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ABSTRACT 
Objective: To determine the frequency of pathogens in nosocomial bloodstream infections and their 
antimicrobial susceptibility patterns in immunocompromised patients in a tertiary care hospital. 
Study design: Descriptive 
Place & Duration of Study: Department of Microbiology, Armed Forces Institute of Pathology, Rawalpindi from 
January 2017 to December 2017. 
Material & Methods: A total of 97 patients were included in this study. Blood samples were cultured in automated 
BACTEC 9120 / BacT Alert systems and isolates were identified by standard protocols. Antimicrobial susceptibility 
testing was done according to Clinical and Laboratory Standards Institute (CLSI) guidelines. Simple descriptive 
statistics were used to analyze and present the data. 
Results: Out of ninety-seven patients with positive blood cultures, 72 (74%) were males. The age range varied 
from 4 months to 84 years (mean 30 ± 23). Out of these, 64% (n= 62) samples yielded growth of Gram negative 
organisms, 32.9% (n=32) Gram positive organisms and 3.1% (n=3) Candida species. Predominant isolates among 
Gram negative organisms were Klebsiella pneumoniae, Escherichia coli, Acinetobacter baumannii and 
Pseudomonas aeruginosa while predominant isolates among Gram positive organisms were Methicillin resistant 
Staphylococcus aureus, Methicillin resistant coagulase negative Staphylococci & Enterococcus species. Two 
Candida parapsilosis and one Candida tropicalis were also isolated. Among Gram negative organisms, highest 
sensitivity was depicted by polymyxin-B followed by amikacin, imipenem and doxycycline, while lowest sensitivity 
was found among penicillins and third generation cephalosporins. Among Gram positive organisms, highest 
sensitivity was depicted by linezolid followed by vancomycin, doxycycline, teicoplanin and amikacin, while lowest 
sensitivity was found among β-lactam drugs. Candida isolates showed highest sensitivity to voriconazole while 
lowest sensitivity depicted by amphotericin-b and fluconazole. 
Conclusion: Trends of BSI causing organisms in immunocompromised patients are shifting from Gram positive to 
Gram negative organisms. BSI causing microorganisms especially Klebsiella pneumoniae, Acinetobacter 
baumannii and Methicillin resistant Staphylococci are becoming superbugs and are found highly resistant to most of 
the antimicrobial drug classes. Polymyxin-B was found sensitive in most Gram negative organisms while linezolid in 
Gram positive organisms. Most of the Enterococcus isolates were found resistant to vancomycin. Sound hospital 
infection control practices and policies for restricted use of antimicrobials will help in reducing antimicrobial 
resistance and life-threatening infections. 
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INTRODUCTION 

Bloodstream infections (BSIs) are the major 

cause of morbidity and mortality in the developed 

countries and accounts for 5% of total patients 

admitted in hospital. It is one of the major risk factor 

of mortality in immunocompromised patients admitted 

in intensive care units (ICUs) [1]. Critical condition, 

prolong stay and invasive procedures done frequently 

in ICU patients favor such infections with highly 

resistant microorganisms. These infections result not 

only in rise in death toll but also put a huge burden on 

economy of individual as well as country [2]. 

Important pathogens in tertiary care hospitals, 

oncology as well as hematology wards are both 

Gram positive and Gram negative organisms 

including most commonly Staphylococcus species 

and Escherichia coli [3]. These isolates are mostly 

multidrug resistant (MDR) and infections caused by 

such isolates are difficult to treat [4]. The number of 

BSIs caused by Gram positive organisms has been 

greatly increased from 29% in 1970’s to 69% in 
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1990’s [5].  Intra vascular devices such as central 

venous catheters are major risk factors for spreading 

of BSIs [6]. Inanimate sources like soaps, shampoo 

and water of tertiary care hospitals are also major 

sources of infection in hospitalized patients. 

Predominant organisms found on such objects are 

Pseudomonas aeruginosa and Serratia marcescens 

[7]. Immunocompromised patients suffering from 

cancer undergoing radiotherapy and chemotherapy 

are under great risk of developing BSIs because 

immunity in these patients is greatly reduced [8]. 

Pseudomonas acaligenes is also emerging as a 

potential pathogen in infants admitted to hospitals [9]. 

