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Abstract

In this study, the occurrence of tetracycline resistance genes among bacteria present on the raw egg surface was analysed.
Metagenomic method was used in this study for the rapid detection and better surveillance on antibiotic resistance transfer.
From the study, meta DNA extracted from the raw egg surface wash was found to be positive for zetB gene. Whereas the
meta DNA from the poultry slaughter house cutting surface, was found to have both tetA and tetB genes. The antibiotic
resistance pattern of bacteria isolated from the raw egg samples further showed 76% of them to be resistant to more than 3
different categories of antibiotics. As the antibiotics used in the poultry feed are known to contribute to the fast emergence
of resistance in bacteria associated with poultry derived food, it is important to rigorously monitor the feed in poultry farms

in order to minimise the rapid spread of antibiotic resistance.
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Introduction

The transmission of microbial genes encoding the antibiotic
resistance between the food-animal and human healthcare
sectors has the high risk to result in infections that are dif-
ficult to treat (Nordstrom et al. 2013 Mar). The gut micro-
biota of food-producing animals such as chicken, cattle
and pigs are considered to act as reservoirs for antibiotic
resistance genes with periodic environmental dissemination
(Wang et al. 2019 Jun 1). Chickens share the same orifice
for their urinary, reproductive and intestinal tracts and hence
the chance of contaminating the surface of egg shells with
the antibiotic resistant bacteria is high (Burgos et al. 2016
Dec). The handling of hen eggs contaminated with antibi-
otic resistant bacteria can significantly favour the transfer of
resistant genes to other microorganisms including the patho-
gens. Antibiotics are used as animal feed additives widely
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for the disease prevention, treatment of infectious diseases
and weight gain (Dutta et al. 2019) and such use in poultry
sector has increasingly been reported to cause rapid dissemi-
nation of antimicrobial resistance (AMR).

Among the diverse antibiotics used for such purpose,
tetracyclines are common in the poultry feed, as it is effec-
tive against diseases caused by Mycoplasma, Pasteurella
multocida and Escherichia coli (Sreejith et al. 2020 Dec).
At the same time, diverse mechanisms have already been
reported for the bacterial resistance against tetracyclines
which mainly include the efflux pump mediated. The most
common tetracycline genes responsible for the efflux pump
mediated resistance among bacteria are the fetA and tetB
(Sivakumar et al. 2020). However, the co-harboring of
tetracycline resistance with resistance to other antibiotics
are also common among the multidrug resistant bacterial
strains. Genome analysis of resistance genes harboring bac-
terial strains by next-generation sequencing technologies
have provided deeper insights into the emerging risk with
AMR. The broad-spectrum profiling of antibiotic resistance
genes (ARGs) through metagenomic approach has also been
described to be effective to analyse their diversity and abun-
dance (Zhou et al. 2019 Sep) in a much faster way when
compared with culture dependent methods. In order to get
an overview on the antimicrobial resistance (AMR) burden
with the existing antibiotic use in the poultry sector, cultural,
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genomic and metagenomic approaches have been used in the
current study. As tetracyclines are well known to be used in
the poultry sector, resistance to the same has been taken as
candidate to identify the severity of AMR dissemination.
From the results of the study, tetracycline resistance genes
could be observed to be disseminated through bacteria pre-
sent on the surface of eggshells which could be taken as
an indication for AMR risk to the entire supply chain.

