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 ABSTRACT 
 Detection of AmpC-mediated resistance in Gram negative organisms poses a problem due to misleading results in 

phenotypic tests. There are no recommended guidelines for detection of this resistance mechanism and there is a need to 
address this issue as much as the detection of extended spectrum beta lactamases (ESBLs) since both may co-exist and mask 
each other. Several methods have been used to detect the presence of AmpC β-lactamase production in some isolates but 
most of these methods are not reliable. There is a need for a reliable method of evaluating the presence of AmpC β-
lactamases in clinical isolates. A total of 81 consecutive non repetitive clinical isolates of Escherichia coli (n=40) and 
Klebsiella spp. (n=41) were screened for AmpC production by disc diffusion method using cefoxitin (30 µg) disc and 
confirmed by inhibitor based test using boronic acid as inhibitor. A total of 16 E.coli isolates (40%) and 16 Klebsiella 
isolates (39.02%) screened harbored AmpC enzymes, of which 43.75% of E.coli and 56.25% of Klebsiella isolates co-
produced ESBL enzymes. Pure AmpC production was observed in 56.25% of E.coli and 43.75% of Klebsiella isolates. The 
inhibitor based test was useful in identifying cefoxitin susceptible AmpC producers and could also effectively 
differentiate ESBL from AmpC producing isolates. 
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INTRODUCTION 

AmpC β-lactamases have gained importance since 
the late 1970s as one of the mediators of 
antimicrobial resistance in Gram negative bacilli. 
These enzymes are cephalosporinases capable of 
hydrolyzing all β-lactams to some extent (1). AmpC 
β-lactamases are two types – plasmid-mediated and 
chromosomal or inducible AmpC. Chromosomal 
AmpC enzymes are seen in organisms such as 
Citrobacter freundii, Enterobacter cloaca, Morganella 
morganii, Hafnia alvei and Serratia marcescens and are 
typically inducible by β-lactam antibiotics such as 
cefoxitin and imipenem but poorly induced (if at 
all) by the third or fourth generation 
cephalosporins (2). The most common cause  
of AmpC over expression in clinical isolates is a 
mutation in ampD leading to AmpC 
hyperinducibility or constitutive hyperproduction 
(3). 
Plasmid-mediated AmpC β-lactamases have been 
found worldwide but are less common than 
extended-spectrum β-lactamases (ESBLs), and in 
E.coli, they appear to be less often a cause of 
cefoxitin resistance than an increased production of 
chromosomal AmpC β-lactamase (4). Most strains 
with plasmid-mediated AmpC enzymes have been 
isolated from patients after several days of 
hospitalization, but recently, AmpC-producing 
isolates in cultures from long-term care facilities, 
rehabilitation centers, and outpatient clinics have 
been reported (5;6). Risk factors for bloodstream 
infections caused by AmpC-producing strains of 
Klebsiella pneumoniae include long hospital stay, care  

 
 
in an intensive care unit (ICU), central venous 
catheterization, need for an indwelling urinary 
catheter, and prior administration of antibiotics, 
especially broad-spectrum cephalosporins and β-
lactamase inhibitor combinations, and are thus 
similar to risk factors for infection by ESBL-
producing K.pneumoniae strains (7;8).  
For clinical microbiologists, detection of AmpC-
mediated resistance in Gram negative organisms 
poses a problem because the phenotypic tests may 
be misleading resulting in misreporting and 
treatment failures. There are presently no CLSI or 
other approved criteria for AmpC detection (9). 
Organisms producing enough AmpC β-lactamase 
will typically give a positive ESBL screening test 
but fail for the confirmatory test involving 
increased sensitivity with clavulanic acid (10). 
Screening with cefoxitin disc is recommended for 
initial detection. However, it does not reliably 
indicate AmpC production. Some of the phenotypic 
tests include the three-dimensional tests (11), 
double-disk test (12) and Etest strips with gradient 
of cefotetan or cefoxitin on one half and the same 
combined with a constant concentration of 
cloxacillin on the other half (13).   
This study was undertaken to detect the presence 
of AmpC β-lactamases in clinical Gram negative 
isolates by inhibitor based method using boronic 
acid (BA) (14) and also assess if this test could be 
used to differentiate between ESBLs and AmpC 
producers.     
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 MATERIALS AND METHOD  
 A total of 40 E.coli isolates and 41 Klebsiella isolates 
were obtained from clinical samples from Federal 
Medical center, Owerri, Nigeria. Of the 40 E.coli 
isolates, 10 isolates each were obtained from urine 
samples, wound, stool and high vaginal swab 
(HVS). Of the 41 Klebsiella isolates, 16 were obtained 
from urine, 12 from wound while 13 isolates were 
from stool samples. 
 
