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 Enterococci, the normal inhabitant of gastrointestinal tract of humans and animals, 
have emerged as significant antibiotic resistant nosocomial pathogens. The current 
study was designed to determine the antibiotic resistance profile and genes harbored 
by isolated strains of Enterococci along with study of antibiotic resistance transfer 
potential from resistant Enterococci to susceptible pathogenic Staphylococcus 
aureus in vitro. The PCR based prevalence of Enterococcus faecalis and 
Enterococcus faecium from 118 broiler cloacal swabs was 60.46 and 30.23%, 
respectively, indicating that E. faecalis is the predominant species in broilers 
followed by E. faecium. Enterococci (n=86) were examined for the phenotypic 
resistance against eleven antibiotics which showed higher level of resistance to 
lincomycin (96.51%), erythromycin (90.69%), tetracycline (86.04%) and 
streptomycin (75.58%), intermediate level of resistance to ciprofloxacin (54.65%) 
and doxycycline (48.83%), and low resistance level to penicillin (26.74%), 
chloramphenicol (26.74%), amoxicillin (17.44%), augmentin (11.62%) and 
vancomycin (10.46%). Over 80% Enterococcal isolates were found multidrug 
resistant (MDR). On the basis of PCR analysis, erm (B) and tet (M) genes were 
identified in all phenotypically erythromycin and tetracycline resistant strains while 
van (B) was identified in only 4/9 (44.4%) of vancomycin resistant enterococci 
(VRE) with no detection of van (A) gene in any VRE. One strain E. faecalis (FME-
41) was able to transfer the erythromycin resistance to pathogenic Staphylococcus 
aureus (M-11) in broth mating assay. MDR Enterococci pose therapeutic threat to 
human community and control on the spread of such MDR Enterococci from 
poultry to human food chain is crucial. 
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INTRODUCTION 

 
Enterococci are Gram positive, non-spore forming, 

and facultative anaerobes that are found as normal 
commensals and intestinal pathogens of humans and 
animals (Lee et al., 2021). Enterococci are used as 
indicator of environmental fecal contamination and are 
opportunistic pathogens causing different infections 
annually including septicemia, endocarditis, meningitis, 
paranasal sinuses and urinary tract infections (Fiore et al., 
2019; Lee et al., 2021). Enterococcus faecalis and 

Enterococcus faecium are clinically more important 
among all other species of this genus. E. faecium is 
recognized as most prevalent nosocomial pathogen in 
clinically ill and immunocompromised patients 
worldwide, posing public health problem (Hughes et al., 
2019; Zhou et al., 2020). 

The contemporary increase and spread of antibiotic 
resistance in human pathogens have become a worldwide 
issue, largely owing to misuse or overuse of antibiotics in 
humans. However, many other sources of selective 
pressure are known to be the drivers of antimicrobial 
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resistance such as antibiotics use in agriculture and in 
animal production for therapy and control of infectious 
diseases (Manson et al., 2019). Enterococci have ability to 
resist more than two classes of antibiotics that are 
clinically beneficial. Due to restricted therapeutic choices 
for the treatment of vancomycin resistant Enterococci, 
they are considered as a significant problem (Manson et 
al., 2019). The pressure of antibiotic resistant bacterial 
selection is very high in poultry and there is continuously 
a large quantity of resistant bacteria in poultry feces. So, 
human can be infected directly or indirectly via food by 
the antibiotic resistant poultry fecal Enterococci (Hughes 
et al., 2019; Manson et al., 2019). 

The mobile genetic elements, such as transposons and 
plasmids carrying antimicrobial resistance and virulence 
determinants, has led to the development of multi-
resistant Enterococci  (Osei Sekyere and Mensah 2020; 
Fatoba et al., 2022). As donors and recipients of genes for 
antimicrobial resistance, Enterococcus species play a 
significant role in the spread of antibiotic resistant genes 
via horizontal gene transfer (Iannelli et al., 2021). 
Conjugative plasmids are self-transmissible and contain 
genes for the transfer machinery. Antibiotic resistance 
genes present on mobile genetic elements are transmitted 
from Enterococci of animal food origin to Enterococci of 
human intestinal origin, thus becomes challenging for 
various antimicrobial treatments in humans (Conwell et 
al., 2017; McInnes et al., 2020). 

