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Abstract
Background: Ventilator-associated pneumonia (VAP) is the most common nosocomial infection in
intensive care units (ICU), which accounts for 25% of all ICU infections. The development of resistance to
antimicrobials is increasing and becoming a significant health problem worldwide increasing morbidity,
mortality and costs. In hospitals, this adds to length of stay as well as mortality. Identifying the antibiotic
resistance pattern in VAP is important as this can cause outbreaks in ICUs, responsible for increased
mortality and morbidity or limiting therapeutic options. To date, there have been limited studies
assessing this in Bangladesh. Consequently, the primary objective of this research project was to study
the species of bacterial growth and to determine the antibiotic resistance patterns of
Metallo-β-Lactamase (MBL) producing gram-negative bacilli among ICU patients with VAP in a public
medical school Hospital, Bangladesh. In addition, identify the factors associated with a positive culture
to provide future guidance. Method: Cross-sectional study performed in the Chattogram Medical
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College Hospital, Bangladesh. Mueller Hinton agar plates were used for antibiotic sensitivity testing by
the Kirby-Buer disc diffusion test. Results: Among the 105 clinically suspected VAP cases, qualitative
cultures were positive in 95 (90%) of them. The most common bacteria identified were Acinetobacter
spp. (43.2%), Klebsiella spp. (20%) and Pseudomonas spp. (18.9%). A positive culture was not associated
with patients’ age or gender. Among the 41 isolated Acinetobacter spp., 38 (92.7%) were resistant to
gentamicin followed by 36 (87.8%) to ceftriaxone. Among the 24 isolated Klebsiella spp., 22 (83.3%)
were resistant to ceftriaxone. Among 18 isolated Pseudomonas spp., 16 (88.8%) were resistant to
ciprofloxacin, and 13 (72.2%) were resistant to ceftriaxone. Among nine isolated E. coli, all were
resistant to ceftriaxone and ciprofloxacin. All four Proteus spp. (100%) isolated were resistant to
ciprofloxacin. Additionally, phenotype MBL producing was 65.22% and Genotype was 45.65% among
imipenem resistant pathogens. Imipenem resistant pathogens were sensitive to amoxyclav, amikacin¸
azithromycin, ceftazidime, ceftriaxone, colistin and gentamycin Conclusion: A positive culture was
detected in 90% of VAP patients, but it was not associated with the patients’ age and gender. The most
common bacteria identified as Acinetobacter spp., Klebsiella spp. and Pseudomonas spp., where the
majority of these were resistant to ceftriaxone. The results are being used to provide guidance on the
empiric management of VAP in the future in this hospital.
Keywords: HCAIs, Healthcare-Associated Infections, Antibiotic Resistance, Intensive Care Unit, Public
Medical School Hospital, Bangladesh.
1. INTRODUCTION
Healthcare-associated infections (HAIs) are infections that occur whilst patients are receiving health care
in a hospital or other health care facility that first appear 48 hours or more after hospital admission, or
within 30 days after having received health care (1). Nosocomial infections, or else known as
hospital-acquired infections, are the synonym of HAIs (1, 2). There are six different broad categories of
HAIs, namely healthcare-associated pneumonia, urinary tract infection, surgical site infections,
Clostridium difficile infections, neonatal sepsis, and primary bloodstream infections (3). Other studies
though have reported four wide-ranging types of HAIs including catheter-associated bloodstream
infections (CABSIs) or central line-associated bloodstream infections (CLABSIs), catheter-associated
urinary tract infections (CAUTIs), surgical site infections (SSIs), and ventilator-associated pneumonia
(VAP) (1, 4, 5).
HAIs are becoming an increasing global public health concern including South Asian countries as they
can increase morbidity, mortality, and costs (1, 6-11). CABSIs appear the most costly at $45,814 per case
in the US, followed by VAP at $40,144,per case and SSIs at $20,785 per case (12). Costs are enhanced in
the US with median length of stays approximately 2-fold higher in patients with HAIs compared with