 ANTIBIOTIC SUSCEPTIBILITY TEST  
 Antibiotic susceptibility testing was performed 
using Kirby Bauer method on Mueller-Hinton agar 
according to CLSI guidelines (15). The antibiotics 
tested (in µg) were cefoxitin (30), ceftazidime (30), 
gentamicin (5), ciprofloxacin (5), ampicillin (10), 
amikacin (30), cefepime (30), cefotaxime (30) and 
imipenem (10). E.coli ATCC 25922 and Klebsiella 
pneumoniae ATCC 700603 were used as control 
strains. 
 
 ESBL SCREENING  
 Isolates were tested for ESBL production using the 
method described previously (16). Briefly, disks 
containing standard 30 µg of aztreonam, 
ceftazidime and cefriaxone were placed 15 mm 
(edge to edge) from an amoxicillin-clavulanic acid 
disk (20 and 10 µg, respectively) on inoculated 
Mueller-Hinton agar. Inoculated media were 
incubated overnight at 35 oC. An enhanced zone of 
inhibition between any one of the β-lactam disks 
and the disk containing clavulanic acid was 
interpreted as evidence for the presence of an ESBL. 
 
 AMP C β-LACTAMASE PRODUCTION TEST  
All isolates were tested for AmpC β-lactamase 
production on disks containing boronic acid (14). A 
disk containing 30 µg of cefoxitin and another 
containing 30 µg of cefoxitin with 400 µg of boronic 
acid were placed on Mueller-Hinton agar. An 
organism demonstrating a zone diameter around 
the disk containing cefoxitin and boronic acid ≥5 
mm than the zone diameter around the disk 
containing cefoxitin alone was considered an 
AmpC producer. 
 
STATISTICAL ANALYSIS 
Data obtained from this study were analyzed using 
a two-way analysis of variance (ANOVA) and 
values for P≤0.05 were considered statistically 
significant. 
 
RESULTS 
All the isolates were susceptible to at least one of 
the antibiotics. Most of the E.coli isolates were 
susceptible to cefoxitin, gentamicin, ceftazidin, 
ciprofloxacin, cefotaxime and amikacin, while 
majority of them were resistant to imipenem (figure 
1). The Klebsiella species were less susceptible to 
ampicillin, cefepine, imipenem and amikacin but 
the majority were susceptible to cefoxitin, 
ciprofloxacin and cefotaxime. Klebsiella species were 

more susceptible to the antibiotics tested than the 
E.coli isolates.  

 
KEY:  CEFO- cefoxitin, CEFT- ceftazidin,  
GENT- gentamicin, CIPRO- ciprofloxacin 
AMP- ampicillin, CEFE- cefepine, CEFO- cefotaxime 
IMIP- imipenem , AMIK- amikacin                           
                        

It was observed that most of the susceptible isolates 
were from urine samples (58.24% and 48.28% for 
Klebsiella and E.coli, respectively), while the least 
were from stool (17.58%) and HVS (8.62%) samples 
for Klebsiella and E.coli isolates respectively (figures 
2 and 3).The number of Klebsiella isolates got from 
urine samples were more than E.coli isolates. The 
percentage prevalence of susceptible isolates from 
urine samples was significantly higher than those 
of the other samples (p≤0.05). 

