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The influence of Imipenem resistant  
metallo‑beta‑lactamase positive and negative 
Pseudomonas aeruginosa nosocomial infections 
on mortality and morbidity

Abstract
Background: Metallo-beta-lactamase (MBL) mediated resistance to carbapenems is an emerging threat in Pseudomonas 
aeruginosa (PA) nosocomial infections. Limited data on role of Imipenem resistant MBL positive PA (IR-MBLP-PA) 
and IR-MBL negative-PA (IR-MBLN-PA) infections on mortality and morbidity initiated the present study. Objectives: 
The aim of this study is to determine the role of IR-MBLP-PA and IR-MBLN-PA infections on mortality and morbidity. 
Materials and Methods: Prospective observational study of 1 year with 110 PA nosocomial infections was conducted with 
Imipenem + ethylene-diamine-tetra-acetic acid combined disc test for MBL detection. Role of IR-MBLP-PA and IR-MBLN-
PA infections on the outcome and morbidity were assessed in terms of crude mortality rate, Charlson’s comorbidity score 
and mean duration of stay in intensive care unit (ICU) until cure and until death, number of episodes of complications and 
underlying disease. Results were analyzed by z test for proportions and Student t-test. Results: Relatively high crude 
mortality was observed among IR-MBLP-PA infections than IR-MBLN-PA (42.86% [6/14] vs. 20% [2/10], Z = 0.69, P = 0.49 
NS). Ventilator-associated pneumonia was the underlying disease and a confounding factor in all deaths due to IR-MBLP-PA 
infections. IR-MBLP-PA infections resulted in rapid downhill course to death with short mean duration of stay in ICU until 
death than IR-MBLN-PA infections (3.167 ± 0.98 days vs. 16 ± 2.82, P < 0.001 highly significant [HS]) with more number of 
complications (5.85 ± 1.65 vs. 3.7 ± 1.31, P < 0.001 HS). With the exception of previous Imipenem therapy, association of 
higher Charlson’s comorbidity score, severe underlying diseases, multidrug and pandrug resistance and pre-disposing risk 
factors with IR‑MBLP‑PA infections was not statistically significant. Conclusions: Higher mortality in IR-MBLP-PA than in 
IR‑MBLN‑PA was not significant indicating IR as an important predictor of mortality than MBL production. Higher morbidity 
and increased virulence was observed with certainty in IR-MBLP-PA infections.

Key words: Imipenem resistant metallo-beta-lactamase negative Pseudomonas aeruginosa, imipenem resistant 
metallo-beta-lactamase positive Pseudomonas aeruginosa, imipenem sensitive Pseudomonas aeruginosa, pre-disposing 
risk factors

Kolhal Veerappa 
Yogeesha Babu, 

Divakara Siddanakatte 
Visweswaraiah1, 

Arun Kumar2

Departments of Microbiology, and 2Anesthesiology and Critical Care Medicine, SS Institute of Medical 
Sciences and Research Centre, Jnanashankara, Davangere, Karnataka, 1Department of Microbiology, 
KMCT Medical College, Manassery, Mukkam, Kozhikode, Kerala, India

Address for correspondence:  
Dr. K. V. Yogeesha Babu, Department of Microbiology, SS Institute of Medical Sciences and 
Research Centre, Jnanashankara, NH‑4 Bypass Road, Davangere ‑ 577 005, Karnataka, India. 
E‑mail: dr.yogeshb77@yahoo.com

INTRODUCTION

Pseudomonas aeruginosa (PA) is an important nosocomial 
pathogen mainly in intensive care units (ICUs) being 
responsible for different types of  nosocomial infections 
with increasingly limited therapeutic options due to multi 
drug resistance (MDR) and pan-drug resistance (PDR) 
resulting in higher mortality and morbidity.[1] Imipenem, 
a carbapenem antibiotic, is a last resort for multi and 
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PDR PA infections because of  its broad-spectrum 
antimicrobial activity and stability against most common 
beta lactamases.[2] However, resistance to carbapenems 
is increasingly being reported due to decreased outer 
membrane permeability, increased efflux systems, alteration 
of  penicillin binding proteins and recently, carbapenem 
hydrolyzing enzymes-carbapenemases.[3]

