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INTRODUCTION 

Sepsis is a significant cause of morbidity and mortality in 

neonates.1 Neonatal sepsis (NS) is defined as a 

disseminated disease with positive blood culture during 

the first month of life and is more common in developing 

countries compared with developed countries.2,3 Sepsis 

with Gram negative microorganisms is increasingly 

reported nowadays particularly in Asian countries.4,5 The 

inadvertent use of broad-spectrum antibiotics has led to 

the emergence of multidrug resistant Gram-negative 

bacteria.6 Klebsiella species are of significant importance 

in this regard.7 This microorganism accounts for NS in 4- 

9% of cases in developed countries and 16-28% in 

developing countries.8-11 KP belongs to the family of 

Enterobacteriaceae. There are “classic” and hypervirulent 

strains of K. pneumoniae.12 “Classic” non-virulent K. 

pneumoniae (c-KP) strains are usually associated with 
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ABSTRACT 

 

Background: The increasing clinical incidence of antibiotic-resistant bacteria is a major global health care issue. 

Among MDR pathogens, Klebsiella pneumoniae (KP) is one of the world's most dangerous superbugs; and becoming 

resistant to virtually every antibiotic available today. The objective were to study the clinical characteristics of 

neonatal sepsis caused by KP and the antibiotic sensitivity pattern of Klebsiella pneumoniae in a neonatal intensive 

care unit (NICU) in northern india.  

Methods: This observational study was conducted with neonates who were admitted in NICU of Government 

Medical College (GMC) Jammu (Jammu and Kashmir) India and whose blood culture showed growth of KP in a 

study period of 1 year between 1st January 2018 to 31st December 2018. The data was entered into a register and 

presented by descriptive statistics. 

Results: Twenty four neonates were included in the study. The clinical presentations include refusal of feed (83.3%), 

lethargy (79.2%), respiratory distress (70.8%), shock (70.8%), fever (37.5%) or hypothermia (58.3%), apnea (29.2%) 

and abdominal distension (33.3%). Most common perinatal risk factor was prolonged labor (>24 h) seen in 79.2% of 

cases. C-reactive protein (CRP) level was positive in 95% of the cases. The mortality was 25%. KP strains were 

sensitive to colistin, polymyxin B, cotrimoxazole and tetracyclines.  

Conclusions: The clinical manifestations of neonatal sepsis caused by KP are usually non-specific. CRP detection is 

valuable for early diagnosis of sepsis. Neonatal sepsis persists as a cause of mortality in this region. Regular 

antimicrobial surveillance for empirical treatment remains an important component of neonatal care.  
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pneumonia, urinary tract infection, nosocomial infections 

and neonatal sepsis in immunocompromised patients.13 

C-KP can cause NS outbreaks in hospitals and ICU.14,15 

C-KP strains have recently gained notoriety due to their 

propensity to acquire antimicrobial resistance. Within the 

last few decades, extended-spectrum b-lactamase 

(ESBL)-positive KP isolates have been recovered 

worldwide, especially in intensive care units (ICU).16 The 

prevalence of ESBL-producing strains of KP is 23% in 

the USA and up to 85-100% in some European 

countries.17 Hypervirulent strains of KP (hv-KP) were 

first recognized in Taiwan in the last twentieth century 

and caused liver abscesses, meningitis and 

endophthalmitis in previously healthy adult patients.18-20 

Currently, hv-KP strains are being spread in different 

parts of the world.21,22 High virulence of hv-KP is 

associated mainly with enhanced capsule production, that 

can be triggered by a regulator of the mucoid phenotype 

(rmpA) gene and mucoviscosity associated gene A 

(magA).12,22 In addition to c-KP and hv-KP, in recent 

years the third type of KP was detected, which 

characterized by a combination of antibiotic resistance 

and hypervirulence.21,23,24 The prevalence of antibiotic 

resistance in hv-KP isolates is rare compared with the 

high prevalence of antibiotic resistant c-KP isolates.25  

A report in 2016 showed that in China 12.6% of hv-KP 

isolates from several invasive infections produced 

ESBL.26 The role of virulent strains of K. pneumoniae 

(including hv-KP) in neonatal infections is unknown. 