The current study was conducted to evaluate 
antibiotic resistance pattern of Enterococcus isolates 
especially E. faecalis and E. faecium of poultry gut origin 
in Lahore, Pakistan. Further, we examined the prevalence 
of antibiotic resistant genes in MDR Enterococci using 
PCR. This study also aimed to determine whether 
antibiotic resistance from poultry origin Enterococcus can 
be transmitted to human pathogenic Staphylococcus 
aureus or not. 
 

MATERIALS AND METHODS 
 
Sample collection: A total number of 118 cloacal swabs 
were obtained from 39 poultry shops of Lahore, Pakistan, 
and transported under appropriate conditions to Institute 
of Microbiology, UVAS, Lahore. 
 
Isolation and identification of Enterococci: Samples 
were soaked in normal saline, vortexed, and 100µl was 

plated on Bile Esculin Azide agar. Plates were incubated 
at 37ºC for 24 hours. Smooth, dark brown to black 
colored, pinpoint, shiny colonies were sub-cultured for 
purification. Identification of isolates was performed by 
microscopic analysis, colony characteristics, and 
biochemical tests. 
 
DNA extraction and PCR based identification of 
Enterococci: Genomic DNA was extracted with the help 
of DNA extraction kit (GeneAll). PCRs, as described in 
Table 1, were used and the PCRs mixtures (25µl) were 
prepared. The mixture included 7.5µl water (nuclease 
free), 12.5µl nTaq Master mix (Wizbio solutions), 1.5µl 
of forward & reverse primers each, and the template DNA 
(2 µl). PCR reaction mixtures were subjected to a thermal 
cycler (Bio-Rad) using previously described programmes 
(Jackson et al., 2004). Electrophoresis of amplified 
products was done using agarose gel (1.5%) at 120 V for 
40 min. A gel documentation system (Cleaver Scientific, 
UK) was used to observe and record the gel results. 
 
Antibiotic susceptibility analysis: Analysis of antibiotic 
susceptibility was done using Kirby-Bauer disc diffusion. 
Briefly, a bacterial lawn was prepared, comparing with 
0.5 McFarland standard, by swabbing Mueller Hinton 
agar plates. Oxoid antibiotic discs were positioned on 
surface of media at suitable distances. Zones of inhibition 
(mm) against all antibiotics after 24 hours of incubation 
were recorded. 
 
Amplification of antibiotic resistant genes: The PCRs 
of antibiotic resistance genes, erythromycin (erm-B), 
tetracycline (tet-M) and vancomycin (van-A and van-B), 
were performed using 40 amplification cycles employing 
annealing temperatures presented in Table 2. Agarose gel 
electrophoresis analysis of PCR amplicons was performed 
using TAE buffer and gels were ethidium bromide (5 
µg/mL) stained. Visualization of products was done using 
gel documentation system (Nawaz et al., 2011). 
 
DNA sequencing and analysis: PCR amplicons of 16S 
rRNA gene of three enterococci (FME-13, FME-14 and 
FME-15), amplicons of erm (B) of isolate (FME-89 and 
FME-222) and amplicon of tet (M) of isolate FME-54 were 
sequenced by Advance Biosciences International (ABI) 
company. Sequences were analyzed using Chromas 
Software version 2.6.5. Genes were identified using 

 
Table 1: Primers used for identification of Enterococcus spp. 

