. 5. a. Location-wise variations in antibiotic resistance (Mean ± SD) of 
bacteria isolated from farm sediment samples. 
b. Location-wise variations in antibiotic resistance (Mean ± SD) of bacteria 
isolated from pond water samples. 
c. Location-wise variations in antibiotic resistance (Mean ± SD) of bacteria 
isolated from farmed shrimp samples. 
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more amount of pelleted feeds to maximize the production and the 
unused feed gets deposited at the pond bottom leads to proliferation of 
microbial population in the pond sediments (Joseph et al., 2017). 

Several studies reported antimicrobial usage in shrimp aquaculture 
(Romero et al., 2012; Sundaramanickam et al., 2015; Song et al., 2016). 
The rampant usage of antimicrobials resulted in the prevalence of 

antimicrobial resistant bacteria as well as multiple antibiotic resistance 
in aquatic environments (Mudryk et al., 2010; Cabello et al., 2013). 
Similarly, in this study too, the occurrence of antibiotic resistant bac-
teria was observed in P. vannamei culture environment. Among the five 
antibiotics studied, antibiotic resistance of bacterial isolates was highest 
for oxytetracycline (23.38%). Likewise, higher tetracycline resistance of 
57.1%, 36.2%, 13%, and 8.2% in bacterial isolates from shrimp and its 
culture environment have been reported by Gao et al. (2012); Liu et al. 
(2019); Zhang et al. (2011) and Kathleen et al. (2016), respectively. The 
reasons being tetracyclines are one of the most frequently employed 
antibiotics in aquaculture (Prasad and Ravishankar, 2018) and are 
inexpensive compared to other antibiotics used in aquaculture (Gao 
et al., 2012). Besides, AMR was also accounted for erythromycin 
(12.73%), co-trimoxazole (10%), ciprofloxacin (9.58%), and chloram-
phenicol (6.02%). Chloramphenicol, ciprofloxacin, co-trimoxazole, and 
erythromycin are widely used for treating diseases in humans and ani-
mals and the resistance for these antibiotics in aquaculture environ-
ments is quite alarming (Thuy et al., 2011). 

The results from this study indicate that bacteria isolated from 
sediment, water, and shrimp samples collected from P. vannamei culture 
ponds show a significant level of resistance (p ≤ 0.05) to oxytetracycline 
compared to other screened antibiotics and is likely due to its extensive 
use in shrimp farms (Prasad and Ravishankar, 2018). Several reports 
indicate the highest resistance towards oxytetracycline in bacteria from 
the marine environment (Buschmann et al., 2012; Shah et al., 2014). 
Among the sediment, water, and shrimp samples, the percent antibiotic 
resistance in shrimp samples was higher for the possible reason that 

Table 1 
Pond wise differences in antibiotic resistance (Mean ± SD) of bacteria isolated from different samples.   

Antibiotic resistance (%) 

Sediment (S) Water (W) Shrimp (Sh) 

Pond CIP C COT ERM OTC CIP C COT ERM OTC CIP C COT ERM OTC 

A, B, C, 
D, E 
(L1) 

13.3 ±
9.5 

5.0±
11.1 

15.0 ±
20.7 

16.6 ±
14.4 

51.6 ±
22.3 

15.0 ±
6.9 

3.3 ±
7.4 

16.6 ±
5.8 

15.0 ±
12.3 

55.0 ±
17.2 

25.0 ±
19.5 

6.6 ±
6.9 

16.6 ±
15.5 

25.0 ±
11.7 

60.6 ±
18.6 

A, B, C, 
D, E 
(L2) 

3.3 ±
4.5 

5.0 ±
7.4 

3.3 ±
7.4 

8.3 ±
8.3 

8.3 ±
8.3 

10.0 ±
10.8 

6.6 ±
9.1 

11.6 ±
17.2 

8.3 ±
8.3 

35.0 ±
33.5 

15.0 ±
17.0 

8.3 ±
8.3 

10.0 ±
13.6 

13.3 ±
12.6 

36.6 ±
32.6 

A, B, C, 
D, E 
(L3) 

1.6 ±
3.7 

6.6 ±
10.8 

10.0 ±
10.8 

11.6 ±
9.5 

20.0 ±
16.2 

3.3 ±
7.4 

5.0 ±
7.4 

5.0 ±
7.4 

3.3 ±
4.5 

10.0 ±
13.6 

8.3 ±
0.0 

1.6 ±
3.7 

6.6 ±
10.8 

18.3 ±
9.1 

15.0 ±
6.9 

A, B, C, 
D, E 
(L4) 

