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Phenotypic and genotypic detection of metallo-beta-lactamases
in Carbapenem resistant Acinetobacter baumannii
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TAcinetobacter baumannii is a gram-negative coccobacillus initially considered to
be an opportunistic pathogen, which plays a vital role as a major cause of healthcare-
associated infections (1, 2). In recent years, Acinetobacter has become resistant to most
effective antimicrobial agents and causing a high incidence rate of morbidity and mortality
especially in the intensive care unit in many countries (3, 4). The emergence of multidrug-
resistant (MDR: resistant to at least one agent in three or more antimicrobial categories or
to one key treatment antibiotic), extensively drug-resistant(XDR: resistant to at least one
agent in all but two or fewer antimicrobial categories) or pandrug-resistant (PDR: resistant
to all agents in all antimicrobial categories) isolates causes serious problems in treating
Acinetobacter infections (4, 5). Carbapenems are considered the most effective drugs for
the treatment of infections caused by multidrug- resistant gram negative bacteria, when
ek s Ly bl these bacteria are resistant to other p-lactam antibiotics.(6). Unfortunately, many studies
Revised: 12 Oct 2019 have reported high carbapenem resistance rates among these pathogens from different
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countries and this situation expresses serious therapeutic challenges (7, 8).
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The ability to produce Carbapenemase enzymes such as
oxacillinases (Ambler class D OXA-type) and metallo-g-
lactamases (MBLs) (Ambler class B) are the most frequent
resistance mechanisms in A. baumannii (9, 10). Since
resistance to carbapenems is difficult to detect by routine
disc diffusion method (11), various inhibitin-based tests such
as the double-disk synergy test, combined disk test and the
modified Hodge test (MHT) have been recommended by
CLSI as general phenotypic methods for detection of
carbapenemases (12, 13). Also, polymerase chain reaction
(PCR) is used as a reliable method for the identification of
the most prevalent genes in carbapenemase positive clinical
isolates (14). This study aimed to detect the frequency of
carbapenemase and MBL producing MDR A. baumannii by
phenotypic methods and the detection of the blavim and
blaive genes by (PCR) in patients of hospitals affiliated with
Babol University of Medical Sciences.

Methods

Fifty non-duplicate carbapenem resistant Acinetobacter
isolates were collected from several units of Babol
University of Medical Sciences affiliated hospitals, Babol,
Iran, from January 2015 to June 2016. The most common
sources of strains were isolated from respiratory samples
(endotracheal aspirates, sputum), ulcers, urinary specimens
and blood. Samples were cultured on bacteriological blood
agar and eosin methylene blue (EMB) media (Merck,
Germany) and incubated in aerobic condition at 37°C for 24
hours. The colonies were identified up to the species by
specific biochemical tests using APl 20E strips (bioMérieux,
Marcy I’Etoile, France) according to the manufacturer's
instructions. Strains were stored at -80°C for molecular
analysis.
Antimicrobial Susceptibility Testing and determination
of MIC: The sensitivity of different classes of antimicrobial
agents was determined using disk diffusion method
according to CLSI guidelines (2015). The following
antibiotics were used; cefazidime (CAZ :30 pg), colsitin
(Col:110 pg), cefepime (FEP: 30 pg), imipenem (Imp :30
pg), meropenem (MER: 30 pg), ciprofloxacin (CIP: 5 pg),
ceftriaxone (CRO:30 pg), piperacillin-tazobactam (PTZ:
100/10  pg),  trimethoprim-sulfamethoxazole  (SXT
:1.25/23.75 pg) ,Gentamycin (GM: 10 pg), ampicillin/
sulbactam (SAM: 10/10 pg) and ertapenem (ETP: 10 ug)
(MAST, UK). Escherichia coli ATCC25922 and

Pseudomonas aeruginosa ATCC 27853 strains were used as
negative control strains. MBL-producing P. aeruginosa and
carbapenemase-producing A. baumannii were used as
positive control strains. In addition, Minimum Inhibitory
Concentrations (MICs) were determined by E-test MIC
strips (BD, France, and Liofilchem R) .The concentration
ranges for the E-test was 0.002-32 pg/ ml for the
carbapenems (BD,France, and Liofilchem R).