Target Taxon Primers Sequence (5´-3´) Target gene Ta˚C Amplicon Length Reference 
Enterococcus F TCAACCGGGGAGGGT 16SrRNA 55˚C 733 (Jackson et al., 2004) 

R ATTACTAGCGATTCCGG 
E. faecalis F ACTTATGTGACTAACTTAACC sodA 55˚C 360 (Jackson et al., 2004) 

R TAATGGTGAATCTTGGTTTGG 
E. faecium F ACAATAGAAGAATTATTATCTG sodA 55˚C 214 (Jackson et al., 2004) 

R CGGCTGCTTTTTTGAATTCTTCT 
 
Table 2: Primers used for detection of antibiotic resistant genes  

Gene Primer’s sequence (5´-3´) Ta ˚C Amplicon Length (bp) Reference 
erm (B) F GAAAAGRTACTCAACCAAATA 52˚C 642 (Nawaz et al., 2011) 

R AGTAACGGTACTTAAATTGTTTAC 
tet (M) F GTTAAATAGTGTTCTTGGAG 55˚C 576 (Nawaz et al., 2011) 

R CTAAGATATGGCTCTAACAA 
van (B) F GTGACAAACCGGAGGCGAGGA 58 ˚C 413 (Saadat et al., 2014) 

R CCGCCATCCTCCTGCAAAAAA 
van (A) 
 

F ATGAATAGAATAAAAGTTGCAATAC 62 ˚C 1029 (Miele et al., 1995) 
R CCCCTTTAACGCTAATACGAT 



Pak Vet J, 2022, 42(3): 383-389. 
 

385 

BLAST. Nucleotide sequences were also submitted to 
GenBank to obtain Accession numbers. The nucleotide 
sequences were aligned using BioEdit, and MEGA 6.0 was 
used to make maximum likelihood phylogenetic trees. 
 
Antibiotic resistance transferability of E. faecalis: The 
potential of Enterococcus faecalis to transfer antibiotic 
resistance to the recipient strains was analyzed by broth 
mating and filter mating experiments (Table 4). Four 
strains (MSF-1, MSF-2, M-11, and M-49) of vancomycin, 
erythromycin and tetracycline sensitive Staphylococcus 
aureus were used as recipients to acquire antibiotic 
resistant genes. The van (B), tet (M), and erm (B) positive 
E. faecalis (FME-41, FME-222, FME-444) strains were 
used as donors. Broth mating experiment was performed 
as described previously (Tomita et al., 2002) with a 
donor/recipient ratio of 1:4. Overnight 50µl culture of 
donor and 200 µl of recipient were added to 5 ml of fresh 
nutrient broth and the mixtures were incubated at 37 ºC in 
shaking incubator at 100 rpm for 24 hours. One milliliter 
of this mixed culture was inoculated in 5ml of fresh 
nutrient broth having 15µg/ml of erythromycin and 12.5 
µg/mL of vancomycin, separately, then incubated at 37ºC 
in shaking incubator for 24 hours at 100 rpm. Portions of 
mixed cultures were then transferred to solid media plates 
with appropriate selective antibiotics. After overnight 
growth, Gram’s staining and catalase tests were 
performed for suspected transconjugant colonies. 
Identified Staphylococcus aureus transconjugants were 
further purified on mannitol salt agar. Disc diffusion 
method was used to phenotypically confirm the transfer of 
antibiotic resistance. During filter mating assay, the 
mating mixture of donor and recipient was prepared as 
described above and 2ml of this mating mixture was 
filtered through 0.22µm nitrocellulose membrane filter 
(Millipore) and filter placed on agar plates. Bacterial cells 
trapped on filter paper were inoculated in normal saline 
followed by 10-fold serial dilutions. Appropriate dilutions 
were transferred to plates of solid media containing 
selective antibiotics. Following incubation at 37ºC for 48 
hours, suspected transconjugants were selected, identified, 
and analyzed by antimicrobial susceptibility testing. 

