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Background: Antibiotic resistance mediated by the production of extended-spectrum β- 
lactamases (ESBLs) and AmpC β-lactamases is posing a serious threat in the management of 
the infections caused by Gram-negative pathogens. The aim of this study was to determine 
the prevalence of two AmpC β-lactamases genes, blaCITM and blaDHAM, in Gram-negative 
bacterial isolates.
Materials and Methods: A total of 1151 clinical samples were obtained and processed at 
the microbiology laboratory of Annapurna Neurological Institute and Allied Science, 
Kathmandu between June 2017 and January 2018. Gram-negative isolates thus obtained 
were tested for antimicrobial susceptibility testing (AST) using Kirby–Bauer disk diffusion 
method. AmpC β-lactamase production was detected by disk approximation method using 
phenylboronic acid (PBA). Confirmed AmpC β-lactamase producers were further screened 
for blaCITM and blaDHAM genes by conventional polymerase chain reaction (PCR).
Results: Out of 1151 clinical specimens, 22% (253/1152) had bacterial growth. Of the total 
isolates, 89.3% (226/253) were Gram-negatives, with E. coli as the most predominant species 
(n=72) followed by Pseudomonas aeruginosa (n=41). In the AST, 46.9% (106/226) of the 
Gram-negative isolates were multidrug resistant (MDR). In disk diffusion test, 113 (50%) 
isolates showed resistance against cefoxitin, among which 91 isolates (83 by disk test and 
Boronic acid test, 8 by Boronic test only) were confirmed as AmpC β-lactamase-producers. 
In PCR assay, 90.1% (82/91) and 87.9% (80/91) of the isolates tested positive for production 
of blaCITM and blaDHAM genes, respectively.
Conclusions: High prevalence of AmpC β-lactamase-producers in our study is an alarming 
sign. This study recommends the use of modern diagnostic facilities in the clinical settings 
for early detection and management which can optimize the treatment therapies, curb the 
growth and spread of the drug-resistant pathogens.
Keywords: ESBLs, AmpC β-lactamase, blaCITM, blaDHAM, MDR, polymerase chain reaction

Background
Drug resistance among some of the Gram-negative bacteria (Enterobacterales, 
Acinetobacter baumannii, and Pseudomonas aeruginosa) has emerged and spread 
worldwide. Among Enterobacterales family, Escherichia coli and Klebsiella spp. 
are frequently isolated organisms that have notable drug-resistance properties. β- 
lactams are the commonly prescribed drugs against these recalcitrant strains, and 
alone constitute about two-thirds of recent clinical prescriptions.1 This group con-
tains four major chemical classes: penicillins, cephalosporins, carbapenems and 
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monobactams, in which carbapenems are used as the last 
resort drugs in the empirical therapy against pathogenic 
strains of Gram-positive, Gram-negative and anaerobic 
bacteria.2

Resistance to β -lactams is attributable to the production of 
β-lactamases, those hydrolytic enzymes which are able to 
inactivate the antibiotics before they reach penicillin binding 
proteins (PBPs) located at the cytoplasmic membrane.3 Major 
β-lactamase families include plasmid-mediated extended- 
spectrum β-lactamases (ESBLs), AmpC, cephalosporinases, 
and carbapenemase. All classes have been detected globally 
with few of them concentrated in specific countries.1

The genes encoding AmpC β-lactamase have spread 
extensively and are widely detected in bacterial plasmids. 
The first plasmid-encoded AmpC variant was first identified 
in 1989 from Klebsiella pneumoniae isolated in South Korea. 
It was named CMY-1 because of its phenotypic trait asso-
ciated with cephamycinase and was notoriously resistant to 
cefoxitin.4,5 In a short span of time many families of plasmid- 
mediated AmpC variants were detected, predominantly from 
the isolates of K. pneumoniae and E. coli. Bacteria posses-
sing plasmid-mediated AmpC genotypes were attributed on 
the basis of homology in nucleic acid sequence, forming 
a larger number of bacterial genera which acted as a source 
of these plasmids and a number of AmpC families.6 To date, 
following AmpC families have been reported globally: two 
families of CMY β-lactamases (CMY-1 and CMY-2) isolated 
from Aeromonas hydrophila and Citrobacter freundii, 
respectively; FOX- type and MOX-type enzymes isolated 
from Aeromonas spp.; the ACC family derived from 
H. alvei; the LAT family of cephalosporinases isolated 
from C. freundii; the MIR and ACT families originated 
from Enterobacter spp.; and the DHA family isolated from 
Morganella morganii.4,6,7 The majority of plasmid-encoded 
AmpC genes are found in isolates of E. coli and 
K. pneumoniae in nosocomial infections whereas resistance 
among other Gram-negative bacteria such as E. cloacae, 
C. freundii, S. marcescens, and M. morganii are conferred 
by chromosome-mediated AmpC β-lactamases, thus enhan-
cing resistance to broad spectrum cephalosporins.8 The 
organisms producing ESBLs often characterized by co- 
expression with AmpC β-lactamases are posing a serious 
threat in the diagnosis and treatment of the pathogens.

