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Abstract: This study determined the presence of Amp C beta lactamase producing Pseudomonas aeruginosa
among the seventy four uropathogens studied using standard techniques. Results obtained revealed that the
studied isolates show an alarming rate of resistance to the extended spectrum beta lactam antibiotics and the
penicillin derivatives tested. The combination of piperacillin and tazobactam was however found to exert
reasonable antibacterial activity as reflected in their relatively higher percentage susceptibility pattern (77%).
62.2% of the isolates were also sensitive to gentamicin. Of the 74 Pseudomonas aeruginosa tested in this study,
30 were Amp C Beta lactamase producers, 7 and 23 produced inducible and non inducible Amp C beta
lactamases respectively. Five of the 30 Amp C beta lactamases producers produced extended spectrum beta
lactamases while 21 of the these isolates produced metallo beta lactamase enzymes in addition to the Amp C
enzymes. In conclusion, it can be said that there is an upsurge of Amp C beta lactamase producing
Pseudomonas aeruginosa and treatment should only be commenced only prior to knowing the sensitivity
pattern of Amp C isolates
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INTRODUCTION production of these enzymes in clinically significant

Infections caused by Pseudomonas aeruginosa are resulting in higher patient morbidity and mortality [5]. For
difficult to treat as majority of isolates exhibit varying example, a recent study described a mortality rate of as
degrees of innate resistance. Most of these resistances high as 60% in patients with bloodstream infections due
are acquired and may be caused by production of plasmid to ESBL-positive Enterobacteriaceae when adequate
mediated Amp C beta ( )-lactamase, extended spectrum - antibiotic therapy was not administered [6]. ESBL-positive
lactamase and metallo -lactamase (MBL) enzymes [1]. - Enterobacteriaceae which produce ESBLs and AmpC
lactamases are the most widespread and effective broad-spectrum beta-lactamases have been studied for
mechanism through which bacteria can become resistant more than two decades [7, 8]. Similarly, articles describing
to -lactam drugs. With the increasing use of -lactam their prevalence in food animals and foods of animal
drugs and introduction of various inhibitor combinations origin have been published in recent years [9-14].
such as amoxicillin-clavulanic acid or sulbactam, Ambler In many bacteria, Amp C enzymes are inducible and
class C and Bush group I -lactamase enzyme, known as can be expressed at high levels by mutation.
AmpC -lactamases have emerged and are being reported Overexpression confers resistance to broad-spectrum
worldwide with varying prevalence rates [2-4]. cephalosporins including cefotaxime, ceftazidime and

Amp  C  beta  lactamases  inactivate  the  effect of ceftriaxone and is a problem [15] especially in infections
broad-spectrum cephalosporins and penicillins while due to Pseudomonas aeruginosa, where an isolate

Enterobacteriaceae represents an increasing problem
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initially susceptible to these agents may become resistant testing. The disk antagonism test was used for detection
upon therapy. This resistance may be located on of inducible Amp C -lactamase in all the isolates of P.
transmissible plasmids. Transmissible plasmids have aeruginosa. A test isolate (with a turbidity equivalent to
acquired genes for Amp C enzymes, which consequently that of 0.5 McFarland standards) was spread over a
can now appear in bacteria lacking or poorly expressing a Mueller Hinton agar (Oxoid, U.K) plate. Cefotaxime (30µg)
chromosomal Amp C gene, such as Escherichia coli, and cefoxitin (30µg) (Abtek, U.K) disks were placed 20 mm
Klebsiella pneumoniae and Proteus mirabilis. Resistance apart from center to center. Isolates showing blunting of
due to plasmid mediated Amp C enzymes is less common the cefotaxime zone of inhibition adjacent to the cefoxitin
than ESBL production in most parts of the world but may disk were screened as positive for Amp C -lactamase.
be both harder to detect and broader in spectrum [5]. Further confirmation of Amp C production was tested by

In Nigeria, indiscriminate use of antibiotics, poor a modified three-dimensional test [17]. This method was
hygienic practices in hospitals and lack of monitoring of particularly helpful in detecting non inducible Amp C B-
microbial drug resistance have created suitable conditions lactamases. The extended spectrum beta-lactamase (ESBL)
for the emergency and uncontrollable spread of the ESBLs status of these strains was established by combined disk
and Amp C enzymes [16] and thus make their detection diffusion method per CLSI recommendations [18] using
complicated due to the variable affinity of these enzymes Cefotaxime (30µg) and Ceftazidime (30µg) disks alone and
for different substrates and inoculum effect. Although, for in combination with clavulanic acid. Metallo -lactamase
more than a decade, since plasmid-mediated Amp C beta- production was detected by Imipenem-EDTA disk test.
lactamases were discovered, most clinical laboratories Two 10 µg imipenem disks were placed on the plate and
remain ignorant of their clinical consequences [17]. appropriate amounts of 10 µl of 0.5M EDTA solution were
Consequently, microorganisms producing these enzymes added to one of them to obtain the described
are concealed and are primarily liable for various concentration (750 µg). The inhibition zones of imipenem
nosocomial infections in hospitals. The objective of this and imipenem-EDTA disks were compared after 18 hours
study was to determine the presence of Amp C beta- of aerobic incubation at 37°C. If the increase in inhibition
lactamases in the strains of Pseudomonas aeruginosa zone with imipenem and EDTA disk was = 7 mm, then the
studied. imipenem disk alone was considered to be the MBL