those without HAIs (13). Overall, HAIs affect the health status of hospital patients in both high- as well as
lower- and middle-income countries (6, 7, 14, 15). However, HAIs appear appreciably more common in
LMICs averaging up to 8% to 19% or higher among hospital patients (7, 16-23). This situation in LMICs is
compounded by a number of countries lacking effective infection prevention and control (IPC) programs
exacerbated by the lack of antibiotic policies, poor laboratory support, limited resources, suboptimal
adherence to safe practices and typically limited compulsion to report HAIs (21, 24-26). However, we are
beginning to see a number of studies undertaken in LMICs to document ongoing initiatives to reduce
HAI rates including educational initiatives, instigating infection prevention control groups and hand
hygiene initiatives, monitoring the prescribing of antibiotic prophylaxis to prevent SSIs and initiating
programs to reduce VAP including sedation and weaning protocols as well as mechanical ventilation
protocols (27-33). Regular surveillance of HAIs is also crucial as part of agreed future strategies to
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reduce HAIs within hospitals (19, 34). Such strategies are particularly important in LMICs already
experiencing high rates of AMR such as Bangladesh (35-38).
VAP is defined as pneumonia that arises 48-72 hours or subsequently following endotracheal intubation,
categorized by the existence of a new or progressive infiltrate, signs of systemic infection, such as fever,
increased white blood cell count, changes in sputum features, and recognition of contributing
microorganisms (39-41). VAP is the most common HAI in the intensive care unit (ICU), which accounts
for 8-38% of all ICU infections. VAP often increases hospital and ICU stay with an accompanying increase
in costs, and is associated with higher morbidity and mortality (39-46), with the incidence of VAP
typically 3 to 10 times higher in ICU than among patients on general wards (47-52). In additional, VAP
related mortality has been reported to be 24-76% higher than other HAIs (53). Early detection of the
causative pathogens and antimicrobial sensitivity patterns are the key issues to promote and ensure
better treatment among patients diagnosed with VAP (54, 55). Additionally, the requirement to
precisely identify VAP is critical so that antimicrobials can be stopped at the optimal time to decrease
their unnecessary use and any associated AMR (56). The irrational use of antibiotics in ICU often
increases adverse drug reactions and healthcare costs alongside promoting AMR, with the instigation of
rapid diagnostic tests in ICUs helping to reduce the over use of especially broad spectrum antibiotics
(57-59).
Lower respiratory tract samples obtained either by invasive [Protected specimen brush (PSB) or
Broncho-alveolar lavage (BAL)] or noninvasive [Endotracheal aspiration (ETA)] techniques have been
used to identify causative pathogens related to VAP (60, 61). Gram staining, qualitative and
semi-quantitative culture of ETA necessitates petite methodological know-how but no dedicated
apparatus (62). Quantitative ETA culture is a non-invasive technique, with technicians rapidly acquiring
the necessary skills, and low-priced compared with quantitative BAL fluid cultures. In addition, studies
have recommended that ETA can be used as a substitute for BAL in quantitative cultures (60, 63). The
optimum values considered for establishing pneumonia by quantitative cultures are ≥105 to 106, ≥ 104
and 103 CFU/ml for quantitative cultures of ETAs (QEA), bronchoscopic BAL and PSB correspondingly
with 105 CFU/ml being the most broadly recognized value for QEA (53, 64, 65).
The emergence of resistance to antimicrobial agents is becoming a significant health problem
worldwide, especially in HAIs (1, 6, 21, 66-68). A study from China reported that participants largely had
a high level of understanding regarding hand hygiene, the core concept of HAIs, and healthcare worker
safety; however, a low level of knowledge about HAI’s pathogenic microorganism documentation and
isolation issues (69). This is important since for instance if patients in ICU receive appropriate therapy
according to the microbiology results their outcomes are improved (70). A study conducted in Yemen