 

 
 
AmpC beta lactamase was detected in 16(40%) of 
the E.coli isolates. Of these isolates, 7(43.75%) were 
in combination with ESBL while 9(56.25%) were 
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pure AmpC producers. The percentage prevalence 
of these isolates from urine samples was 
significantly higher than those from other samples 
(p≤0.05). Wound samples had the least percentage 
distribution of the isolates which are pure AmpC 
producers (11.11%) (Figure 4). In each case, the 
number of pure AmpC producers was more than 
those with combined ESBL and AmpC production 
except in the wound sample where the number of 
combined ESBL and AmpC producers was more 
than the pure AmpC producers.  

 
Sixteen (39.02%) out of 41 Klebsiella isolates were 
AmpC producers. Of this number, 9(56.25%) were 
both ESBL and AmpC producers while 7(43.75) 
were pure AmpC producers. Most of these isolates 
were also from urine samples (figure 5).The 
number of isolates with combined ESBL and AmpC 
production were more than the number of pure 
AmpC producers in both urine and wound samples 
but in the stool sample, the number of pure AmpC 
producers was more than those with combined 
ESBL and AmpC production. 

   
DISCUSSION 
Currently, CLSI documents do not indicate the 
screening and confirmatory tests that are optimal 
for detection of AMP C beta lactamases (17). 
However, several studies have been done on 
various test methods namely, the three dimensional 
test (11), modified double disk test (18), AmpC disk 
test (19), inhibitor based method employing 
inhibitors like boronic acids (14), broth 
microdilution method (14) and cefoxitin agar 
method (20). In spite of many phenotypic tests, 
isoelectric focusing (21) and genotypic 
characterization (22) are considered gold standards 

as the results with the phenotypic tests can be 
ambiguous and unreliable. In the present study, 
inhibitor based method with boronic acid was 
employed for AMP C β-lactamase screening. 
A study by Manchanda and Singh, (23) discovered 
that few of their isolates were susceptible to 
cefoxitime, all of the cefoxitin-susceptible isolates 
that harboured an AmpC β-lactamase had MICs of 
cefoxitin <2 mg/L using the broth dilution method. 
Bauernfeind et al. (33) isolated a clinically 
significant strain of K. pneumoniae that harboured a 
novel type of AmpC β-lactamase and that also 
demonstrated a low level of activity against 
cephamycins (cefoxitin MIC 4 mg/L). This is at 
variance with the present study where majority of 
the isolates were found to be susceptible to 
cefoxitime.  In 2002, Barlow and Hall found ampC 
alleles from the chromosomes of two β-lactam-
sensitive C. freundii strains isolated in the 1920s, 
before the clinical use of antibiotics (24). Cefoxitin 
resistance in AmpC non-producers could be due to 
some other resistance mechanism(s). Lack of 
permeation of porins as one of the resistance 
mechanisms has been reported (25). Hernandez-
Alles et al. (26) have demonstrated that interruption 
of a porin gene by insertion sequences is a common 
type of mutation that causes loss of porin 
expression and increased cefoxitin resistance in K. 
pneumoniae. AmpC production in cefoxitin-
susceptible isolates may have a mechanism similar 
to that of ESBLproducing organisms that appear 
susceptible to ceftazidime by the disc diffusion 
method. These data indicate that although 
screening methods that use cefoxitin in 
standardized methods to detect AmpC-harbouring 
isolates are useful, they are not perfect. The results 
in the present study showed that screening should 
include all the clinical isolates showing resistance to 
any of the cephalosporins and/or aztreonam, 
irrespective of their cefoxitin susceptibility status. 
 
AmpC beta lactamase was detected in 16(40%) of 
the E.coli isolates. Of these isolates, 7(43.75%) were 
in combination with ESBL while 9(56.25%) were 
pure AmpC producers. The percentage prevalence 
of these isolates from urine samples was 
significantly higher than those from other samples 
(p≤0.05). Wound samples had the least percentage 
of susceptible isolates (11.11%). Sixteen (39.02%) 
out of 41 Klebsiella isolates were AmpC producers. 
Of this number, 9(56.25%) were both ESBL and 
AmpC producers while 7(43.75) were pure AmpC 
producers. This prevalence was higher when 
compared with the reports from other parts of the 
world (27; 28; 29; 30). 
 