Acquired metallo-betalactamases (MBLs: IMP and VIM-
Verona-integron-encoded Metallo-beta-lactamases), a class 
B carbapenemases have recently emerged globally as an 
important mechanism of  imipenem resistance (IR) since the 
first report from Japan in 1991. This is the most worrisome 
resistance mechanism especially among PA due to its ability 
to hydrolyze with the exception of  Aztreonam all betalactam 
antibiotics, including carbapenems and failure of  serine beta 
lactamase inhibitors like Clavalunic acid to inhibit MBLs.[2] 
Several non-molecular screening tests are done on IR PA 
isolates for detection of  MBL production viz., Imipenem + 
ethylene-diamine-tetra-acetic acid (EDTA) combined disc 
test, imipenem-EDTA double disc synergy test, EDTA disc 
potentiation test and MBL-E test. IR PA isolates are selected 
for MBL detection since only small number of  Imipenem 
sensitive (IS) isolates produce MBLs.[4]

A higher mortality and increased virulence of  MBL 
positive PA (MBLP-PA) isolates in nosocomial infections is 
reported from very few studies conducted so far, with the 
majority of  the studies across the world highlighting only 
the incidence and prevalence of  MBLP-PA infections.[5-9] 
Systematic studies on morbidity due to IR-MBLP-PA 
and IR-MBL negative-PA (IR-MBLN-PA) nosocomial 
infections are scarce in the literature.[5-9]

Increasing IR PA infections at our hospital and limited 
information on incidence and influence of  IR-MBLP-PA 
and IR-MBLN-PA nosocomial infections on mortality 
and morbidity in patients with multiple pre-disposing risk 
factors necessitated the present study.

MATERIALS AND METHODS

A prospective observational study of  consecutive patients 
with PA nosocomial infections was performed at a tertiary 
care hospital for a period of  1 year with prior approval 
from Institutional Ethical Committee to determine the 
influence of  IR-MBLP-PA and IR-MBLN-PA on mortality 
and morbidity. Polymicrobial infections and infections not 
fulfilling Centre for Disease Control criteria for nosocomial 
infections were excluded.[10]

Different specimens from patients were collected and 
processed according to standard laboratory procedures.[11] 

Data regarding prognostic factors and pre-disposing risk 
factors were collected from medical records, computer 
database and in most of  the cases in consultation with 
treating doctors. Susceptibility to Amikacin, Ciprofloxacin, 
Netilmycin, Gentamicin, Tobramycin, Piperacillin, 
Piperacillin-Tazobactam, Cefotaxime, Ceftazidime, 
Cefoperazone, Cefoperazone-Sulbactam and Imipenem 
was determined by Kirby-Bauer’s disc diffusion method 
according to Clinical and Laboratory Standards Institute 
guidelines.[12] Aztreonam, Polymyxin-B and Colistin were 
tested only against IR-MBLP-PA isolates.

PA isolates resistant to imipenem were subjected to 
the screening test for MBL production by Imipenem + 
EDTA combined disc test as described previously by Yong 
et al.[13] Isolates with enhancement of  zone size of  more 
than or equal to 7 mm between Imipenem + EDTA disc 
compared with Imipenem disc alone were considered as 
IR-MBLP-PA others were considered as IR-MBLN-PA. 
MBLN ATCC (27853) standard strain of  PA was used as 
a negative control.

Severity of  patient’s condition was assessed by Charlson’s 
comorbidity score, mean duration of  stay in ICU until 
cure and until death, number of  episodes of  complications 
related to infections, pre-disposing risk factors and length 
of  hospital stay prior to isolation of  IR-MBLP-PA isolate. 
Statistical analysis was carried out by z test for proportions 
and Student t-test by using the Statistical Package for the 
Social Sciences (SPSS Inc., 233 South Wacker Drive, 11th 
Floor, Chicago, IL, USA) Windows version 13.0.

