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Abstract

Background: Bloodstream infections (BSIs) are a critical cause of morbidity
and mortality in healthcare-associated infections globally. In pediatric and
neonatal intensive care units (ICUs), BSIs lead to extended hospital stays,
increased healthcare costs, and significant mortality, particularly due to
multidrug-resistant (MDR) organisms. This study aims to identify Gram-
negative bacteria causing BSls and determine their antimicrobial susceptibility
patterns using automated culture systems. Materials and Methods: A
prospective study was conducted from November 2023 to July 2024 in the
Department of Microbiology at S.C.B. Medical College, Cuttack, involving 558
pediatric patients, including neonates, suspected of having BSls. Blood samples
were collected aseptically and processed using the BacT/ALERT 3D system.
Positive cultures were further analyzed for microbial identification and
antimicrobial susceptibility, with MDR strains tested for Extended Spectrum
Beta-Lactamase (ESBL) production using phenotypic and genotypic methods.
Result: Out of 558 suspected cases, 192 (34.4%) were culture positive, with
Gram-negative bacteria isolated in 97 (50.5%) cases. Among these, 75 (77.3%)
were MDR. The predominant MDR isolates were Acinetobacter baumannii
(32%) and Klebsiella pneumoniae (22.6%). High resistance was noted to
Piperacillin/Tazobactam (96%) and cefepime (90%). Phenotypic ESBL
detection identified 36% of isolates, while genotypic methods confirmed 100%
ESBL production. TEM gene predominance was observed in 100% of ESBL
producers. Carbapenemase production was identified genotypically in 38.6% of
isolates, with the NDM-1 gene present in 29 isolates. Conclusion: The study
highlights the significant presence of MDR Gram-negative bacteria in pediatric
BSIs and underscores the necessity for early diagnosis and appropriate
antimicrobial therapy. Continuous surveillance of antimicrobial resistance
patterns is crucial to guide effective treatment strategies and limit the spread of
resistant strains.
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INTRODUCTION

Bloodstream infection (BSI) is a significant cause of
morbidity and mortality in healthcare-associated
infections  worldwide, with the etiology,
antimicrobial susceptibilities, and outcomes varying
by region. BSlIs are life-threatening infections in
hospitals, leading to prolonged hospital stays, high
healthcare costs, and significant mortality, with
approximately 200,000 cases annually and a
mortality rate ranging from 20-50% worldwide.*?
In the United States, BSIs are the 10th leading cause
of death, with an incidence ranging from 76 to 100
cases per 100,000 people.*l They are the most
frequent nosocomial infections (28%) in ICUs of
pediatric patients. Risk factors for BSls in children
include central venous catheters, parenteral nutrition,
gastrointestinal pathology, especially short gut
syndrome, and the wuse of broad-spectrum
antibiotics.>1 In neonates, BSls are less well
characterized but are linked to the increased survival
of extremely premature infants, dependence on
catheters, parenteral nutrition, and antibiotic therapy.
Neonatal BSIs vary from 4 to 24% of all bloodstream
infections.[571

BSls denote the presence of viable organisms in the
blood, with or without clinical symptoms. In contrast,
systemic inflammatory response syndrome (SIRS) is
defined by specific clinical criteria, and its
combination with the presence of organisms is
termed sepsis. Severe sepsis involves organ
dysfunction, while septic shock is severe sepsis with
hypotension unresponsive to fluid resuscitation.
Sepsis significantly contributes to death in ICUs of
neonates and pediatric patients.®%1 The incidence of
severe sepsis is influenced by age, sex, and race,
being higher in infants, males, and blacks.* Risk
factors include immunodeficiency, cancers, and the
use of immunosuppressants, with severe sepsis
resulting from both community-acquired and
healthcare-associated infections. Multidrug-resistant
microorganisms, surgical procedures, and invasive
techniques are also risk factors.[1011

A wide range of organisms, predominantly Gram-
negative bacteria, causes BSls. Common pathogens
include Escherichia coli, Pseudomonas aeruginosa,
Klebsiella spp., Haemophilus influenzae, and various
streptococci and staphylococci species.[*?131 Early
diagnosis and treatment are crucial to reduce BSI-
related morbidity and mortality. Automated culture
systems like the BacT/Alert 3D/60 provide rapid and
accurate detection of microorganisms, improving
patient management through early confirmation and
appropriate antimicrobial therapy.[*4

