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Abstract
Increasing faecal carriage rate of extended-spectrum beta-lactamase (ESBL) producing Escherichia coli
(ESBL-EC) and Klebsiella pneumoniae (ESBL-KP) among livestock is responsible for abundance of these
bacteria in livestock manure which is being extensively used as organic fertilizer in developing countries
including India. Use of this manure can be a potential source for spread of these microorganisms to
the human community, posing a serious public health threat especially, to manure handlers. There is
paucity of data regarding the possible contamination of environment through use of livestock manure
from rural India. Analysis of a total of 1080 manure sample pools from different segments of 40
manure heaps each year during the three years period (2015 to 2017) showed a total of 491(45.5%) E.
coli and 85 (7.9%) K. pneumoniae to be detected as ESBL producers by double disc synergy test and 3
(0.6%) ESBL-EC and 3 (3.5%) ESBL-KP as carbapenemase producers by CarbaNP test. Among the ESBL
producers, 436 (88.8%) ESBL-EC and 59 (69.4%) ESBL-KP were found to harbour blaCTX-M genes by PCR.
The present study showed an alarmingly high prevalence of ESBL production and emerging evidence
of carbapenemase production among E. coli and K. pneumoniae isolates in the manure samples from
rural North India. The antibiotic resistance pattern of the ESBL producing isolates revealed high degree
of co-resistance to cephalosporin and non-cephalosporin group of antibiotics.
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INTRODUCTION
Faecal carriage of extended-spectrum
beta-lactamase (ESBL) producing Escherichia
coli (ESBL-EC) and Klebsiella pneumoniae
(ESBL-KP) among livestock is being increasingly
recognized as a potential source for spread of
these microorganisms to the human community,
especially in a rural community like India where
the livestock share the same residential premises
with that of humans1-4. Faeces from these animals,
in the form of manures, are extensively applied
into agricultural fields as organic fertilizer in order
to increase the crop yield 5. Thus, expectedly
application of manures has been found to
contribute to abundance of ESBL producing
enteric bacteria including ESBL-EC and ESBL-KP in
agricultural soils4-7 contaminating the crops, fruits
and vegetables grown8 raising possible concern
about their contribution to the burden of ESBL
mediated resistance in the human community
due to unprocessed or inadequately washed
vegetables from such soils. This possibility gains
further strength from reports on isolation of
same genes/plasmids in ESBL-EC strains isolated
from humans and livestock3,9,10. Out of various
molecular types of ESBL, CTX-M type of ESBL, the
more recently identified type, has emerged as the
most predominant ESBL type replacing the other
variants of ESBL9. The present study was carried
out to determine the prevalence of CTX-M type
ESBL-EC and ESBL-KP in livestock manures used for
application in soils and study their antimicrobial
resistance patterns over a period of three years.

and buffalo faeces of varying degree of freshness
were randomly selected in villages surrounding
SGT hospital that were stored to be used as organic
fertilizer for treatment of agricultural fields. The
manure heaps containing dried livestock feces
were roughly parabolic in shape with relatively
broader base (4 - 8ft) compared to top (2.5 – 4 ft)
and with variable heights (3.5 - 5.5 ft), prepared
over 3 to 6 months period. Each manure heap was
sub-divided vertically into three equal segments
viz. top, middle and base segments based on
length of the slope. In each segment, sub-samples
were collected in five radial directions from three
concentric zones of varying depths i.e. core, midzone and peripheral zone in each segment11. The
requisite depths of the zones for sampling in each
segment was considered as the mid-point of each
zone and was calculated from the measurement
of the perimeter in the corresponding segment
considering each segment as roughly circular (Fig.
1). Collection of dried manure sample was carried
out in requisite depths in the order of sampling
from periphery to core by gradual removal of the
superficial layers of manure heap with gloved
hands using separate alcohol treated spades till
the requisite depth was reached11. The five subsamples from each zone i.e. core, mid-zone and
peripheral zone in each segment were pooled.
In each segment, zonal samples were pooled to
constitute segmental samples. Part of the zonal
samples collected from similar zones in three
segments were pooled (zonal samples) in three
different zip lock plastic bags. The samples were
transported in cool boxes containing ice pack and
processed within 1 hr.
Approximately 0.5 g of manure sample
was suspended in 1.5 ml of nutrient broth and
vortexed for 2 mins for homogenization. One
hundred microliter of each sample was inoculated
on two MacConkey agar plates, one supplemented
with 2μg of cefotaxime per ml (Mac-CTX) and the
other supplemented with 2μg of ceftazidime per
ml (Mac-CAZ) 12,13. The inoculated plates were
incubated aerobically at 37°C for 24-48 h. Five
randomly selected lactose fermenting colonies
with identical morphotype suggestive of E. coli
and K. pneumoniae were identified by biochemical
test viz. indole, Voges-Proskauer, mannitol motility,
Moller’s decarboxylase viz. lysine, arginine and
ornithine and citrate utilization test14 and were