revealed variable knowledge and practice regarding HAIs among nurses, which could be improved after
educational interventions (71). Other studies have also shown variable knowledge about HAIs among
healthcare workers (72, 73). Whilst health professionals in a Vietnamese hospital were generally
reasonably well-informed regarding theories surrounding HAIs, they were typically not well informed
and conscious about their own hospital and infection control policy and plans with practices to prevent
HAIs typically poor (74).
A first step to reducing the morbidity and mortality associated with VAP in ICUs is to document current
antibiotic resistance patterns in these patients to help develop and refine future prevention and
treatment strategies, which could include future empiric antibiotic prescribing guidance (75).
Documenting such patterns in ICU patients with VAP helps pro-actively refine prescribing practices to
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reduce future morbidity and mortality (75-79). This includes the extent of Metallo-β-Lactamase
Producing Gram-Negative Bacilli (MBL).
There are several different types of MBL producing bacilli have identified, which include Imipenemase
(IMP), Verona integron-encoded metallo-β-lactamase (VIM), Sao Paulo metallo-β-lactamase (SPM),
Germany imipenemase (GIM), New Delhi metallo-β-lactamase (NDM), Florence imipenemase (FIM) and
Seoul imipenemase (SIM)variants (80, 81) with IMP and VIM the most predominant (82). Acquired MBL
has in recent times appeared as one of the most troublesome resistance concerns because of their
capability to hydrolyze all β-lactams, including carbapenems. MBL producing pathogens strains are not
sensitive to serine β-lacatamase inhibitors such as clavulanate and sulfones and MBL genes have the
capacity to spread because of their extreme transportable potential (83). Moreover, MBL resistance
results in higher morbidity and mortality as well as increasing hospital stay and costs (84, 85). Multiple
studies have reported that 74%-96.6% of A. baumannii were MBL producing (86-88). Another Iranian
study revealed that 55% of clinically isolated P. aeruginosa were resistant to imipenem and meropenem,
among which 37.72% were the MBL producers (88). Presently, the most extensively utilized cataloguing
system for β-lactamases is the Ambler operational classification, which is constructed on sequence
resemblance, and separates β-lactamases into 4 classes: the classes A, C, and D of serine-β-lactamases
(SBLs) and the class B of MBLs (89-91). MBL detection is usually conducted utilizing ethylene diamine
tetra acetic acid (EDTA) as the MBL inhibitor. Furthermore, four phenotypic methods are commonly
utilized. Those are (i) Combined disk synergy test (CDST) with 0.5M EDTA (CDST-0.5 M EDTA), (ii) CDST
with 0.1 M EDTA (CDST-0.1 M EDTA), (iii) (3) double-disk synergy test (DDST) with 0.5M EDTA (DDST-0.5
M EDTA), and (iv) DDST with 0.1 M EDTA (DDST-0.1 M EDTA) (92). DNA extraction and multiplex PCR
amplification are commonly used for the simultaneous detection of NDM, VIM, and IMP MBL genes (93).
Generally, the aztreonam-ceftazidime-avibactam combination has the greatest effect for the treatment
of MBL producing infectious diseases versus aztreonam-amoxicillin-clavulanate and aztreonam
-ceftolozane-tazobactam (94). However, on several occasions aztreonam-amoxicillin-clavulanate has
been found to be as effective as aztreonam-ceftazidime-avibactam (94). Importantly for LMICs, the
aztreonam-amoxicillin-clavulanate combination is also currently cheaper than other combinations
(94).
Consequently, this study was designed to explore the species of bacterial growth and the antibiotic
resistance among ICU patients with VAP in a leading public medical school Hospital in Bangladesh as well
as possible factors associated with a positive culture. This study results will help provide guidance to
managing patients in this ICU with VAP as well as other ICUs in Bangladesh and wider dealing with
similar patients.
2. MATERIALS and METHODS
2.1 Study Design and Sample
This is a cross-sectional study whereby the data collection was performed only once. All patients who
were on mechanical ventilation by endotracheal tube for more than 48 hours along with two or three of