RESULTS

Of  the 523 patients presenting with PA, 110 isolates from 
nosocomial infections were included in the present study 
after excluding 283, 60 and 70 isolates from community 
acquired infections, contaminants or colonizers and 
polymicrobial infections respectively.

Incidence of  IR PA, IR-MBLP-PA isolates and IR-MBLN-
PA isolates was 21.82% (24/110), 12.73% (14/110) and 
8.91% (10/110). Out of  24 IR isolates, 58.33% (14/24) 
were IR-MBLP-PA and 41.67% (10/24) were IR-MBLN-
PA [Table 1].

In the present study, 42.86% (6/14) of  patients with IR-
MBLP-PA infections suffering from ventilator associated 
pneumonia (VAP), rapidly progressed to death with a 
mean duration of  stay until death of  3.167 ± 0.98 days. 
However, 57.14% (8/14) of  patients with other infections 
improved with a mean duration of  stay in ICU of  21 ± 4.95 
days. Patients with IR-MBLP-PA infections suffered more 
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PA infections respectively. Pre-disposing risk factors were 
more commonly associated with IR-MBLP-PA than IR-
MBLN-PA infections (statistically not significant) [Table 3].

Aztreonam and Polymyxin B were the drugs with least 
resistance, 14.29% and 0% respectively [Table 4].

A total of  six distinct antibiotic resistance strains were 
observed in IR-MBLP-PA isolates. Strain 1 was the most 
common (resistant to all drugs except Polymyxin B, 
Colistin and Aztreonam) causing 42.86% (6/14) infections 
[Table 5].

Characteristics of  the fourteen patients with IR-MBLP-
PA infections is presented with the response to antibiotic 
treatment, length of  hospital stay prior to isolation of  
IR-MBLP-PA isolation, Charlson’s comorbidity score in 
Appendix 1.

DISCUSSION

The present study, first of  its kind to the best of  our 
knowledge, was conducted to determine the influence of  
IR-MBLP-PA and IR-MBLN-PA nosocomial infections 
on mortality and morbidity in patients with multiple pre-
disposing risk factors and serious underlying diseases often 
with multidrug and PDR strains.

number of  episodes of  complications related to infection. 
Neither IR-MBLP-PA nor IR-MBLN-PA isolates were 
observed in neonatal ICU (NICU) [Table 2].

Relatively high crude mortality was observed among 
IR-MBLP-PA infections than IR-MBLN-PA (42.86% 
[6/14] vs. 20% [2/10], Z = 0.69, P = 0.49 NS). However, 
overall in-hospital mortality of  patients with PA infections 
was 13.64% (15/110): 42.86% (6/14) for IR-MBLP-PA 
infections and 8.14% (7/86) for IS-PA infections (P < 0.03, 
Z = 2.07 S).

Nearly, 80% (8/10) patients with IR-MBLN-PA isolates 
recovered faster with a mean duration of  stay in ICU 
of  6.125 ± 2.1 days compared with 21 ± 4.95 days in 
IR-MBLP-PA isolates (P < 0.001 highly significant [HS]). 
Patients with IR-MBLN-PA infections had less number 
of  complications related to infection compared with IR-
MBLP-PA infections (3.7 ± 1.31 vs. 5.85 ± 1.65 P < 0.001 
HS). Nearly, 80% (8/10) of  IR-MBLN-PA infections 
presented with good prognosis with improvement versus 
57.14% (8/14) of  IR-MBLP-PA infections (P > 0.05 NS).