Materials and methods

In this study, clean eggs (n=25) collected from the cage
fronts of commercial layer farms from different places of
Kottayam district, Kerala were used along with domestic
breed chicken eggs (n=10) as control. The collected sam-
ples were instantly transferred to the laboratory under sterile
conditions by following the safety measures throughout the
stage from collecting eggs to its storage under refrigerated
condition. MetaDNA extraction from the surface wash of
poultry slaughterhouse was further carried out using Chro-
mous Genomic DNA mini spin kit (Cat.no.: RKN 59), as
per the manufacturer’s instructions. The extracted metaDNA
was subjected to PCR for the detection of resistance genes
tetA and tetB using the primers tetA-F (5’-GGCGGTCTT
CTTCTTCATCATGC-3"); tetA-R (5-CGGCAGGCA
GAGCAAGTAGA-3’) and tetB-F (5’-CATTAATAGGCC
CATCGCTG-3), tetB-R (5-TGAAGGTCATCGATAGCA
GG-3’). Ten egg samples randomly selected from the com-
mercial eggs along with the other ten control eggs were
then subjected to metaDNA isolation using the egg surface
rinsate and the isolated DNA was subjected to the same
analysis as above mentioned followed by agarose gel (1.2%)
electrophoresis (Sreejith et al. 2022 May). This was further
followed by DNA sequencing using the Sanger sequencing
and the results were analyzed by BLASTx. The egg sam-
ples collected were also processed for the isolation and
culturing of bacteria from the eggshell surface. Here, egg
surfaces were rinsed with buffered peptone water and the
rinsate obtained was incubated at 37 °C for 24 h. Following
this, a loopful of the rinsate was inoculated onto nutrient
agar and MacConkey agar plates followed by incubation
at 37 °C for 24 h. Standard laboratory methods were used
to identify the isolated organisms after the culture purifi-
cation which include the staining and biochemical assays
such as triple sugar iron agar test, oxidase test, methyl red
test, voges-proskauer test, urease test, citrate test, and indole
test. The genomic DNA of each of the isolate was further
extracted using NucleoSpin Microbial DNA Isolation Kit
(Machery -Nagel: Cat. no. 740235.50) as per the manufac-
turer’s instructions and the extracted DNA was subjected to
16S rDNA based PCR amplification. These amplicons were

further sequenced and analysed through BLAST for species
identification.

Antibiotic sensitivity test was also performed using the
disc diffusion by Kirby-Bauer method for the selected 17 bac-
terial isolates by using the antibiotics such as Amoxyclav(10
mcg), Vancomycin(30 mcg), Imipenem(10 mcg), Cefotax-
ime(30 mcg), Norfloxacin(10mcg), Ciprofloxacin(1mcg),
Ampicillin(25 mcg), Ertapenem(10 mcg) Amikacin(10
mcg) and Cefepime(50 mcg), Ceftazidime(30mcg), Chlo-
ramphenicol (30mcg), Gentamicin (10mcg), Tetracycline
(30mcg), Tigecycline (15mcg) and Colistin (10mcg) from
Himedia labs Mumbai. Here, the Mueller Hinton Agar plates
were inoculated with the selected culture followed by the
introduction of the antibiotic discs and the zone of inhibition
was observed after 24 h of incubation at 37 °C as per the
Clinical Laboratory Standards Institute (CLSI) guidelines.
Determination of multiple antibiotic resistance (MAR) index
was carried out for each of the bacterial isolates by using
the formula MAR = a/b, where “a” represents the number
of antibiotics to which the test isolate exhibited resistance
and “b” represents the total number of antibiotics to which
the test isolate has been exposed (Krumperman 1983 Jul).

Results

In this study, fetA PCR product with 501 bp size (Fig. 1)
could be observed to be formed for the samples from slaugh-
ter house metaDNA and its sequence data showed 100%
identity with the tetracycline resistance protein class A of
Escherichia coli (accession no. ACP28869.1) and the tetB
PCR product of 901 bp (Fig. 1) could also be confirmed as
the sequence data was found to have 98.61% identity with
the tetracycline resistance protein class B of Escherichia
coli (accession no. AGS46495.1). From the egg rinsate
metaDNA samples, the terB PCR product with 901 bp size
could only be detected that too for the sample 5-MD (Fig. 2)
and the fetA gene could not be obtained from any of the
selected samples. The meta-DNA isolated from domes-
tic breed eggs (n=10) which were used as a control here
also exhibited the presence of fetB gene in two of them
whereas none of them showed the presence of ferA in them.
The sequence data of the formed tetB PCR product was
further found to have an identity towards the tetracycline
resistance protein class B of Escherichia coli (accession no.
AGS46495.1).

