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Abstract
AmpC β-lactamases are enzymes that are resistant to β-lactams, such as penicillin and cephalosporin, 
but not cefoxitin and cefotetan. this study was conducted to characterize AmpC β-lactamases in 
Enterobacteriaceae. this study included 200 cephalosporin-resistant Gram-negative isolates recovered 
from different samples between January 2015 and December 2016. the isolates were subjected to 
phenotypic tests, and those that tested positive were further analyzed by PCR for six AmpC genotypes: 
ACC, DHA, FOX, Cit, MOX, and eBC. Among the 200 strains, 32% (64) were positive for AmpC β-lactamases 
by different phenotypic methods. the target genotypes were detected in 20 (10%) of the isolates. Pus 
was the predominant source of AmpC isolates. Klebsiella pneumoniae (55%) was the most common 
producer of AmpC β-lactamase. Cit-FOX was the predominant gene type. As there is variation in the 
prevalence of AmpC β-lactamases in different geographic regions, periodic surveillance and measures 
to control infection can prevent the spread of these genes.
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iNtRODuCtiON

 Resistance to antibiotics such as 
cephalosporin and carbapenem, is increasingly 
reported in Enterobacteriaceae and is associated 
with the activity of several types of enzymes, 
notably Extended spectrum β-lactamases (ESBL), 
AmpC β-lactamases, and carbapenemases.
 AmpC beta-lactamases are enzymes that 
confer resistance to penicillin, monobactam and 
1st, 2nd, and 3rd generation cephalosporin as well 
as cephamycins.1 These enzymes are not inhibited 
by beta-lactam inhibitors. Sometimes also confer 
resistance to carbapenems along with reduced 
membrane permeability.2 AmpC β-lactamases 
are of two types: chromosomal- and plasmid-
mediated. AmpC β-lactamases are chromosomally 
encoded in a few Gram-negative bacteria, such as 
Citrobacter freundii, Enterobacter spp., Proteus 
spp., and Serratia marcescens. Plasmid-encoded 
AmpC β-lactamases were first discovered in 
1988.3 These were found in Klebsiella pneumoniae  
(K. pneumoniae), Salmonella spp., and Proteus 
spp., through the mobility of AmpC genes in 
horizontal transfer between Enterobacterales.
 There are no standardized guidelines 
for identifying AmpC β-lactamase-producing 
Enterobacteriaceae strains. The worldwide 
prevalence of plasmid-mediated AmpC ranges 
from 2% to 47%.4 In this study, we report the 
prevalence of AmpC β-lactamase-producing 
Enterobacteriaceae  using phenotypic and 
molecular methods.
 
MAteRiAlS AND MetHODS

 We carried out a prospective, lab-based 
cross-sectional study that included 200 randomly 
collected non-replicate cephalosporin-resistant 
Enterobacteriaceae isolates from various sample 
materials, including pus (n = 29), wound swab 
(n = 28), urine (n = 107), blood (n =11), stool 
(n = 2), endotracheal aspirate (ETA) secretion  
(n = 7), IV tip (n = 2), IV line (n = 1), and sputum 
(n = 13) from various departments of tertiary 
care (medicine, surgery, ICU, NICU, urology, 
nephrology, orthopedics, gynecology, pediatrics, 
chest and TB, special wards, and casualty) during 
the period from January 2015 to December 2016.  

Identification of the organisms were performed 
using standard biochemical tests.5 Antibiotic 
susceptibility testing was performed using 
the Kirby–Bauer disc diffusion method. The 
isolates were then subjected to phenotypic 
tests, namely the AmpC disc antagonism test, 
AmpC disc test, modified Hodge test (MHT) and  
phenylboronic acid test. Subsequently, phenotypic 
test-positive isolates were subjected to molecular 
characterization via multiplex PCR for the common 
AmpC genotypes: DHA, MOX, CIT, ACC, FOX, and 
EBC.