11.6 ±
4.5 

1.6 ±
3.7 

8.3 ±
8.3 

5.0 ±
4.5 

31.6 ±
21.5 

13.3 ±
9.5 

3.3 ±
4.5 

13.3 ±
11.1 

10.0 ±
3.7 

33.3 ±
13.1 

10.0 ±
6.9 

0.0 ±
0.0 

5.0 ±
7.4 

6.6 ±
6.9 

20.0 ±
12.6 

A, B, C, 
D, E 
(L5) 

11.6 ±
17.2 

11.6 ±
18.2 

13.3 ±
13.9 

10.0 ±
10.8 

13.3 ±
20.9 

10.0 ±
9.1 

1.6 ±
3.7 

8.3 ±
11.7 

8.3 ±
8.3 

28.3 ±
26.0 

18.3 ±
16.03 

8.3 ±
5.8 

6.6 ±
10.8 

6.6 ±
6.9 

35.0 ±
31.4 

A, B, C, 
D, E 
(L6) 

18.3 ±
10.8 

15.0 ±
6.9 

31.6 ±
9.1 

25.0 ±
10.2 

60.0 ±
21.5 

25.0 ±
11.7 

10.0 
± 9.1 

35.0 ±
23.8 

30.0 ±
15.1 

60.0 ±
13.6 

25.0 ±
11.7 

8.3 ±
5.8 

26.6 ±
19.0 

23.3 ±
6.9 

66.0 ±
18.0 

A, B, C, 
D, E 
(L7) 

3.3 ±
4.5 

3.3 ±
4.5 

13.3 ±
9.5 

5.0 ±
7.4 

31.6 ±
23.1 

11.6 ±
7.4 

6.6 ±
3.7 

21.6 ±
16.2 

23.3 ±
10.8 

40.0 ±
34.0 

31.6 ±
29.1 

15.0 
± 3.7 

20.0 ±
13.9 

33.3 ±
21.2 

48.3 ±
39.7 

A, B, C, 
D, E 
(L8) 

0.0 ±
0.0 

11.6 ±
4.5 

3.3 ±
4.5 

5.0 ±
4.5 

5.0 ±
7.4 

0.0 ±
0.0 

11.6 
± 7.4 

1.6 ±
3.7 

6.6 ±
10.8 

3.3 ±
4.5 

0.0 ±
0.0 

3.3 ±
4.5 

0.0 ±
0.0 

5.0 ±
4.5 

6.6 ±
14.9 

A, B, C, 
D, E 
(L9) 

1.6 ±
3.7 

5.0 ±
4.5 

3.3 ±
4.5 

3.3 ±
7.4 

1.6 ±
3.7 

0.0 ±
0.0 

3.3 ±
7.4 

0.0 ±
0.0 

8.3 ±
10.2 

6.6 ±
6.9 

3.3 ±
7.4 

1.6 ±
3.7 

5.0 ±
11.1 

10.0 ±
9.1 

6.6 ±
14.9 

A, B, C, 
D, E 
(L10) 

8.3 ±
5.8 

11.6 ±
7.4 

5.0 ±
4.5 

16.6 ±
14.4 

8.3 ±
5.8 

6.6 ±
3.7 

8.3 ±
5.8 

5.0 ±
4.5 

21.6 ±
4.5 

6.6 ±
3.7 

8.3 ±
0.0 

10.0 
± 9.1 

6.6 ±
3.7 

16.7 ±
10.2 

11.6 ±
7.4 

A, B, C, 
D, E 
(L11) 

0.0 ±
0.0 

1.6 ±
3.7 

6.6 ±
10.8 

8.3 ±
0.0 

3.3 ±
7.4 

5.0 ±
4.5 

0.0 ±
0.0 

3.3 ±
7.4 

6.6 ±
6.9 

3.3 ±
4.5 

23.3 ±
6.9 

11.6 
± 9.5 

16.6 ±
5.8 

25.0 ±
13.1 

6.6 ±
6.9 

A, B, C, 
D, E 
(L12) 

0.0 ±
0.0 

0.0 ±
0.0 

1.6 ±
3.7 

3.3 ±
4.5 

0.0 ±
0.0 

3.3 ±
4.5 

1.6 ±
3.7 

3.3 ±
4.5 

8.3 ±
11.7 

5.0 ±
7.4 

0.0 ±
0.0 

1.6 ±
3.7 

0.0 ±
0.0 

6.6 ±
10.8 

6.6 ±
10.8 

CIP- ciprofloxacin, C-chloramphenicol, COT-co-trimoxazole, ERM-erythromycin and OTC-oxytetracycline; (A, B, C, D, E) five ponds from each location; L-Location. 

