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Abstract 

The rise in antibiotic resistance has been a major source of public health concern. As a result, mortality 
and morbidity rates have risen significantly. This study was done to identify gram-negative organisms 
causing bacteremia/sepsis, study their prevalence rates, and antimicrobial resistance patterns, as 
evidence-based knowledge of gram-negative organisms causing sepsis and their resistance profiles is 
essential for effective hospital control and better management of infections caused by resistant bacteria. 
A retrospective study, conducted from January 2016 to December 2019, blood samples were collected 
using aseptic guidelines and cultured using automated blood culture methods. Biochemical tests were 
done according to microbiology standard procedures, while antimicrobial testing was done according 
to CLSI guidelines. A total of 13,808 blood samples were received within the study period of four 
years. Of the total, 2079 showed significant growth, with 765 being GNB isolates. The most common 
isolates were Escherichia coli (35.42%), Klebsiella pneumonia (19.74%), Acinetobacter species (9.67%), 
and other non-fermenting gram-negative bacilli (11.76%). Escherichia coli showed yearly resistance 
to aminoglycosides, cephalosporins, penicillin, fluoroquinolones, and B-lactam combination agents. 
Routine surveillance and awareness of the prevalence, etiological agents, and antibiotic resistance of 
gram-negative bacteria causing bacteremia/sepsis is critical for individual therapy, hospital control, 
and the effectiveness of preventive interventions.
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INTRODuCTION
 Bloodstream infection (BSI) is the 
presence of viable microorganisms in the blood, 
which is clinically demonstrated by the positivity 
of blood culture.1 In healthy individuals, the blood 
is sterile.2 Nevertheless, localized infections in a 
specific body site, such as pneumonia, urinary 
tract infection, or meningitis, can cause microbial 
invasions into the bloodstream. Microbes in 
the bloodstream can proliferate and survive via 
a variety of mechanisms. Examples are biofilm 
formation and capsule production.3 During the 
growth and multiplication of microbes in the 
bloodstream, several toxins are released that 
cause inflammation and trigger the response of 
the host. An uncontrolled inflammatory response 
by the host may lead to sepsis and septic shock. 
Sepsis is a life-threatening organ dysfunction 
that is caused by a dysregulated host response 
to infection.4,25 Microorganisms in the blood 
could either be bacteria, fungi, or viruses. The 
presence of bacteria in the bloodstream is called 
bacteremia.5 Bacteria that cause bacteremia can 
be differentiated via gram stain. Bacteria that 
retain the primary stain are called gram-positive 
bacteria, while those that retain the secondary 
stain are called gram-negative bacteria. Time is 
very crucial in sepsis treatment. However, Due to 
the lack of a proper rapid identification method, 
broad-spectrum antibiotics are administered to 
patients clinically suspected of having sepsis, and 
this has resulted in the inadvertent administration 
of broad spectrum antibiotics and an increase in 
antimicrobial resistance by organisms to almost 
all available antibiotics. The global prevalence 
of BSIs varies based on geographical location.6,7 

Although it is important to note that over the 
past decade, there has been a notable and 
significant increase in the world-wide prevalence 
of antimicrobial resistance gram negative bacterial 
infections. In developed countries like the United 
States, approximately 250,000 BSI episodes are 
recorded yearly, while in developing countries 
like India, the exact prevalence rate is yet to be 
established.26,8 As per the published reports by 
the World Health Organization, antimicrobial 
resistance in gram-negative bacteria is significantly 
on the increase. This increase is associated with 
treatment failure, longer hospitalization, and 
mortality, and thus poses a serious threat to the 

health care profession.9 The importance of regular 
regional antimicrobial resistance surveillance 
cannot be overstated in order to effectively 
control the spread of infections and antimicrobial 
resistance. Local knowledge of the main pathogens 
causing bacteremia/sepsis, as well as antimicrobial 
resistance profiles, will serve as a guide for 
antimicrobial treatment, as well as provide a 
better management strategy for antimicrobial 
resistant strains and empirical therapy for specific 
pathogens, ultimately improving outcomes. The 
present study is a single-center study that aims at 
identifying the various Gram-negative organisms 
that cause bacteremia and sepsis, their prevalence 
rate, and antimicrobial resistance pattern. 