the following criteria suggesting VAP: (i) fever/hypothermia or leukocytosis / leucopenia; (ii) purulent
tracheal discharge; or a (iii) positive chest X-ray (chest X-ray shows consolidation or infiltration or pleural
effusion) were included in the study (95). Exclusion criteria included patients who had severe hypoxemia
(PaO2/FiO2<100), were immune-compromised or neutropenic (77).
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Overall, a total of 105 suspected VAP ICU patients age ranging from 16-92 years admitted to Chattogram
Medical College Hospital in Bangladesh between July-2017 to June-2018 were included in this study.
This study was part of an overall project assessing the extent of MBL producing gram-negative
organisms among VAP patients in the ICU in this hospital (75). Several antibiotics were evaluated against
isolated organisms. These included amoxiclav, amikacin, azithromycin, ceftazidime, ceftriaxone, colistin,
ciprofloxacin, gentamicin, imipenem, levofloxacin, oxacillin, pipercillin-tazobactam and vancomycin.
Bio-RadTM ASD was utilized in this study to assess sensitivity patterns. MBL producing gram-negative
bacteria was detected through a phenotype method by CDST and genotype by multiplex PSR (75).
Researchers did not perform any tests to assess AZTREONAM resistance and sensitivity patterns due to
financial limitations within the hospital.
2.2 Data Collection and Analysis
Data was collected, recorded, edited, and analyzed in a predesigned datasheet. A spreadsheet of
Microsoft Xcel was developed to keep the record of all necessary data that was utilized for data analysis.
Standard methods were used for the analysis and culture of ETA specimens collected from all suspected
patients (60). Immediately after receipt, one ml of ETA was diluted to a final concentration of 1:100 in
sterile Phosphate-buffered saline (PBS). After being manually stirred, a sample was taken with the help
of 0.01 ml calibrated loop and cultured on 5% sheep blood agar, chocolate agar, and MacConkey’s agar
plates, and subsequently incubated 24-48 hours. Anaerobic organisms were incubated in a 5% CO2 at
35°C for 48-72 hours. All isolates were identified based on their colony morphology, culture
characteristics, and biochemical reactions according to the standard microbiological procedures.
Mueller Hinton agar plates were used for antibiotic sensitivity testing by disc diffusion test. Bacterial
isolates were tested for antimicrobial sensitivity by the Kirby Bauer disc diffusion technique (60, 61).
2.3 Statistical Analysis
The results of the experiments were recorded and analyzed systematically using descriptive analysis
(frequency and percentage) for the positive culture growth and the resistance towards the antibiotics
tested. The factors associated with positive culture growth from the samples taken, namely age and
gender, were analyzed using simple and multiple logistic regression where the significance level was set
at 0.05 for 95% confidence interval (CI), using SPSS software (IBM Corp. Released 2016. IBM SPSS
Statistics for Windows, Version 24.0. IBM Corp.: Armonk, New York, NY, USA).
2.4 Ethical Approval
This study obtained ethical approval from the Institutional Review Board of Chattogram Medical College,
Chattogram, Bangladesh (Reference No.: CMC/PG/2017/322, Date: 04-05-2017).
3. RESULTS
Phenotype MBL producing was 65.22% and Genotype (Multiplex PSR) was found 45.65%. Approximately
two-thirds of the 105 suspected VAP patients were males (n=72, 68.6%). The mean age of the 105
patients was 47.8 years old (standard deviation = 21.17) with the minimum and maximum age of 16 and
92 years old, respectively. Ninety percent (n=95) of the total clinically suspected VAP patients were
found to be positive for the quantitative culture method. The distribution of positive and negative
culture according to the gender of patients is shown in Table 1. Further testing performed showed that
the identified organisms were Acinetobacter spp. (43.2%), Klebsiella spp. (20%), Pseudomonas spp.
(18.9%), E. coli (8.9%), CoN Staphylococcus (2.2%), Staphylococcus aureus (2.2%) and mixed microbial
growth (7.8%) (Table 2).
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Table 1. Distribution of positive and negative bacterial culture according to the gender of patients
(n=105).