MATERIALS AND METHODS
This cross-sectional study was conducted
over three years period between August 2015
to September 2017 in the department of
Microbiology, SGT Medical College, Hospital
and Research Institute, an upcoming tertiary
care hospital located in the rural belt of district
Haryana, India surrounded by agricultural fields
and inhabited by households with agriculture as
their main occupation.
Sampling and processing of manure
Sampling of manure was done each year
during the month of August coinciding with the
time of application of manure in agricultural fields
in the rural districts of Haryana. A total of 40 manure
heaps (stored solid manure) prepared from cattle
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further validated by Vitek 2 system (BioMerieux,
France). These isolates were considered as
potential ESBL producers.
Detection of ESBL production and identiﬁcation
of ESBL gene
Detection of ESBL production by Double disc
synergy test (DDST)
The potential ESBL producing E. coli and
K. pneumoniae isolates were further confirmed
by double disc synergy test, a phenotypic
confirmatory test for ESBL detection15. Two pairs
of antibiotic discs, cefotaxime (30µg), cefotaxime
+ clavulanic acid (30µg/10µg) and ceftazidime
(30µg), ceftazidime + clavulanic acid (30µg/10µg)
were placed on a plate of Mueller Hinton agar
(MHA) inoculated with bacterial inoculum
matched with 0.5 Mac Farland standard. As
per CLSI guidelines, the zone diameter around
ceftazidime plus clavulanic acid disc, cefotaxime
plus clavulanic acid disc as ≥ 5 mm larger than
that around ceftazidime and cefotaxime discs
respectively, was confirmed as ESBL producers. K.
pneumoniae ATCC 700603 and E. coli ATCC 25922
were used as ESBL positive and negative control
strains.
Molecular identification of bla CTX-M gene
Polymerase chain reaction (PCR)
for detection of bla CTX-M was carried out for

Fig. 1a. Manure heap

ESBL positive strains by DDST using the prepublished sequence, CTX-M primers (CTXMF TTTGCGATGTGCAGTACCAGTAA, CTX-MR
CGATATCGTTGGTGGTGCCATA) amplifying 544-bp
fragment16.
Bacterial DNA was extracted using Wizard
Genomic DNA purification kit (Promega, USA).
PCR was performed in 25μl reaction mixture
containing 21μl PCR master mix, 0.75μl (300 nmol)
of each of the two primers and 2.5μl of the DNA
template. Amplification of DNA was performed
using Thermal Cycler TC-4000 (Bangalore Genei,
India). The cycling conditions were as follows:
initial denaturation at 95°C for 5 minutes, followed
by 30 cycles of denaturation at 95°C for 30s, primer
annealing at 51°C for 30s and primer extension
at 72°C for 1 min. The time of extension step
was increased to 10 min in the final cycle. For
the visualization of PCR products, 10μl of PCR
product was mixed with 2μl of loading dye (a premixed loading buffer containing two different dyes
namely bromophenol blue and xylene cyanol FF
(Himedia, Mumbai, India) was run on 1% agarose
prepared in Tris-Borate-EDTA buffer containing
0.5μg/ mL of ethidium bromide at 100V for 30 min.
A 100 bp DNA ladder with range of 100 to 3000 bp
(Himedia, Mumbai, India) was included in each gel.
The gels were examined in a gel documentation
system (Gel Doc EZ Imager, Biorad, USA).