Table 2 
Morphotintorial categorization of bacterial isolates from different locations and 
their antibiotic resistance.  

Location GP (n- 
825) 

GN (n- 
1479) 

Antibiotic resistant 
GP (%) 

Antibiotic resistant 
GN (%) 

L1  63  117  76.2  68.3 
L2  65  115  43.1  67.8 
L3  63  117  28.6  58.9 
L4  64  116  60.9  68.9 
L5  64  116  51.6  58.6 
L6  64  116  70.6  82.8 
L7  64  116  57.8  63.7 
L8  64  116  18.8  67.2 
L9  65  114  16.9  59.6 
L10  64  117  32.8  52.1 
L11  65  115  20.0  64.3 
L12  66  114  18.2  6.1 
SW  54  90  14.8  15.5 
Total 

(%)  
35.8  64.2   

GP-Gram positive; GN-Gram negative. Total (%) indicates composition of each 
morphotintorial group to total bacterial isolates; L-Location; SW-source water. 
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these antibiotics were administered through the feed. When shrimp 
consumes the feed, these substances get accumulated and result in the 
development of microbial resistance (Costa et al., 2015). Zhang et al. 
(2011) have also demonstrated the presence of antibiotic resistant 
bacteria in sediment and water samples collected from Donghai Island, 
China. Antibiotic resistant bacteria commonly found in coastal shrimp 
pond water and effluents have been reported by Wahid et al. (2015). The 
factors such as antibiotic residues in the culture environment and past 
usage of antibiotics in shrimp farms also determine the antibiotic 
resistance pattern in the environmental bacteria. Shrimp pond sedi-
ments harbour antibiotics for a longer duration than the pond water, 
which serves as a hub for further dissemination of antimicrobial resis-
tance in the next cycle of the culture period (Zhang et al., 2011). The 
sediments in marine environments harbours more drug resistant bacte-
ria similar to that of sediments of aquaculture ponds that is originated 
from the applied feed, feed supplements, and chemicals available in the 
organic manure (Smith, 2008). Buschmann et al. (2012) have also re-
ported higher resistance of bacteria from the marine environment that 
was adjacent to aquaculture facilities. 

The antibiotic resistance found in shrimp aquaculture systems is also 
on the higher side similar to marine environments as these are contin-
uously subjected to different anthropogenic activities such as mixing of 
domestic sewage effluents, municipal wastewaters, hospital waste etc. 
(Lobova et al., 2002). Antibiotic resistance detected in aquaculture 
systems and in the marine environments have the same detrimental roles 
on human and aquatic animal health as there is wide transfer of resistant 
determinants from aquaculture-origin microbes to marine bacteria and 
finally to terrestrial pathogenic bacteria that cause infections in humans 
(Burridge et al., 2010). The potential implications of high antibiotic 
resistance in the heterotrophic bacterial populations includes the 
development of antibiotic-resistance in commensal and beneficial mi-
croorganisms which are non-pathogenic, acquiring of multi-drug resis-
tance to different classes of antibiotics, resistance transfer to terrestrial 
opportunistic human pathogens, and reduced efficiency of antimicrobial 
treatment for control of infections caused by drug-resistant bacteria 
(Kathleen et al., 2016; Murugadas et al., 2019). 

The results of this study also indicated that 11.85% of drug resistant 
bacteria from shrimp culture ponds were MDR to three or more classes of 
antibiotics (Magiorakos et al., 2012). Multiple antibiotic resistance 
(MAR) from aquaculture systems have also been reported in previous 
studies (Mudryk et al., 2010; Pham et al., 2018). Also, Zhang et al. 
(2011) have reported samples collected from shrimp ponds showing 
multiple resistance to 3–5 antibiotics studied. Occurrence of MDR in 30 
Vibrio species isolated from different seafood items of Kerala, India has 
been reported (Manjusha and Sarita, 2013). Generally, antibiotics are 
commonly applied at sub-therapeutic levels for preventing or treating 
bacterial disease, increasing feed consumption, and faster growth of 
animals in shrimp ponds (Thornber et al., 2020). This study also 
established the prevalence of MAR in bacterial isolates and a positive 
correlation has been noticed between the soil, water, and shrimp sam-
ples. Hossain et al. (2012) have demonstrated a positive correlation 
between multiple antibiotic resistance and antibiotics used in 
aquaculture. 