It has been stated that the AmpC beta lactamases 
when present along with ESBLs can mask the 
phenotype of the later (31). In this study, it was 
found that both of these enzymes were equally 
expressed suggesting a possible low level 
expression of AmpC enzymes. However, in all 
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these AmpC producers, chromosomal derepressed 
and plasmid mediated enzymes were not 
distinguished as this requires genotypic 
confirmatory tests. Sixteen of the forty-one Klebsiella 
isolates screened were AmpC producers suggesting 
the presence of plasmid mediated mechanism as 
these species do not harbor chromosomal AmpC 
genes (31). The susceptibility of ceftazidime and 
cefotaxime serves as a poor marker for the 
identification of AmpC enzymes (14). It is known 
that plasmid mediated AmpC enzymes can 
sometimes appear falsely susceptible to these drugs 
(32). There are newer Ambler class C (ACC) type of 
enzymes which have relatively a lower activity to 
cefoxitin (33) and hence appear susceptible. In the 
present study, some of the AmpC producing 
isolates were susceptible to the third generation 
cephalosporins and cefoxitin by the disc diffusion 

method. This indicates the probable presence of 
such ACC enzymes. This needs to be confirmed by 
molecular methods. 
The inhibitor based confirmatory method appears 
promising for AmpC detection as it increased the 
sensitivity of the test by picking up additional 
AmpC producers. Boronic acid has been reported 
to be effective inhibitor of class C beta lactamases 
(34; 35; 36). In addition, it can also differentiate 
ESBL enzymes from the AmpC enzymes. 
To conclude, a mixed type of drug resistance 
mechanisms seem to operate in the isolates tested. 
There is need for a correct and reliable phenotypic 
test to identify AMP C beta lactamases and ESBL 
producers. Inhibitor based method using boronic 
acid appears to be effective in discriminating this 
type of resistant isolates.          

 
REFERENCES        

1. Hanson ND. AMP C beta lactamases: what do we 
need to know for the future? J. Antimicrob. 
Chemother. 2003; 52: 2-42. 

2. Philippon A, Arlet G, Jacoby GA. Plasmid-
determined AMP C-type beta lactamases. 
Antimicrob. Agents Chemother. 2002;46: 1-11. 

3. Schmidtke AJ, Hanson ND. Model system to 
evaluate the effect of ampD mutations on AMP  

C-mediated β-lactam resistance. Antimicrob. 
Agents Chemother. 2006;50: 2030-2037. 

4. Jacoby AG. AMP C β-lactamases. Clin. Microbiol. 
Rev. 2009; 22(1):161-182. 

5. Hanson D, Moland ES, Hong SG, Propst K, Novak 
DJ, Cavalieri SJ. Surveillance of community-based 
reservoirs reveals the presence of CTX-M imported 
AMP C, and OXA-30 β-lactamases in urine isolates 
of Klebsiella pneumoniae and Escherichia coli in a US 
community. Antimicrob. Agents Chemother. 2008; 
52: 3814-3816. 

6. Migliavacca R, Nucle, E, D’Andrea MM, Spalla M, 
Giani T, Pagani L. Acquired AMP C type beta-
lactamases: an emerging problem in Italian long-
term and rehabilitation facilities. New Microbiol. 
2007; 30:   295-298. 

7. Pai H, Kang CI, Byeon JH, Lee KD, Park WB, Kim 
HB, Kim EC, Oh MD, Choe KW. Epidemiology and 
clinical features of bloodstream infections caused 
by AMP C-type-β-lactamase-producing Klebsiella 
pneumoniae. Antimicrob. Agents Chemother. 2004; 
48: 3720-3728. 

8. Yan JJ, Ko WC, Wu JJ, Tsai SH, Chuang CL. 
Epidemiological investigation of bloodstream 
infections by extended spectrum cephalosporin-
resistant Escherichia coli in a Taiwanese teaching 
hospital. J. Clin Microbiol. 2004; 42: 3329-3332. 