Antimicrobial therapy with Imipenem during previous 
3 weeks prior to the isolation of  IR PA (78.57% vs. 
30%, P < 0.047 S) and higher Charlson’s co-morbidity 
scores (4 ± 1.4 vs.3 ± 0.8, t = 2.4, P = 0.02 S) were more 
frequently associated with IR-MBLP-PA than IR-MBLN-

Table 1: Hospital area wise distribution of IR‑MBLP‑PA isolates
Hospital area Total no. of 

PA isolates
Mortality in 

IS-PA (n = 86)
IR-PA 

isolates
No. of 

IR-MBLP-PA 
isolates

Mortality in 
IR-MBLP-PA 

isolates

No. of 
IR-MBLN-PA 

isolates

Mortality in 
IR-MBLN-PA 

isolates
MICU 22 2 9 6 4 3 1
ICCU 16 1 5 4 2 1 Nil
Post-operative ward 12 0 3 2 Nil 1 Nil
Burns ward 20 2 4 1 Nil 3 1
Neonatal ICU 16 2 Nil Nil Nil Nil Nil
General ward 24 Nil 3 1 Nil 2 Nil
Total 110 7 24 14 6 10 2

IS: Imipenem sensitive, IR-MBLP-PA: Imipenem resistant MBL positive Pseudomonas aeruginosa, IR-MBLN-PA: Imipenem resistant MBL negative Pseudomonas aeruginosa, 
No: Number, MICU: Medical intensive care unit, ICCU: Intensive cardiac care unit, ICU: Intensive care unit, MBL: Metallo-beta-lactamase

Table 2: Distribution of prognostic factors in IR‑MBLP‑PA and IR‑MBLN‑PA patients
Prognostic factors IR-MBLP-PA (n = 14) (%) IR-MBLN-PA (n = 10) (%) P value
Mortality 6 (42.85) 2 (20) 0.46
Mean duration of stay till death 3.167±0.98 16±2.82 P<0.001 HS

t=10.74
Mean duration of stay till improvement 21±4.95 6.125±2.1 P<0.001 HS

t=7.87
Charlson’s comorbidity score 4±1.4 3±0.8 P=0.02 S

t=2.4
No. of episodes of complications related to infection 5.85±1.65 3.7±1.31 P<0.001 HS

t=4.6
Previous antibiotic treatment with imipenem 11 (78.57) 3 (30) P<0.047 S

P value significant at ≤0.05, IR-MBLP-PA: Imipenem resistant MBL positive Pseudomonas aeruginosa, IR-MBLN-PA: Imipenem resistant MBL negative Pseudomonas aeruginosa, 
MBL: Metallo-beta-lactamase, No: Number, HS: Highly significant
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The study revealed no significant difference in the 
mortality between IR-MBLP-PA and IR-MBLN-PA 
infections even after the objective assessment of  
confounding predisposing risk factors by appropriate 
statistical tests. Neither increased mortality rate nor 

decreased survival rate in IR-MBLP-PA infections were 
significant compared with IR-MBLN-PA infections. 
However, the study revealed with certainty, higher 
mortality in IR PA than in IS-PA infections, indicating 
IR as the most important factor affecting mortality and 
morbidity than MBL production.

Higher virulence of  IR-MBLP-PA isolates observed in 
terms of  rapid downhill course to death with a short mean 
duration of  stay in ICU until death and higher frequency 
of  complications related to infections was significantly 
associated with IR-MBLP-PA than IR-MBLN-PA infections. 
Significantly higher crude mortality in MBL-PA patients 
than non-MBL patients (5.8% [4/69] vs. 1.2% [3/247], 
odds ratio [OR] 5.0, 95% confidence interval [CI]; 1.09-22.9; 
P = 0.02) was reported by Hirakata et al. and Laupland et al. 
(25% [23/93] vs. 13% [10/80], RR 1.98 [95% CI; 1.0-3.90]; 
P = 0.05).[6,7] Higher mortality rates and higher frequency of  
infections in such group were reported to be due to higher 
virulence of  MBL producing PA infections.[5-7] Zavascki et 
al. reported MBL production in PA as an independent risk 
factor for mortality by Cox model with multivariate analysis 
for confounding factors.[5] However, all the above studies 
used genotypic methods for detection of  MBL production, 
the phenotypic expression of  which is doubtful in a clinical 
situation and the possibility of  multi and PDR contributing 
to mortality could not be ruled out.[14] Higher virulence of  
IR-MBLP-PA resulting in higher mortality in the present 
study and other studies need to be confirmed by further 
large scale, multicentric, prospective studies by nullifying 
confounding factors by suitable statistical tests along with 
phenotypic and genotypic studies to characterize virulence 
factors of  IR-MBLP-PA. Studies on virulence factors 
are absolutely necessary to declare IR-MBLP-PA as more 
virulent than IR-MBLN-PA.