 
RESULTS 

 
Identification of Enterococcal isolates based on 
cultural and molecular techniques: Out of 118 samples, 
72.88% (86/118) were positive for Enterococci based on 
cultural, morphological and biochemical identification 
methods. All positive Enterococci were further confirmed 
by genus and species-specific PCRs. Out of 86 
Enterococcal isolates, 52 were E. faecalis, 26 were E. 
faecium and 8 were unidentified Enterococci. 
Representative PCR amplicons of genus Enterococcus, E. 
faecalis and E. faecium resolved on 1.5% agarose gel are 
shown in Fig. 1A, 1B and 1C. 
 
Antibiotic resistance profiling of Enterococci species: 
E. faecalis showed higher level of resistance to 
lincomycin (94.23%), erythromycin (92.30%), 
tetracycline (86.53%), streptomycin (75%) followed by 
intermediate level of resistance to ciprofloxacin (59.61%), 
doxycycline (50%) and low level of resistance to 

penicillin (32.69%), chloramphenicol (30.76%), 
amoxicillin (13.46%), vancomycin (11.53%) and 
augmentin (9.61%) (Table 3). E. faecium indicated higher 
level of resistance to lincomycin (100%), erythromycin 
(88.46%) and tetracycline (84.61%) followed by 
intermediate level of resistance to streptomycin (73.07%), 
ciprofloxacin (53.84%) and doxycycline (46.15%) and 
low resistance level to amoxicillin (23.07%), 
chloramphenicol (23.07%), penicillin (19.23%), 
augmentin (15.38%) and vancomycin (3.84%) (Table 3). 
Unidentified Enterococci (n=8) had higher level of 
resistance to lincomycin (100%), erythromycin (87.5%), 
tetracycline (87.5%) and streptomycin (87.5%) followed 
by intermediate level of resistance to doxycycline (50%) 
and low resistance level to ciprofloxacin (25%), 
amoxicillin (25%), vancomycin (25%), chloramphenicol 
(12.5%), augmentin (12.5%) and penicillin (12.5%) 
(Table 3).  
 
PCR based detection of antibiotic resistant genes in 
Enterococci: E. faecalis and E. faecium were screened by 
PCR for known resistant genes (Fig. 1D, 1E and 1F). 
Approximately 86.04, 90.69 and 10.46% isolates were 
phenotypically resistant to tetracycline, erythromycin and 
vancomycin respectively. Prevalence of tet (M) and erm 
(B) in tetracycline and erythromycin resistant 
Enterococcus respectively was 100%. Molecular detection 
of 9 VRE (E. faecalis) was conducted by PCR for van (A) 
and van (B) genes. It was found that van (B) gene was 
only 4/9 (44%) prevalent in vancomycin resistant E. 
faecalis and no van (A) detected. Two van (B), erm (B), 
and tet (M) positive strains (FME-222 and FME-444) 
were used in this study for the transferability of resistant 
genes. 
 
DNA sequence analysis of 16S rRNA, erm-B and tet-M 
partial gene sequences from selected Enterococci: 
Amplified 16S rRNA gene products of Enterococcus 
faecium strains FME-13, FME-14 and FME-15 were 
sequenced (accession numbers MN153563, MN153564 
and MN153565 respectively) and the sequence were 
compared with other sequences in the GenBank through 
BLAST. All these three sequences showed similarity with 
Enterococcus faecium. Phylogenetic tree showed that all 
samples had close resemblance with Enterococcus 
faecium (Fig. 2A). Amplified antibiotic resistant genes 
erm (B) of E. faecalis (FME-89 and FME-222), 
sequenced and subjected to the sequence similarity index 
through BLAST against the deposited sequences in 
GenBank database, showed similarity with E. faecalis 
strains. Maximum likelihood phylogenetic tree, based on 
erm (B) gene, showed that FME-89 gene had close 
resemblance with erm (B) gene of Lactobacillus strain 
PDL40 and FME-222 gene had close resemblance with 
erm (B) gene of Enterococcus faecium isolate F9631160 
(Fig. 2B). Amplified antibiotic resistant gene tet (M) of E. 
faecium (FME-54), sequenced and searched against 
sequences in GenBank database via BLAST, showed 
similarity with Enterococcus. Maximum likelihood 
phylogenetic tree showed that FME-54 has close 
resemblance with tet (M) gene of Lactobacillus strain 
PDL28 (2C). 
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Fig. 1: PCR-based identification of (A) Enterococcus genus, (B) E. faecalis, (C) E. faecium, (D) erm B gene, (E) tet M and (F) van B gene. Each figure has 
100 base pair (bp) ladder on left side. 
 