Antibiotic Susceptibility testing6

 A single colony taken from nutrient agar 
was inoculated into peptone water and placed in 
an incubator at 37°C for 2 h, and the opacity of 
the broth was checked with 0.5 MacFarland. Lawn 
cultures of the test isolates were inoculated on 
Muller Hinton agar (MHA) plates. Antibiotics were 
placed on the plates and incubated for 18-24 h 
at 37°C. The results were interpreted as per CLSI 
guidelines 2015. 

Cefoxitin Screening test6

 The test isolate was taken from nutrient 
agar, inoculated in peptone water, and incubated 
for 2 h at 37°C, after which the broth turbidity was 
checked with 0.5 MacFarland standard. The test 
isolates were seeded on MHA plates. Cefoxitin 
discs (Himedia) were placed on surface of the 
MHA plates and incubated for 18-24 h. The zone 
of inhibition was interpreted as per CLSI guidelines 
2015.

AmpC Disc Antagonism test (DAt)7

 The test isolate was inoculated in peptone 
water for 2 h. The opacity of the broth was checked 
with 0.5 MacFarland standard spread over MHA. 
Cefotaxime (30µg) and ceftazidime (30µg) discs 
were placed 20 mm apart from cefoxitin disc on 
MHA plates and incubated for 18-24 h. Blunting 
of cefotaxime or ceftazidime inhibition zone near 
cefoxitin was considered a positive isolate for the 
AmpC test.

Modified (Cefoxitin) Hodge test (MHt)8

 E. coli ATCC 25922 was seeded on MHA. 
Cefoxitin (30μg) discs was placed on the MHA. The 
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isolates was inoculated from the edge of cefoxitin 
disc until the periphery and incubated at 37°C 
overnight. Isolates with cloverleaf patterns were 
positive for AmpC production.

AmpC Disc test9

 E.coli ATCC 25922 lawn culture was 
inoculated on an MHA plate. Cefoxitin disc was 
placed on MHA. Saline solution (20µL) was added 
to a sterile plain disc and placed near the cefoxitin 
disc. Three to four colonies of the strain were 
placed on the plain disc. The plate was incubated 
at 35°C for 18 h. The plates were read as follows: 
indentation (heart-shaped)/flattening of the 
zone around cefoxitin disc was positive for ampC 
production and no distortion around cefoxitin disc 
indicated a negative result.

Phenylboronic Acid test10

 Phenylboronic acid (Himedia) (120 g) was 
dissolved in three mL of dimethylsulfoxide. Sterile 

water (3 mL) was added to this solution. Twenty 
microliters of the prepared phenylboronic acid 
were pipetted onto cefoxitin discs. The discs were 
then dried for 30 min. The test strains were seeded 
on MHA, air-dried and cefoxitin (30 μg) and discs 
containing cefoxitin/phenylboronic acid (30/400 
μg) were placed on the plate. The seeded plates 
were then incubated for 18 h at 35°C. An organism 
that produces an enhanced zone of inhibition of 
5 mm or more around the boronic acid/cefoxitin 
disc compared to the zone of inhibition around the 
cefoxitin disc was considered an AmpC-producing 
organism.

Multiplex PCR for AmpC β- lactamases
Preparation of template DNA
 All 64 isolates that were positive for 
the ampC disc test and phenylboronic acid were 
subjected to multiplex PCR for amplification.11

 The isolates were grown on nutrient 
agar and the colonies were suspended in 

Figure 1. Modified Hodge test (Cefoxitin Test) Figure 2. AmpC disc Test

table 1. Phenotypic AmpC Positive isolates Test

No. Organism No. of AmpC producers Ampc producers by
  isolates positive in AmpC phenyl boronic 
   disk & MHT test acid test

1. Escherichia coli 87 24 (27.5%) 25 (28.7%)
2. Klebsiella pneumoniae 84 31(36.9%) 32 (38.0%)
3. Klebsiella oxytoca 13 1 (7.6%) 1(7.6%)
4. Proteus mirabilis 7 2 (28.5%) 2 (28.5%)
5. Proteus vulgaris 3 2 (66.7%) 2 (66.7%)
6. Citrobacter 1 1(100%) 1 (100%)
7. Enterobacter 5 1 (20%) 1(20%)
 Total 200 62 (31%) 64 (32%)
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Statistical Package for the Social Sciences (SPSS) 
Version 20, using simple descriptive statistics, 
percentiles and qualitative analysis.
 