Imipenem + EDTA combined disc test, a non-molecular 
sensitive screening test, clearly discriminating positive and 
negative results for MBL detection was used in the present 

Table 3: Distribution of predisposing risk factors in IR‑MBLP‑PA and IR‑MBLN‑PA infections
Risk factor IR-MBLP-PA (n = 14) (%) IR-MBLN-PA (n = 10) (%) P value
Diabetes mellitus 8 (57.14) 3 (30) 0.37 NS
Long-term IV cannulation 14 (100) 9 (90) 0.8 NS
Malignancy 2 (14.28) 0 0.7 NS
Admission to ICU of more than 1 week 10 (71.43) 6 (60) 0.9 NS
COPD 7 (50) 3 (30) 0.5 NS
Smoking 10 (71.43) 8 (80) 0.9 NS
Septicemia with multiorgan failure 6 (42.86) 2 (20) 0.4 NS
Previous antibiotic treatment (in preceding 3 weeks) 8 (57.14) 6 (60) 0.7 NS
Treatment with corticosteroids 8 (57.14) 6 (60) 0.7 NS
Anemia with hypoproteinemia 6 (42.86) 4 (40) 0.7 NS
Urinary catheterization 13 (92.86) 9 (90) 0.6 NS
Congestive cardiac failure 3 (21.43) 1 (10) 0.8 NS

*P value significant at ≤0.05, NS: Not significant, IR-MBLP-PA: Imipenem resistant MBL positive Pseudomonas aeruginosa, IR-MBLN-PA: Imipenem resistant MBL negative 
Pseudomonas aeruginosa, COPD: Chronic obstructive pulmonary disease, ICU: Intensive care unit, MBL: Metallo-beta-lactamase, IV: Intravenous

Table 4: Resistance rates of IR‑MBLP‑PA and 
IR‑MBLN‑PA isolates to different antibiotics
Antibiotic IR-MBLP-PA 

(n = 14) (%)
IR-MBLN-PA 
(n = 10) (%)

Gentamicin 14 (100) 10 (100)
Ciprofloxacin 10 (71.42) 6 (60)
Piperacillin 10 (71.42) 6 (60)
Piperacillin-tazobactam 7 (50) 5 (50)
Cefotaxime 14 (100) 8 (80)
Ceftazidime 10 (71.42) 5 (50)
Cefoperazone 13 (92.86) 6 (60)
Cefoperzone + Sulbactam 10 (71.42) 5 (50)
Tobramycin 12 (85.71) 5 (50)
Amikacin 10 (71.42) 5 (50)
Colistin 4 (28.57) NT
Aztreonam 2 (14.29) NT
Polymyxin-B 0 NT

NT: Not tested, IR-MBLP-PA: Imipenem resistant MBL positive Pseudomonas 
aeruginosa, IR-MBLN-PA: Imipenem resistant MBL negative Pseudomonas 
aeruginosa, MBL: Metallo-beta-lactamase

Table 5: Antibiogram types of 14 IR‑MBLP‑PA 
isolates
Strain Antibiogram type Number (n) Percentage 
1 R-All 6 42.86
2 R-G, PIP, Ce, Cs, Cs+Sul, To