Fig. 1b. Three segments of manure Fig. 1c. Dots represent three radial
heap 1= Top, 2= Middle, 3= Base points (Periphery, mid and core) in
each of the five directions of sample
collection

Fig 1. Sites of sample collection from manure heap
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Antibiotic susceptibility testing
All the ESBL-EC and ESBL-KP isolates were
subjected to antibiotic susceptibility testing (AST)
on Mueller Hinton agar by disc diffusion method.
The AST results were interpreted based on zone
of inhibition validated as per CLSI guidelines
(2019)15. Following antibiotics discs procured from
Himedia Laboratories, India were tested: ampicillin
(10μg), amoxicillin-clavulanic acid (20/10μg),
piperacillin/tazobactam (100/10μg), amikacin
(30µg), gentamicin (10µg), cefotaxime (30µg),
ceftriaxone (30µg), ceftazidime (30µg), cefepime
(30µg), aztreonam (30µg), chloramphenicol
(30μg), co-trimoxazole (25µg), ciprofloxacin (5µg),
ofloxacin (5µg), ertapenem (10µg), meropenem
(10µg) imipenem (10µg), tetracycline(30µg) and

tigecycline (15µg). Furthermore, a third-generation
cephalosporin viz. ceftiofur known to be used only
in veterinary sector, was also included, (EFT disc,
30µg, Oxoid Ltd., United Kingdom) and the results
were interpreted as per CLSI guidelines for drugs
used for veterinary use17.
Detection of carbapenemase production among
ESBL-EC and ESBL-KP
Carba NP test was performed for
phenotypic confirmation of carbapenemase
production among the ESBL-EC and ESBL-KP
isolates screened as carbapenemase producers
based on resistance to ertapenem and/ or one or
more of the other carbapenems in AST as per CLSI
guidelines 201915.

Table 1. ESBL positivity and CTX-M type of ESBL among E. coli and K. pneumoniae isolated from pooled manure
samples from various segments of manure heaps
Sampling segments
Bacterial
(n=pooled samples
isolates
from each zone/segment)		
E. coli
		
		
Top (n=120)
K. pneumoniae
		
		
E. coli
		
Middle (n=120)		
K. pneumoniae
		
		
E. coli
		
Base (n=120)		
K. pneumoniae
		
		
E. coli
		
Total (n=360)		
K. pneumoniae
		
		

Type of		Year-wise distribution of resistant
antimicrobial		
isolates, No. (%)
resistance
Year 1
Year 2
Year 3
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*

35 (29.2)
28 (80)
0 (0)
8 (6.7)
4 (50)
0 (0)
54 (45)
45 (83.3)
0 (0)
11 (9.2)
8 (72.7)
0 (0)
23 (19.2)
19 (82.6)
0 (0)
2 (1.7)
0 (0)
0 (0)
112 (31.1)
92 (82.1)
0 (0)
21 (5.8)
12 (57.1)
0 (0)

67 (55.8)a
58 (86.6)
0 (0)
10 (8.3)
7 (70)
0 (0)
73 (60.8)a
64 (87.7)
2 (2.7)
17 (14.2)
12 (70.6)
0 (0)
41 (34.2)
35 (85.4)
0 (0)
2 (1.7)
1 (50)
0 (0)
181 (50.3)a
157 (86.7)
2 (1.1)
29 (8.1)
20 (69)
0 (0)

70 (58.3)b,c
62 (88.6)
0 (0)
9 (7.5)
7 (77.8)
1 (11.1)
79 (65.8)b,c
72 (91.1)
1 (1.7)
19 (15.8)
15 (78.9)
2 (10.5)
49 (40.8)c
43 (87.8)
0 (0)
7 (5.8)
5 (71.4)
0 (0)
198 (55)b
187 (94.4)
1 (0.5)
35 (9.7)
27 (77.1)
3 (8.6)