ReSultS

 Of the 200 isolates, 149 were found to 
be resistant to cefoxitin (i.e., results were positive 
for cefoxitin screening). Of these 149 isolates, 64 
(42.9%) were Escherichia coli (E. coli), 65 (43.5%) K. 
pneumoniae, 9 (6.0%) Klebsiella oxytoca, 4 (2.6%) 
Proteus mirabilis (P. mirabilis), 2(1.3%) Proteus 
vulgaris (P. vulgaris), 1(0.7%) Citrobacter spp., 
and 4(2.6%) Enterobacter spp. The resistogram 
of the isolates indicated: 94.5% resistant to 
ceftriaxone, 69% to cefepime, 28% to cefepime-
tazobactam, 29.5% to piperacillin-tazobactam, 
32.5% to imipenem, 31.5% to meropenem, 
41.5% to norfloxacin, 79% to ciprofloxacin, 
41.5% to nitrofurantoin, 4% to fosfomycin, 
65.5% to gentamycin, 48% to amikacin, 37% to 
chloramphenicol and 70% to cotrimoxazole.
 Among the 200 isolates, 62 (31%) were 
found to be positive for AmpC β-lactamases by 
the AmpC disc test (Figure 1) and MHT test (Figure 
2), and 64 (32%) isolates were positive by the  
phenylboronic acid method. The phenotypically 
positive isolates are listed in Table 1.
 The positive isolates from the phenotypic 

table 2. AmpC producer confirmation by multiplex PCR

No. Organism No. of pAmpC 
  organism  producers

1. E. coli 87 8 
2. K. pneumoniae 84 11 
3. K. oxytoca 13 0
4. P. mirabilis 7 1
5. P. vulgaris 3 0
6. Citrobacter 1 0
7. Enterobacter 5 0
 Total 200 20

Figure 3. Gel electrophoresis of AmpC beta lactamases producers. Lane 1,5,6,7 - FOX-CIT, Lane M - molecular ladder 
(100bp), Lane 2 - DHA, Lane 3, 4 - EBC

microcentrifuge tubes containing 500 µL of sterile 
water. The tubes were kept in a water bath at 95°C 
for 10 min for cell lysis. The cells were further 
centrifuged for 15 min at 10000xg to remove 
cellular debris. The supernatant was used as a DNA 
template. Multiplex PCR was performed using an 
Eppendorf thermocycler. The primers used were 
designed by Perez and Perez and Hansen.11 The 
PCR products were analyzed using 2% agarose 
gel electrophoresis and visualized using a gel 
documentation device. A molecular ladder of 
100bp was used as the marker.

Analysis
 The data were analyzed using the 
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AmpC test were subjected to multiplex PCR using 
primers for six families. In Table 2 we present 
the AmpC producers identified by multiplex PCR. 
Twenty isolates were assigned the genotypes 
DHA, FOX, CIT, and EBC (Figure 3). The majority of 
organisms were found to be positive for FOX-CIT. 
The distribution of AmpC producers in the various 
samples is shown in Table 3.
 Pus and wound samples were the 
predominant sources of AmpC. Klebsiella 
pneumoniae is the predominant AmpC producer. 
(Table 4) 

DiSCuSSiON

 Treatment failures due to broad-spectrum 
antibiotics may be due to over expression of 
AmpC β-lactamases. AmpC β-lactamases encoded 
by plasmids were detected more frequently in  
E. coli and Klebsiella species.12 Several studies 
have revealed discrepancies in the types of 
AmpC β-lactamases among different geographical 
regions. AmpC beta-lactamase prevalence in 
different parts of India ranges from 8% to 47%.13-