Antibiotic resistance of bacteria may vary with the geographical 
location, where selective pressure and resistance patterns change 
quickly from time to time (Satyanarayana, 2009). Among different 
shrimp farm locations studied, antibiotic resistance was maximum at 
locations L6 and L7 compared to all other locations. This is attributed to 
the differences in stocking densities followed in different locations and 
also the source of seed (post-larvae) contributes to the spread of resis-
tance. In hatcheries, it is a common practice to use antibiotics as pro-
phylactic agents (Zhang et al., 2011). Therefore, the same resistance 
pattern carried forward possibly to the culture ponds. In addition, the 
release of water during harvest and also removal of sediments during 
pond preparation increases the risk associated with high intensities of 
antibiotic pollution in the farming environments (Hoa et al., 2011; 

Hossain et al., 2017; Lai et al., 2018). The application of antibiotic 
supplemented commercial feeds initiates microbial resistance (Costa 
et al., 2015). In our study, in location L12 antibiotic resistance of bac-
terial isolates was relatively lower as these ponds were managed by 
federal agencies where the application of antibiotics for the growth of 
animals is prohibited. In all the locations, water used for rearing was also 
studied for drug resistant bacteria. The results have indicated that most 
bacterial isolates were sensitive to the antibiotics tested. For shrimp 
farming, water used for the rearing of animals is stored in reservoir tanks 
prior to the start of culture operations and also treated with lime which 
is the primary requirement as per the regulations of Coastal Aquaculture 
Authority, India (CAA, 2005). Occasionally, local water sources can also 
be highly polluted with antimicrobial substances and antibiotic resistant 
bacteria (Su et al., 2017). But, in this study, no such observation was 
made. Recently, there has been serious concern over the quality of the 
probiotics sold in the global markets with studies reporting microbial 
count differing from those listed on the label and many of them carrying 
antibiotic resistant bacteria to multiple antibiotics (Noor-Uddin et al., 
2015; Uma and Rebecca, 2018). 

Grams staining plays an important role in morphotintorial catego-
rization of bacteria as the cell wall is differentiating character for the 
classification of bacteria as GN and GP. In addition, the available anti-
biotics target bacterial cells by different mechanisms that act on cell wall 
or cell membrane causing cell death. The morphological determinants 
also help in discovering novel antibiotic drug targets (van Teeseling 
et al., 2017). Among the different morphological groups, Gram negative 
bacteria (64%) were more prevalent in shrimp farms which were in 
accordance with the results demonstrated by previous reports (Zhang 
et al., 2011; Ahmed et al., 2015; Dhayanath et al., 2019) and showed 
higher resistance to the tested antibiotics. As shrimp aquaculture is 
carried out under controlled environment, any minor deviations in 
culture conditions induce stress in the animal and lower its immune 
response causing diseases. To mitigate this problem, aquaculturists 
employ antibiotics in shrimp culture ponds which had resulted in the 
development of resistance and more frequently in Gram negative bac-
teria compared to other groups of bacteria (Ahmed et al., 2015). The 
presence of antimicrobial resistance in these groups makes it an addi-
tional burden in controlling bacterial infections in aquaculture 
environments. 

5. Conclusion 

This study revealed the wide prevalence of antibiotic resistant cul-
turable heterotrophic bacteria in shrimp culture ponds. Highest resis-
tance was seen towards oxytetracycline and bacteria isolated from 
shrimp samples showed high resistance to the tested antibiotics 
compared to sediment and water samples. The differences in the inci-
dence of antibiotic resistance of bacterial isolates in different locations 
may be attributed to several factors such as re-use of water from the 
previous crop sans treatment, stocking of seed (post-larvae) from 
different hatcheries, diverse culture practices, the release of effluent 
waters during harvest into surroundings and use of contaminated water 
source. Gram negative bacteria showed relatively higher drug resistance 
and the excess use of antibiotics in shrimp farming might disseminate 
multi-drug resistance to other heterotrophic bacterial populations 
through horizontal gene transfer. Therefore, the creation of proper 
awareness on antibiotic resistance among the aquaculturists is the ur-
gent need of the hour as a precaution and preventive steps against the 
use of antibiotics. 
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Buschmann, A.H., Tomova, A., López, A., Maldonado, M.A., Henríquez, L.A., Ivanova, L., 
2012. Salmon aquaculture and antimicrobial resistance in the marine environment. 
PLoS One 7 (8), e42724. https://doi.org/10.1371/journal.pone.0042724. 