Screening for the Carbapenemase Production: All
isolates with reduced susceptibility to meropenem and
imipenem (diameter of zones of inhibition <13mm) by disc
diffusion method were tested for the presence of
carbapenemase by Modified Hodge test (MHT) using a
meropenem disc (10 pg) as per CLSI guidelines. The quality
strain used is E. coli ATCC 25922. Also, the double disk
synergy test (DDST) for the ability of the detection of MBL
possessing isolates (15), and compared to PCR for the
detection of MBL gene blajwp and blayw.

DNA extraction and amplification of carbapenemas
genes: DNA was extracted using a kit supplied by Roche,
(Roche Diagnostics,Germany). PCR amplification for the
detection of blayim and blave genes were carried out on a
thermal cycler (Eppendorf, Hamburg, Germany). The
sequences of used primers for the amplification of the blavim
gene were F:5-AGTGGTGAGTATCCGACAG-3' and R:5'-
TGAAAGTGCGTGGAGAC-3' which produce a 261bp
PCR product. The sequences of primers used for amplification of
blaime gene were F:5-TCGTTTGAAGAAGTTAACGG-3'
and R:5-ATGTAAGTTTCAAGAGTGATGC-3' which are
known to give a PCR product of about 568bp. The PCR
reaction was performed in 50 pL volumes that contained 10
pL extractions of DNA (equal to 1 pg), 5 pmol/L from each
primer, 1.5 mmol/L MgCl2, 0.2 mmol/L dNTPs (Fermentas,
GmbH, Germany) and 1.5 unit of Tag DNA polymerase
enzyme. PCRs were run using the following steps: primary
denaturation at 94 °C for 5 minutes followed by 30 cycles of
denaturation at 94 °C for 25 seconds, annealing at 52 °C for
40 seconds and extending at 72 °C for 50 seconds. Moreover
one cycle for the final extension at 72 °C for six minutes was
performed. Then, 10uL of the PCR products was conducted
in 1.5% agarose gel (Cinagene Co, Iran) stained by 0.5ug of
ethidium bromide/ml (Sigma, Germany) and the results
were evaluated in the presence of 100 bp. DNA size marker
(Fermentas Co, Ukraine), visualized under UV trans
illuminator. Finally, amplification products were sequenced
by Macrogen Inc, Seoul, Korea. The collected data were
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statistically analyzed using SPSS program (software Version
17.0).

Results

From 50 carbapenem-resistant A. baumannii isolates, 30
(60%) were collected from female patients. The mean age of
patients was 65.25 years and 44 (88%) were aged 50 years
and older. The highest number of these isolates were found
in patients hospitalized in intensive care units (ICUs) 34
(68%), followed by infectious disease units 12(24%) and
surgical clinics 4 (8%). The most common sources of these
strains were isolated from respiratory samples (endotracheal
aspirates, sputum) 30 (60%), ulcers 12 (24%), urinary
specimens 6 (12%) and blood 2 (4%), respectively. It should
be noted that 46 (92%) of patients recovered and were
eventually discharged with good general condition and 4
(8%) patients passed away.All isolates had a multidrug
resistant profile, and were all resistant to all antibiotics
including the carbapenems. The carbapenem resistance
profile of all isolates was confirmed by determining the MIC
value of meropenem by the E-test method. The only class of
antibiotics to which the isolates were susceptible was colistin
sulfate (94%) and trimethoprim-sulfamethoxazole (14%).
The results of the antimicrobial susceptibility testing showed
that colistin was the most effective in vitro antimicrobials
against the majority of A. baumannii isolates. Only three
isolates were resistant to colistin. Moreover for meropenem
and imipenem, the result of the E-test was consistent with
the disk diffusion method and 100% of isolates were
resistant by the two methods. Among these isolates,
carbapenemase production was confirmed by the modified
Hodge test for 42 (84%) isolates (figure 1).
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Figure 1. Phenotypic detection of metallo-beta-
lactamases by combined disk test and double disk
synergy test.

The phenotypic method showed the production of MBLs
in 15 (30%) isolates (figure 2). Searching for MBLs genes in
all isolates by PCR technique revealed that out of 50 isolates,
13 (26%) were positive for blaym and all of them were
negative for blame (figure 3).