17 The AmpC producer rate was 32% in our study, 

which is similar to the results of other studies.18-19 

 In our study, all isolates were negative for 
the disc antagonism test (DAT), thus revealing the 
presence of only plasmid-mediated resistance in 
our isolates.
 Cefepime is generally sensitive to AmpC 
producers. However, in our study, a few AmpC 
isolates were resistant to cefepime and cefepime/
tazobactam. This may be due to a point mutation 
in the active site R2 loop, which results in variation 
that may act on cefepime in AmpC β-lactamase 
isolates and is known as extended-spectrum 
cephalosporinases.20 Many of the isolates in the 
present study were multidrug-resistant (MDR) 
because the genes are encoded on very large 
plasmids that are responsible for the multiresistant 
phenotype.
  Presently, there are no recommended 
methods (CLSI guidelines) for screening 
and identification of AmpC producers in 
Enterobacteriaceae; however, several detection 
methods have been developed, such as the 
AmpC disc test, modified three-dimensional 
test, modified hodge test and inhibitor-based 
methods such as cloxacillin and boronic acid tests. 

table 3. Distribution of plasmid mediated AmpC genes in the study isolates

Microorganism pAmpc FOX- FOX EBC DHA pAmpC 
 negative  CIT     Genotypes

E. coli (25) 17 7 0 1 0 8  (40%)
K. pneumoniae (33) 22 9 1 1 0 11 (55%)
K. oxytocoa (1) 1 0 0 0 0 0
P. mirabilis (2) 2 0 0 0 1 1(5%)
P. vulgaris (1) 1 0 0 0 0 0
Enterobacter spp. (1) 1 0 0 0 0 0
Citrobacter spp. (1) 1 0 0 0 0 0
Total (64) 44 16 1 2 1 20

table 4. Distribution of AmpC producers among the different samples by Multiplex PCR

No. Sample Total no. E. coli AmpC  Klebsiella AmpC  Proteus AmpC 
  of samples  producers pneumoniae producer mirabilis producer
    
1. Urine 107 51 4 41 5 3 0
2. Pus 29 16 3 11 3 1 0
3. wound 28 10 1 9 2 1 1
4. ETA 7 0 0 6 1 1 0
  200 77 8  67 11 6 1
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A reduction in susceptibility to cefoxitin antibiotic 
is considered a screening method for the detection 
of AmpC enzyme. However, ACC types are the only 
AmpC enzymes that can be missed when using the 
cefoxitin screening test.
 In this study, all 200 Enterobacteriaceae 
isolates that were not susceptible to oxyimino-
cephalosporin were screened for cefoxitin 
susceptibility. Of the 200 isolates, 149 (74.5 %)
were resistant to cefoxitin. However, only 62 (31%) 
out of 200 isolates were positive in the AmpC 
disc test and MHT, and 64 (32%) were positive 
in the phenylboronic acid test. The cefoxitin-
resistant isolates that were AmpC-negative 
in the phenotypic test may be due to ESBL or 
MBL production, or it may be due to decreased 
porin channels or increased efflux pump action, 
as demonstrated by porin Omp K 35 and Omp 
K36 loss in E. coli and K. pneumoniae isolates.21 

This may also be due to the over expression of 
chromosomal AmpC genes caused by mutations. 
In several other studies conducted in India,14,22,23  
19-27% of cefoxitin-resistant isolates were found 
to be non-producers of AmpC β-lactamases. Porin 
loss is found to enhance the resistance of ESBL and 
AmpC β-lactamases and also leads to resistance 
to carbapenems.
 The percentage of AmpC-producing 
isolates in the clinical samples was higher in 
samples from inpatients, indicating its nosocomial 
importance.
 Among the AmpC disc and MHT tests, 
24 isolates (38.7%) were E. coli, 31 (36.9 %) were  
K. pneumoniae. There was one isolate each of K. 
oxytoca, Citrobacter spp., and Enterobacter spp. 
As well, two isolates each were from P. mirabilis 
and P. vulgaris. In other studies, 24% and 20.5% 
of E. coli were positive in the AmpC disc test.24,25