Table 3: Antibiotic resistance profiles of Enterococcus isolates recovered in current study 
Antibiotic resistance profile 
  E. faecalis (n=52) E. faecium (n=26) Enterococcus spp. (n=8) Total (n=86) 
Antibiotic Disc (µg) S 

n(%) 
I 
n(%) 

R 
n(%) 

S 
n(%) 

I 
n(%) 

R 
n(%) 

S 
n(%) 

I 
n(%) 

R 
n(%) 

S 
n(%) 

I 
n(%) 

R 
n(%) 

P 10 units 35 
(67.30) 

0 
(0) 

17 
(32.69) 

21 
(80.76) 

0 
(0) 

5 
(19.23) 

7 
(87.50) 

0 
(0) 

1 (12.50) 63 
(73.25) 

0 
(0) 

23 
(26.74) 

AMX 30 45 
(86.53) 

0 
(0) 

7 
(13.46) 

20 
(76.92) 

0 
(0) 

6 
(23.07) 

6 
(75) 

0 
(0) 

2 
(25) 

71 
(82.55) 

0 
(0) 

15 
(17.44) 

VA 30 27 
(51.92) 

19 (36.53) 6 
(11.53) 

15 (57.69) 10 
(34.60) 

1 
(3.84) 

3 
(37.5) 

3  
(37.50) 

2 
(25) 

45 
(52.32) 

32 
(37.20) 

9 
(10.46) 

AMC 30 47  
(90.38) 

0 
(0) 

5 
(9.61) 

22 (84.61) 0 
(0) 

4 
(15.38) 

7 
(87.50) 

0 
(0) 

1 (12.50) 76 
(88.37) 

0 
(0) 

10 
(11.62) 

E 15 3 
(5.76) 

1 
(1.92) 

48 
(92.30) 

2 
(7.69) 

1 
(3.84) 

23 (88.46) 1 
(12.50) 

0 
(0) 

7 
(87.50) 

6 
(6.97) 

2 
(2.32) 

78 
(90.69) 

TE 30 6 
(11.53) 

1 
(1.92) 

45 (86.53) 4 
(15.38) 

0 
(0) 

22 (84.61) 1 
(12.50) 

0 
(0) 

7 
(87.50) 

11 
(12.79) 

1 
(1.16) 

74 
(86.04) 

DO 5 19 
(36.53) 

7 
(13.46) 

26 
(50) 

10 (38.46) 4 
(15.38) 

12 (46.15) 3 
(37.50) 

1 
(12.50) 

4 
(50) 

32 
(37.20) 

12 
(13.95) 

42 
(48.83) 

CIP 30 6 
(11.53) 

15 
(28.84) 

31 (59.61) 5 
(19.23) 

7 
(26.92) 

14 (53.84) 2 
(25) 

4 
(50) 

2 
(25) 

13 
(15.11) 

26 
(30.23) 

47 
(54.65) 

C 30 28  
(53.84) 

8 
(15.38) 

16 
(30.76) 

13 
(50) 

7 
(36.92) 

6 
(23.07) 

4 
(50) 

3 
(37.50) 

1 (12.50) 45 
(52.32) 

18 
(20.93) 

23 
(26.74) 

L 2 3 
(5.76) 

0 
(0) 