Culture
Positive
Negative

Male patients
Frequency
Percentage
67
93.1%
5
6.9%

Female patients
Frequency
Percentage
28
84.8%
5
15.2%

TOTAL
Frequency Percentage
95
90.5%
10
9.5%

Table 2. Distribution of Bacteria Isolated by Quantitative Culture (n=95).
Bacteria
Acinetobacter spp.
Klebsiella spp.
Pseudomonas spp.
E.coli
CoN Staphylococcus
Staphylococcus aureus
Mixed growth

Number
41
18
17
8
2
2
7

Percentage (%)
43.2
20
18.9
8.9
2.2
2.2
7.8

Normally, the trachea is a sterile site like cerebrospinal fluid (CSF), blood, peritoneal fluid, and pleural
fluid. Thereafter, microbial growth is unexpected and indicates infection when this occurs.
Consequently, as soon as multiple microorganisms are identified by quantitative culture through single
Endotracheal Aspirate (ETA), which is a mixed growth of pathogens, this is considered a grave clinical
situation (60).
The mixed growths in our study were Pseudomonas and E. coli (n=1), Proteus, and Klebsiella (n=4) as
well as Klebsiella and Coagulase Negative Staphylococcus species [CoNS] (n=2). Further analysis using
simple and multiple logistic regression found that the growth of bacteria from the culture of samples
from the VAP patients was not associated with the patients’ ages or gender (Table 3).
Table 3. Factors associated with bacteria growth from the culture of samples from ventilated-associated
pneumonia (VAP) patients using simple and multiple logistic regression (n=105).
Characteristic
s of VAP
patients
Age
Gender
Male*
Female

Simple Logistic Regression

Multiple Logistic Regression

OR (95% CI of OR)

p-value

OR (95% CI of OR)

p-value

0.990 (0.961, 1.021)

0.529

0.992 (0.962, 1.022)

0.586

1.000
1.000
0.418 (0.112, 1.558)
0.194
0.412 (0.110, 1.547)
OR = Odds Ratio; CI = Confidence Interval; *reference group.