Figure 2. The MHT on a 100 mm MH plate strain
positive result.

Figure 3. Agarose gel electrophoresis of PCR amplified
productsof Acinetobacter baumannii blaVIM MBLs
gene: Lane 1 -3, 4: positive isolate, Lane M: DNA size
marker, Lane C+ : positive control, Lane C-: negative
control.

Discussion

In the present study, A. baumannii were isolated most
commonly from respiratory tract specimens, followed by
wounds and urine. Many studies also reported that
respiratory secretion specimens are the major source of A.
baumannii isolates, followed by wounds (6, 16). In the past
decad,e many reports have indicated that the frequency of
MDR A. baumannii has to increase from 50% in 2001-2007
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to 74% in 20102015 among the hospitalized patients in Iran
(17, 18). The prevalence rate of A. baumannii isolates from
other neighboring countries, including Turkey , Pakistan,
Emirates and Saudi Arabia are similar to the antimicrobial
profile reported in Iran (19, 20). Carbapenems are generally
used as the last choice in the treatment of MDR gram-
negative bacterial infections (21). In accordance with
previously performed studies, antibiotic susceptibility and
MIC tests in the current work showed that 94% of
A.baumannii isolates were found to be PDR, which indicate
resistance to all classes of antibiotics except colistin.
However, some studies have reported that A. baumannii
isolates are becoming resistant to colistin (22, 23). In our
study, we found high frequency resistance to imipenem and
meropenem, which correlates with previously reported
studies (24). In view of the increasing resistance to
carbapenems, this study also highlights phenotypic tests such
as the modified Hodge test for a first-line detection of
carbapenemase-producing isolates (25, 26). Results from the
MHT in the current study showed that 84% of A.baumannii
isolates were carbapenemase producers. These results are
supported by several studies which have found that the MHT
is a useful screening test for Carbapenemase production (27,
28). According to the findings of several studies, the use of
DDST is one of the more reliable methods for the detection
of Ambler class B MBL production with a high rate of
positivity (29).

Furthermore, our study has shown the lowest positivity
rate (30%) by DDST method and our result are similar to a
study conducted by Shivaprasad et al (30). The results of the
present work show that the phenotypic and genotypic results
of the detection of MBL producing isolates were similar, and
that the PCR assay of all carbapenem resistant isolates
revealed that 26% (13/50) of isolates carried the blaviv gene.
In the current study, the blajve gene was not detected among
the A. baumannii isolates. In a previous study conducted by
Fallah et al., results showed that the prevalence of the blayiu
and blaje gene in A. baumannii were 17% and 4%,
respectively(31). In a study conducted by Erfani et a,l.
results showed that the prevalence of the blavim gene in A.
baumannii is 60.4% while no blaje positive cases were
reported (32). In another study from lIran in 2018, the
prevalence of blayiv and blajve genes was found to be 62.3
and 30.4 %, respectively (33).

In conclusion this study confirmed the high prevalence of
multidrug-resistant A. baumannii isolates in the ICU, which

is emerging as a predominant pathogen in hospitals. In case
of multidrug-resistant Acinetobacter infections, colistin is
the best choice of antibiotic available for the effective
treatment of serious infections. Initial screening of the
putative carbapenemase producers will help to manage
infection-control policy and early directed therapy. Easy
detection methods are required for routine clinical labs. Our
study showed that MHT and E-test were equally efficient to
detect MBL production, followed by combined disc test. The
use of molecular methods is essential, especially in limiting
the spread of infection.

Acknowledgments

The authors thank the staff of the Department of
Infectious Diseases, Babol University of Medical Sciences,
Iran.

Funding: This work was supported by grant from Babol
University of Medical Sciences (9440910).
Conflict of Interests: There are no conflicts of interest.

References

1. Dexter C, Murray GL, Paulsen IT, Peleg AY.
Community-acquired acinetobacter baumannii: clinical
characteristics, epidemiology and pathogenesis. Expert
Rev Anti Infect Ther 2015; 13: 567-73.