MeTHODOLOGY 
Study design and Data collection
 This study is a retrospective study of 
patients identified with gram-negative bacteremia/
sepsis between January 1, 2016 and December 31, 
2019. The study was presented and approved by 
the ethical committee of our institution (SRM 
Medical College and Research Center). Patient 
consent was not required for the study. All blood 
positive cultures identified with gram negative 
bacteria during the study period were included, 
while blood positive cultures identified as either 
contaminants or gram positive bacteria were 
excluded. Details like the laboratory number, 
age, gender, sample collection, date of isolation, 
organism identified, and organism sensitivity/ 
resistance to antibiotics were collected by manual 
observation of laboratory records.
 Blood samples were aseptically collected, 
inoculated, and sent in BacT/ALERT®3D microbial 
detection culture media bottles upon the clinical 
suspicion of BSI. Culture media bottles were 
incubated in the Biomerieux BacT/ALERT®3D 
microbial detection system until there was a 
positive signal. Bottles with positive signals were 
sub-cultured on blood agar, MacConkey agar, and 
chocolate agar. These plates were incubated for 
18-24 hours at 37 °C. Bacteria identification was 
done using gram staining and standard biochemical 
tests. Antimicrobial susceptibility testing was done 
using the Kirby Bauer disc diffusion technique as 
per Clinical and Laboratory Standards Institute 
(CLSI) guidelines.24 Data entry and analysis were 
done using IBM SPSS version.25
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ReSuLTS
 After the exclusion of contaminants, the 
total number of blood culture positives identified 
between January 2016 and December 2019 was 
2079 (as shown in Table 1).
 Our study found a maximum increase in 
the percentage of blood positives between 2016 
and 2017, with the exception of 2018, which had 

the lowest percentage of blood positives, and 
2019, which had the highest percentage of blood 
positives. (Fig. 1).
 Fig. 3 and 4 show the gender and age 
distributions of patients with gram-negative 
bacteremia/sepsis, respectively. Bacteremia/sepsis 
was more common in men than in women, with 
the majority of positive patients aged 50-59 in 
2016, and 60-69 in 2017-2019. (Fig. 4).
Isolates Gram Negative Bacteria (GNB)
 All Gram negative bacteria pathogens 
identified over the study period are shown in 
Table 2. Between 2016 and 2019, Escherichia 
coli (35.42%) was the most prevalent organism, 
followed by Klebsiella pneumoniae (19.74%), 
Acinetobacter species (9.67%), and other non-

Table 1. Cases of bacteremia distributed by year 

Year 2016 2017 2018 2019 Total

Positive 406 412 368 893 2079
Negative 2764 2678 3079 3209 11730
Total 3167 3090 3447 4104 13808

Fig. 1. Shows the year-wise incidence of bacteremia expressed in percentage.

Fig. 2. Shows the year-wise incidence of gram negative bacteremia/sepsis expressed in percentage.
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Table 2. Etiology of GNB bacteremia /sepsis

Pathogen 2016 2017 2018 2019
 n=191, n=205, n=160, n=209,
 n (%) n (%) n (%) n (%)

Escherichia coli 60(31.41) 48(23.41) 73(45.62) 90(43.06)
Pseudomonas aeruginosa 24(12.56) 17(8.29) 8(5.00) 5(2.39)
Acinetobacter spp 21(10.99) 19(9.26) 11(6.87) 23(11.00)
Salmonella spp 19(9.94) 19(9.26) 8(5.00) 20(9.56)
Klebsiella pneumoniae 27(14.13) 44(21.46) 34(21.25) 46(22.00)
Citrobacter spp 12(6.28) 11(5.36) 5(3.12) 5(2.39)
Proteus mirabilis  1(0.50) 6(2.92) 2(1.25) 4(1.91)
Enterobacter spp 0(0.00) 5(2.43) 2(1.25) 2(0.95)
Aeromonas spp 0(0.00) 3(1.46) 0(0,00) 1(0.47)
Other non-fermenter 27(14.13) 33(16.09) 17(10.62) 13(6.22)

n=Number of isolates.