Moreover, AmpC β-lactamase genes, especially 
MOXM, CITM, DHAM, EBCM, FOXM and ACCM are 
responsible for the development of broad-spectrum resis-
tance to most of the β-lactams (other than cefepime and 
carbapenems). In addition, acquisition of these genes in 

the bacteria can further enhance resistance because inhibi-
tors of class A enzymes (including clavulanic acid, sul-
bactam, and tazobactam) and p-chloromercuribenzoate are 
not effective against AmpC β-lactamases, although some 
of them can be inhibited by tazobactam or sulbactam.6

Although efforts are made to curb the growth and spread 
of drug-resistant pathogens, the studies on AmpC β- 
lactamases in resource-limited settings are still inadequate. 
The most important step in coping with increasing antimi-
crobial resistance (AMR) is the precise detection of patho-
genic (and/or resistant) strains in diagnostic laboratories. 
Nonetheless, the lab protocols for routine reporting fail to 
offer the precise result in Nepal because AmpC β-lactamases 
are difficult to identify by phenotypic tests alone and are 
often falsely detected as ESBLs in clinical laboratories. 
Enterobacterales isolates which are positive in screening 
test of ESBL phenotype but negative on confirmatory assay 
are usually considered as potential AmpC β-lactamases- 
producers either conferred by chromosomal depression or 
plasmid transfer.9

Even the expert clinical microbiologists fail to identify 
plasmid-mediated AmpC β-lactamase thereby suggesting 
a need for more precise and specific method for the prompt 
detection. However, some of these procedures are resource 
intensive, often requiring reagents that are not easily 
available.10 For these reasons, AmpC β-lactamases go unde-
tected in clinical specimens. Thus, a more reliable and valid 
lab protocol consisting multiplex polymerase chain reaction 
(PCR) has been devised to facilitate the diagnosis of plasmid- 
encoded AmpC genes which is responsible for AmpC β- 
lactamase expression in various clinical infections.11

Most of the studies are focused on the prevalence of 
ESBL enzymes in Gram-negative clinical isolates in 
Nepal.12–16 There are limited number of studies on 
AmpC β-lactamases enzymes in Gram-negative bacteria 
in Nepal. One study conducted in Kathmandu valley 
reported 27.8% of Enterobacterales isolates as AmpC β- 
lactamases producers using phenotypic method.17 To our 
knowledge, there are limited studies related to detection 
and characterization of AmpC β-lactamases enzymes in 
Gram-negative bacteria using both phenotypic and geno-
typic methods in Nepal. It is essential to set up standard 
phenotypic and genotypic methods on antibiotic suscept-
ibility test to screen the drug-resistant pathogens in hospi-
tals. This study was undertaken to isolate and identify the 
AmpC β-lactamases genes (blaCITM and blaDHAM) in 
Gram-negative bacterial isolates using both phenotypic 
screening and confirmatory methods.
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Methods
Study Design
This is a hospital based cross-sectional study carried out 
from June 2017 to January 2018 at Annapurna Neurological 
Institute and Allied Sciences (ANIAS). A total of 1151 non- 
duplicated clinical samples were collected and were pro-
cessed during the study period. The samples included urine 
(n=412), blood (n=206), catheter tip (n=163), pus (n=132), 
stool (n=89), CSF (n=53), wound swab (n=58), and vaginal 
swab (n=38). The specimens were obtained in a sterile, 
well-labeled, and leak-proof container; and processed as 
soon as possible.18 All the visiting patients suspected of 
having bacterial infections who provided their consent to be 
involved were included in the study. Study participants with 
inadequate demographic information were excluded.