ESBL = Extended - spectrum beta-lactamase, CTX-M = Cefotaximase M, CR = Carbapenem resistant		
*Calculated as no (%) of the total ESBL positive isolates		
Note: 					
i) Significant differences (p=<0.05) observed between years of isolation are shown in table 			
ii) a, b and c indicate comparisons between year 1 vs year 2, year 1 vs year 3 and year 2 vs year 3 respectively
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A pair of 1.5ml microcentrifuge tubes
labelled as “A” and “B”, each containing 100μl
of lysis buffer (20mM Tris-HCL containing 0.1%
Triton X-100), were inoculated with a loopful of
test bacterial colony, and the suspensions were
vortexed for 5 min. To the tube “A”, 100μl of
solution A (phenol red (0.05%) and ZnSO4.7H2O (0.1
mmol/L, pH adjusted to 7.8 by adding 0.1 N NaOH)
was added, and the tube was vortexed. To the
tube B, 100μl of solution A plus imipenem (6 mg/
ml) was added and then vortexed. The tubes were
incubated at 37°C for 2 h. K. pneumoniae ATCC BAA
1705 and E. coli ATCC 25922 were used as positive
and negative control strain respectively. The test
was considered positive when tube “A” was red

and tube “B” was orange/yellow and when both
tubes remained red, the test was interpreted as
negative.
Statistical analysis
The prevalence of ESBL and CTX-M type
and antimicrobial resistance were expressed in
terms of percentage resistant and were compared
by chi square test as categorical variables. P-value
<0.05 was considered to be statistically significant.
RESULTS

A total of 120 zonal sample pools from 40
manure heaps (1 zonal sample pool representing
each of the three zones/ segment/ X 3 segments/
manure heap X 40 manure heaps) were analysed

Table 2. ESBL positivity and CTX-M type of ESBL among E. coli and K. pneumoniae isolated from pooled manure
samples from various zones of manure heaps
Sampling zones
Bacterial
Type of		Year-wise distribution of resistant 		
(n=pooled samples
isolates
antimicrobial		
isolates, No. (%)
from identical zones 		
resistance
of 3 segments			
Year 1
Year 2
Year 3
E. coli
		
Core (n=120)		
K. pneumoniae
		
		
E. coli
		
Mid (n=120)		
K. pneumoniae
		
		
E. coli
		
Periphery (n=120)		
K. pneumoniae
		
		
E. coli
		
Total (n=360)		
K. pneumoniae
		
		

ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*
ESBL
CTX-M*
CR*

32 (26.7)
25 (78.1)
0 (0)
4 (3.3)
1 (25)
0 (0)
64 (53.3)
54 (84.4)
0 (0)
14 (11.7)
9 (64.3)
0 (0)
16 (13.3)
13 (81.3)
0 (0)
3 (2.5)
2 (66.7)
0 (0)
112 (31.1)
92 (82.1)
0 (0)
21 (5.8)
12 (57.1)
0 (0)

63 (52.5)a
54 (85.7)
0 (0)
8 (6.7)
5 (62.5)
0 (0)
79 (65.8)
70 (88.6)
2 (2.5)
18 (15)
13 (72.2)
0 (0)
39 (32.5)a
33 (84.6)
0 (0)
3 (2.5)
2 (66.7)
0 (0)
181 (50.3)a
157 (86.7)
2 (1.1)
29 (8.1)
20 (69)
0 (0)

71 (59.2)b
64 (90.1)
0 (0)
11 (9.2)
8 (72.7)
0 (0)
88 (73.3)b
79 (89.8)
1 (1.1)
18 (15)
14 (77.8)
2 (11.1)
39 (32.5)
34 (87.2)
0 (0)
6 (5)
5 (83.3)
1 (16.7)
198 (55)b
177 (89.4)
1 (0.5)
35 (9.7)
27 (77.1)
3 (8.6)