Table 3. Shows the resistance pattern of Escherichia coli to antibiotics used during the study period

   Escherichia coli

Antibiotics       No. of resistant strains (%)

 2016 2017 2018 2019

Amikacin 3(5.45) 1(2.22) 6(11.54) 7(9.00)
Amoxicillin c 50(93.75) 30(90.91) 60(93.75) 36(52.00)
lavulanic acid
Ampicillin 50(96.15) 35(89.74) 56(94.92) 62(83.00)
Cefotaxime 50(84.75) 36(80.00) 55(79.71) 57(66.00)
Ciprofloxacin 53(86.89) 36(80.00) 61(89.71) 48(72.00)
Gentamicin 20(34.84) 17(36.96) 36(49.34) 29(34.00)
Imipenem 3(5.45) 1(2.17) 5(6.85) 7(8.00)
Trimethoprim/ 46(74.19) 27(65.85) 49(68.06) 34(47.00)
sulfamethoxazole
Cefepime 45(81.82) 33(76.74) 48(71.64) 52(62.00)
Ertapenem 6(10.34) 1(2.27) 10(16.67) 4(6.00)
Meropenem 1(1.67) 1(2.27) 5(6.94) 6(7.00)
Piperacillin/ 5(8.62) 1(2.33) 9(12.33) 10(11.00)
Tazobactam

fermenting gram-negative bacilli (11.76%).  
(Table 2).
Antimicrobial Resistance pattern
 The antibiotic resistance patterns of 
the three (3) most predominant pathogens in 
this study were examined; they are Escherichia 
coli, Klebsiella pneumoniae, and Acinectobacter 
species. Tables 3, 4, and 5 show the resistance 
patterns of each isolate to the antibiotics examined 
in our study.

DISCuSSION
 Gram-negative bacteremia/sepsis is a 
serious, life-threatening challenge that needs 
prompt action. Due to the lack of proper rapid 
identification methods, broad-spectrum antibiotics 
are administered to patients clinically suspected 
of having sepsis to stabilise them even before the 
availability of laboratory reports. This, however, has 
led to the excess use of antibiotics and wide spread 
resistance, thus causing treatment failure among 
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Fig. 3. Shows the incidence of gram negative bacteremia by study year associated with the sex of patients involved..

Fig. 4. Shows the incidence of gram negative bacteremia by study year associated with the age of patients involved.

sepsis patients over time. To properly control and 
manage the increase in antimicrobial resistance, 
geographical surveillance on the prevalence rate, 
etiological agents, and antimicrobial resistance 
pattern of organisms causing bacteremia/sepsis 
is fundamental for effective treatment.
 This study shows the prevalence of 
gram-negative bacteremia/sepsis and evaluates 
its resistance profile to the most commonly used 
antibiotics between January 2016 and December 
2019. In our study, the percentage of blood culture 
positive was 15.05%. This can be compared to the 
findings of Roy et al. (16.04%). Meshram et al. 
(17.18%),12 Banik et al. (14.24%).2 A higher positive 
culture rate was recorded by other authors like 

Mehdinejah et al. (25.3%).14 and Sharma et al 
(33.94%).13 Variation in the percentage of blood 
culture positive could be due to geographical and 
etiological differences, techniques of isolation 
in different sets up, previous consumption of 
antibiotics before blood culture, population 
difference, or number or volume of blood.15,27 The 
clinical significance of studying the percentage of 
blood positives is that they serve as a strategic tool 
for monitoring either an increase or decrease in 
bloodstream infections in a healthcare setting. 
 Our studies indicate that the prevalence 
of bacteremia/sepsis was significantly higher in 
patients aged 50 to 69, with males having a higher 
prevalence than females, implying that this age 
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group requires special attention and preventative 
strategies to reduce the incidence of bacteremia/
sepsis. A cursory review of the literature for 
reasons for the higher occurrence of sepsis 
in males than females reveals that the causes 
are likely multifactorial, although behavioural, 
physiological, and immunological factors are all 
likely to play a part. Our findings are in line with 
those of Vasudeva et al.16 and Santella et al.,17 
which also had a higher prevalence of BSI in males 
than females in their studies. This is in contrast 
to that of Zenebe et al.18 who found a higher 
prevalence of BSI in females than in males.
 The most common gram-negative 
bacteria were Escherichia coli (35.42%), Klebsiella 