Culture of Specimens and Identification of 
the Isolates
Samples were collected according to standard microbiolo-
gical guidelines for the collection of urine, stool, pus, 
blood, CSF and catheter tip. Eligible samples were further 
inoculated on blood agar (BA) Chocolate agar (CA) and 
MacConkey agar (MA). In addition, urine samples were 
inoculated in Chromogenic UTI agar. Isolates were identi-
fied using standard microbiological parameters such as 
morphological appearances of the colonies, staining reac-
tions and biochemical properties.19,20

Antibiotic Susceptibility Testing
All identified Gram-negative isolates further underwent in- 
vitro antimicrobial susceptibility test using modified 
Kirby–Bauer disk diffusion method.21 Firstly, inoculums 
were made by transferring bacterial colonies from nutrient 
agar to sterile normal saline. The turbidity of the inocu-
lums was set in equivalence to 0.5 McFarland standard as 
outlined by CLSI guidelines. The carpet culture of the test 
inoculums was also prepared on Muller-Hinton agar 
(MHA). Antibiotic disks (HiMedia India Pvt. Ltd, 
Bengaluru, India) were used in the following proportions: 
amoxicillin (10 μg), azithromycin (10 μg), amikacin (30 
μg), aztreonam (30 μg), cefoxitin (30 μg), ceftazidime (30 
μg), ciprofloxacin (5 μg), imipenem (10 μg), piperacillin/ 
tazobactam (100/10 μg), ertapenem (10 μg), meropenem 
(10 μg), cotrimoxazole (25 μg), and cefepime (30 μg). The 
inoculated plate was aerobically incubated at 37°C up to 
18 hours. After sufficient incubation, the zones of inhibi-
tion (ZOI) around the disks were measured and the result 

was classified as sensitive, intermediate, or resistant.21 

Isolates exhibiting resistance to three or more antibiotics 
of different classes were interpreted as multidrug 
resistant.22

Screening for AmpC β-Lactamases
The isolates were firstly screened for possible AmpC β- 
lactamases production according to CLSI guidelines, 
2019.23 For screening, ceftazidime or cefotaxime or cefox-
itin or ceftriaxone, each of 30 µg were subjected in AST 
testing and organisms resistant to those antibiotics (show-
ing zone of inhibition of diameter ≤ 18mm) were screened 
as potential AmpC producers and underwent further con-
firmatory tests.

Confirmation for AmpC β-Lactamases
Screening positive AmpC β-lactamases producers were 
confirmed by AmpC disk test and inhibitor-based confir-
matory test (Boronic acid test).

In boronic acid test, the carpet culture of the test 
organism was made on MHA plate taking 0.5 McFarland 
solutions. Two cefoxitin (30µg) disks, one of which was 
added with phenyl boric acid (400 µg) were placed on 
carpet culture on MHA plate and incubated and the results 
were interpreted. If there was an increase of inhibition 
zone by ≥5 mm when the desired antibiotic disk (ceftazi-
dime or cefotaxime) was assessed in combination with 
phenylboronic acid than during the assay without the 
combination (antibiotic disk alone), the isolate was marked 
as having positive confirmatory test.

In disk approximation test, disks were put over the 
carpet culture of E. coli ATCC 25922. 30μg ceftazidime 
disk was placed at the center of the plate followed by 10μg 
imipenem, 30μg cefoxitin, and 20/10μg amoxicillin/clavu-
lanate disks which were put at a distance of 20mm from 
the ceftazidime disk. The colonies of test organism were 
added to a disk and then the plate was inverted and 
incubated for 24 hours at 37°C aerobically. Any indenta-
tion or flattening of the ZOI indicated the production of 
AmpC β-lactamase by isolates.20,24

Preservation of AmpC β-Lactamase 
Positive Isolates
Glycerol stock preparation method was used for preserva-
tion. Organisms were preserved in Tryptic Soy Broth 
(TSB) containing 40% glycerol and stored at −20ºC.25
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Crude Plasmid DNA Extraction
An isolated colony of the test organism was inoculated in 
Luria Bertani (LB) broth. The inoculum was incubated 
aerobically using a water bath shaker at 37°C for 18–24 
hours. Thus obtained pure culture was subjected under 
alkaline-lysis method to extract the plasmid DNA. The 
extracted plasmid DNA was then suspended in TE buffer 
and stored at −20°C until further investigation.26

Amplification of the AmpC β-Lactamase 
Genes (blaCITM and blaDHAM) by PCR
The AmpC β-lactamases genes (blaCITM and blaDHAM) were 
amplified by PCR using plasmid DNA preparation as tem-
plate. The primers used for blaCITM gene was CLR5-F (5ʹ 
TGG CCA GAA CTG ACA GGC AAA −3ʹ) and CLR5-R 
(5ʹ- TTT CTC CTG AAC GTG GCT GGC −3ʹ) as forward 
and reverse primer respectively while the primers for 
blaDHAM gene was forward sequence DHAM for (5ʹ AAC 
TTT CAC AGG TGT GCT GGG −3ʹ) and reverse sequence 
DHAM_rev (3ʹ CCG TAC GCA TAC TGG CTT TGC 
−5ʹ).11 Reaction volume was set as 25µL by adding 
12.5µL of 1X master mix (5× HOT FIREPol Blend Master 
Mix Ready to Load, Solis BioDyne, Estonia), 0.5µL each of 
the forward and reverse primers and 4µL of DNA template 
and ddH2O 7.5µL. The optimized PCR amplification of both 
the genes was 94ºC for 3 mins for initial denaturation; 35 
cycles of denaturation at 94ºC for 30 seconds; 25 cycles of 
annealing at 62ºC for 30 seconds; 35 cycles of extension at 
72º for 1 min; and final extension at 72ºC for 7 mins.11,27