CAA, 2005. In: Guidelines for Regulating Coastal Aquaculture. Coastal Aquaculture 
Authority, Chennai, India, pp. 102–124. 

Cabello, F.C., Godfrey, H.P., Tomova, A., Ivanova, L., Dolz, H., Mil- E-lanao, A., 2013. 
Antimicrobial use in aquaculture re-examined: its relevance to antimicrobial 
resistance and to animal and human health. Environ. Microbiol. 15, 1917–1942. 
https://doi.org/10.1111/1462-2920.12134. 

Chauhan, A., Jindal, T., 2020. Biochemical and molecular methods for bacterial 
identification. In: Microbiological Methods for Environment, Food and 
Pharmaceutical Analysis. Springer, Cham, pp. 425–468. 

Clinical and Laboratory Standards Institute (CLSI), 2020. Performance Standards for 
Antimicrobial Susceptibility Testing, 30th ed. CLSI Supplement M100, Wayne, PA.  

Costa, A.R., Araújo, R.L., Souza, O.V., Vieira, R.H.S.D.F., 2015. Antibiotic-resistant 
vibrios in farmed shrimp. Biomed. Res. Int. 505914 https://doi.org/10.1155/2015/ 
505914. 

Dhayanath, M., Prasad, P.K., Juliet, A., Mary, S.J., Paul, T., Majethia, H., 2019. 
Prevalence of antimicrobial resistance among vibrio spp. isolated from the digestive 
tract of cultured Penaeus vannamei. J. Anim. Res. 9 (5), 675–681. https://doi.org/ 
10.30954/2277-940X.05.2019.7. 

FAO, 2020. The state of world fisheries and aquaculture 2020. In: Sustainability in 
Action. Food and Agriculture Organization of the United Nations Rome, p. 224. 

Gao, P., Mao, D., Luo, Y., Wang, L., Xu, B., Xu, L., 2012. Occurrence of sulfonamide and 
tetracycline-resistant bacteria and resistance genes in aquaculture environment. 
Water Res. 46, 2355–2364. https://doi.org/10.1016/j.watres.2012.02.004. 

Hlordzi, V., Kuebutornye, F.K., Afriyie, G., Abarike, E.D., Lu, Y., Chi, S., Anokyewaa, M. 
A., 2020. The use of bacillus species in maintenance of water quality in aquaculture: 
a review. Aquac. Rep. 18, 100503 https://doi.org/10.1016/j.aqrep.2020.100503. 

Hoa, P.T., Managaki, S., Nakada, N., Takada, H., Shimizu, A., Anh, D.H., 2011. Antibiotic 
contamination and occurrence of antibiotic-resistant bacteria in aquatic 
environments of northern Vietnam. Sci. Total Environ. 409, 2894–2901. https://doi. 
org/10.1016/j.scitotenv.2011.04.030. 

Hossain, M.S., Aktaruzzaman, M., Fakhruddin, A.N.M., Uddin, M.J., Rahman, S.H., 
Chowdhury, M.A.Z., Alam, M.K., 2012. Prevalence of multiple drug resistant 
pathogenic bacteria in cultured black tiger shrimp (Penaeus monodon Fabricius). 
Glob. J. Environ. Res. 6 (3), 118–124. https://doi.org/10.5829/idosi. 
gjer.2012.6.3.822. 

Hossain, A., Nakamichi, S., Habibullah-Al-Mamun, M., Tani, K., Masunaga, S., 
Matsuda, H., 2017. Occurrence, distribution, ecological and resistance risks of 
antibiotics in surface water of finfish and shellfish aquaculture in Bangladesh. 
Chemosphere 188, 329–336. https://doi.org/10.1016/j.chemosphere.2017.08.152. 

Hua, L.M., Apun, K., 2013. Antimicrobial susceptibilities of Vibrio parahaemolyticus 
isolates from tiger shrimps (Penaeus monodon) aquaculture in Kuching, Sarawak. 
Res. J. Microbiol. 8, 55–62. https://doi.org/10.3923/jm.2013.55.62. 