Despite advances in diagnostic microbiology,
automated  blood  culture  techniques are
recommended for diagnosing bacteremia in tertiary
care settings to reduce result generation time,
improve patient outcomes, and cut costs associated
with prolonged hospital stays. However, the high

infrastructure costs are a drawback for many
developing countries.[*%]

Increasing antimicrobial resistance is a global
concern, driven by acquired and innate resistance
mechanisms. Resistance genes are often transferred
horizontally via plasmids or bacterial genomes,
necessitating constant antimicrobial sensitivity
surveillance to inform empirical therapies and
prescribing practices. 6]

This prospective study, carried out in the Department
of Microbiology at S.C.B. Medical College, Cuttack,
aims to isolate and identify Gram-negative bacteria
causing bloodstream infections in pediatric and
neonatal ICUs and to determine the antimicrobial
susceptibility patterns of the isolated organisms using
automated culture systems.

MATERIALS AND METHODS

This prospective study was conducted in the
Department of Microbiology in S.C.B. Medical
College and Hospital, Cuttack, Odisha. The study
was carried out from November 2023 to July 2024.
The study group comprised 558 pediatric patients,
including neonates, who were clinically suspected of
having bloodstream infections.

Inclusion Criteria

All clinically suspected cases of bloodstream
infection admitted to the pediatric and neonatal
intensive care units of the tertiary care hospital were
included.

Exclusion Criteria

Samples from patients who had received antibiotics
within 7 days prior to clinical presentation were
excluded.

After selecting the cases, detailed clinical histories
were obtained. Clinical parameters such as age, sex,
and clinical presentation were recorded.

Sample Collection: Two sets of blood specimens
were collected aseptically from 558 clinically
suspected bloodstream infection patients. In each set,
2-4 ml of blood was collected into BacT/ALERT PF
Plus culture bottles from two different body sites
(right and left cubital fossa) with an interval of 15-30
minutes. Blood samples in BacT/ALERT culture
bottles were loaded into the automated BacT/ALERT
3D system (bioMerieux, USA) and incubated at 37°C
for up to 5 days. Positive culture bottles were sub-
cultured on blood agar and MacConkey agar and
incubated at 37°C for 24-48 hours.

Results were categorized as sensitive (S),
intermediate (1), or resistant (R). Minimum inhibitory
concentration (MIC) was detected using the micro
broth dilution method, and resistant patterns were
analyzed using the Advanced Expert Study (AES)
system. DNA quality and quantity were measured
using a UV-VIS Spectrophotometer, with a good
quality DNA ratio between 1.8 and 2.0.
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RESULTS

Number of positive cases

= Positive = Negative

Figure 1: Culture positive cases among clinically
suspected cases of sepsis

Culture Positive

= Gram positive bacteria = Gram negative bacteria = Yeast

Figure 2: Distribution of microorganism among culture
positive cases

Out of 558 clinically suspected sepsis cases, 192
(34.4%) were culture positive, while 366 (65.6%)
were culture negative [Figure 1].

Among the 192 culture positive cases, Gram negative
bacteria were the most common, accounting for 97
(50.5%) cases. Gram positive bacteria were isolated
in 83 (43.3%) cases, and yeast was identified in 12
(6.2%) cases [Table 2].

Of the 97 Gram negative isolates, 75 (77.3%) were
multi-drug resistant (MDR), while 22 (22.7%) were

non-MDR. Among the MDR Gram negative isolates,
Acinetobacter baumannii was the most prevalent,
with 24 (32%) cases, followed by Kilebsiella
pneumoniae with 17 (22.6%) cases. Other notable
isolates included Burkholderia cepacia complex (12
cases, 16%) and Escherichia coli (6 cases, 8%).
Several other species were also identified, each
constituting a smaller proportion of the isolates
[Table 3].

The resistance patterns among MDR Gram negative
isolates varied by organism. Acinetobacter
baumannii showed high resistance  to
Piperacillin/Tazobactam and Cefuroxime, both at
100%, and 95.8% resistance to Ceftriaxone.
Klebsiella pneumoniae exhibited 100% resistance to
Ampicillin and 94.1% resistance to Cefoperazone
/Sulbactam [Table 4 and 5].