pneumonia (19.74%), and Acinetobacter species 
(9.67%). 2019 had the highest prevalence 
of Escherichia coli, followed by 2018. These 
findings are consistent with previous research 
from NIMS Jaipur16 and a few studies from other 
countries,17,19,20 but they differ from Meshram et 
al.12 and Sharma et al.13 who discovered a higher 
prevalence of Klebsiella pneumoniae. 
 We observed that Escherichia coli was 
resistant to aminoglycosides, cephalosporins, 
penicillin, fluoroquinolones, and B-lactam 
combination agents. (See Table 3). Our findings are 
congruent with those of Santella et al.17 Nagarjuna 
et al.22 and Cole et al.21 who discovered maximum 
resistance to cephalosporins, fluoroquinolones, 

Table 4. Shows the resistance pattern of Klebsiella pneumoniae to antibiotics used during the study period

	 	      Klebsiella	pneumoniae

Antibiotics       No. of resistant strains (%)

 2016 2017 2018 2019

Amikacin 17(28.00) 10(25.64) 7(24.14) 13(31.71)
Cefotaxime 21(84.00) 29(72.50) 20(60.61) 25(59.52)
Ciprofloxacin 14(66.67) 22(59.46) 11(40.74) 21(63.64)
Gentamicin 9(34.62) 19(43.18) 12(35.29) 15(36.59)
Imipenem 6(26.09) 6(15.38) 7(21.88) 12(28.57)
Trimethoprim/ 17(65.38) 20(50.00) 12(36.36) 15(42.86)
sulfamethoxazole
Cefepime 19(76.00) 31(72.09) 16(51.61) 24(58.54)
Ertapenem 14(37.04) 14(35.00) 10(38.46) 15(39.47)
Meropenem 7(28.00) 10(25.00) 9(28.13) 14(31.82)
Piperacillin/ 10(37.04) 12(30.00) 7(20.59) 15(34.88)
Tazobactam

Table 5. Shows the resistance pattern of Acinetobacter spp. to antibiotics used during the study period

	 	      Acinetobacter	spp.

Antibiotics       No. of resistant strains (%)

 2016 2017 2018 2019

Amikacin 8(38.10) 8(42.11) 6(66.67) 9(39.13)
Ciprofloxacin 10(52.63) 8(47.06) 5(50.00) 8(40.00)
Gentamicin 8(38.10) 8(42.11) 4(44.44) 10(50.00)
Imipenem 10(47.62) 8(42.11) 6(60.00) 8(36.36)
Trimethoprim/ 0(0.00) 0(0.00) 0(0.00) 7(43.75)
sulfamethoxazole
Cefepime 12(66.67) 9(75.00) 5(62.50) 8(40.00)
Meropenem 10(47.62) 8(44.44) 6(60.00) 9(39.13)
Piperacillin/ 9(42.86) 7(36.84) 5(50.00) 8(34.78)
Tazobactam
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and the penicillin group. A significant rise in 
carbapenem resistance (i.e., Imipenem and 
meropenem) was also observed in this study, 
with 5.45% and 1.67% initial resistance in 2016, 
but rising to 8.00% and 7.00, respectively, in 
2019. Klebsiella pneumoniae was resistant 
to cephalosporins, fluoroquinolones, and 
trimethoprim/sulfamethoxazole. Antibiotic 
resistance can be slowed via timely detection, 
proper infection control measures, periodic 
surveillance of resistance patterns, and judicious 
use of antibiotics.

CONCLuSION 
 Routine surveillance and awareness of 
the prevalence, etiological agents, and antibiotic 
resistance of gram-negative bacteria causing 
bacteremia/sepsis is critical for individual therapy 
and hospital control. According to our findings, 
Escherichia coli was the most common cause of 
gram-negative bacteremia/sepsis. In general, each 
year had a high prevalence of Escherichia coli, 
Klebsiella pneumoniae, and other non-fermenters. 
Maximum antimicrobial resistance was observed 
for cephalosporins, penicillin, and the carbapenem 
group of antibiotics. Antibiotic use should only 
be encouraged once antimicrobial susceptibility 
testing has been completed.
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