Huys, G., Bartie, K., Cnockaert, M., Oanh, D.T.H., Phuong, N.T., Somsiri, T., 2007. 
Biodiversity of chloramphenicol-resistant mesophilic heterotrophs from southeast 
asian aquaculture environments. Res. Microbiol. 158, 228–235. https://doi.org/ 
10.1016/j.resmic.2006.12.011. 

Jiang, H., Yu, T., Yang, Y., Yu, S., Wu, J., Lin, R., Li, Y., Fang, J., Zhu, C., 2020. Co- 
occurrence of antibiotic and heavy metal resistance and sequence type diversity of 
Vibrio parahaemolyticus isolated from Penaeus vannamei at freshwater farms, 
seawater farms, and markets in Zhejiang Province, China. Front. Microbiol. 11, 
1294. https://doi.org/10.3389/fmicb.2020.01294. 

Joseph, G., Kharnaior, E., Kumari, K.R.R., 2017. Physico-chemical and microbiological 
quality of aquaculture farms of Chellanam Panchayath, Ernakulam. Int. J. Fish. 
Aquat. Stud. 5 (5), 428–437. 

Kathleen, M.M., Samuel, L., Felecia, C., Reagan, E.L., Kasing, A., Lesley, M., 2016. 
Antibiotic resistance of diverse bacteria from aquaculture in Borneo. Int. J. 
Microbiol. 16, 2164761. https://doi.org/10.1155/2016/2164761. 

Kitiyodom, S., Khemtong, S., Wongtavatchai, J., Chuanchuen, R., 2010. Characterization 
of antibiotic resistance in vibrio spp. isolated from farmed marine shrimps (Penaeus 
monodon). FEMS Microbiol. Ecol. 72, 219–227. https://doi.org/10.1111/j.1574- 
6941.2010.00846.x. 

Lai, W.W.P., Lin, Y.C., Wang, Y.H., Guo, Y.L., Lin, A.Y.C., 2018. Occurrence of emerging 
contaminants in aquaculture waters: cross-contamination between aquaculture 
systems and surrounding waters. Water Air Soil Pollut. 229, 249. https://doi.org/ 
10.1007/s11270-018-3901-3. 

Liu, K., Han, J., Li, S., Liu, L., Lin, W., Luo, J., 2019. Insight into the diversity of antibiotic 
resistance genes in the intestinal bacteria of shrimp Penaeus vannamei by culture- 
dependent and independent approaches. Ecotoxicol. Environ. Saf. 172, 451–459. 
https://doi.org/10.1016/j.ecoenv.2019.01.109. 

Lobova, T.I., Makisimova, E.Y., Popova, L.Y., Pechurkin, N.S., 2002. Geographical and 
seasonal distribution of multiple antibiotic resistance of heterotrophic bacteria of 
Lake Shira. Aquat. Ecol. 36, 299–307. https://doi.org/10.1023/A:1015618820450. 

Magiorakos, A.P., Srinivasan, A., Carey, R.T., Carmeli, Y., Falagas, M.T., Giske, C.T., 
Harbarth, S., Hindler, J.T., Kahlmeter, G., Olsson-Liljequist, B., Paterson, D.T., 2012. 
Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an 
international expert proposal for interim standard definitions for acquired 
resistance. Clin. Microbiol. Infect. 18 (3), 268–281. https://doi.org/10.1111/j.1469- 
0691.2011.03570.x. 

Manjusha, S., Sarita, G.B., 2013. Characterization of plasmids from multiple antibiotic 
resistant vibrios isolated from molluscan and crustacean of Kerala. Int. Food Res. J. 
20 (1), 77–86. 

Marti, E., Variatza, E., Balcazar, J.L., 2014. The role of aquatic ecosystems as reservoirs 
of antibiotic resistance. Trends Microbiol. 22, 36–41. https://doi.org/10.1016/j. 
tim.2013.11.001. 

Mishra, S.S., Das, R., Choudhary, P., Debbarma, J., Sahoo, S.N., Swain, P., Giri, B.S., 
2017. Present status of fisheries and impact of emerging diseases of fish and shellfish 
in indian aquaculture. J. Aquat. Res. Mar. Sci. 5–26 https://doi.org/10.29199/ 
ARMS.101011. 

MPEDA, 2018. In: Annual Report 2017-18. The Marine Products Export Development 
Authority. Cochin, India, p. 59. 
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