A total of 75 isolates were tested for Extended
Spectrum Beta-Lactamase (ESBL) production by
both phenotypic and genotypic methods. The
phenotypic method detected 27 (36%) ESBL
producers, whereas the genotypic method (detecting
the TEM gene) identified all 75 (100%) isolates as
ESBL producers. Notably, 100% of Acinetobacter
baumannii, Klebsiella pneumoniae, Burkholderia
cepacia complex, Escherichia coli, and several other
species were confirmed as ESBL producers by the
genotypic method [Table 6].

Among the gram negative isolates, Acinetobacter
baumannii found highly resistant to Piperacillin/
Tazobactam (100%) & Cefuroxime(100%) followed

by Ceftriaxone(95.8%), Similarly Klebsiella
pneumoniae were highly resistant to
ampicillin(100%), followed by  Cefoperazone/

Sulbactam (94.1%). 27 (36%) isolates were detected
as ESBL producer by phenotypic methods
(Combined double disc test) but 75(100%) isolates
were detected as ESBL producer by genotypic
methods.

Table 1: Culture Positive Cases among Clinically Suspected Cases of Sepsis (n =558)

No. of cases Number(%o)
Positive 192(34.4%)
Negative 366(65.6%)
Total 558(100%)

Out of 558 clinically suspected sepsis cases, 192(34.4%) were culture positive.

Table 2: Distribution of Microorganism Among Culture Positive Cases (n=192).

Microrganism isolated Number (%)
Gram positive bacteria 83(43.3%)
Gram negative bacteria 97(50.5%)

Yeast 12(6.2%)
Total 192(100%)

In blood culture out of 192 culture positive cases, Gram negative bacteria were 97(50.5%), followed by Gram

positive bacteria 83(43.3%) & Yeast 12(6.2%).

Table 3: Distribution of Gram negative MDR isolates (n=75).

SL No Organism Number (%)
1 Acinetobacter baumannii 24(32%)