It is very important to know about the risk factors, 

pathogens causing such infections and their antibiotic 

susceptibility. This will help clinicians to treat such 

infections easily [10].  

In our country, there is paucity of research 

work in this regard. So, there is a need to identify the 

most likely pathogens and their antibiotic 

susceptibility that causes nosocomial BSIs in 

immunocompromised patients thereby formulating an 

authentic methodology to prevent such infections. 

Antimicrobial resistant organisms impose a grievous 

problem for treating such BSI. Timely administration 

of effective antimicrobials can not only reduce 

morbidity and mortality but also decreases 

economical burden on patients and state as well as 

shorten hospital stay. Pattern of antimicrobial 

resistance varies from place to place, hospital to 

hospital even from one unit of hospital to another 

unit. Therefore, it is necessary to know the common 

organisms causing BSIs and antimicrobial resistance 

pattern for administration of effective empirical 

therapy in immunocompromised patients.  

In this study we looked for most common 

pathogens causing BSIs in immunocompromised 

patients in our setup alongwith their antibiotic 

susceptibility pattern which can lead to better and in 

time management of such patients. This study will 

help clinicians to know not only about common 

organisms causing BSIs in immunocompromised 

patients but also, susceptibility pattern will provide 

them data for formulating empirical therapy to treat 

such infections 

 

MATERIAL AND METHODS 

This descriptive cross-sectional study was 

carried out in Department of Microbiology, Armed 

Forces Institute of Pathology (AFIP) Rawalpindi in 

collaboration with Armed Forces Bone Marrow 

Transplant Centre (AFBMTC), Intensive care units 

(ICUs), Oncology ward of Combined Military Hospital 

(CMH) Rawalpindi and Army Liver Transplant Unit 

(ALTU) of Military Hospital (MH) Rawalpindi from 

January 2017 to December 2017. The sampling 

technique was consecutive non-probability. 

The study was carried out after approval from 

the Institutional Ethical Committee. The sample size 

was 97 calculated by using WHO calculator [11].  

Pathogens from positive blood cultures of 

immunocompromised patients were included and 

repeat samples of the same patient were excluded 

from the study. All patients who were undergoing 

Bone Marrow transplant, Kidney transplant, Liver 

transplant and diagnosed patients with cancer 

admitted for treatment were taken as 

immunocompromised patients, while nosocomial 

cases are those patients who develop fever and other 

symptoms 48 hours after admission or within 48 

hours after discharge [12]. 

10 ml of blood from adult, 4 ml of blood from 

children while 2 ml of blood from infant 

immunocompromised patients were collected 

aseptically in BACTEC 9120 / BacT Alert bottle. After 

collecting, the blood sample was processed in 

BACTEC 9120 / BacT Alert automated system. The 

BACTEC 9120 / BacT Alert continuous monitoring 

blood culture systems (CMBCS) were used to get an 

indication of culture positive cases. Positive blood 

cultures were evaluated by examining a Gram 

stained smear of the broth. Subcultures from positive 

bottles were carried out on Blood agar, Chocolate 

agar, MacConkey’s agar and Sabouraud’s agar 

plates (Oxoid UK). Further identification of organisms 

was made with the help of biochemical reactions and 

rapid tests like catalase, oxidase, coagulase, 

analytical profile index (API) 20 E, 20 NE 

(Biomerieux, France) and Vitek-2 compact system 

(Vitek- 2C) as per standard protocols. 

Antimicrobial susceptibility of the isolated 

pathogens was carried out on Muller-Hinton agar 

(Oxoid, UK) by modified Kirby Bauer disc diffusion 

technique according to the isolate as per 

recommendations of Clinical and Laboratory 

Standards Institute (CLSI) [13]. 

The plates were incubated aerobically at 

35oC ± 2 for 18-24 hours. A zone of inhibition around 

the discs was interpreted as per CLSI guidelines. 

Breakpoint minimal inhibitory concentration (MICs) 

for vancomycin and Polymyxin-B antibiotics were 

performed by Vitek- 2C. Extended Spectrum Beta 

Lactamases (ESBL) producing organisms were 

identified by double disc diffusion method while 

Methicillin resistant Staphylococcus aureus (MRSA) 

isolates were identified by using the cefoxitin 30 ug 
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disc as per CLSI guidelines. ATCC 51153 

Staphylococcus aureus, ATCC 25922 Escherichia 

coli and ATCC 27853 Pseudomonas aeruginosa 

were used as control organisms. Breakpoint MICs 

using Vitek- 2C were performed for antimicrobial 

susceptibility of Candida species. 