0.189

Further laboratory testing showed that among the 41 isolated Acinetobacter spp., 38 (92.7%) were
resistant to gentamicin followed by 36 (87.8%) to ceftriaxone, 34 (82.9%) to ciprofloxacin and amoxiclav,
and 33 (80.5%) to ceftazidime and piperacillin-tazobactam with only eight resistant (19.51%) to colistin
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(Table 3). On the other hand, among the 24 isolated Klebsiella spp., including six which came from the
mixed growth, 22 (91.67%) were resistant to ceftriaxone, 18 (75%) were resistant to amoxiclav, 21
(87.5%) to ciprofloxacin, 16 (66.7%) to azithromycin, and 13 (54.2%) to both gentamicin and imipenem
(Table 4) Furthermore, among 18 isolated Pseudomonas spp. including one from the mixed growth, 16
(88.8%) were resistant to ciprofloxacin, 15 (83.3%) were resistant to ceftriaxone, gentamicin and
azithromycin, and 11 (64.8%) were resistant to ceftazidime (Table 4). Among nine isolated E. coli
including one from the mixed growth, all were resistant to ceftriaxone and ciprofloxacin followed by
eight (89%) resistant to ceftazidime and seven (77.8%) to amoxiclav (Table 4). The current study also
showed that from the four Proteus spp. which all were isolated from the mixed growth, all (100%) were
resistant to ciprofloxacin and amoxiclav, three (75%) to Colistin, two (50%) to ceftriaxone, gentamicin,
and azithromycin. However, all four Proteus spp. isolates were sensitive to amikacin. The two isolated
Staphylococcus aurei identified were resistant to azithromycin, ciprofloxacin, and levofloxacin. Among
the four CoNS, including two from mixed growth, all were resistant to ciprofloxacin (Table 4). Imipenem
resistant pathogens organism were sensitive to amoxyclav, amikacin¸ azithromycin, ceftazidime,
ceftriaxone, colistin and gentamycin. The details of sensitivity pattern of imipenem resistant pathogens
was depicted in Table 5 and Figure 1.
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Table 4. Antibiotic Resistance Patterns of Isolated Bacteria using the Kirby-Buer Disc Diffusion Method (n=102*).
Acinetobacter
Klebsiella
Pseudomonas
E. Coli
Proteus
S. Aureus
CoNS***
Antibiotic Disc
n=41
n=18 + 6**
n=17 + 1**
n=8 + 1**
n=4**
n=2
n=2 + 2**
No. (%)
No. (%)
No. (%)
No. (%)
No. (%)
No. (%)
No. (%)
Amoxyclav
34 (82.9)
18 (75.0)
14 (77.7)
7 (77.8)
4 (100.0)
0
2 (50.0)
Amikacin
29 (70.7)
12 (50.0)
9 (52.9)
4 (44.4)
0
0
1 (25.0)
Azithromycin
30 (73.2)
16 (66.7)
13 (72.2)
4 (44.4)
2 (50.0)
2 (100.0)
3 (75.0)
Ceftazidime
33 (80.5)
12 (50.0)
11 (61.1)
8 (89.0)
0
0
0
Ceftriaxone
36 (87.8)
22 (83.3)
13 (72.2)
9 (100.0)
2 (50.0)
1 (50.0)
3 (75.0)
Colistin
8 (19.5)
0
0
0
3 (75.0)
Ciprofloxacin
34 (82.9)
21 (87.5)
16 (88.8)
9 (100.0)
4 (100.0)
2 (100.0)
3 (100.0)
Gentamicin
38 (92.7)
13 (54.2)
11 (61.1)
5 (55.6)
2 (50.0)
0
1 (25.0)
Imipenem
23 (56.1)
13 (54.2)
6 (33.3)
3 (33.3)
1 (25.0)
Levofloxacin
2 (100.0)
2 (50.0)
Vancomycin
0
0
Oxacillin
1 (50.0)
1 (25.0)
Piperacillin-Tazobactum
30 (73.2)
2 (11.1)
4 (23.5)
6 (67.0)
*Includes 95 single isolates and 7 mixed growth; **from diverse growth; 0=no resistance; - the antibiotics were not tested against this organism,
***CoNS = Coagulase Negative Staphylococcus species .

Table 5: Antibiotic Sensitivity Pattern Imipenem Resistant Pathogens
Antibiotic

Acinetobacter¶

Klebsiella *

Pseudomonas¥

E. Coli ±

Amoxyclav
Amikacin
Azithromycin
Ceftazidime
Ceftriaxone
Colistin
Gentamycin

8(34.78%)
7(30.48%)
4(17.39%)
6(26.08%)
5(21.73%)
15(65.21%)
2(8.69%)

6(42.83%)
5(35.71%)
3(21.42%)
2(14.28%)
2(14.28%)
14(100%)
3(21.42%)

2(28.57%)
2(28.57%)
1(14.28%)
3(42.83%)
2(28.57%)
7(100%)
2(28.57%)

1(50%)
0
0
1(50%)
1(50%)
2(100%)
0

Out of total 105 cases 46 were Imipenem resistant. ¶ Acinetobacter 23. *Klebsiella 14. ¥Pseudomonas 7. ±E. Coli 2.
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Antibiotic Sensivity Pattern Imipenum Resistant
Pathogens
1.2
1
0.8
0.6

Acinetobacter

0.4

Klebsiella
Pseudomonas

0.2

Ecoli

0

Figure 1:

Illustrating the Sensitivity Pattern of Imipenem Resistant Pathogens.