2 Klebsiella pneumoniae 17(22.6%)

3 Burkholderia cepacia complex (BCC) 12(16%)
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4 Escherichia coli 6(8%)
5 Enterobacter aerogenes 2(2.6%)
6 Enterobacter cloacae 2(2.6%)
7 Pantoea agglomerans 2(2.6%)
8 Acinetobacter Iwoffii 2(2.6%)
9 Citrobacter freundii 2(2.6%)
10 Salmonella typhi 2(2.6%)
11 Acinetobacter junii 1(1.3%)
12 Klebsiella oxytoca 1(1.3%)
13 Citrobacter koseri 1(1.3%)
14 Pseudomonas aeruginosa 1(1.3%)
Table 4: Pattern of antimicrobial resistance among MDR gram negative isolates
Antibiotics Organism
Acinetobacte | Klebsiella | Burkholderi | Escherichi | Enterobacte | Enterobacte | Pantoea
r baumannii | pneumoni | a cepacia a r aerogenes | r cloacae agglomeran
(n=24) a(n=17) complex coli (n=2) (n=2) S
(n=12) (n=6) (n=2)
Ampicillin NA 17(100%) | NA 6(100%) NA NA NA
Amoxycillin/ NA 15(88.2%) | NA 6(100%) 2(100%) 2(100%) 2(100%)
Clavulanic acid
Piperacillin/ 24(100%) 15(88.2%) | 12(100%) 6(100%) 2(100%) 2(100%) 2(100%)
Tazobactam
Cefuroxime 24(100%) 14(82.3%) | NA 6(100%) 2(100%) 2(100%) 2(100%)
Cefuroxime 24(100%) 14(82.3%) | NA 6(100%) 2(100%) 2(100%) 2(100%)
Axetil
Ceftriaxone 23(95.8%) 16(94.1%) | 12(100%) 5(83.3%) 1(50%) 2(100%) 2(100%)
Cefoperazone/ 19(79.1%) 16(94.1%) | 12(100%) 5(83.3%) 1(50%) 1(50%) 1(50%)
Sulbactam
Cefepime 21(87.5%) 14(82.3%) | 12(100%) 5(83.3%) 2(100%) 2(100%) 2(100%)
Ertapenem 22(91.6%) 5(29.4%) NA 5(83.3%) 2(100%) 2(100%) 2(100%)
Imipenem 21(87.5%) 13(76.4%) | 12(100%) 3(50%) 2(100%) 2(100%) 2(100%)
Meropenem 22(91.6%) 14(82.3%) | 1(8.3%) 6(100%) 2(100%) 2(100%) 2(100%)
Amikacin 9(37.5%) 7(41.1%) 12(100%) 5(83.3%) 2(100%) 2(100%) 2(100%)
Gentamicin 18(75%) 10(58.8%) | 12(100%) 5(83.3%) 1(50%) 2(100%) 2(100%)
Nalidixic acid NA 6(35.2%) NA 6(100%) NA NA 2(100%)
Ciprofloxacin 21(87.5%) 3(17.6%) 12(100%) 6(100%) 2(100%) 2(100%) 2(100%)
Tigecycline 2(8.3%) 0(0%) 1(8.3%) 0(0%) 0(0%) 0(0%) 0(0%)
Colistin 0(0%) 0(0%) 12(100%) 0(0%) 0(0%) 0(0%) 0(0%)
Trimethoprim- 19(79.1%) 6(35.2%) 1(8.3%) 3(50%) 0(0%) 1(50%) 2(100%)
Sulfamethoxazol
e
Table 5: Pattern of Antimicrobial resistance among MDR gram negative isolates
Antibiotics Organism
Acinetobacte | Citrobacte | Salmonell | Acinetobacte | Klebsiell | Citrobacte | Pseudomona
r lwoffii r freundii a typhi r junii (n=1) aoxytoca | r koseri s aeruginosa
(n=2) (n=2) (n=2) (n=1) (n=1) (n=1)
Ampicillin NA NA 2(100%) NA 1(100%) NA NA
Amoxycillin/ NA NA 2(100%) NA 1(100%) NA NA
Clavulanic acid
Piperacillin/ 2(100%) 2(100%) 2(100%) 1(100%) 1(100%) 1(100%) 0(0%)
Tazobactam
Cefuroxime 2(100%) NA 2(100%) NA 1(100%) NA NA
Cefuroxime 2(100%) NA 2(100%) NA 1(100%) NA NA
Axetil
Ceftriaxone 2(100%) NA 2(100%) 1(100%) 1(100%) | NA NA
Cefoperazone/ 2(100%) 2(100%) 1(50%) 1(100%) 1(100%) | 1(100%) 1(100%)
Sulbactam
Cefepime 2(100%) 2(100%) 2(100%) 1(100%) 1(100%) | 1(100%) 1(100%)
Ertapenem NA 2(100%) 2(100%) NA 1(100%) 1(100%) NA
Imipenem 2(100%) 2(100%) 2(100%) 1(100%) 1(100%) | 1(100%) 1(100%)
Meropenem 2(100%) 2(100%) 2(100%) 1(100%) 1(100%) | 1(100%) 1(100%)
Amikacin 2(100%) 2(100%) 2(100%) 1(100%) 1(100%) 1(100%) 1(100%)
Gentamicin 1(50%) NA 2(100%) 1(100%) 1(100%) | NA 1(100%)
Nalidixic acid NA NA 0(0%) NA 1(100%) NA NA
Ciprofloxacin 2(100%) NA 0(0%) 1(100%) 1(100%) | NA 1(100%)
Tigecycline 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(100%)
Colistin 1(50%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(100%)
Trimethoprim- 2(100%) 0(0%) 0(0%) 1(100%) 1(100%) | 0(0%) NA
Sulfamethoxazol
e
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Table 6: Comparison of ESBL by Phenotypic and Genotypic method

SL No | Organism Number Phenotypic method | Genotypic Method
(TEM Gene)