This study was undertaken to monitor temporal change in 

prevalence of K. pneumoniae as a causative organism for 

neonatal infections and its antimicrobial sensitivity 

patterns from blood cultures of neonates admitted in 

NICU in GMC Jammu (Jammu and Kashmir) India.  

METHODS 

We retrospectively collected the medical data of the 

neonates admitted in Government Medical College 

Jammu, Jammu and Kashmir, India from the department 

of Pediatrics and neonatology in one-year period between 

1st January 2018 to 31st December 2018. Data was 

collected through the hospital record section (HRS) that 

generates daily reports. Subjects of the study were 

neonates (age under 28 days) who were admitted in 

NICU and whose blood cultures showed growth of KP. 

Exclusion criteria 

• Babies whose blood culture report showed growth of 

some other organism with Klebsiella. 

• Babies who were admitted with severe sepsis because 

initial clinical features were missed. 

Data analysis 

The data was entered into a register and presented by 

descriptive statistics. All numeric values were expressed 

in exact number and percentages. Categorical variables 

were compared using X2 test. P <0.05 was considered as 

statistically significant. 

RESULTS 

Twenty four neonates were included in the study who 

were admitted in NICU of GMC Jammu, Jammu and 

Kashmir, India.12 (50%) were preterm very low birth 

weight babies, 03 (12.5%) were preterm low birth weight 

and 9 (37.5%) were term appropriate for gestational age 

babies. No baby was term, small for gestational age or 

preterm extremely low birth weight. 15 (62.5%) 

newborns were male and 9 (37.5%) were female. Of 

these 24 newborns, 8 (33.3%) were admitted due to 

perinatal asphyxia, 04 (16.7%) for meconium aspiration 

syndrome and 12 (50%) were preterm very low birth 

weight babies admitted for preterm care /weight 

gain/sepsis and necrotizing enterocolitis (NEC) 

management. All of them were admitted on day 1 of life. 

Most of the neonates develop symptoms on day 4 of life. 

Time of onset of symptoms is shown in Table 1. 

Table 1: Time of onset of symptoms (n=24). 

Age when symptoms 

occurred 
Number  Percentage 

Day 1 and Day 2 0 0 

Day 3 6 25 

Day 4 12 50 

Day 5 to Day 7 4 16.7 

After Day 7 2 8.3 

Perinatal risk factors responsible are enumerated in Table 

2 which shows that a very high proportion of the babies 

had these risk factors making them susceptible to sepsis. 

Prolonged labor (>24h) was most common risk factor 

seen in 79.2% of cases whereas unclean or >3 sterile 

vaginal examinations was least common risk factor seen 

in 16.7% of cases. There was a coexistence of more than 

one factor in many cases. 

Table 2: Perinatal risk factors for NS. 

Risk factors Number Percentage 

Prolonged labor (>24 h) 19 79.2 

Premature rupture of 

membrane (>18 h) 
17 70.8 

Maternal fever within 2 

weeks (>38°C) 
13 54.2 

Foul‑smelling liquor 12 50 

Birth asphyxia 9 37.5 

Unclean or >3 sterile 

vaginal examinations 
4 16.7 

The symptoms and signs of neonates with blood culture 

positive for KP are shown in Table 3. Refusal of feed 

(83.3%) was the most common presentation followed by 

lethargy (79.2%), respiratory distress (70.8%)/shock 
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(70.8%) whereas apnea (29.2%), gastrointestinal bleeding 

(25%) were the least common presentation. 

Table 3: Symptoms/signs of neonates with blood 

culture positive for Klebsiella pneumoniae (n=24). 