2. Zheng W, Yuan S, Li L. Analysis of hospital
departmental distribution and antibiotic susceptibility of
Acinetobacter isolated from sputum samples. Am J
Infect Control 2013; 41: €73-6.

3. Durante-Mangoni E, Zarrilli R. Global spread of drug-
resistant Acinetobacter baumannii: molecular
epidemiology and management of antimicrobial
resistance. Future Microbiol 2011; 6: 407-22.

4. Magiorakos AP, Srinivasan A, Carey R, et al. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim
standard definitions for acquired resistance. Clin
Microbiol Infect 2012; 18: 268-81.

5. Peleg AY, Seifert H, Paterson DL. Acinetobacter
baumannii: emergence of a successful pathogen. Clin
Microbiol Rev 2008; 21: 538-82.



Caspian J Intern Med 2020; 11(2):171-176

Evaluation of serum testosterone level

6. Uwingabiye J, Frikh M, Lemnouer A, et al.
Acinetobacter infections prevalence and frequency of the
antibiotics resistance: comparative study of intensive care
units versus other hospital units. Pan Afr Med J 2016; 23:
191.

7. Vasconcelos ATR, Barth AL, Zavascki AP, et al. The
changing epidemiology of Acinetobacter spp. producing
OXA carbapenemases causing bloodstream infections in
Brazil: a BrasNet report. Diagn Microbiol Infect Dis
2015; 83: 382-5.

8. Higgins PG, Dammhayn C, Hackel M, Seifert H. Global
spread of carbapenem-resistant Acinetobacter baumannii.
J Antimicrob Chemother 2009; 65: 233-8.

9. Shoja S, Moosavian M, Rostami S, et al. Characterization
of oxacillinase and metallo-pB-lactamas genes and
molecular typing of clinical isolates of Acinetobacter
baumannii in Ahvaz, South-West of Iran. Jundishapur J
Microbiol 2016; 9: e323880.

10. Azimi L, Lari AR, Talebi M, Namvar AE, Jabbari M.
Comparison between phenotypic and PCR for detection
of OXA-23 type and metallo-beta-lactamases producer
Acinetobacter spp. GMS Hyg Infect Control 2013; 8:
doi: 10.3205/dgkh000216.

11. Kumar S, Mehra S. Performance of modified hodge test
and combined disc test for detection of carbapenemases
in clinical isolates of Enterobacteriaceae. Int J Curr
Microbiol App Sci 2015; 4: 255-61.

12.Wayne P. Methods for dilution antimicrobial
susceptibility tests for bacteria that grow aerobically.
approved standard. 10th ed. Clin Laboratory Standards
Institute, CLSI document M07-A10; 2015. Available at:
https://clsi.org/media/1632/m07a10_sample.pdf

13. Girlich D, Poirel L, Nordmann P. Value of the modified
Hodge test for detection of emerging carbapenemases in
Enterobacteriaceae. J Clin Microbiol 2012; 50: 477-9.

14.Roca |, Espinal P, Vila-Farrés X, Vila J. The
Acinetobacter baumannii oxymoron: commensal hospital
dweller turned pan-drug-resistant menace. Front
Microbiol 2012; 3: 148.

15.Chacko B, Varaiya A, Dedhia B. Imipenem resistant
metallo [beta] lactamse producing Pseudomonas
aeruginosa. Indian J Med Microbiol 2008; 26: 398.

16.Dash M, Padhi S, Pattnaik S, Mohanty I, Misra P.
Frequency, risk factors, and antibiogram of
Acinetobacter species isolated from various clinical

samples in a tertiary care hospital in Odisha, India.
Avicenna J Med 2013; 3: 97-102.

17.Pourhajibagher M, Hashemi FB, Pourakbari B,
Aziemzadeh M, Bahador A. Antimicrobial resistance of
Acinetobacter baumannii to imipenem in Iran: a
systematic review and meta-analysis. Open Microbiol J
2016; 10: 32.

18. Safari M, Saidijam M, Bahador A, Jafari R, Alikhani
MY. High prevalence of multidrug resistance and
metallo-beta-lactamase (MPBL) producing Acinetobacter
baumannii isolated from patients in ICU wards,
Hamadan, Iran. J Res Health Sci 2013; 13: 162-7.