1 Acinetobacter baumannii 24 8(33.3%) 24(100%)

2 Klebsiella pneumoniae 17 12(70.5%) 17(100%)

3 Burkholderia cepacia complex 12 0(0%) 12(100%)

4 Escherichia coli 6 5(83.3%) 6(100%)

5 Enterobacter aerogenes 2 0(0%) 2(100%)

6 Enterobacter cloacae 2 2(100%) 2(100%)

7 Pantoea agglomerans 2 0(0%) 2(100%)

8 Acinetobacter Iwoffii 2 0(0%) 2(100%)

9 Citrobacter freundii 2 0(0%) 2(100%)

10 Salmonella typhi 2 0(0%) 2(100%)

11 Acinetobacter junii 1 0(0%) 1(100%)

12 Klebsiella oxytoca 1 0(0%) 1(100%)

13 Citrobacter koseri 1 0(0%) 1(100%)

14 Pseudomonas aeruginosa 1 0(0%) 1(100%)
Total 75 27(36%) 75(100%)

DISCUSSION

Bloodstream infections (BSI) remain a significant
cause of morbidity and mortality among pediatric
patients. Prompt clinical suspicion, early diagnostic
measures, timely initiation of rational antimicrobial
therapy, and comprehensive supportive measures are
crucial for the successful management of BSI.[*]
Blood cultures play a pivotal role in diagnosing and
managing BSI.

In the present study, blood culture was positive in 192
(34.4%) of cases, which aligns with findings by
Surase et al. (32%) and Parihar et al. (28.9%) [204,
205]. Various studies from different parts of India
and around the world have shown varying blood
culture positivity rates, such as Goel et al. (9.2%),
Nasa et al. (10.6%), Mathur et al. (10.6%), Lunagaria
et al. (16.9%), Arora et al. (20.02%), Sharma et al.
(33.9%), and Remirez Barba et al. (39%).[8]

In our study, Gram-negative bacteria, Gram-positive
bacteria, and yeasts were isolated in 50.5%, 43.3%,
and 6.2% of cases, respectively, in automated blood
culture systems. These findings are similar to those
of Lunagaria et al., who isolated Gram-negative
bacteria, Gram-positive bacteria, and yeasts in
55.3%, 40%, and 4.7% of cases, respectively.[*%]
Most studies have reported a higher prevalence of
Gram-negative bacteria compared to Gram-positive
bacteria.[?"]

Our study observed that 75 (77.3%) of the Gram-
negative bacteria isolated were multidrug-resistant
(MDR), whereas the study by Gupta et al. reported a
72.1% MDR rate among Gram-negative bacteria
isolates.?!] Acinetobacter baumannii (32%) was the
predominant isolate, followed by Klebsiella
pneumoniae  (22.6%) in clinically suspected
bloodstream infections. In contrast, Livadiotti et al.
found Klebsiella pneumoniae (27%) as the most
common isolate,? indicating possible geographical
variation in the spectrum of microorganisms.

The antibiotic resistance pattern among Gram-
negative isolates in this study showed that most
isolates were resistant to Piperacillin/Tazobactam
(96%) and cefepime (90%), similar to findings by
Vanitha et al.®] Among the Gram-negative isolates,

Acinetobacter baumannii was highly resistant to
Piperacillin/Tazobactam (100%) and Cefuroxime
(100%), followed by ceftriaxone (95.8%). Similarly,
Klebsiella pneumoniae showed high resistance to
ampicillin - (100%), followed by Cefoperazone/
Sulbactam (94.1%). Colistin (97.3%) and tigecycline
(97.3%) were the most effective antibiotics for all
Gram-negative bacterial isolates, including non-
fermenters, aligning with Lunagaria et al., who found
colistin (80.9%) and tigecycline (66%) as the most
sensitive antibiotics.?

In this study, 36% of isolates were detected as
Extended Spectrum B-Lactamase (ESBL) producers
by phenotypic methods (Combined double disc test),
while 100% of isolates were detected as ESBL
producers by genotypic methods (targeting the TEM
gene). Bajpai et al. reported 51.2% as ESBL
producers by phenotypic methods and 48.7% by
genotypic methods.[® In our hospital settings, the
TEM gene (100%) predominated over SHV (24%)
and CTX (24%) genes responsible for ESBL
production. This result aligns with Yazdi et al.
(87.1% TEM, 70.6% SHV, 30.8% CTX) but differs
from studies by Eftekhar et al., where SHV (43.1%)
exceeded TEM (35.2%); Shahid et al., where CTX
(28.8%) exceeded SHV (13.7%); and Ahmed et al.,
where CTX (71.4%) exceeded TEM (55.1%).1%8!
Several other studies worldwide have shown variable
results.l2"281

The higher incidence of ESBL production could be
due to the injudicious use of antibiotics in
hospitalized patients and geographic variation.
Carbapenems are known as the last resort for treating
infectious diseases, playing a key role in managing
severe hospital-acquired infections. The recent
emergence of carbapenemase-producing Gram-
negative isolates mediating carbapenem resistance is
a worrying trend.[?