Symptom/sign Number  Percentage 

Refusal of feed 20 83.3 

Lethargy 19 79.2 

Respiratory distress 17 70.8 

Shock 17 70.8 

Convulsion 15 62.5 

Hypothermia 14 58.3 

Sclerema 10 41.7 

Fever 9 37.5 

Vomiting 8 33.3 

Abdominal distension 8 33.3 

Apnea 7 29.2 

Gastrointestinal bleeding 6 25.0 

Mottling 5 20.8 

In this study KP was resistant to meropenem, 

vancomycin, aztreonam, amoxicillin clavulanate. 

cefotaxime/ceftriaxone and piperacillin-tazobactum had 

intermediate sensitivity whereas cotrimoxazole, colistin 

and polymyxin B were highly sensitive (Table 4). 

Regarding the outcome, 6 (25%) newborns expired and 

18 (75%) recovered. Clinical improvement was assessed 

by commencement of feeding. On an average, feeds were 

started on day 4 of treatment. However, intravenous 

antibiotics to which the bacteria were sensitive were 

continued for 14 days. 

Table 4: Drug sensitivity pattern of Klebsiella 

pneumoniae. 

Drug sensitivity to 

Klebsiella 
Number Percentage 

Colistin 23 95.8 

Polymyxin B 22 91.7 

Cotrimoxazole 18 75 

Tetracyclines 17 70.8 

Chloramphenicol 11 45.8 

Piperacillin-tazobactum 10 41.6 

Gatifloxacin 9 37.5 

Linezolid 9 37.5 

Cefepime 6 25 

Cefotaxime/ceftriaxone 2 8.3 

Meropenem/imipenem 0 0 

Amikacin 0 0 

Vancomycin 0 0 

Amoxicillin clavulanate 0 0 

Cefuroxime sodium 0 0 

Aztreonam 0 0 

DISCUSSION 

KP is the most commonly reported cause of neonatal 

sepsis in several studies from developing countries.27-29 

There are also frequent reports of outbreaks of neonatal 

sepsis due to KP in nursery and NICUs.30 However 

molecular typing was not performed in our study to 

determine whether a particular strain was circulating in 

the NICU due to the lack of facilities. In a previous study, 

neonatal sepsis caused by KP has been shown to present 

with non-specific features like fever or hypothermia, 

tachypnoea, apnoea and feed intolerance consistent with 

our study.31 We assessed the various risk factors for KP 

infection. We noted that neonates with birth weight 

≤2.5Kg and inborn babies were at higher risk for 

infection by KP. Generally, rate of infection is inversely 

related to birth weight.8 This explains why neonates with 

birth weight ≤2.5Kg were at increased risk for KP 

infection. Therefore prevention, early recognition and 

early therapy for neonatal sepsis in the low birth weight 

babies is critical in decreasing the mortality. Similarly, 

the inborn babies had increased risk for KP infection 

because of the ability of this pathogen to survive in the 

hospital environment and spread rapidly resulting in 

outbreaks.32 Although preterm neonates were observed to 

be at increased risk for KP infection. This could be due to 

the general increase in the risk of the preterm neonates 

for infections by pathogens other than KP. In a study by 

Shitaye et al, prematurity was observed to be a common 

risk factor for neonatal sepsis irrespective of the 

pathogen.29 Most children developed symptoms on day 3 

(25%) or day 4 (50%). The mortality (25%) is almost the 

same or slightly higher than that found in other 

studies.31,33 Our failure to prove a significant increase in 

mortality could be due to the small sample size, which is 

a limitation of this study.  

In other studies, KP were observed to be sensitive to 

meropenem which is quite opposite to our study.32,34,35 

KP organisms were highly sensitive to colistin/polymyxin 

B and resistant to meropenem. Currently available studies 

on multidrug resistant Klebsiella are predominantly based 

on intensive care units. There is a paucity of information 

about outbreaks in neonatal units.36 Hence, we describe 

the clinical features and drug sensitivity pattern of 

Klebsiella pneumoniae infection in a neonatal intensive 

care unit in Northern india. 

This study has several limitations. The retrospective 

design based on existing patient registers or databases 

cannot exclude the possibility of confounding that may 

have affected these results. Accuracy and variability in 

the quality of documentation among different health care 

personnel it was not feasible to ensure with retrospective 

audit of databases.  