 Among the 64 AmpC-positive isolates 
tested, AmpC genes were detected by PCR in 
20 isolates (10%). The FOX-CIT family member 
was detected in 16 isolates (80%). FOX-CIT was 
detected in nine isolates of K. pneumoniae and 
seven of E. coli. The genotypes detected included 
DHA, EBC, CIT and FOX, respectively. MOX and ACC 
were not detected in the present study.
 AmpC β-lactamases mediated by plasmids 
were detected more frequently in E. coli and 
Klebsiella species.12 Several studies have revealed 

discrepancies in the types of AmpC β-lactamases 
among different geographical regions. The 
discrepancy between phenotypic and genotypic 
tests may be due to the presence of other AmpC 
β-lactamase genes that continue to expand apart 
from the six gene families detected by PCR,26 

or may be due to hyper producers due to over 
expression of the chromosomal gene.26 Of the 20 
isolates identified as possessing plasmid-mediated 
AmpC, the sources were from urine, pus, and ETA 
samples.
 Among the 64 isolates of AmpC producers 
from the phenotypic test, 20 could be assigned a 
genotype, which included CIT-FOX (16), EBC (2), 
FOX (1), and DHA (1). 
 AmpC beta-lactamases were identified in 
the urine (n=9), pus (n=6), wound (n=4), and ETA 
(n=1). Of these samples, 80% were from inpatients. 
Overall, the prevalence of AmpC genotypes 
among the tested Enterobacteriaceae was low 
(10%). FOX-CIT (80%) was the predominant 
genotype detected in this study. FOX-CIT was 
more common in K. pneumoniae (45%) than in E. 
coli, and EBC was detected in K. pneumoniae and  
E. coli, one DHA from P. mirabilis, and one FOX in 
K. pneumoniae.
 In our study, the FOX group (n=17) was 
predominant (85%), followed by the CIT (n=16) 
(80%), EBC (n=2 (10%), and DHA (n=1(5%) groups.
 In a 2012 study by Mohamudha et al.,15 
the DHA gene was predominant, whereas, in 
the study by Manoharan et al.,18 FOX-CIT was 
predominant, as was the case with the current 
study.
 In our study, 40% of E. coli and 55% of 
Klebsiella pneumoniae were AmpC producers 
among the 64 phenotypic type positive clinical 
isolates, which is in accordance with the results 
of previous studies.27,28 However, 25.5% of E. coli 
and 39.1% of K. pneumoniae isolates have been 
reported in one study.29

 Plasmid-mediated AmpC β-lactamases 
were obtained from nine urine samples, six pus 
samples, four wound samples, and one ETA sample. 
Of these, 80% were from inpatients. The overall 
prevalence of common plasmid-mediated AmpC 
genotypes among the tested Enterobacteriaceae 
was low (10%). In the present study, CIT-FOX 
(80%) was the predominant genotype. In our 
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study, the FOX group (n=17) was predominant 
(85%), followed by the CIT (n=16) (80%), EBC (n=2 
(10%), and DHA (n=1(5%)) groups. In a study by 
Mohamudha et al.15 the DHA-CIT genotype was 
predominant, whereas, in Manoharan et al.,18 the 
FOX-CIT genotype was predominant, which is in 
concordance with our study.
 Many studies have shown that pAmpC 
β-lactamase-producing organisms are detected in 
prolonged hospitalized patients, and very recent 
studies suggest that it is found in tertiary care 
centers and outpatients, indicating its presence in 
the community. In this study, pAmpc was isolated 
from both inpatients and outpatients, indicating its 
presence both in hospitals and in the community.
 
CONCluSiON

 In this study, E. coli, K. pneumoniae and 
P. mirabilis showed the presence of plasmid-
mediated AmpC β-lactamases by PCR. In this study, 
many cefoxitin-resistant isolates were negative for 
AmpC, indicating the presence of other resistance 
mechanisms. FOX-CIT was the predominant AmpC 
β-lactamase gene, followed by EBC. The broad 
use of cephalosporins in empirical therapy in 
Enterobacteriaceae has increased the selective 
pressure among AmpC lactamase-generating 
isolates, increasing its prevalence. Hence, the 
identification of these enzyme-producing isolates 
will help in understanding the epidemiology of 
resistance mechanisms.
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