By phenotypic methods, we detected 27 (36%)
isolates as ESBL producers, 4 (5.3%) as AmpC
producers, and none as carbapenemase producers.
However, genotypic methods detected 75 (100%)
isolates as ESBL producers, 9 (12%) as AmpC
producers, and 29 (38.6%) as carbapenemase
producers. The higher incidence of MDR isolates
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with resistant genes may be due to the injudicious use
of antibiotics and geographical variation.

CONCLUSION

In this study, we investigated the genotypic and
phenotypic drug resistance patterns of Gram-
negative bacteria isolated from bloodstream
infections among pediatric patients in a tertiary care
hospital in Odisha. The findings highlight a
significant prevalence of multidrug-resistant (MDR)
organisms, underscoring the critical need for
continuous monitoring and stringent antibiotic
stewardship. A substantial proportion of Gram-
negative isolates exhibited resistance to multiple
commonly used antibiotics, including third-
generation  cephalosporins and  carbapenems.
Klebsiella pneumoniae and Escherichia coli were the
most frequently isolated organisms, with a high
incidence of extended-spectrum beta-lactamase
(ESBL) production. The presence of such resistant
pathogens poses a serious challenge to the effective
management of bloodstream infections in pediatric
patients. Therefore, it is imperative to implement
robust infection control measures, optimize antibiotic
use, and promote ongoing surveillance to combat the
rising threat of antimicrobial resistance in this
vulnerable population.

REFERENCES

1. Diekma DJ, Beekmann SE, Chapin KC, Morel KA, Munson
E, Doern GV. Epidemiology and outcome of nosocomial and
community onset bloodstream infection. J Clin Microbiol.
2003;41:3655-60.

2. Forbes BA, Sahm DF, Weissfeld AS, editors. Bailey and
Scott’s Diagnostic Microbiology: A Textbook for Isolation
and Identification of Pathogenic Microorganisms. St. Louis:
Mosby; 2002. pp. 378-422.

3. Suffredini AF, Munford RS. Novel therapies for septic shock
over the past 4 decades. JAMA. 2011;306:1949.

4. Mangia CM, Kissoon N, Branchini OA, Andrade MC,
Kopelman BI, Carcillo J. Bacterial sepsis in Brazilian
children: a trend analysis from 1992 to 2006. PLoS One.
2011;6:e14817.

5. Booker E. Sepsis, severe sepsis, and septic shock: current
evidence for emergency department management. Emerg Med
Pract. 2011;13:1-22.

6. Pammi M, Zhong D, Johnson Y, Revell P, Versalovic J.
Polymicrobial bloodstream infections in the neonatal
intensive care unit are associated with increased mortality: a
case-control study. BMC Infect Dis. 2014;14:390.

7. Sutter D, Stagliano D, Braun L, Williams F, Arnold J, Ottolini
M, Epstein J. Polymicrobial bloodstream infection in pediatric
patients: risk factors, microbiology, and antimicrobial
management. Pediatr Infect Dis J. 2008;27(5):400-5.

8. Pulimood S, Ganesan L, Alangaden G, Chandrasekar P.
Polymicrobial candidemia. Diagn Microbiol Infect Dis.
2002;44(4):353-7.

9. Downes KJ, Metlay JP, Bell LM, McGowan KL, Elliott MR,
Shah SS. Polymicrobial bloodstream infections among
children and adolescents with central venous catheters
evaluated in ambulatory care. Clin Infect Dis. 2008;46(3):387-
94,

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Fanaroff AA, Korones SB, Wright LL, Wright EC, Poland RL,
Bauer CB, Tyson JE, Philips JB, Edwards W, Lucey JF, Catz
CS, Shankaran S, Oh W; for the National Institute of Child
Health and Human Development Neonatal Research Network.
A controlled trial of intravenous immune globulin to reduce
nosocomial infections in very-low-birth-weight infants. N
Engl J Med. 1994;330(16):1107-13.