49 
(94.23) 

0 
(0) 

0 
(0) 

26 
(100) 

0  
(0) 

0 
(0) 

8 
(100) 

3 
(3.48) 

0 
(0) 

83 
(96.51) 

S 10 6 
(11.53) 

7 
(13.46) 

39 
(75) 

4 
(15.38) 

3 
(11.53) 

19 (73.07) 1 
(12.50) 

0 
(0) 

7 
(87.50) 

11 
(12.79) 

10 
(11.62) 

65 
(75.58) 

P=Penicillin; AMX= Amoxicillin; VA=Vancomycin; AMC= Augmentin; E=Erythromycin; TE=Tetracycline; DO=Doxycycline; CIP=Ciprofloxacin; 
C=Chloramphenicol; L=Lincomycin; S=Streptomycin. 
 
Antibiotic resistance transferability of Enterococci to 
S. aureus: Different techniques of transferring resistant 
genes from E. faecalis to S. aureus, including filter mating 
and broth mating, were used (Table 4). No 
transconjugants were detected during filter mating (1:1 & 
1:4). Only one strain E. faecalis (FME-41) was able to 
transfer erythromycin resistance to the recipient S. aureus 
(M-11) in broth mating using 1:4 donor/recipient ratio. 
After plating donor/recipient mixture (1:4 ratio) on 
nutrient agar containing erythromycin (15 µg/ml), growth 
of S. aureus was observed which was further confirmed 
by catalase test. Suspected colonies of transconjugant 
were further purified on nutrient agar containing 
erythromycin and also by streaking on Mannitol Salt Agar 
(Fig. 3E and F). Disc diffusion test for antibiotic 
susceptibility of the transconjugant revealed that E. 
faecalis FME-41 has transferred erythromycin resistance 
to the recipient S. aureus M-11 which was sensitive to 
erythromycin, tetracycline and vancomycin before broth 
mating (Fig. 3B). This transconjugant is now 
erythromycin resistant (Zone of inhibition less than 13 

mm is considered resistant as per CLSI standards), but 
still tetracycline and vancomycin sensitive (Fig. 3C). This 
horizontal transfer of resistance, confirmed by disc 
diffusion method, indicates that E. faecalis FME-41 
harbors erythromycin resistant conjugative plasmid which 
was most probably transferred from E. faecalis FME-41 to 
S. aureus M-11 strain during conjugation (Fig. 3A-F). 

 
DISCUSSION 

 
The gastrointestinal tract (GIT) of poultry harbors a 

very complicated microbiota with more than 600 distinct 
bacterial species from over 100 different genera. 
Enterococci are commensal inhabitant of GIT of humans 
and animals. Enterococcus spp. have been frequently 
isolated from poultry (Ngbede et al., 2017; de Jong et al., 
2018). The present study employed Enterococcus genus, 
E. faecalis and E. faecium specific PCRs for speedy 
detection. Genus and species level detection, based on 
PCR, of Enterococcus have been used in several previous 
studies (Lee et al., 2021; Fatoba et al., 2022). The present 
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Fig. 2: Phylogenetic analysis of selected Enterococci strains based on (A) 16S rRNA, (B) erm (B), and (C) tet (M) gene partial DNA sequences. 
MEGA 6.0 was used to prepare maximum likelihood phylogenetic trees. 
 
Table 4: Filter and broth mating assays for transfer of antibiotic resistance genes from Enterococcus faecalis to Staphylococcus aureus. 

Sr. 
No. 