4. DISCUSSION
90% of cases in our study were found culture positive by quantitative culture from 105 suspected
VAP cases like other published studies (52, 53, 96-99). We found VAP principally caused
Acinetobacter spp. as the predominant organism followed by Klebsiella spp., Pseudomonas spp.
and E. coli, similar to earlier studies (100, 101). Among the 41 isolated Acinetobacter spp. were
resistant to gentamicin (92.68%); ceftriaxone (87.80%), ciprofloxacin and amoxyclav (82.93%,);
ceftazidime and piperacillin-tazobactam (80.49%); azithromycin (73.17%); imipenem (56.10%);
and colistin (19.51%). This is similar to another study from Turkey which found resistance A.
baumannii to the following antibiotics: ciprofloxacin (97.3%), ceftazidime (96.8%), levofloxacin
(95.2%), cefepime (93.7%), meropenem (90.3%), imipenem (89.1%), cefoperazone-sulbactam
(79%), gentamicin (77.2%), trimethoprim-sulfamethoxazole (68.9%), tigecycline (41.3%), amikacin
(35.2%), netilmicin (19.5%), and colistin (5.5%) (100). One study in Bangladesh similarly found a
high rate of ceftriaxone (99.6%), and gentamicin (99.3%) resistance (101). In another study
undertaken in Bangladesh, the authors reported that the isolates of Acinetobacter spp. were
resistant to ciprofloxacin and ceftazidime (80%) as well as piperacillin-tazobactam (80%), and
imipenem (60%) (102).
Colistin was found most effective against (80.5%) Acinetobacter spp. in our study, with one Indian
study demonstrating that colistin was 100% effective against Acinetobacter spp. (103). This may
not always be the case with other studies conducted in Bangladesh reported that colistin
resistance mcr-1 gene has been found both in hospitalized patients urban settings (104, 105).
Concerns with inappropriate use of colistin with resultant implications for antibiotic treatment of