ESBL = Extended - spectrum beta-lactamase, CTX-M = Cefotaximase M, CR = Carbapenem resistant			
*Calculated as no (%) of the total ESBL positive isolates					
Note: 					
i) Significant differences (P=<0.05) observed between years of isolation are shown in table 			
ii) a, b and c indicate comparisons between year 1 vs year 2, year 1 vs year 3 and year 2 vs year 3 respectively			
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during each year for three consecutive years
(2015 to 2017) totalling to 1080 samples over the
three years study period. Out of the total manure
samples processed over the three years period,
there were 406 samples which yielded ESBL-EC
and 85 samples yielded both ESBL-EC and ESBL-KP
with the prevalence of ESBL-EC higher i.e. 45.5%
(491/1080) compared to ESBL-KP 7.9% (85/1080)
(P = <0.001). There was an increasing trend in the
prevalence of both ESBL-EC and ESBL-KP over the
years (Tables 1, 2). Among the three segments of
manure heaps, samples collected from middle
segment showed maximum prevalence of ESBL
producing bacteria and minimum in base segment.
Out of the three different zones in the three
different segments of manure heaps chosen for
sampling, samples from mid zone of all the three
segments showed higher prevalence of ESBL-EC
and ESBL-KP compared to other two zones i.e.
periphery and core regardless of the year of
sampling. High proportion of the ESBL positive
E. coli and K. pneumoniae isolates harboured
CTX-M variety of ESBL with gradual increase in its
prevalence over the years although such increase
was not statistically significant (Tables 1, 2). Among
the ESBL-EC and ESBL-KP isolates, 0.6% (3/491)
ESBL-EC and 5.9% (5/85) ESBL-KP were screened

as potential carbapenemase producers based on
AST pattern. On further confirmation 0.6% (3/491)
ESBL-EC and 3.5% (3/85) ESBL-KP were confirmed
as carbapenemase producers by CarbaNP test
(Tables 1, 2).
All the ESBL-EC and ESBL-KP isolated
from manure samples were subjected to AST for
evaluation of their co-resistance patterns. All the
isolates were 100% resistant to antibiotics viz.
ampicillin and cefotaxime as it was expected. Both
ESBL-EC and ESBL-KP isolates showed high degree
of resistance (81-100%) against cephalosporin
group of antibiotics including ceftiofur, a thirdgeneration cephalosporin used only in veterinary
sector. The co-resistance pattern among the
ESBL-EC isolates showed significant increase in
the resistance rate to gentamicin and cefepime (a
fourth generation cephalosporin) over the years
(p<0.05). These isolates showed low degree of
resistance to amikacin and piperacillin/tazobactam
and high degree of resistance to amoxyclav,
chloramphenicol and co-trimoxazole. The resistant
rates to tetracycline and fluoroquinolones viz.
ciprofloxacin and ofloxacin were high with gradual
increase in its resistance rate over the years (p
<0.05). Few ESBL-EC strains were resistant to
carbapenems. None of the ESBL-EC isolates were

AMC= Amoxyclav, PIT= Piperacillin/tazobactam, AK= Amikacin, GEN= Gentamicin, CPM= Cefepime, C=
Chloramphenicol, COT= Co-trimoxazole, FLU= Fluoroquinolones, TE = Tetracycline, ETP = Ertapenem
Note: All the isolates were resistant to ampicillin, cefotaxime, aztreonam and were susceptible to tigecycline
Fig. 2. Year-wise antibiotic co-resistance pattern of ESBL producing E. coli isolated from manure samples (2015 to
2017)
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resistant to tigecycline (Fig. 2). The co-resistance
pattern among the ESBL-KP isolates showed
significant increase in the resistance rate for
gentamicin over the years. These isolates showed
moderate degree of resistance to amikacin and
piperacillin/tazobactam and high degree of
resistance to amoxyclav, chloramphenicol, co-

trimoxazole, tetracycline and fluoroquinolones
viz. ciprofloxacin and ofloxacin. Three ESBL-KP
strains were resistant to carbapenems and none
of them was resistant to tigecycline (Fig. 3).
Comparison of co-resistance pattern between
ESBL-EC and ESBL-KP showed ESBL-KP to be more
resistant to antibiotics tested, with significant

AMC= Amoxyclav, PIT= Piperacillin/tazobactam, AK= Amikacin, GEN= Gentamicin, CPM= Cefepime, C=
Chloramphenicol, COT= Co-trimoxazole, FLU= Fluoroquinolones, TE = Tetracycline, ETP = Ertapenem
Note: All the isolates were resistant to ampicillin, cefotaxime, aztreonam and were susceptible to tigecycline
Fig. 3. Year-wise antibiotic co-resistance pattern of ESBL producing K. pneumoniae isolated from manure samples
(2015 to 2017)