Purification of DNA
Plasmid DNA was purified by ethanol precipitation 
method. In this method, the DNA pellet was rinsed with 
ice-cold 70% ethanol and left it to dry for 10 minutes 
which facilitates the alcohol evaporation. The DNA pellet 
was suspended in a buffer solution containing Tris, EDTA 
and RNases to eash out the remaining impurities.

Detection of PCR Products by Gel 
Electrophoresis
The amplified products were visualized by using gel- 
electrophoresis in 1.5% agarose gel stained with 0.1µL 
ethidium bromide. After gel preparation, 2µL of 100bp 
DNA ladder was added to the first well as marker, 2µL 
of negative control was added to another well, 2µL of 
positive control was added to another well and 2µL of 

PCR products were added to the remaining wells. Finally, 
the gel was visualized under UV trans-illuminator.28

Quality Control
A standard aseptic procedure was adopted for the proce-
dures in this study. All batches of the culture media and 
chemical reagents were processed with aseptic techniques 
following CLSI guidelines. In AST, quality control was 
maintained by using the control strains of E. coli ATCC 
25922. During PCR, quality control was assured by the 
use of Klebsiella isolates carrying both the genes under 
question, while blank or negative controls were prepared 
without the application of nucleic acids. All these controls 
were used in each batch of the PCR assay.

Statistical Analysis
Data were entered and analyzed by using SPSS software 
version 24.0. The associations were explored using Chi- 
squared tests at 95% confidence interval (CI) among 
demographic variables such as gender, and age of the 
subjects.

Results
Demographic and Clinical Character of 
Enrolled Patients
Among 1151 patients enrolled, 54.2% (624/1151) were 
male and 45.8% (527/1151) were female. Of 253 bacterial 
growth, 47.8% (121/253) were from male and 52.2% (132/ 
253) were from female. Of the total (253) bacterial 
growth, 26.1% (66/253) were from urine samples, fol-
lowed by catheter tips (17.4%;44/253), blood (16.2%; 41/ 
253), pus (11.9%; 30/253) and wound swabs (10.7%; 27/ 
253). On age wise distribution of the patients, the highest 
growth of bacterial pathogens was found in age group 
16–45 years (39.5%; 100/253) followed by 46–60 years 
(30.1%; 76/253), >60 years (24.1%; 61/253), and 0–15 
years (6.3%; 16/253) respectively (Table 1).

Distribution of Bacterial Isolates in 
Clinical Specimens
Among a total of 1151 clinical samples, 22% (253/1151) 
showed growth on culture media. Of 253 bacterial isolates, 
most (89.3%; 226/253) were Gram-negative bacteria. 
Among the bacterial growth, E. coli (28.5%; 72/253) was 
the predominant organism followed by Pseudomonas aeru-
ginosa (16.2%; 41/253), Acinetobacter baumannii (15.8%; 
40/253), Gram-positive bacteria (10.7%; 27/253), Klebsiella 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                     

Infection and Drug Resistance 2020:13 4252

Aryal et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


pneumoniae (9.9%; 25/253), and Klebsiella oxytoca (4.7%; 
12/253) (Figure 1)

Antibiotic Susceptibility Pattern of 
Isolated Gram-Negative Bacteria
Out of 226 Gram-negative bacterial isolates, 66.8% 
(151/226) were found resistant to cefoxitin, followed 
by ceftazidime (58.4%; 132/226), ciprofloxacin (53.5%; 
121/226), and cefepime (51.8%; 117/226) whereas iso-
lates were most susceptible to meropenem (69%; 156/ 
226), ertapenem (68.6%;155/226), imipenem (66.8%; 
151/226), amikacin (61.1%;138/226), piperacillin/tazo-
bactam (56.6%;128/226) and azithromycin (53.1%; 
120/226) (Table 2).