The results were subjected for statistical 

analysis on SPSS version 24. Descriptive statistics 

including frequencies and percentages were 

calculated for different microorganisms and their 

susceptibility pattern against different antimicrobials, 

while mean and SD were calculated for age. 

 

RESULTS 

A total of 637 blood samples of the patients 

with suspicion of BSIs were collected. Out of these, 

400 samples were from male and 237 from female 

patients. Out of 637 samples 97 were positive while 

540 did not show any growth as shown in Figure-1. 

 
Figure-1: Frequency of culture positive blood 
samples.   
 

In our study, frequency of BSIs was found 

high in male immunocompromised patients as 

compared to female immunocompromised patients 

as shown in Figure-2. The age range varied from 4 

months to 84 years, with a mean age of 30 ± 23 

years. The frequency was found highest in <20 years 

while lowest in >60 years of age. 

 
Figure-2: Gender wise distribution of nosocomial 
BSIs in immunocompromised patients. 

A total number of 97 pathogens were isolated in our 

study. Out of these, 64% (n= 62) were Gram negative 

organisms, 32.9% (n=32) were Gram positive 

organisms and 3.1% (n=3) were Candida species. 

The frequency of microorganisms causing 

nosocomial BSIs in immunocompromised patients is 

shown in table-1. 

 
Table-1: Frequency of microorganisms causing 
nosocomial BSIs in immunocompromised 
patients  

S# Organisms (n=97) Frequency 
(n) 

1.  Klebsiella pneumoniae 20 

2.  Escherichia coli 14 

3.  Pseudomonas aeruginosa 9 

4.  Acinetobacter baumannii 5 

5.  Stenotrophomonas maltophilia 4 

6.  Burkholderia cepacia  3 

7.  Aeromonas hydrophila 2 

8.  Serratia marcescens 2 

9.  Citrobacter freundii  1 

10.  Serratia liquefaciens 1 

11.  Pseudomonas fluorescence 1 

12.  Methicillin resistant 
Staphylococcus aureus 

14 

13.  Methicillin resistant coagulase 
negative Staphylococci 

10 

14.  Methicillin sensitive 
Staphylococcus aureus 

2 

15.  Coagulase negative 
Staphylococci 

1 

16.  Vancomycin resistant 
Enterococcus faecium  

2 

17.  Streptococcus pneumoniae 1 

18.  Streptococcus species 1 

19.  Corynebacterium species 1 

20.  Candida parapsilosis 2 

21.  Candida tropicalis 1 

Gram negative organisms showed a highly 

resistant pattern, they were resistant to first and 

second line of drugs like beta lactam and their 

combinations, cephalosporins (third generation 

mainly), and fluoroquinolones. Antimicrobial 

susceptibility pattern (% resistant) for various Gram 

negative organisms is shown in table-2. In Gram 

positive isolates amikacin, teicoplanin, vancomycin & 

linezolid are best available options. Two isolates of 

Enterococcus faecium were isolated and both were 

vancomycin & teicoplanin resistant. Antimicrobial 

susceptibility pattern (% resistant) for various Gram-

positive organisms is shown in table-3. 
 
DISCUSSION 

Bloodstream infections are major cause of 

morbidity and mortality in immunocompromised 
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patients. The number of these infections has  

increased since last 2 to 3 decades due to advent of 

modern medical practices such as use of steroids, 

chemotherapy, bone marrow transplant and diseases 

like AIDS [14]. In this study majority of BSIs occurred 

in male immunocompromised patients belonging to 

an age group of 20 years and below, which also 

correlates with the study conducted by Fayyaz et al 

[15]. 