9. Doi Y, Paterson DL. Detection of plasmid-mediated 
class C β-lactamases. Int. J. Infect. Dis. 2007; 11: 191-
197. 

10. Bell JM, Chitsaz M, Turnidge JD, Barton M, Walters 
LJ, Jones R. Prevalence and significance of a 
negative extended-spectrum β-lactamase (ESBL) 
confirmation test result after a positive ESBL 
screening result for isolates of Escherichia coli and 
Klebsiella pneumoniae: result from SENTRY Asia-
pacific surveillance program. J. Clin. Microbiol. 
2007; 45: 1478-1482. 

11. Thomson KS, Sanders CC. Detection of extended-
spectrum β-lactamases in members of the family 
Enterobacteriaceae: comparison of double-disk and 
three-dimensional tests. Antimicrob. Agents 
Chemother. 1992; 36: 1877-1882. 

12 Ruppe E, Bidet P, Verdet C, Arlet G, Bingen E. First 
detection of the Ambler Class C 1 AMP C β-
lactamase in Citrobacter freundii by a new, simple 
double-disk synergy test. J Clin. Microbiol. 2006; 44: 
4204-4207. 

13. Bolmstrom A, Engelhardt A, Bylund L, Ho P, 
Karlson A. Evaluation of two new Etest strips for 
AMP C detection. Abstract D-0451.46th interscience 
conference on antimicrobial agents and chemotherapy. 
2006. 

14. Coudron PE. Inhibitor-based methods for detection 
of plasmid-mediated AMP C beta-lactamases in 
Klebsiella spp., Escherichia coli and Proteus mirabilis. J. 
Clin. Microbiol. 2005; 43: 4163-4167. 

15. Clinical Laboratory Standard Institute. Performance 
standards for      antimicrobial disk susceptibility tests. 
8th ed. Approved standard M2-A8. Wayn, Pa: 
Clinical Laboratory Standards. 2003. 

16. Akujobi CO, Ogbulie JN, Alisi SC. Occurrence of 
extended  spectrum β-lactamases in Escherichia coli 



  

55 

 

.

isolated from piggery farms in Imo State, Nigeria. 
World J. Microbiol. Biotechnol. 2008; 24: 2167-2170. 

17. Hemalatha V, Padma M, Uma Sekar Vinodh, TM, 
Arunkumar AS. Detection of AMP C beta 
lactamases production in Escherichia coli and 
Klebsiella by an inhibitor based method. Indian J. 
Med. Res. 2007; 126: 220-223. 

18. Pitout JD, Reisbig MD, Venter EC, Church DL, 
Hanson ND. Modification of the double-disk test 
for detection of enterobacteriaceae producing 
extended-spectrum and AMP C beta-lactamases. J. 
Clin. Microbiol. 2003; 41: 3933-3935. 

19. Black J, Moland ES, Thomson KS. A simple disk test 
for detection of plasmid-mediated AMP C 
production in Klebsiella. In: Program and abstracts of 
the forty-second interscience conference on antimicrobial 
agents and chemotherapy; Abstract D-534, 
Washington, DC, USA:American Society for 
Microbiology; P. 140. 2002. 

20. Nasim K, Elsayed S, Pitout JDD, Conly J, Church 
DL, Gregson DB. New method for laboratory 
detection of AMP C beta-lactamases in Escherichia 
coli and Klebsiella pneumoniae. J. Clin. Microbiol. 
2004; 42: 4799-4802. 

21. Mathew M, Harris AM, Marshall MJ, Ross GW. The 
use of analytical isoelectric focusing for detection 
and identification of beta-lactamases. Gen. 
Microbiol. 1975; 88: 169-178. 

22. Perez-Perez FJ, Hanson ND. Detection of plasmid-
mediated AMP C beta-lactamase genes in clinical 
isolates by using multiplex PCR. J. Clin. Microbiol. 
2002; 40: 2153-2162. 