19.Guven T, Yilmaz G, Glner HR, et al. Increasing
resistance of nosocomial Acinetobacter baumannii: are
we going to be defeated? Turk J Med Sci 2014; 44: 73-8.

20.Begum S, Hasan F, Hussain S, Shah AA. Prevalence of
multi drug resistant Acinetobacter baumannii in the
clinical samples from Tertiary Care Hospital in
Islamabad, Pakistan. Pakistan J Med Sci 2013; 29: 1253-
8.

21.Thapa P, Bhandari D, Shrestha D, et al. A hospital based
surveillance of metallo-beta-lactamase producing gram
negative bacteria in Nepal by imipenem-EDTA disk
method. BMC Res Notes 2017; 10: 322.

22.Moghadam M, Motamedifar M, Sarvari J, et al.
Emergence of multidrug resistance and
metallo-beta-lactamase producing acinetobacter
baumannii isolated from patients in Shiraz, Iran. Ann
Med Health Sci Res 2016; 6: 162-7.

23.Japoni-Nejad A, Sofian M, van Belkum A, Ghaznavi-
Rad E. Nosocomial outbreak of extensively and pan
drug-resistant  Acinetobacter baumannii in tertiary
hospital in central part of Iran. Jundishapur J Microbiol
2013; 6:29892.

24.Perwee NN, Sehgal S, PraKaSh SK. Geographical
patterns in antimicrobial resistance of Acinetobacter in
clinical isolates. J Clin Diag Res 2014; 8: DC10-2.

25.5un K, Xu X, Yan J, Zhang L. Evaluation of six
phenotypic methods for the detection of carbapenemases
in gram-negative bacteria with characterized resistance
mechanisms. Ann Lab Med 2017; 37: 305-12.

26.Goyal A, Mani NK, Chahar R, Soni A, Goyal S.
Comparison of various phenotypic methods in detection
of carbapenemases and metallo-beta-lactamases in
carbapenem resistant clinical isolates of acinetobacter



Caspian J Intern Med 2020; 11(2):171-176

Moulana Z, et al.

species at a tertiary care centre in North India. Int J Curr
Microbiol App Sci 2018; 7: 3023-30.

27.AL-Harmoosh A, Jarallah EM. First detection of the
blaoxa-23 genes in a clinical isolates of acinetobacter
baumannii in Hillah hospitals-IRAQ. J Pharm Biol Sci
(IOSR-JPBS) 2015; 10: 77-83.

28.Aziz RAR, Al-Jubori SS. Molecular analysis of genetic
elements responsible for xdr in highly successful
pathogen acinetobacter baumannii isolated from clinical
samples of Iragi patients. J Global Pharm Technol 2017;
9: 26-39.

29.John S, Balagurunathan R. Metallo beta lactamase
producing Pseudomonas aeruginosa and Acinetobacter
baumannii. Indian J Med Microbiol 2011; 29: 302-4.

30.Shivaprasad A, Antony B, Shenoy P. Comparative
evaluation of four phenotypic tests for detection of
metallo-B-lactamase and carbapenemase production in

31.

32.

33.

Acinetobacter baumannii. J Clin Diagn Res 2014; 8:
DCO05-8.

Fallah F, Noori M, Hashemi A, et al. Prevalence of
blaNDM, blaPER, blaVEB, blaIMP, and blaVIM genes
among Acinetobacter baumannii isolated from two
hospitals of Tehran, Iran. Scientifica 2014; 2014:
245162,

Erfani Y, Yaghuobi S, Fallah F, Rahbar M, Rasti A,
Ghanati K. Detection of bla NDM-, bla VIM, and bla
IMP genes in multidrug-resistant  Acinetobacter
baumannii and Pseudomonas aeruginosa from clinical
isolates in Tehran hospitals. Int J Adv Biotechnol Res
2017; 8: 500-6.

Pournajaf A, Rajabnia R, Razavi S, et al. Molecular
characterization of carbapenem-resistant Acinetobacter
baumannii isolated from pediatric burns patients in an
Iranian hospital. Trop J Pharm Research. 2018; 17: 135-
41.