Our study showed predominance of Gram 

negative organisms like Klebsiella pneumoniae, 

Escherichia coli, Pseudomonas aeruginosa and 

Acinetobacter baumannii as a cause of BSIs in 

immunocompromised patients probably due to their 

extremely drug resistance (XDR) pattern. Gram 

negative organisms are superbugs and are common 

cause of hospital acquired infections. During the past 

few decades, changes in healthcare system such as 

use of invasive procedures, immunosuppressive 

drugs and excessive use of antimicrobials have 

influenced the frequency of gram negative organism 

in blood stream infections [16]. As these XDR 

organisms are common hospital bugs as shown in 

our study and also revealed by other studies by Babu 

et al, Swati et al and Prabhash et al  indicating shift of 

causative agents of BSIs from Gram positive to Gram 

negative organisms [5, 14, 17].  

The current study revealed that most 

predominant isolates among Gram negative 

organisms were belonging to Enterobacteriaceae 

family and non-lactose fermenters (NLF). Among 

Enterobacteriaceae family, the predominant isolate 

was Klebsiella pneumoniae followed by Escherichia 

coli and among non-lactose fermenters; the to be 

predominant isolate was Pseudomonas aeruginosa. 

Among Gram positive organisms MRSA was found 

predominant isolate. Almost same isolates have also 

been observed as common cause of BSIs in other 

Table-2: Antimicrobial susceptibility pattern (% resistant) for various Gram-negative organisms causing 
nosocomial BSIs in immunocompromised patients. 
Antibiotic K. pneumoniae E. coli P. aeruginosa A. baumannii Serratia 

species 
B. cepacia S.maltophilia A. hydrophila C. freundii 

AMP IR 92.9 IR IR IR NT NT NT 100 

AMC 100 78.6 IR IR NT NT NT NT 100 

CRO 90 78.6 IR 100 33.3 NT NT 0 100 

CIP 80 78.6 30 80 66.7 NT NT 0 100 

COT 85 71.4 IR 60 33.3 0 NT 0 100 

AK 60 14.3 30 60 0 NT NT 0 100 

GN 80 57.1 30 60 0 NT NT 0 100 

FEP 90 78.6 70 60 0 NT NT 0 100 

TZP 95 78.6 30 60 33.3 NT NT 50 100 

IMP 50 14.3 30 52 NT NT NT NT NT 

MEM 65 14.3 30 60 66.7 33.3 NT 50 100 

DOXY 45 64.3 IR 40 33.3 NT NT NT 0 

PB 0 0 0 0 IR NT 0 0 0 

CAZ NT NT 50 NT NT 33.3 100 0 NT 

LEVO NT NT 20 NT NT 0 0 0 NT 

AZT NT NT 70 NT NT 33.3 NT 0 NT 

MINO NT NT IR 0 NT 0 0 NT 0 

AMP-Ampicillin, AMC-Amoxicillin-Clavulanic acid, CRO-Ceftriaxone, CIP-Ciprofloxacin, COT-Co-Trimoxazole, AK-Amikacin, GN-Gentamicin, 
FEP-Cefepime, TZP-Tazobactam-Piperacillin, IMP-Imipenem, MEM-Meropenem, DOXY-Doxycycline, PB- Polymyxin-B, CAZ-Ceftazidime, 
LEVO-Levofloxacin, AZT-Aztreonam, MINO-Minocycline.  IR-Intrinsic resistance, NT-Not tested. 
 
Table-3: Antimicrobial susceptibility pattern (% resistant) for various Gram-positive organisms causing 
nosocomial BSIs in immunocompromised patients. 
Antibiotic MRSA MRCoNS MSSA CoNS Enterococcus 

species 
Streptococcus 
species 

Corynebacterium 
species 

PEN 100 100 100 100 100 NT 100 

AMP 100 100 100 100 100 NT NT 

AMC 100 100 50 0 50 0 NT 

CLOX 100 100 0 0 NT NT NT 

ERY 100 80 50 0 NT 0 100 

CLI 35.7 20 0 0 IR 0 100 

COT 42.9 60 30 100 IR 50 NT 

DOXY 14.3 0 0 0 0 50 NT 

CIP 78.6 60 100 100 100 50 100 

GN 71.8 40 0 0 IR NT NT 

AK 14.3 10 0 0 IR NT NT 

LZD 0 0 0 0 0 0 0 

VAN 0 0 0 0 100 0 0 

TEICO 0 0 0 0 100 0 NT 

PEN-Penicillin, AMP-Ampicillin, AMC-Amoxicillin-Clavulanic acid, CLOX-Cloxacillin, ERY-Erythromycin, CLI-Clindamycin, COT-Co-
Trimoxazole, DOXY-Doxycycline, CIP-Ciprofloxacin, GN-Gentamicin, AK-Amikacin, LZD-Linezolid, VAN-Vancomycin, TEICO-Teicoplanin. 
IR-Intrinsic resistance, NT-Not tested. 
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studies carried out in Saudi Arabia, Turkey and India 

[18, 19, 20]. 