S-C, PIP+Tz, Cz, Ak
2 14.28

3 R-C, G, Ce, Cz, Cs, To
S-PIP, PIP+Tz, Cs+Sul, Ak

2 14.28

4 R-G, C, Ce, Cs, Cs+Sul, To, Ak
S-PIP, PIP+Tz, Cz

2 14.28

5 R-G, PIP,PIP+Tz, Ce, Cz, Ak
S-C, Cs, Cs+Sul, To

1 7.14

6 R-G, PIP, Ce, Cz, Cs, Ak
S-C, PIP+Tz, Cs+Sul, To

1 7.14

R: Resistant, S: Sensitive, G: Gentamycin, PIP: Piperacillin, PIP + Tz: Piperacillin + 
Tazobactam, Ce: Cefotaxime, Cs: Cefoperazone, Cs + Sul: Cefoperazone + Sulbactam, 
To: Tobramycin, Cz: Ceftazidime, Ak: Amikacin, Ce: Cefotaxim, IR-MBLP-PA: Imipenem 
resistant Metallo-beta-lactamase positive Pseudomonas aeruginosa
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study with its limitation of  missing small number of  IS-PA 
with MBL production. Though polymerase chain reaction 
is highly sensitive and specific test, is limited by high-cost 
and non-availability at all hospitals.[8]

What emerges clearly with certainty is higher crude mortality 
in IR PA infections compared with IS-PA infections 
(33.3% [8/24] vs. 8.14% [7/86] P < 0.01 S]). Irrespective 
of  MBL production, IR PA with multi and PDR isolates 
and multiple pre-disposing risk factors resulted in higher 
mortality highlighting IR, irrespective of  mechanism of  
resistance as an important cause of  mortality.

Most of  the studies across the world highlight the impact of  
IR-MBLP-PA infections only on mortality, which in reality is 
the tip of  the iceberg.[5-7] The present study reports a higher 
morbidity with certainty, in terms of  prolonged ICU stay 
(21 ± 4.95 days vs. 6.125 ± 2.1, t = 7.87, P < 0.001 S) in 
survivors, higher Charlson’s comorbidity scores and higher 
incidence of  the number of  complications related to IR-
MBLP-PA infections significantly adding to the cost of  
treatment and prolonged stay in the hospital. Similar studies 
are not available for comparison after review of  the literature.

The most important confounding factor in determining 
the impact of  IR-MBLP-PA and IR-MBLN-PA infections 

on mortality and morbidity was VAP, which by itself, 
irrespective of  the causative agent, carries a high mortality 
and morbidity. All deaths due to IR-MBLP-PA infections 
(6/14) and one of  the two deaths (2/10) among 
IR-MBLN-PA infections were due to VAP. This highlights 
the importance of  serious disease like VAP as the most 
important predictor of  mortality than MBL production.

In the present study, although with a higher virulence, 57.14% 
of  IR-MBLP-PA infections did not result in mortality and on 
the contrary a patient with 50% burns with IR-MBLN-PA 
rapidly progressed to death. Survival of  two patients with 
IR-MBLP-PA nosocomial tracheobronchitis, two from 
post-operative wound infections and one each from burns 
and urinary tract infection (UTI) signifies the role of  less 
severe underlying disease as an important predictor of  good 
prognosis. However, findings of  the present study underscore 
the role of  severity of  underlying diseases like VAP and burns 
wound infections contributing significantly to mortality and 
morbidity than less severe infections like UTI and ventilator 
associated tracheobronchitis with a good prognosis.

Higher mortality and morbidity in IR-MBLP-PA infections 
in the present study were directly associated with 
more frequent isolation of  PDR isolates (strain 1) among 

Appendix 1: Clinical characteristics of fourteen patients with IR‑MBLP‑PA infections
Age 
(years) /
sex