MATERIALS AND METHODS

Bacterial   Strains:    The    74   bacterial   strains   used
in  this  study  were  supplied  by  Mrs  O.D.Popoola  of Table 1 represents the antibiotic susceptibility
the   Department   of  Microbiology  (Medical patterns of Pseudomonas aeruginosa studied. studied
Microbiology unit), Nnamdi Azikwe University, Awka, isolates showed an alarming rate of resistance to the
Anambra, Nigeria. extended spectrum beta lactam antibiotics and the

Antimicrobial Susceptibility Testing: Antimicrobial piperacillin and tazobactam was however found to exert
susceptibility was performed using the CLSI method [18] reasonable antibacterial activity as reflected in their
for various antibiotics, namely: Ampicillin (30µg), relatively higher percentage susceptibility pattern (77%).
Amikacin (30µg), Co-trimoxazole (25µg), Ciprofloxacin 62.2% of the isolates were also sensitive to gentamicin. Of
(5µg), Ceftizoxime (30µg), Cefuroxime (30µg), Kanamycin the 74 Pseudomonas aeruginosa used in this study, 30
(30µg), Piperacillin (100µg), Gentamicin (10µg), were Amp C Beta lactamase producers, 7 and 23 produced
Piperacillin/ tazobactam (100µg/10µg) and Carbenicillin inducible and non inducible Amp C beta lactamases
(100µg) (Abtek, U.K). The results were interpreted based respectively (Table 2). Table 3 represents the beta
on the CLSI interpretative standard chart [18]. lactamase mediated resistance mechanism in Amp C

AmpC Disc Test: Screening for Amp C -lactamase C beta lactamases produced extended spectrum beta
production was performed by Cefoxitin disk test [17]. lactamases while 21 of the same isolates produced metallo
Isolates that yielded a zone diameter less than 18 mm beta lactamase enzymes in addition to the Amp C
(screen positive) were further subjected to confirmatory enzymes.

producer [19]. 

RESULTS

penicillin derivatives tested. The combination of

producing Pseudomonas aeruginosa. Five of the 30 Amp
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Table 1: Antibiotic susceptibility pattern of the studied Pseudomonas
aeruginosa isolates

Antibiotics Ampicillin

Sensitivity 2(2.7%)
Amikacin 16 (21.6%) 
Carbenicillin 8(10.8%)
Cefoxitin 3(4.1%)
Ceftazidime 7(9.5%)
Ceftizoxime 6(8.2%)
Cefuroxime 14(19%)
Co-trimoxazole 32(43.2%)
Ciprofloxacin 32(43.2%)
Gentamicin 46(62.2%)
Imipenem 21(28.4%)
Piperacillin +Tazobactam 57(77%)
Kanamycin 8(10.8%)

Table 2: Prevalence of Amp C Beta lactamase producing Pseudomonas
aeruginosa

N EP IA INA

74 30 7 23

N = Total number of isolates, EP = Amp C producers, IA = inducible Amp
C, INA = non inducible Amp C.

Table 3: -lactamase mediated resistance mechanism in Amp C producing
Pseudomonas aeruginosa (n = 30)

AMP C AMPC + ESBL AmpC +MBL

30 5 21

DISCUSSION AND CONCLUSION

Isolates producing Amp C -lactamases raise special
concerns as these isolates have been responsible for
several nosocomial outbreaks and high rate of clinical
failure among infected patients [20-22]. In this study, we
found a relatively lower prevalence of Amp C -lactamase
producing P. aeruginosa (40.5%). This prevalence rate is
lower than that reported by Livermore and Woodford [23].
Production of multiple -lactamases by P. aeruginosa has
tremendous therapeutic consequences and poses a
significant clinical challenge if it remains undetected.
Since these organisms also carry other drug-resistant
genes and the only viable treatment option remains the
potentially toxic polymyxin B and colistin [24], early
identification of the infections due to these organisms is
necessary as the appropriate treatment might reduce the
spread of these resistant strains as well as reduce the
mortality in hospitalized patients. This emphasizes the
need for the detection of isolates that produce these
enzymes to avoid therapeutic failures and nosocomial

outbreaks. Since there is no standard guideline for
detection of most of these -lactamase enzymes in P.
aeruginosa, the comparison between studies becomes
difficult as the patient population in a particular center
and the method of study differs. 