This study also elaborates the antibiotic 

susceptibility pattern which showed that most isolates 

were highly resistant to commonly used antibiotic 

groups including penicillin, third generation 

cephalosporins and fluoroquinolones group indicating 

the limitations of empirical choices for the clinicians. 

Resistance has been documented against various 

antibiotic classes due to multiple factors including 

irrational use, patient’s improper compliance with 

antibiotics, use of marginal low potent agent with low 

serum MICs, inability to detect or respond in change 

of antimicrobial susceptibility pattern and addition of 

antibiotics in animals feed. Different studies 

conducted in different parts of the world also revealed 

increasing resistance trends as shown in the work of 

Swati and Prabhash [14, 17]. 

In our study, among Gram positive 

organisms, linezolid and vancomycin revealed good 

efficacies as these antibiotics were 100% and 93% 

sensitive. Vancomycin resistance was found only in 

Enterococcus faecium (VRE) isolates, as only two 

isolates were yielded, both were VRE. None of 

Staphylococcus species were found vancomycin 

resistant. Amikacin, clindamycin and doxycycline also 

showed good in vitro efficacy against Gram positive 

organisms. Different studies conducted in India and 

Pakistan by Swati et al, Alam et al and Fayyaz et al 

also showed almost same pattern of antimicrobial 

resistance among Gram positive organisms [15, 17, 

20]. 

The members of Enterobacteriaceae family 

shows high level of resistance against most of Beta 

lactam drugs including third generation 

cephalosporins and Beta-lactam / Beta-lactamases 

combinations, while variable resistance was noted for 

carbapenems, amikacin and doxycycline. Polymyxin-

B was found 100% sensitive in almost all isolates. 

Isolates of Acinetobacter baumannii and Klebsiella 

pneumoniae were found highly resistant to almost all 

classes of drugs except polymixin-B. XDR Klebsiella 

pneumoniae and Acinetobacter baumannii has also 

been reported from different parts of the world as 

common cause of hospital acquired infections 

[21,22,23]. Moreover, isolates of Pseudomonas 

aeruginosa showed poor sensitivity to anti-

pseudomonal third generation cephalosporin 

ceftazidime, variable sensitivity to aminoglycosides, 

carbapenems, fluoroquinolones and almost 100% 

isolates were found sensitive to polymyxin-B as also 

depicted in studies done at other centers [14, 15]. 

Only four isolates of Stenotrophomonas maltophilia 

were yielded in our study. All were found sensitive to 

levofloxacin, minocycline and polymyxin-B but 

resistant to ceftazidime. Three isolates of 

Burkholderia cepacia were yielded and found to be 

100% sensitive to co-trimoxazole, levofloxacin and 

minocycline but variably sensitive to ceftazidime and 

meropenem. 

These findings would help clinicians to know 

about current trends of antimicrobial resistance 

among different isolates as well as help them in 

selection of effective antibiotics empirically and 

prophylactically in immunocompromised patients, 

thereby decreasing morbidity, mortality, hospital stay, 

and financial burden especially in a country with 

limited resources like ours. 

 

CONCLUSION 

Trends of BSIs causing organisms in 

immunocompromised patients are shifting from Gram 

positive to Gram negative organisms. BSIs causing 

microorganisms especially Klebsiella pneumoniae, 

Acinetobacter baumannii and Methicillin resistant 

Staphylococci are becoming superbugs and are 

found highly resistant to most of the antimicrobial 

drug classes. Polymyxin-B was found sensitive in all  

Gram negative organisms while linezolid in Gram 

positive organisms. Most of the Enterococcus 

isolates were found resistant to vancomycin. Sound 

hospital infection control practices and policies for 

restricted use of antimicrobials will help in reducing 

antimicrobial resistance and life-threatening 

infections. 
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