In this study, a total of 17 bacterial strains were iso-
lated from the egg surface samples and were categorized
based on the results of Gram staining and biochemical
tests. The MAR index further revealed 70% of the isolates
to have value greater than 0.2 (Table 1). The isolate with
highest MAR index (0.625) was Acinetobacter sp. (E12)
and majority of the isolated bacterial srains belonged to
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Fig. 1 Agarose gel electrophoresis analysis of the PCR amplicons
generated after the gene screening of zetA (501 bp) and fetB (901 bp)
from slaughter house cutting surface samples. L represents Ladder
DNA and NC represents Negative Control

Fig.2 Agarose gel electrophoresis analysis of the PCR amplicons
generated after the gene screening of fetB (901 bp) gene PCR prod-
uct from egg surface metaDNA sample. L represents ladder DNA and
NC represents Negative Control

Pseudomonas sp., Acinetobacter sp. and Klebsiella sp.
The isolated organisms were further identified based on
the BLAST results of 16S rDNA sequences (Table 2).

@ Springer

Table1 MAR indices of bacteria isolated from the surface of egg
shells

SI. No Isolate name MAR index
1 Citrobacter freundii 0.125
2 Pseudomonas sp. 0.3125
3 Stenotrophomonas pavanii 0.5

4 Pseudomonas sp. 0.375
5 Stenotrophomonas sp. 0.3125
6 Pseudomonas hibiscicola 0.25

7 Escherichia coli 0.1875
8 Pseudomonas sp. 0.4375
9 Acinetobacter sp. 0.625
10 Acinetobacter baumannii 0.125
11 Klebsiella sp. 0.25
12 Morganella sp. 0.3125
13 Klebsiella sp. 0.3125
14 Escherichia coli 0.3125
15 Shigella sp. 0.125
16 Escherichia coli 0.125
17 Serratia sp. 0.375
Discussion

The rapid identification of antibiotic resistance genes is
essential for the proper surveillance of AMR as the con-
ventional methods of culturing and detection of antibiotic
resistance are time consuming and laborious. The meta
DNA isolated from the egg surface wash clearly indicated
the presence of fefB gene in one of the selected samples. In
a study conducted on the meta plasmid isolated from the
healthy broiler faeces, the presence of tefB has previously
been reported (Sreejith et al. 2022 May). The metaDNA iso-
lated from the slaughter house cutting board surface revealed
the presence of both ferA and tetB genes in them, and this
resistance conferring efflux pump might have originated
from the gut bacteria as a response to the antibiotic admin-
istered in the feed of the chicken. The results of the study
indicate the importance of rapid detection methodologies as
tools to be applied to prevent AMR dissemination.

Among the cultured bacteria, the tetracycline resistance
was observed to be present in four isolates E4R, E7, E5
and E9 which were identified as Stenotrophomonas pavanii,
Klebsiella sp., Shigella sp. and Serratia sp. with a MAR
index of 0.5, 0.3125, 0.125 and 0.375 respectively. Studies
on tetracycline resistance dissemination from the poultry
sector as reported in a previous study clearly showed the
commensal bacteria of poultry origin to be the carriers of
resistance genes (Sreejith et al. 2020 Dec). Among the total
isolates obtained in the study, four of them belonged to the
genus Pseudomonas (E4S, E3R, ESS and E3RP) and their
AST results showed all of them to be resistant to ampicillin
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Table2 Summary of 16S rDNA

. . . SI. No Isolate ID Identified as Accession no. of Accession no. with ~ Similarity %

sequence—ba.se.d identification sequences submit-  highest similarity

of 17 bacteria isolated from the ted

egg shell surface
1 E2L Citrobacter freundii 0Q195798 AJ233408 99.66
2 ES5S Pseudomonas hibiscicola ~ OQ195799 AB021405 99.31
3 El Escherichia coli 0Q195800 MH917718 99.77
4 E4R Stenotrophomonas pavanii - 0Q195801 LDJINO1000038 99.83
5 E3RP Pseudomonas sp. 0Q195802 MK?294246.1 98.6
6 E3R Pseudomonas sp. 0Q195803 AB021404 98.36
7 E4S Pseudomonas sp. 0Q195804 AB021404 98.28
8 E6S Stenotrophomonas sp. 0Q195805 MH153787.1 94.1
9 E12 Acinetobacter sp. 0Q195806 AIEC01000170 98.47
10 E4 Morganella sp. 0Q195807 AJ301681 97
11 E5 Shigella sp. 0Q195808 X96963 97
12 E6 Escherichia coli 0Q195809 MN208206.1 100
13 E7 Klebsiella sp. 0Q195810 MH179329 97.08
14 E8 Klebsiella sp. 0Q195811 AJJI01000018 97.4
15 E9 Serratia sp. 0Q195812 JPUX01000001 97.13
16 Ell Enterobacter cloacae 0Q195813 MT507092.1 100
17 E10 Acinetobacter baumannii 0Q195814 OP985315.1 99.74