Multidrug Resistance (MDR) Pattern in 
the Isolates
Of 226 isolates, 46.9% (106/226) of the isolates were MDR. 
Highest percentage of MDR was found among E. coli 
(31.1%; 33/106) followed by P. aeruginosa (20.8%; 22/ 
106), A. baumannii (18.9%; 20/106), K. pneumoniae 
(9.4%; 10/106) and K. oxytoca (4.7%; 5/106) respectively 
(Figure 2). In individual species, the highest percentage of 
multidrug resistance was found among C. freundii (100%; 

8/8) followed by P. aeruginosa (53.6% 22/41), C. koseri 
(50%; 2/4), A. baumannii (50%; 20/40) and E. coli (45.8% 
33/72), respectively (Figure 2).

AmpC Detection by Various Tests
Out of 226 Gram-negative isolates, 50% (113/226) 
showed resistance against cefoxitin. AmpC β-lactamase 
producing isolates were confirmed by two different con-
firmatory tests, Disk tests and Boronic acid tests. Of the 
ninety-one isolates, 91.2% (83/91) showed positive 
result in both tests and 8.8% (8/91) isolates showed 
positive only in boronic acid test confirmed by at least 
one test and were considered as AmpC β-lactamase 
producers.

Prevalence of blaCITM and blaDHAM Genes 
in AmpC β-Lactamase Producing Gram- 
Negative Isolates
In PCR assay, 90.1% (82/91) and 87.91% (80/91) of the 
isolates were tested positive for blaCITM and blaDHAM. 
Respectively, the amplified blaCITM and blaDHAM genes 
with their amplicon size 465bp and 405bp were detected 
(Figures 3 and 4).

Table 1 Demographic and Clinical Character of Patients Attending at Annapurna Neurological Institute and Allied Sciences

Character No. of Total Samples Culture Positive p-value

Number %

Clinical specimens

Urine 412 66 26.1 0.05
Blood 206 41 16.2

Catheter tips 163 44 17.4

Pus 132 30 11.9
Stool 89 19 7.5

Wound swab 58 27 10.7

CSF 53 11 4.3
Vaginal swab 38 15 5.9

Total 1151 253

Gender

Male 624 121 47.8 0.06

Female 527 132 52.2

Age groups (years)

0–15 143 16 6.3 0.01
16–45 686 100 39.5

46–60 239 76 30.1

>60 83 61 24.1
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Distribution of AmpC β-Lactamase,  
blaCITM and blaDHAM Genes Among 
Gram-Negative Isolates and Their 
Relation to Gender, Age, Clinical 
Specimens and Clinical Isolates
Out of 91 AmpC producers, 50.6% (46/91) of the isolates 
were from female and 49.4% (45/91) were from male 
patients. Similarly, equal percentages (50%; 41/82) of 

blaCITM genes were obtained from specimens of both 
genders while 51.3% (41/80) and 48.7% (39/80) of 
blaDHAM genes were detected in the specimens obtained 
from male and female patients respectively. There was no 
any significant association of patient’s gender with the 
production of AmpC enzymes and AmpC genes 
(Table 3).

Highest number of AmpC β-lactamase producers 
(40.7%; 37/91) and prevalence of isolates producing 

Table 2 Antibiotic Susceptibility Pattern of Gram-Negative Bacterial Isolates (n=226)

Mode of Action Antimicrobial Category Antibiotics Used Resistant Sensitive

N (%) N (%)

Cell wall synthesis inhibitors Aminopenicillin Amoxicillin (10 μg) 108 (47.8%) 118 (52.2%)
Extended-spectrum cephalosporins Cefoxitin (30 μg) 151 (66.8%) 75 (33.2%)

Ceftazidime (30 μg) 132 (58.4%) 94 (41.6%)
Cefepime (30 μg) 117 (51.8%) 109 (48.2%)

Carbapenems Meropenem (10 μg) 70 (31.0%) 156 (69.0%)
Imipenem (10 μg) 75 (33.2%) 151 (66.8%)

Ertapenem (10 μg) 71 (31.4% 155 (68.6%)

Anti-pseudomonas Piperacillin/Tazobactam (100/10 μg) 98 (43.4%) 128 (56.6%)
Aztreonam (30 μg) 108 (47.8%) 118 (52.2%)

Protein Synthesis inhibitors Aminoglycosides Amikacin (30 μg) 88 (38.9%) 138 (61.1%)
Macrolides Azithromycin (10 μg) 106 (46.9%) 120 (53.1%)

Nucleic acid synthesis Fluoroquinolones Ciprofloxacin (5 μg) 121 (53.5%) 105 (46.5%)

Folate pathway inhibitors Trimethoprim and Sulfamethoxazole Cotrimoxazole (25 μg) 109 (48.2%) 117 (51.8%)

Figure 1 Distribution of bacterial genera in culture-positive clinical specimens (n=253).
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blaCITM (40.2%; 33/82) and blaDHAM (41.2%; 33/80) were 
obtained from the age group (46–60) years followed by 
(16–45) years (30.8%; 28/91), (29.3%;24/82) and 31.3%; 

25/80) respectively. There was a significant association 
between AmpC β-lactamase enzyme production and age 
group (p=0.01) while others factors including the 

Figure 3 Agarose gel electrophoresis (1.5%) used for separation of PCR products. Lane 2, positive control; Lane 3, 5, and 7 are CITM positive; Lane 4 and 6, CITM negative; 
and Lane 8. negative control.