The presence Amp C producing isolates may be
indicative of the ominous trend of more and more isolates
acquiring resistance mechanisms thereby rendering the
antimicrobials ineffective [25]. The comparison of our
results with the above-mentioned studies clearly shows
that Pseudomonas aeruginosa strains producing ESBL
and AmpC enzymes are less prevalent. This observation
is not surprising as Amp C producers are susceptible to
fourth generation cephalosporins like cefepime while
ESBL producers are variably resistant to fourth-
generation cephalosporins [26]. Both ESBL producers and
non-producers showed high level resistance to cefepime.
A high inoculum effect has been reported with cefepime
for ESBL-producing and Amp C-producing isolates of
Enterobacteriaceae [27]. The fact that 21 of the total 30
Amp C producers also produced metallo beta lactamases
is very frightening. This is because MBLs also represent
a clinical threat due to their unrivalled spectrum of activity
and their resistance to therapeutic serine beta-lactamase
inhibitors [25-27]. In conclusion, routine screening for
ESBL and AmpC production need to be done for all multi
drug resistant isolates prior to treatment.

REFERENCES

1. Manchanda, V. and N.P. Singh, 2008. Occurrence and
detection of Amp C b-lactamases among Gram
negative    clinical    isolates    using   a  modified
three-dimensional test at Guru Tegh Bahadur
Hospital,  Delhi,  India.  J.  Antimicrob.  Chemother.,
51: 415-418.

2. Ambler, R.P., 1980. The structure of -lactamases.
Philos Trans R SocLond B Biol Sci., 289: 321-331. 

3. Bush, K., G.A.  Jacoby   and   A.A.   Medeiros,   1995.
A Functional classification scheme for -lactamases
and its correlation with molecular structure.
Antimicrob Agents Chemother., 39: 1211-1233.

4. Lee, K., M. Lee, J.H. Shin, M.H. Lee, S.H. Kang and
A.J.   Park,   2006.  Prevalence  of  plasmid   mediated
Amp C -lactamases in Escherichia coli and
Klebsiella pneumoniae in Korea. Microb Drug
Resist., 12: 44-49. 

5. Paterson,     D.L.     and    R.A.   Bonomo,   2005.
Extended-spectrum beta-lactamases: a clinical update.
Clinical Microbiology Reviews, 18: 657-686.



Intl. J. Microbiol. Res., 6 (2): 90-94, 2015

93

6. Tumbarello,   M.,   M.  Sanguinetti,  E.  Montuori, 13. Wu, S.,  E.  Chouliara,   H.   Hasman,   A.   Dalsgaard,
E.M.   Trecarichi,  B.  Posteraro,  B.  Fiori,  R.  Citton, A. Vieira and L.B. Jensen, 2008. Detection of a single
T. D’Inzeo, G. Fadda, R. Cauda and T. Spanu, 2007. isolate of CTX M-1-producing Escherichia coli from
Predictors of mortality in patients with bloodstream healthy pigs in Denmark. The Journal of
infections caused by extended-spectrum-beta- Antimicrobial Chemotherapy, 61: 747-749.
lactamase-producing Enterobacteriaceae: 14. Jacoby,     G.A.,     2009.     Amp   C -lactamases.
Importance of inadequate initial antimicrobial Clin Microbiol Rev., 22: 161-82.
treatment. Antimicrobial Agents and Chemotherapy, 15. Arzai, A.H. and D.J.M. Adamu, 2008. Prevalence of
51: 1987-1994. beta-lactamase Producers among randomly selected

7. Bradford, P.A., 2001. Extended-spectrum-beta- bacterial pathogens in Kano, Nigeria. Biological and
lactamases in the 21  century: characterization, Environmental  Sciences  Journal  for  the  Tropics,st

epidemiology,and detection of this important 5(3): 218-223.
resistance  threat.  Clinical  Microbiology  Reviews, 16. Pagani, L. and G. Rossolini, 2006. CMY-16, a novel
14: 933-951. acquired Amp C-type -lactamase of the CMY/LAT

8. Brinas, L., M.A.  Moreno,  M.  Zarazaga,  C.  Porrero, lineage in multifocal monophyletic isolates of
Y.   Saenz,    M.     Garcia,      L.      Dominguez     and Proteus mirabilis from Northern Italy. J. Antimicrob
C.  Torres,  2003.  Detection  of  CMY-2, CTX-M-14 Chemother., 43: 213-216.
and SHV-12 beta-lactamases in Escherichia coli 17. Manchanda, V. and N.P. Singh, 2008. Occurrence and
fecal-samples isolates from healthy chickens. detection of Amp C b-lactamases among Gram
Antimicrobial      Agents         and   Chemotherapy, negative    clinical     isolates    using   a   modified
47: 2056-2058. three-dimensional test at Guru Tegh Bahadur