(Supplementary Fig. 1). In a study on Pseudomonas aer-
uginosa from avian samples, complete resistance towards
ampicillin has already been reported (Abd El-Ghany 2021
Aug). Since they are one of the most common bacteria asso-
ciated with the infections in poultry, the rate of transmission
of resistance from them to human pathogens could be high.
The second predominant bacterial isolates derived from the
egg surface wash were Escherichia coli (E1 and E6), Acine-
tobacter (E10 and E12) and Klebsiella (E7 and E8). Here,
the transmission possibility is from the laying hen due to the
common opening for both intestinal and reproductive tracts
(Chousalkar et al. 2010 Aug 15). Though Acinetobacter
strains are reported as commensals of hen’s gut, they have
the potential to cause extraintestinal diseases in chicken as
well as in humans (Jochum et al. 2021 Jan 9). In the study
by Shah et al., conducted in backyard poultry flock envi-
ronment, it was reported A. calcoaceticus to have resistance
to aminoglycoside, fluoroquinolone, chloramphenicol, sul-
phonamide and cephalosporin (Shah et al. 2020) and also
in the previous study, it also mentioned about the existence
of multidrug resistant (MDR) Acinetobacter in the poultry
environment which is comparable to the results observed in
the current study with respect to the isolate E12. The MAR
index analysis of this isolate has revealed it to have resist-
ance towards ten antibiotics which is in par with the findings
from Shah et al., 2020, where the resistance of the same
species towards aminoglycoside, fluoroquinolone, chloram-
phenicol, sulphonamide, 3rd generation cephalosporin and
carbapenem has already been reported (Shah et al. 2020
Sep). The occurrence of antibiotic resistant Klebsiella strains

in retail poultry food could be a serious threat to the con-
sumer health as per previous report (Kowalczyk et al. 2019)
and the current study the isolated Klebsiella strains (E7 and
EB8) were identified as MDR. The pathogenic enteric bacteria
Shigella sp. (ES) could also be isolated from the egg surface
and the isolate had resistance towards cefotaxime and tet-
racycline and the resistance to these antibiotics has seldom
been reported for Shigella. Since shigellosis is identified to
cause approximately 212 million deaths across the world
according to the world health organization (WHO) predic-
tion, the presence of such organisms in retail eggs is a seri-
ous concern along with their resistance towards wide range
of antibiotics. Multidrug resistant Morganella sp. (E4),
Klebsiella sp. (E7) and Serratia sp. (E9) could also be iso-
lated in the study which indicates the necessity of disinfect-
ing the egg surfaces prior to the usage and proper cooking
of the eggs to prevent AMR dissemination from these organ-
isms. The occurrence of above bacterial species in shell eggs
have also been reported as due to the commercial washing
procedures whereas these species were less frequently iso-
lated from fully processed eggs (Musgrove et al. 2008 Jun
1). In the study, ferB gene could be detected from 20% of
the domestic breed eggs within the control cohort. While the
tetA gene could not be identified in any of the control also.
This indicates a distinct distribution pattern of tetracycline
resistance genes in the environment. Hence, the result of the
study postulates the ferB gene to have wide spread environ-
mental distribution and its detection in the control could be
taken as a confirmation for the same. The differential distri-
bution of fetA and tetB genes in the collected samples and
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its control need further investigation to unravel the underly-
ing mechanisms that give unique preference for the zefB. As
the gut bacteria of chicken can easily get colonised on the
surface of eggs, it is crucial to implement hygienic stand-
ards and guidelines while handling, storing and transferring
the raw eggs into the supply chain. Also, such guidelines
should be followed for making and storing raw egg-based
food products as they can act as a source of antibiotic resist-
ant pathogenic bacteria in restaurants, confectionaries and
retail outlets. The study points out the necessity of a one
health approach in human and veterinary settings to track
the emergence of antibiotic resistance and also to monitor
the proper usage of antibiotics.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43538-024-00303-z.
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