Figure 2 Distribution of MDR bacteria and overall MDR % and MDR within each species.
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acquisition of blaCITM and blaDHAM genes had no signifi-
cant association with patient’s age (Table 3).

Among clinical specimens, the highest number of 
AmpC β-lactamase-producing isolates (20.9%; 19/91) 
were detected from blood and catheter tips, followed by 
urine (18.7%; 17/91), pus (13.3%; 12/91) and wound 
swabs (9.9%; 9/91). Similarly, highest number of blaCITM 

and blaDHAM producing isolates were detected from cathe-
ter tips (21.9%; 18/82); (22.5%; 18/80), followed by blood 
(19.5%; 16/82); (21.3%; 17/80) urine (17.0%; 14/82); 
(17.5%; 14/80) and pus (13.4%; 11/82); (8.8%; 7/80), 
respectively. There was no significant association between 
clinical specimens, AmpC β-lactamase production, and 
genes: blaCITM and blaDHAM (Table 3).

Distribution of AmpC β-Lactamases and 
Acquisition of blaCITM and blaDHAM Genes 
in Various Gram-Negative Bacteria
The highest prevalence of AmpC β-lactamase enzymes was 
found in E. coli (28.6%; 26/91), followed by P. aeruginosa 
(26.4%; 24/91), A. baumannii (13.2%; 12/91) and 
K. pneumoniae (10.9%; 10/91). Highest prevalence of 
blaCITM and blaDHAM genes were detected in E. coli (30.6%; 
25/82) (31.3%; 25/80) followed by P. aeruginosa (25.7%; 21/ 
82), (22.5%; 18/80) A. baumannii (12.2%; 10/82), (12.4%; 10/ 

80) and K. pneumoniae (10.9%; 9/82), (12.4%; 10/80), respec-
tively (Table 3).

Discussion
The increasing incidence of antimicrobial resistance remains 
as one of the major public health problems in developing 
countries like Nepal29 which has led to the prolonged hospi-
tal stay, increased treatment costs, constraining of therapeutic 
options and increased morbidity and mortality.29,30 

Production of β-lactamases is the main defensive mechanism 
against β-lactam antibiotics. This study was carried out to 
explore the presence of Amber Class C β-lactamases 
(AmpC) in Gram-negative organisms derived from clinical 
samples obtained at ANIAS, Kathmandu, Nepal. This study 
further assessed the prevalence of AmpC β-lactamase genes 
(blaCITM and blaDHAM) by PCR assay. We found high pre-
valence of these enzymes and genes, although the prevalence 
of such enzymes varied from one geographical region to 
another, within and between the countries.

Out of 1151 clinical samples, only 253 (21.9%) showed 
significant growth of organisms. Of the total (253) bacterial 
growth, more than ninety percent were Gram-negative bac-
teria, E. coli was the most predominant isolates among 
them. Our findings are consistent with previous studies 
reported from Everest Hospital, Baneshwor,14 Alka 
Hospital, Jawlakhel,31 National Public Health Laboratory, 

Figure 4 Agarose gel electrophoresis (1.5%) used for separation of PCR products. Lane 2, positive control; Lane 3, 4, 6 and 7 are Dham positive; Lane 5, Dham negative; and 
Lane 8, negative control.
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Teku,32 Universal College of Medical Sciences, 
Bhairahawa,33 B.P Koirala Institute of Health Sciences, 
Dharan,34 Nobel Medical College, Biratnagar,35 New 
Delhi, India,36 Al-Najaf City, Iraq,37 Shashemene Referral 
Hospital, Ethiopia,38 and Mexico City, Mexico.39 Slightly 
higher rate of Gram-negative bacterial infections were 
observed among female patients and could be due to higher 
prevalence of urinary tract infections among females. This 
is consistent with previous studies from Model Hospital, 
Kathmandu,17 and Andra-Pradesh, India.40 Consistent with 
this study, higher rate of pus infections on post-operative 
cases was reported in females (63.33%) than in males 
(43.75%) from one study conducted at Uttar Pradesh state 
in India.41