Diagnosis Site of infection Hospital 
stay prior to 
IR-MBLP-PA 

isolate

Charlson’s 
score

Duration of stay in 
ICU

Response 
to antibiotic 

therapy

Outcome of 
infection

death

Till 
death

Till 
improvement

45/M OP poisoning with 
respiratory failure

LRTI (VAP) 8 4 2 NA Inadequate Deterioration +ve

51/M COPD with 
respiratory failure

LRTI (VAP) 16 6 3 NA Inadequate Deterioration +ve

22/F OP poisoning with 
respiratory failure

LRTI (VAP) 7 3 4 NA Inadequate Deterioration +ve

49/M Renal failure with 
trachea bronchitis

LRTI 26 7 NA 31 Adequate Improvement −ve

59/F Intracerebral 
hemorrhage

LRTI (VAP) 11 2 4 NA Inadequate Deterioration +ve

29/F Tracheo bronchitis LRTI 41 3 NA 17 Adequate Improvement −ve
52/M MI with cardiac arrest LRTI (VAP) 36 4 2 NA Inadequate Deterioration +ve
47/F MI+LVF+respiratory 

failure
LRTI (VAP) 22 5 4 NA Inadequate Deterioration +ve

51/M CCF with respiratory 
failure

Tracheo bronchits 17 4 NA 24 Adequate Improvement −ve

40/M MI+cardiac arrest Tracheo bronchitis 9 3 NA 24 Adequate Improvement −ve
51/F Abdominal 

hysterectomy
Post-operative 
wound infection

18 5 NA 14 Adequate Improvement −ve

22/M Nephrectomy Post-operative 
wound infection

29 3 NA 18 Adequate Improvement -ve

31/M Burns (40%) Wound infection 15 4 NA 19 Adequate Improvement −ve
43/F Intracerebral 

hemorrhage
Urinary tract 
infection

52 3 NA 21 Adequate Improvement −ve

22±13.5 
(mean±SD)

4±1.4 
(mean±SD)

F: Female, M: Male, NA: Not applicable, OP: Organophosphorus compound, LRTI: Lower respiratory tract infection, VAP: Ventilator associated pneumonia, UTI: Urinary tract 
infection, −ve: Negative, +ve: Positive, SD: Standard deviation
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IR-MBLP-PA compared with IR-MBLN-PA (6 vs. 2) 
and MDR isolates (14 vs. 4) complicating the selection 
of  antibiotic for treatment in all cases of  IR-MBLP-
PA infections. Paterson reported that all the MBL-PA 
isolates and 52% of  non-MBL-PA isolates were MDR 
while 11% of  MBL-PA isolates and 8% of  non-MBL-PA 
isolates were PDR.[1,5,] However, in the present study 
association of  MDR and PDR with IR-MBLP-PA than with 
IR-MBLN-PA was statistically not significant, highlighting 
IR with different mechanisms of  its resistance as the 
most important factor affecting mortality and morbidity 
and not MBL production. Clinicians were practically left 
with few options for treating patients with pan and MDR 
infections irrespective of  MBL production resulting in 
higher mortality and morbidity.

In the present study, previous antibiotic therapy with 
imipenem was significantly associated with IR-MBLP-
PA than IR-MBLN-PA isolates (78.57% vs. 30%, 
P < 0.04 S) resulting in the acquisition of  IR-MBLP-PA. 
This is probably due to the fact that antimicrobial resistance 
increases the likelihood of  an inadequate initial antibiotic 
regimen and of  increased morbidity and mortality from 
inadequate initial treatment. As result, the mere possibility 
of  infections due to antimicrobial-resistant pathogens 
necessitates broad spectrum initial empirical antimicrobial 
therapy, usually with a combination of  drugs including 
Imipenem. This increases the cost of  treatment, the 
occurrence of  adverse drug effects and ironically, the local 
prevalence of  antimicrobial resistance.[16]

Carmeli et al. reported emergence of  resistance to 
imipenem in eight patients, seven of  whom were treated 
with imipenem.[15] Clinical emergence of  resistant PA has 
been described during the imipenem therapy, ranging 
from 14% to 53% limiting future therapeutic choices and 
associated with increased mortality, morbidity and higher 
costs.[15,16]

Pre-disposing risk factors [Table 3] and higher Charlson’s 
comorbidity scores [Table 2] resulting in higher mortality, 
morbidity, emergence and/or acquisition of  IR-MBLP-PA 
isolates, were more commonly associated with IR-MBLP-
PA than IR-MBLN-PA infections, but the association was 
not statistically significant [Table 2].