ESBL-EC = ESBL producing E. coli, ESBL-KP = ESBL producing K. pneumoniae, AMC= Amoxyclav, PIT= Piperacillin/
tazobactam, AK= Amikacin, GEN= Gentamicin, CPM= Cefepime, C= Chloramphenicol, COT= Co-trimoxazole, FLU =
Fluoroquinolones, TE = Tetracycline, ETP = Ertapenem
Note: All the isolates were resistant to ampicillin, cefotaxime, aztreonam and were susceptible to tigecycline
Fig. 4. Comparison of antibiotic co-resistance pattern between ESBL producing E. coli and K. pneumoniae isolated
from manure samples
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difference in the resistance rate to amoxyclav,
piperacillin/tazobactam, amikacin, cefepime and
chloramphenicol (p<0.05) (Fig. 4).

EC in input samples of biogas plants using manure
from livestock husbandry as input samples21.
There is a report on prevalence of ESBL -EC in
poultry manure heaps from the Netherlands22.
However, to the best of knowledge there has not
been any report from India in this regard. It has
been reported that CTX-M type of ESBL has now
become the most predominant ESBL type replacing
the other variants of ESBL viz. TEM and SHV9,12.
This is reflected in the findings of the present
study showing the high prevalence of CTX-M
type of ESBL detected among ESBL-EC and ESBLKP isolated from manure samples. This finding
is comparable to the prevalence of CTX-M type
among ESBL isolates in the manure samples from
other countries, viz. China (93.1%) and Germany
(94%)12,21.
In the present study, the prevalence of
AMR bacteria in solid manure sample differed in
the subsamples collected from different depths
of manure heaps, being maximum in the samples
collected from middle segment followed by top
segment and base segment. Low prevalence
of ESBL producing bacteria in manure at the
top segment could be related to the fact that
this segment encountered more unfavourable
conditions compared to middle and base segments
of manure heaps in terms of exposure to sunlight
and dry atmosphere leading to decline in viability
in bacterial pathogens especially E. coli, which is
thermolabile18. On the other hand, high prevalence
of AMR bacteria in the samples collected from
middle segment could be due to the moist and
warm conditions which is favourable for bacterial
growth23 while lowest AMR prevalence rate in
manure samples collected from base segment
could be due to longer storage time of bottom
portion of manure heaps affecting the viability
of bacteria as fresh livestock feces are placed
gradually on top of prior collections in the process
of making the manure heaps. A study carried out
to determine the fate of E. coli O157:H7 in manure
heaps reported that the pathogen survived for
42 to 49 days at 37°C and for 49 to 56 days at
22°C24. Furthermore, in each segment, samples
from mid zone yielded maximum ESBL-EC and
ESBL-KP compared to core and peripheral zones.
The manure sample collected from periphery
zone of all the three segments were drier than
other samples collected from mid and core. Low