Karlowicz MG, Hashimoto LN, Kelly RE, Buescher ES.
Should central venous catheters be removed as soon as
candidemia is detected in neonates?  Pediatrics.
2000;106(5):E63.

Karlowicz MG, Giannone PJ, Pestian J, Morrow AL, Shults J.
Does candidemia predict threshold retinopathy of prematurity
in extremely low birth weight (<1000 g) neonates? Pediatrics.
2000;105(5):1036-40.

Fairchild KD, Tomkoria S, Sharp EC, Mena FV. Neonatal
Candida glabrata sepsis: clinical and laboratory features
compared with other Candida species. Pediatr Infect Dis J.
2002;21(1):39-43.

Noyola DE, Fernandez M, Moylett EH, Baker CJ.
Ophthalmologic, visceral, and cardiac involvement in
neonates with candidemia. Clin Infect Dis. 2001;32(7):1018-
23.

Faix RG, Kovarik SM. Polymicrobial sepsis among intensive
care nursery infants. J Perinatol. 1989;9(2):131-6.

Pammi M, Liang R, Hicks J, Mistretta TA, Versalovic J.
Biofilm extracellular DNA enhances mixed species biofilms
of Staphylococcus epidermidis and Candida albicans. BMC
Microbiol. 2013;13:257.

Gupta P, Kumhar GD, Kaur G, Ramachandran VG. Clinical
significance of polymicrobial bacteremia in newborns. J
Paediatr Child Health. 2005;41(7):365-8.

Schefold JC, Hasper D, Jorres A. Organ crosstalk in critically
ill patients: hemofiltration and immunomodulation in sepsis.
Blood Purif. 2009;28:116-23.

Sales-Junior JAL, David CM, Hatum R, Souza PCSP,
Japiasst A, Pinheiro CTS, et al. An epidemiological study of
sepsis in intensive care units: Sepsis Brazil Study. Rev Bras
Ter Intensiva. 2006;18:917.

Behrendt G, Schneider S, Brodt HR. Influence of
antimicrobial treatment on mortality in septicemia. J
Chemother. 1999;11:179-86.

Wayne PA. Performance standards for antimicrobial
susceptibility testing. National Committee for Clinical
Laboratory Standards (NCCLS). NCCLS approved standards.
2002. pp. M100-M159.

Tziamabos AO, Kasper DL. Principles and practice of
infectious diseases. Frank Polizano J. 2005;26:2810-16.
Madsen KH, Sorensen HT. Secular trends in incidence and
mortality of bacteremia in Denmark. APMIS. 1999;107:346-
52.

Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G,
Carcillo J, Pinsky MR. Epidemiology of severe sepsis in the
United States: analysis of incidence, outcome, and associated
costs of care. Crit Care Med. 2001;29:1303-10.

Mayr FB, Yende S, Linde-Zwirble WT, et al. Infection rate
and acute organ dysfunction risk as explanations for racial
differences in severe sepsis. JAMA. 2010;303:2495-503.
Fuselier PA, Garcia LS, Procop GW, et al. Bloodstream
infections. In: Bailey and Scott's Diagnostic Microbiology.
Betty AF, Daniel FS, Alice SW, editors. St. Louis: Mosby;
2002. pp. 865-83.

Trevini S, Mahon CR. Bacteraemia. In: Textbook of
Diagnostic Microbiology. Connie RM, Manusel G, editors.
Philadelphia: WB Saunders; 2000. pp. 998-1008.

Elhag KM, Mustafa AK, Sethi SK. Septicaemia in a teaching
hospital in Kuwait—Incidence and aetiology. J Infect.
1985;10(1):17-24.

Daniel RK, Scott AF, James MB, Sanjay S. Brief report:
Incidence, etiology, risk factors, and outcome of hospital-
acquired fever. J Gen Intern Med. 2006;21:1184-87. doi:
10.1111/j.1525-1497.2006.00566.X.

267

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556