last resort have already resulted in LMICs restricting its use, and this is likely to grow (106). The
current study also revealed that Klebsiella spp. were resistant to ceftriaxone (91.7%), ciprofloxacin
(87.5%,), amoxiclav (75.0%), azithromycin (66.7%,), both gentamicin and imipenem (54.2%), and
amikacin (50.0%). This is similar to a study undertaking in Iran regarding HAIs where ceftriaxone
(92%), ciprofloxacin (82%), nitrofurantoin (80%), ofloxacin (75%), cefotaxime (70%), imipenem
(67%), ticarcillin (66%), nalidixic acid (60%), gentamicin (52%), azithromycin (40%), cefepime
(31%), polymyxin B (22%), colistin (17%), amikacin (7%), meropenem (1%) were resistant to
Klebsiella spp. (107). Klebsiella spp. were similarly resistant to ceftriaxone (95.08%), ciprofloxacin
(93.2%), gentamicin (60%), imipenem (54.8%), and amikacin (50%) in other studies undertaken in
Bangladesh (101, 102). Amikacin was found to be most effective against Klebsiella spp. in this
study, similar to one Indian study (108). Among 18 isolated Pseudomonas spp. were resistant to
ciprofloxacin (88.8%), ceftriaxone (83.33%), as well as gentamicin and azithromycin (83.33%),
ceftazidime (64.77%), amikacin (52.94%), and piperacillin-tazobactam (23.53%) in the current
study. Earlier studies conducted in Bangladesh revealed that Pseudomonas spp. were resistant to
ciprofloxacin (92.8%), ceftriaxone (90.4%), ceftazidime (72.7%), amikacin (64.28%), and
piperacillin-tazobactam (22.9%), similar again to our study (101, 102). Piperacillin-Tazobactum
was also found to be most effective against Pseudomonas spp. in our study, with 76.47% sensitive.
E. coli were resistant to ceftriaxone and ciprofloxacin (100%), ceftazidime (89%), amoxiclav
(77.77%), piperacillin-tazobactam (67%), gentamicin (55.55%), and amikacin and azithromycin
(44.44%). An earlier study undertaken in Bangladesh had similar findings of resistance patterns of
Escherichia coli to ciprofloxacin (96.4%), ceftazidime (96.2%), gentamicin (62.9%),
piperacillin-tazobactam (64.2%), and amikacin (44.4%), (101). In the current study Proteus spp.
were resistant to ciprofloxacin and amoxiclav (100%), colistin, and ceftriaxone (75%), gentamicin,
and azithromycin (50%). Nevertheless, Pseudomonas spp. isolates were sensitive to amikacin.
Another study undertaken in Bangladesh also found that Proteus spp. isolates were resistant to
ciprofloxacin and sensitive to amikacin (102).
The current study revealed that Staphylococcus Aureus was resistant to azithromycin,
ciprofloxacin, and levofloxacin. The four CoNS isolates were also resistant to ciprofloxacin.
However, an earlier study undertaken in Bangladesh revealed that Staphylococcus Aureus were
resistant to ciprofloxacin (83.3%) and levofloxacin (66.4%) disagreeing with our findings (102). We
are not sure of the reasons for this; however, this may represent growing rates of AMR in
Bangladesh. In addition, earlier studies have reported that the aging process appears to act as an
independent risk factor for the development of VAP in ICUs (109-112), which differs from our
findings (Table 2). Liu et al (2017) also reported that every one-year increase age significantly
correlates with an increase in the possibility of acquiring VAP by approximately 1.5-fold (111).
Earlier studies also suggested that gender had a correlation with developing VAP in ICU settings,
and male patients were predominantly the sufferers (45, 112, 113). We again did not find this in
our study. We are not sure of the reasons for these differences and will be investigating this
further.
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There is currently no antimicrobial stewardship programs (ASPs) in this and other similar hospitals
in Bangladesh to guide future activities especially around activities to reduce HAI rates (74, 114).
This is similar to hospitals in other LMICs (115-117) and needs to be urgently addressed given
rising AMR rates in Bangladesh through increasing resources for this activity taking account of
local cultural issues (14, 35, 118, 119). There is also a concern that pharmaceutical companies
currently appear to be heavily involved in educating physicians in this and other hospitals in
Bangladesh, similar to a number of other LMICs (120-125). This again needs to be urgently
addressed via active Drugs and Therapeutic Committees to provide unbiased information to
hospital physicians, with key groups including microbiology teams, physicians, and pharmacists,
coming together to construct robust and hospital specific treatment guidelines for key infections
based on current sensitivity patterns whilst physicians wait for any culture and sensitivity tests
(126-129). Subsequently, monitoring prescribing against agreed guidance championed via
inter-disciplinary teams (118, 130). We will be monitoring this in the future acknowledging the
difficulties with instigating ASPs and Drug and Therapeutics Committee (DTCs) in LMICs.
5. LIMITATIONS
We are aware of several limitations with this study. Firstly, we did not perform antibiotic
sensitivity tests using the dilution method. This is because this test is time-consuming to perform
and very labor-intensive. There are also concerns with its accuracy with considerable
opportunities for mistakes in the preparation of the various antibiotic solutions. In addition, the
need for comparatively large amount of reagents and space for each test, as well as the difficulties
in testing in large numbers strains for multiple antibiotics, precluded this method in countries
such as Bangladesh with its limited resources (131). This also applied to any assessment of
resistance to AZTREONAM. Secondly, we are aware that we conducted this study in only one
public medical school hospital. However, we believe our findings are robust providing direction to
this hospital and wider on ways to reduce the prevalence, morbidity and mortality due to VAP.
6. CONCLUSION and RECOMMENDATIONS
A positive culture was detected in 90% of the VAP patients, but it was not associated with the
patients’ age and gender. The most common bacteria identified were Acinetobacter spp.,
Klebsiella spp. and Pseudomonas spp., where more than three-quarters of these were resistant to
ceftriaxone. We believe our findings can be used to develop future guidelines to improve the
prevention and management of VAP in ICU patients in this hospital through the instigation of
active DTCs and ASPs in this hospital. This includes monitoring the prescribing of colistin due to
fears of resistance development in Bangladesh. We will be monitoring suggested activities in the
future acknowledging though the difficulties with instigating ASPs and DTCs in LMICs.
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