9. Liebana,   E.,  M.  Gibbs,  C.  Clouting, L.   Barker, Hospital,  Delhi,  India.  J.  Antimicrob  Chemother.,
F.A. Clifton-Hadley,  E.  Pleydell,  B.  Abdalhamid, 51: 415-418. 
N.D.    Hanson,     L.     Martin,     C.     Poppe    and 18. CLSI, 2005. Perfomance Standards for antimicrobial
R.H. Davies, 2004. Characterization of beta- disc   susceptibility    tests.   CLSI:  Wayne   PA.
lactamases responsible for resistance to extended- M100-S15.
spectrum cephalosporins in Escherichia coli and 19. Yong, D., K. Lee, J.H. Yum, H.B. Shin, G.M. Rossolini
Salmonella enterica strains from food-producing and Y. Chong, 2002. Imipenem–EDTA disk method
animals in the United Kingdom. Microbial Drug for differentiation of metallo  lactamase-producing
Resistance, 10: 1-9. clinical isolates of Pseudomonas spp. and

10. Weill,  F.X.,          R.        Lailler,         K.       Praud, Acinetobacter spp. J. Clin Microbiol., 40: 3798-3801.
A.      Kerouanton,  L.      Fabre,      A.     Brisabois, 20. Philippon, A., G. Arlet and G.A. Jacoby, 2002.
P.A.     Grimont and     A.    Cloeckaert,   2004. Plasmid-determined Amp C-type -lactamases.
Emergence of extended-spectrum-beta-lactamase Antimicrob Agent Chemother., 46: 1-11. 
(CTX-M-9)-producing multiresistant strains of 21. Potz, N.A., R. Hope, M. Warner, A.P. Johnson and
Salmonella enteric serotype Virchow in poultry and D.M. Livermore, 2006. Prevalence and mechanisms of
humans in France. Journal of Clinical Microbiology, cephalosporin resistance in Enterobacteriaceae in
42: 5767-5773. London and South-East England. J. Antimicrob

11. Hasman, H., D. Mevius, K. Veldman, I. Olesen and Chemother., 58: 320-326. 
F.M. Aarestrup, 2005. Beta-lactamases among 22. Adler,     H.,     L.    Fenner,   P.   Walter,  D.   Hohler,
extended-spectrum beta-lactamase (ESBL)-resistant E.   Schultheiss,   S.  Oezcan  and  R.  Frei,  2008.
Salmonella from poultry, poultry products and Plasmid mediated Amp C -lactamases in
human patients in The Netherlands. The Journal of Enterobacteriaceae lacking inducible chromosomal
Antimicrobial Chemotherapy, 56: 115-121. amp C genes: prevalence at a Swiss University

12. Jensen, L.B., H. Hasman, Y. Agerso, H.D. Emborg hospital and occurrence of the different molecular
and F.M. Aarestrup, 2006. First description of an types   in  Switzerland.   J   Antimicrob  Chemother.,
oxyimino-cephalosporin resistant, ESBL-carrying 61: 457-458. 
Escherichia coli isolated from meat sold in Denmark. 23. Livermore, D.M. and N. Woodford, 2000.
The     Journal     of    Antimicrobial   Chemotherapy, Carbapenemase; A problem in waiting? Curr Opin
57: 793-794. Microbiol., 3: 489-95.



Intl. J. Microbiol. Res., 6 (2): 90-94, 2015

94

24. Arora, S. and M. Bal, 2005. Amp C -lactamase 26. Livermore, D.M., 1995. B-lactamases in laboratory
producing bacterial isolates from kolkata hospital. and clinical resistance. Clin. Microbiol Rev., 8: 557-84.
Indian J. Med Res., 122: 224-233. 27. Thomson, K.S. and E.S. Moland, 2001. Cefepime,

25. Blanc,  V.,  R. Mesa,  M.  Saco,  S.  Lavilla,  G.  Prats, piperacillin-tazobactam and the inoculum effect in
E. Miro, F. Navarro, P. Cortes and M. Llagostera, tests with extended-spectrum lactamase-producing
2006. ESBL- and plasmidic class C beta-lactamase- Enterobacteriaceae. Antimicrob Agents Chemother,
producing   E.   coli  strains  isolated  from  poultry, 45: 3548-54.
pig   and  rabbit   farms.   Veterinary   Microbiology,
118: 299-304.