In this study, Gram-negative bacterial isolates exhib-
ited higher resistance to the following antibiotics: cefox-
itin, ceftazidime, ciprofloxacin and cefepime, followed by 
cotrimoxazole whereas meropenem, imipenem, piperacil-
lin-tazobactam and azithromycin were reported as the 
most sensitive antibiotics. Comparable pattern was 
observed in some of the previous findings from 
Chitwan Medical College, Chitwan,42 Padma Hospital, 
Pokhara.43 Cefoxitin and ceftazidime with low suscept-
ibility rates are the first line drugs which are easily 
hydrolyzed by the bacterial enzymes and are less useful 
in treating the infections caused by Gram-negative patho-
gens. Similar to our study, imipenem/meropenem was 
found as the most sensitive drugs in the previous studies 

Table 3 Distribution of AmpC β-Lactamase, CITM and DHAM Genes Among Gram-Negative Bacterial Isolates and Their Relation to 
Gender, Age and Clinical Specimens

Character Culture Positive Isolates (n=226) AmpC β-Lactamase 
Positive (n=91)

CITM Gene 
Positive (n=82)

DHAM Genes 
Positive (n=80)

N (%) N (%) p-value N (%) p-value N (%) p-value

Gender

Male 108 (47.8) 45 (49.4) 0.6 41 (50) 0.75 41 (51.3) 0.71

Female 118 (52.2) 46 (51.6) 41 (50) 39 (48.7)

Age group (years)

0–15 11 (4.9) 1 (1.1) 0.01 1 (1.2) 0.79 1 (1.3) 0.55
16–45 96 (42.5) 28 (30.8) 24 (29.3) 25 (31.3)

46–60 73 (32.3) 37 (40.7) 33 (40.2) 33 (41.2)

>60 46 (20.3) 25 (27.4) 24 (29.3) 21 (26.2)

Clinical specimens

Blood 38 (16.8) 19 (20.9) 0.16 16 (19.5) 0.43 17 (21.3) 0.3
Catheter tips 38 (16.8) 19 (20.9) 18 (21.9) 18 (22.5)

Urine 65 (28.8) 17 (18.7) 14 (17.0) 14 (17.5)

Pus 24 (10.6) 12 (13.3) 11 (13.4) 7 (8.8)
Wound swabs 22 (9.7) 9 (9.9) 9 (10.9) 9 (11.3)

Stools 17 (7.5) 7 (7.7) 7 (8.8) 7 (8.8)

CSF 8 (3.5) 4 (4.3) 3 (3.8) 4 (5.0)
Vaginal Swabs 14 (6.3) 4 (4.3) 4 (4.9) 4 (5.0)

Bacterial genera

Escherichia coli 72 (31.9) 26 (28.6) 0.02 25 (30.6) 0.70 25 (31.3) 0.02

Acinetobacter baumannii 41 (18.2) 12 (13.2) 10 (12.2) 10 (12.4)
Pseudomonas aeruginosa 40 (17.8) 24 (26.4) 21 (25.7) 18 (22.5)

Klebsiella pneumoniae 25 (11.1) 10 (10.9) 9 (10.9) 10 (12.4)

Citrobacter freundii 8 (3.5) 7 (7.7) 7 (8.5) 5 (6.3)
Citrobacter koseri 4 (1.8) 2 (2.2) 2 (2.4) 2 (2.5)

Enterobacter cloacae 9 (3.9) 3 (3.3) 2 (2.4) 3 (3.8)

Klebsiella oxytoca 12 (5.3) 5 (5.5) 4 (4.9) 5 (6.3)
Proteus mirabilis 9 (3.9) 2 (2.2) 2 (2.4) 2 (2.5)

Proteus vulgaris 5 (2.2) 0 (0) 0 (0) 0 (0)

Salmonella enterica Typhii 1 (0.4) 0 (0) 0 (0) 0 (0)
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from Model Hospital, Kathmandu,17 Madrid Spain,44 and 
Wisconsin, USA.45

Antimicrobial Resistance (AMR) with increasing 
spread of MDR is a global concern, and its impacts are 
higher among the low- and middle-income countries 
where the burden of infectious diseases are high.30 The 
treatment of MDR microbes are expensive and difficult 
and are further compounded by the high prevalence of 
nosocomial infections.46 In this study, almost half of the 
isolated Gram-negative isolates (46.9%; 106/226) were 
found to be MDR. Higher prevalence of MDR bacteria 
has been reported from some other studies conducted in 
Kathmandu46–49 and other districts of Nepal.15,50,51 

Production of ESBL, metallo β-lactamase (MBL) or 
AmpC β-lactamase could be the reason behind the reduced 
susceptibility towards newer generation of antibiotics.52 

Moreover, multidrug resistance occurs because of the 
aggregation and expression of different genes on resistant 
(R) plasmids or genes that encode multidrug efflux 
pumps.53 In addition, the genes responsible for the expres-
sion of β-lactamase enzymes are constantly associated 
with the non-β-lactam antibiotics like aminoglycosides 
and fluoroquinolones.