DISCUSSION
Livestock feces in the form of manure has
been used as organic fertilizer in the agricultural
fields to increase the fertility of soil in both
developed as well as developing countries5-7,13.
This prevalent practice leads to the microbial
contamination of agricultural soil with the enteric
bacteria carrying antibiotic resistant genes present
in the manure generating a potential risk of
spreading it to the freshly produced and other
environments7,8,12. The survival ability of bacterial
pathogens in manure can be influenced by the
type of manure viz. liquid manure, slurry manure
or solid manure18.
Admittedly, our approach for collection of
solid manure samples was not absolutely free from
the risk of minimal mixing of sampling from various
depths or zones. Nevertheless, in absence of any
standard guidelines, an attempt was made in this
regard by adapting a manual and user-friendly
approach based on the technique employed by
Dang et al.11.
In the present study location, application
of solid livestock feces manure in agricultural
soils are widely practiced, this may likely be a
contributor of AMR bacteria or genes in the
agricultural soils and its environment as well as
transmitter of AMR to manure handlers. The
prevalence of ESBL production among E. coli
and K. pneumoniae isolated from solid manure
samples were found to be 45.5% and 7.9%
respectively reflecting alarmingly high fecal
carriage rate of such antimicrobial resistance by
livestock. Few published studies from developing
countries does mention ESBL-EC and ESBL-KP
from manure and manure treated soil12,19 studies
from developing countries viz. Iran and Nigeria
reported 43% and 24% as prevalence of ESBLEC in bovine manure amended soil and bovine
manure respectively5,20. However, a study from
an agronomy based developing country i.e. China
reported higher prevalence of ESBL producing
E. coli in manure samples i.e., 72.5%12. Reports
on prevalent ESBL producing organisms are not
limited to developing countries alone. A study
from Germany reported the prevalence of ESBLJournal of Pure and Applied Microbiology
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moisture content in these sample could be related
with the less isolation rate of ESBL producing
bacteria from this zone as enteric bacterial
pathogen has been reported to survive for longer
period in manure containing high moisture level25.
Moderate to high degree of multidrug resistance
to broad spectrum of antimicrobials exhibited by
the ESBL producing isolates in the present study is
comparable to studies from Iran, China and Nigeria
where ESBL producers isolated from manure
samples showed resistance rate ranging from
33.4% to 100% for various antimicrobials5, 12, 20. ESBL
producing strains showing higher co-resistance to
non-cephalosporin group of antibiotics could be
due to the transferable ESBL plasmids that also
encode resistance genes for other classes of
antimicrobials e.g. aminoglycosides, trimethoprim/
sulfamethoxazole 26. Both ESBL-EC and ESBLKP isolates showed high degree of resistance
against a veterinary antibiotic i.e. ceftiofur, a
third generation cephalosporin used primarily
in animals, ranging between 86.7-97.5% and
81-93.1% respectively reflecting indiscriminate
use of this antibiotic in the livestock population
in the study area. This finding is comparable to
a study from China reporting a high resistance
rate i.e., 96.6% for the same antibiotic in livestock
manure12. To the best of knowledge, there is
paucity of literature on ceftiofur resistance among
ESBL producing bacteria isolated from manure
sample from India, except one study from Gujarat,
India reporting a moderate degree of resistance
to ceftiofur (>50%) among livestock population27.
India ranked 4th among top countries accounting
3% of global antimicrobial consumption in
livestock28. There is no stringent policy on antibiotic
use in animal sector in India due to which there
is indiscriminate use of antibiotic for veterinary
ailments and for growth promotion29. In addition
to this, some of the factors which encourage
development of antimicrobial resistance in a
significant way are over-the-counter sale of
antibiotics, self-medication, usage of antibiotics
without prescription, use of pharmacies and
quacks as sources of healthcare29. High degree
of ceftiofur resistance in livestock could be an
indirect risk factor for humans handling manure
as this antibiotic has been shown to be capable
of horizontal transfer of resistance to other
members of third generation cephalosporin
Journal of Pure and Applied Microbiology

group of antibiotics of human therapeutic
importance30. A case-control study among dairy
cattle, treated and untreated with ceftiofur
indicated association of high ESBL producing E.
coli with prior use of ceftiofur30,31. Further in-vitro
experiment has demonstrated that E. coli grown
on ceftiofur supplemented medium selects the
extended -spectrum cephalosporin resistant E.
coli32. In the present study, limited evidence of
carbapenem resistance associated with ESBL
production could be demonstrated in 3 (0.6%) and
3 (3.5%) ESBL-EC and ESBL-KP isolates respectively,
that may be viewed as an emerging problem
since use of carbapenem in veterinary sector is
prohibited globally33. To the best of knowledge,
there is no study from India so far reporting
carbapenem resistance among E. coli isolated from
animals although studies from other developing
countries, viz., Nigeria, China and Iran reported low
prevalence of carbapenem resistance among E. coli
isolated from manure or manure treated soils as
8.2%, 3.4% and 4.8% respectively4,5,20.
CONCLUSION
The present study highlights the possible
spread of ESBL producing bacteria in the rural
environment through livestock manure, thus
posing as a public health concern for transmission
to soil and manure handlers. Limited evidence of
carbapenemase production by AMR bacteria in
livestock manure, despite pre-existing ban on use
of carbapenem in animals further warrants close
monitoring of the problem.
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