23. Manchanda V, Singh NP. Occurrence and detection 
of AmpC β-lactamases among Gram-negative 
clinical isolates using a modified three-dimensional 
test at Guru Tegh Bahadur Hospital, Delhi, India. J. 
Antimicrob. Chemother. 2003; 51:415-418.  
 

24. Barlow M, Hall B G. Origin and evolution of the 
AmpC beta-lactamases of Citrobacter freundii. 
Antimicrob. Agents Chemother. 2002; 46:1190–1198. 
 

25. Pangon B, Bizet C, Bure A, Pichon F, Philippon A, 
Ragnier B. In vivo selection of a cephamycin-
resistant, porin-deficient mutant of K. pneumoniae 
producing a TEM-3 betalactamase. J. Infect. Dis. 
1989; 159: 1005–1006.  

 

26. Hernandez-Alles S, Benedi V J, Martinez-Martinez 
L, Pascual A, Aguilar A, Tomas J M. Development 
of resistance during antimicrobial therapy caused 
by insertion sequence interruption of porin genes. 
Antimicro. Agents Chemother. 1999; 43: 937–9. 
 

27. Liu PYF, Gur D, Hall LMC, Livermore DM. Survey 
of the prevalence of beta lactamases among 1000 
Gram negative bacilli isolated consecutively at the 
Royal London Hospital. J. Antimicrob.Chemother. 
1992; 30: 429-447. 
 

28. Coudron PE, Moland ES, Thomson KS. Occurrence 
and detection of AMP C beta lactamases among 
Escherichia coli, Klebsiella pneumoniae and Proteus 
mirabilis isolates at a veteran medical center. J.Clin. 
Microbiol. 2000; 38: 1791-1796. 
 

29. Singhal S, Mathur T, Khan S, Upadhyay DJ, Chugh 
S, Gaind R. Evaluation of methods for AMP C beta-
lactamases in Gram negative clinical isolates from 
tertiary care hospitals. Indian J. Med Microbiol. 
2005; 23: 120-124. 
 

30. Manchanda V, Singh P, Shamweel A, Eideh HK, 
Thukral SS. Molecular epidemiology of clinical 
isolates of AMP C producing Klebsiella pneumoniae. 
Indian J. Med. Microbiol. 2006; 24: 177-181. 
 

31. Thomson KS. Controversies about extended-
spectrum and AMP C beta-lactamases. Emerg. 
Infect. Dis. 2001; 7: 333-336. 
 

32. Black JA, Thomson KS, Buynak JD, Pitout JDD. 
Evaluation of beta-lactamase inhibitors in disk tests 
for detection of plasmid-mediated AMP C beta-
lactamases in well-characterized clinical strains of 
Klebsiella spp. J. Clin. Microbiol. 2005; 43: 4168-4171. 

 

33. Bauernfeind A, Schneider I, Jungwirth R, Sahly H, 
Ullmann U. A novel type of AMP C beta-lactamase, 
ACC-1, produced by a Klebsiella pneumoniae strain 
causing nosocomial pneumonia. Antimicrob. 
Agents Chemother. 1999; 43: 1924-1931. 

34. Beesley T, Gascoyne N, Knott-Hunziker V, 
Petursson S, Waley SG, Jaurin B. The 
 inhibition of class C beta-lactamases by boronic 
acids. Biochem. J. 1982; 209: 229-233. 
 

35. Liebana E, Gibbs M, Clouting C, Barker l, Crifton-
Hardley FA, Pleydell E. Characterization of beta-
lactamases responsible for resistance to extended-
spectrum cephalosporins in Escherichia coli and 
Salmonella enterica strains from food-producing 
animals in the United Kingdom. Microb. Drug 
Resist. 2004; 10: 1-9. 

36. Powers RA, Blazquez J, Scott Weston G, Morosini 
M, Baquero F, Shoichet Bk. The complexed 
structure and antimicrobial activity of a non-beta-
lactam inhibitor of AMP C beta-lactamase. Protein 
Sci. 1999; 8: 1330-2337. 