Experiment 
Type 

Donor strains (E. faecalis genotype) Recipient strains (Vancomycin, 
tetracycline and erythromycin 
sensitive S. aureus)  

Donor: recipient 
(Ratio) 

Trans-
conjugants 
detection 

1 Filter mating  FME-222 and FME-444 
(van-B, tet-M and erm-B positive) 

MSF-1 and MSF-2  FME-222:MSF-1 
FME-444:MSF-2 
(1:1) 

None 

2 Broth mating  FME-222 (van-B, tet-M and erm-B positive) 
FME-41 (tet-M and erm-B positive)  

M-11 and M-49  FME-222:M-49 
FME-41:M-11 
(1:10) 

None 

3 Filter mating  FME-222 and FME-444 (van-B, tet-M and 
erm-B positive) 

M-11 and MSF-2  FME-222:M-11 
FME-444:MSF-2 
(1:4) 

None 

4 Broth mating  FME-222 (van-B, tet-M and erm-B positive) & 
FME-41 (tet-M and erm-B positive) 

M-11 and M-49 
 

FME-222:M-49 
FME-41:M-11 
(1:4) 

Detected 
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Fig. 3: (A) Growth of 2 different colonies of Staphylococcus aureus on 
mannitol salt agar. (B) Zones of inhibition of S. aureus against 
erythromycin (22 mm), tetracycline (24 mm) and vancomycin (17 mm) 
before mating experiments. (C) S. aureus transconjugant resistant to 
erythromycin (Zone of inhibition less than 13 mm is considered 
resistant as per CLSI standards) and sensitive to tetracycline (Zone of 
inhibition 26 mm) after broth mating experiment. (D) Donor strain of 
Enterococcus faecalis FME-41, erythromycin and tetracycline resistant, 
with no zone of inhibition against erythromycin and tetracycline. (E) 
Purified culture of S. aureus transconjugant on mannitol salt agar. (F) 
Purified culture of S. aureus transconjugant on nutrient agar containing 
15 μg/mL of erythromycin. 
 
study reported antibiotic susceptibility profiles of E. 
faecalis, E. faecium and unidentified Enterococci isolated 
directly from the poultry gut. This study reported the 
isolation rate of E. faecalis and E. faecium as 60.46% and 
30.23% respectively. Only 9.30% isolates were 
unidentified Enterococcal species. It was found that E. 
faecalis and E. faecium are the predominant species in 
poultry which is in agreement with the previous findings 
(Ngbede et al., 2017; Stępień-Pyśniak et al., 2016).  

Antimicrobial resistance pattern of Enterococci has 
been reported quite frequently establishing that these 
microbes are antibiotic resistant (Labibzadeh et al., 2018). 
Present study revealed that only 26.74% and 17.44% 
isolates were resistant to penicillin and amoxicillin, 
respectively. Enterococci rarely exhibit high level of 
resistance against this class of antibiotics (de Jong et al., 
2018). A higher level of resistance against lincomycin has 
been observed in current study and it is in accordance 
with previous studies (Różańska et al., 2019; Gołaś-
Prądzyńska and Rola 2021). All studied isolates showed 
resistance to at least one of the eleven antimicrobial 
agents tested. Only 9/86 (10.4%) isolates showed 
resistance to vancomycin in current study. Similar 
resistance patterns were observed for Enterococci against 

vancomycin in previous studies (Miller et al., 2020) while 
another study reported no vancomycin resistance in 
Enterococci (Ruzauskas et al., 2010). So, it can be 
concluded that the resistance pattern against vancomycin is 
quite variable. Overall, the data of current study revealed 
that 81% of E. faecalis, 69% of E. faecium and 75% of 
unidentified Enterococci are multidrug resistant (MDR). 