MBL producing PA isolates are known for rapid clonal 
spread within and outside the hospital, into the community 
and intercontinentally, crossing geographical barriers than 
its influence on mortality and morbidity.[5,6] Distribution of  
IR-MBLP-PA infections was not uniform in ICUs of  our 
hospital. Five of  the strain 1, IR-MBLP-PA isolates were 
found in medical ICU (MICU) and intensive cardiac care 
unit (ICCU), contributing to the majority of  deaths due 

to IR-MBLP-PA infections. Most of  the cases (71.42%) 
were from MICU and ICCU, where imipenem was used 
heavily for empirical and definitive antimicrobial treatment. 
A single case of  UTI with IR-MBLP-PA (strain 1) was 
reported from general ward, but he was a patient recently 
shifted from MICU. Absence of  IR-PA and IR-MBLP-PA 
infections from NICU was a direct result of  strict infection 
control practices during last 3 years due to increasing 
mortality among infants with neonatal septicemia. Burden 
of  IR-MBLP-PA infections was found to be just short 
of  endemicity with a strong potential to spread within 
different ICUs.

Although no significant difference in mortality between 
IR-MBLP-PA and IR-MBLN-PA was observed in the 
present study, occurrence of  IR-MBLP-PA isolate in a 
localized hospital environment poses not only therapeutic 
problem, but more importantly serious concern for 
infection control because of  its ability of  rapid clonal 
spread within and outside the hospital.[14] However, 
from the present study it is quite evident that mortality 
due to IR-MBLP-PA infections is more or less same as 
that of  IR-MBLN-PA except for the potential spread of  
IR-MBLP-PA resulting in more number of  infections in 
a localized hospital area. More important than the role 
of  IR-MBLP-PA on mortality and morbidity, these can 
transfer MBL genes through plasmids to Enterobacteriaceae, 
probably within a clinical environment. Rapid emergence 
and clonal spread of  MBL positive PA in hospital has 
been reported by several studies.[3,7,14]

Mortality and morbidity in IR-MBLP-PA and IR-MBLN-
PA infections was associated with severe underlying disease, 
previous antibiotic therapy with imipenem, MDR and PDR 
isolates in patients with multiple predisposing risk factors 
and increased Charlson’s comorbidity scores. Impact of  
IR-MBLP-PA and IR-MBLN-PA infections on mortality 
and morbidity in an index patient could be assessed only 
in the background of  these factors prevailing in a patient 
at the time of  isolation.

Limitations of the present study
• Findings of  present study are an underestimation of  

burden of  IR-MBLP-PA infections since polymicrobial 
PA infections were excluded from the study.

• Detection of  IS- MBL positive PA, though usually in 
small numbers was not done.

CONCLUSION

• Difference in the attributable mortality in IR-MBLP-
PA and IR-MBLN-PA was not statistically significant 
indicating IR as the most important predictor of  



Babu, et al.: Role of IR-MBLP-PA and IR-MBLN-PA on mortality and morbidity

351 Journal of Natural Science, Biology and Medicine | July 2014 | Vol 5 | Issue 2

prognosis and not MBL production. However, 
further large scale, multicentric prospective studies 
to determine the clinical significance of  impact on 
mortality are needed.

• Higher attributable mortality in IR-MBLP-PA 
infections, is partially mediated by production of  
MBLs, severity of  underlying disease, pre-disposing 
risk factors, MDR, PDR, higher Charlson’s co-
morbidity scores and probably increased virulence.

• Higher morbidity with certainty was observed in IR-
MBLP-PA than IR-MBLN-PA infections.

• IR PA infections significantly causes were higher 
mortality than IS-PA infections.
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