In this study, AmpC production was found higher 
among male patients (41.67%) than females (38.98%). 
The findings of this study are consistent with some other 
studies from Kano, North-West Nigeria.54 However, our 
findings differed with studies reported from Benin, 
Nigeria.55 Higher prevalence of UTI with multidrug resis-
tance among females has been reported by many studies, 
this may be due to higher prevalence of AmpC producing 
pathogens among women as they are more prone to UTI 
than men.

The use of cefoxitin-resistance in diagnostic labora-
tories serves as a reliable screening agent/marker to detect 
AmpC production. Moreover, this marker provides a good 
negative predictive value.

In spite of their broad scope, some of the studies have 
stressed the use of cefoxitin as a poor screening agent for 
AmpC production. This could be due to the existence of 
alternative mechanisms other than AmpC (one of them is 
porin channel mutation) which may lead to false positive 
interpretation (as cefoxitin resistance).52 Our study 
revealed that one third of the Gram-negative isolates 
(>40%) were responsible for AmpC production. The 
findings of this study contrasted with the study from 
Model Hospital, Kathmandu.17 The difference may be 
due to the phenotypic detection method used in this 

study which used cefoxitin resistivity test and AmpC 
disk test method using cefoxitin (30µg). The confirma-
tory test used was phenylboronic acid test using cefoxitin 
30µg/400µg phenylboronic acid. Boronic acid deriva-
tives were proved as reversible inhibitors of AmpC β- 
lactamase enzymes.56

In this study, AmpC production was observed in 91 
(80.53%) isolates out of 113. The AmpC production rate in 
our study is slightly higher than other studies reported 
from Model Hospital, Kathmandu,17 Chitwan Medical 
College,57 Bharatpur, Chitwan,58 and India.59

In order to compensate the limitations due to one of the 
method, integration of both techniques in routine diagnosis 
can increase sensitivity and specificity of the tests in the 
clinical settings.

A total of 73 Gram-negative isolates showed the presence 
of both blaCITM and blaDHAM genes. These findings are 
consistent with a previous study reported from Ilam, Iran.27 

In the similar type of study reported from India, it showed 
that blaCITM genes were more prevalent in E. coli.60 In our 
study, the prevalence of AmpC associated genes (blaCITM 

and blaDHAM) was investigated by phenotypic and genotypic 
methods. This study provides a broad analysis of the Gram- 
negative bacteria associated with AmpC β- lactamase pro-
duction and their antibiotic susceptibility patterns among 
clinical isolates. The findings of this study are important in 
informing the resistance patterns of various organisms 
towards cephalosporins. Surveillance of the multidrug resis-
tance with β-lactamase including ESBL, MBL, and AmpC 
production are needed for a routine clinical practice to opti-
mize the treatment and prevent further resistance among β- 
lactams antibiotics.13,61,62

Strengths and Limitations
This is the first study exploring AmpC β-lactamase genes 
(blaCITM and blaDHAM) using both phenotypic and mole-
cular test among patients attending a tertiary health care 
center of Nepal. The findings of this study can inform the 
antimicrobial policy for tertiary care centers including 
preparing the management of hospital infections, treatment 
protocol and diagnostic procedure. There are a few limita-
tions of this study that includes investigation of limited 
AmpC β-lactamases, short duration of the study, and being 
conducted at a single tertiary care center. Future studies 
can build on it to conduct a longitudinal study at multiple 
tertiary care centers with exploration of all β- lactamases 
such as ESBL, MBL, KPC and the major genes responsi-
ble for resistance. Nonetheless, as a first study of its types 
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triangulating the phenotypic and molecular methods, this 
study will be a valuable reference for future studies on 
AmpC β-lactamases and prevalence of blaCITM and 
blaDHAM genes in other settings/hospitals of Nepal.

Conclusion
Our findings show that reduced susceptibility to cefoxitin 
in Gram-negative isolates is linked to the presence of 
plasmid-mediated AmpC genes. As there is a lack of 
single definitive method, it is suggested to utilize several 
phenotypic detection methods simultaneously for the pre-
cise detection of AmpC β-lactamase producing bacteria. In 
this study, PCR detected almost 90% of AmpC β- 
lactamase genes (blaCITM and blaDHAM) among phenoty-
pically confirmed isolates. High prevalence of resistant 
genes and MDR among Gram-negative isolates is an 
alarming sign, calling for urgent intervention measures to 
curb the growth and spread of these isolates.
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