The rapid emergence and rise of antimicrobial 
resistance to various drugs in Enterococci has been 
attributed to the irrational and misuse of antibiotics in 
poultry industry. The increase in Enterococci resistance to 
frequently used antibacterial drugs in veterinary and 
public health is of great concern to medical care 
worldwide (McInnes et al., 2020). To the best of our 
knowledge, this is the first study assessing prevalence of 
antibiotic resistance genes in poultry gut origin 
Enterococci from Pakistan, although few studies are 
available on the prevalence of antimicrobial resistance in 
Enterococci from poultry environment. In this study, 
Enterococcal isolates were screened for known resistant 
genes of tet (M), erm (B), van (A), and van (B). 
Approximately 86.04%, 90.69% and 10.46% isolates were 
phenotypically resistant to tetracycline, erythromycin and 
vancomycin, respectively, and almost 100% prevalence of 
tet (M) and erm (B) was detected in tetracycline and 
erythromycin resistant Enterococci. Among all 
erythromycin resistant genes in Enterococci, erm (B) gene 
was the most prevalent in erythromycin resistant isolates, 
and 63% of the tetracycline resistant enterococcal strains 
carried tet (M) (Graham et al., 2009). Another study 
reported that erm (B) gene was present in 81.8% of the 
erythromycin-resistant enterococcal strains (Hummel et 
al., 2007). This study reported molecular detection of 9 
Vancomycin Resistant Enterococci (VRE) (E. faecalis) 
and found that only 4/9 (44%) VRE E. faecalis harbored 
the van (B) gene while van (A) was not amplified in any 
VRE. It might be due to unavailability of positive control 
or absence of this gene in studied strains. The VRE gene 
operons exhibit discrete genetic variation and continuous 
evolution results in different antimicrobial susceptibility 
phenotypes and environmental and livestock reservoirs of 
the common vancomycin resistant genes (Ahmed and 
Baptiste 2018; Miller et al., 2020). 

The microbial flora of intestinal origin exchanges 
their resistance genes with each other. Bacteria residing in 
human intestine are considered as pools for various genes 
related to antibiotic resistance (Kim et al., 2019). A 
poultry gut origin VRE strain FME41, phenotypically 
resistant to vancomycin, tetracycline and erythromycin, 
found to be tet (M) and erm (B) positive but van (B) and 
van (A) negative, was used as donor in broth mating 
experiment to transfer antibiotic resistance to 
Staphylococcus aureus M-11 strain (vancomycin, 
erythromycin and tetracycline sensitive). After adopting 
different antibiotic resistance transfer techniques, FME-41 
was able to transfer erythromycin resistance to the 
recipient M-11 strain in a broth mating experiment. This 
transconjugant was found erythromycin resistant, but still 
tetracycline and vancomycin sensitive, as confirmed by 
disc diffusion method. It is concluded that VRE strain 
FME-41 harbors transferable erythromycin resistant 
conjugative plasmid. Similarly, erm (B) and tet (M) 
antibiotic resistant genes from Lactobacilluss spp. were 
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effectively shifted to E. faecalis in filter mating 
experiment (Nawaz et al., 2011). Tetracycline resistance 
was transferred from 50% of Lactobacillus isolates to 
susceptible E. faecalis while no conjugal transfer from 
Lactobacilluss spp. to S. aureus was detected (Gevers et 
al., 2003). Another study reported successful transfer of 
resistance from Enterococcus faecalis to Staphylococcus 
aureus (Noble et al., 1992). 

Horizontal gene transfer mediated by conjugative 
plasmids is quite common in human and animal gut 
microbiome (McInnes et al., 2020; Brito 2021). During 
present study, plasmids bearing erythromycin, tetracycline 
and vancomycin resistant genes were also detected in 
Enterococci. Erythromycin resistance transfer from 
Enterococcus faecalis to Staphylococcus aureus in current 
study is also thought to be mediated by such conjugative 
plasmid; however, future studies should be focused on 
further characterization of transconjugants and 
donor/recipients strains to determine the molecular basis 
of erythromycin resistance in S. aureus transconjugants. 
 
Conclusion: Current study reported antibiotic resistance 
profiling of poultry gut origin Enterococci and is also the 
first study reporting PCR-based detection of multiple 
antibiotic resistance genes in Enterococci in Pakistan. 
Furthermore, the potential of antibiotic resistance 
transferability of E. faecalis to human pathogenic S. 
aureus, by horizontal gene transfer, is being reported for 
the first time. 
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