This study had 3 major limitations. First, there was 

intermittent stock-out of some antibiotic disks, leading to 

inconsistent reporting of antibiograms. Second, the 

isolates per species of organism were not enough for 

every bacteria, as CLSI recommends a minimum of 10 

isolates per species of organism for an antibiogram to be 
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very effective.37 Third, small sample size which is 

another limitation.  

CONCLUSION 

Every attempt should be made to obtain specimens for 

culture and sensitivity testing prior to initiating 

antibiotics. Empirical antibiotic therapy should be based 

on knowledge of likely pathogens for the site of infection, 

information from patient history (e.g. recent 

hospitalizations, work-related exposure, travel and pets), 

and local susceptibility.  

All patients receiving antibiotics should be monitored for 

resolution of infectious signs and symptoms (e.g. 

decreasing temperature and white blood cell count) and 

adverse drug events. Clinicians should work towards 

optimizing antibiotic use through antibiotic stewardship 

programs and interventions, which help to ensure that 

patients get the right antibiotics at the right time for the 

right duration. A number of evidences from researches 

across the globe prove that multi drug resistant bacteria 

are emerging worldwide causing many public health 

problems and challenges to healthcare.  

Based on the result from our pooled data, we can 

conclude that currently we have only few antibiotics that 

are effective to treat KP. 

Recommendations 

Promising future strategies to combat resistance requires 

additional societal investment in basic and applied 

research and policy activities. These interventions include 

preventing infections from occurring in the first place, 

encouraging new economic models that spur investment 

in anti-infective treatments, slowing the spread of 

resistance in order to prolong the useful lives of 

antibiotics, discovering new ways to directly attack 

microbes in a manner that does not drive resistance and 

altering host-microbe interactions in order to modify 

disease without directly attacking microbes.38  

A more innovative form of stewardship is the 

development of therapies that do not drive resistance and 

hence the genomic revolution and the use of 

bacteriophages has been promising in the last one decade 

studies.39 

ACKNOWLEDGEMENTS 

Authors would like to thank all the staff of the hospital 

record room for their help and co-operation in completing 

this small piece of work. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Stoll BJ. Infections of the neonatal infant. In: 

Nelson Textbook of Pediatrics, Behrman Ed., 

Kleigman RE, RM, Jenson HB. Philadelphia: W.B. 

Saunders. 17th ed. 2004:623-39. 

2. Edwards MS. Postnatal infections In: Fanaoff and 

Martins Neonatal-perinatal Medicine. 8th ed. 

Philadelphia: Mosby Elsevier; 2006:791-804. 

3. Vergnano S, Sharland M, Kazembe P, Wansambo 

CM, Heath PT. Neonatal sepsis, an international 

perspective. Arch Dis Child Fetal Neonatal Ed. 

2005;90:F220-F224. 

4. Bakr AF. Intravenous lines‑related sepsis in 

newborn babies admitted to NICU in a developing 

country. J Trop Pedia. 2003 Oct 1;49(5):295-7. 

5. Joshi SG, Ghole VS, Niphadkar KB. Neonatal 

Gram-negative bacteremia. Indian J Pediatr. 

2000;67(1):27-32. 

6. Köksal N, Hacimustafaoğlu M, Bağci S. 

Meropenem in neonatal severe infections due to 

multiresistant gram-negative bacteria. Indian J 

Pediatrics. 2001 Jan 1;68(1):15-9. 

7. Roilides E, Kyriakides G, Kadiltsoglou I, Farmaki 

E, Venzon D, Katsaveli A, et al. Septicemia due to 

multiresistant Klebsiella pneumoniae in a neonatal 

unit: a case-control study. Am J Perinatol. 

2000;17(01):035-40. 

8. Stoll BJ, Hansen N, Fanaroff AA,Wright LL, 

CarloWA, Ehrenkranz RA, et al. Late-onset sepsis 

in very low birth weight neonates: the experience of 

the NICHD Neonatal Research Network. Pediatrics. 

2002;110:285-91.  

9. Zaidi AK, Thaver D, Ali SA, Khan TA. Pathogens 

associated with sepsis in newborns and young 

infants in developing countries. Pediatr Infect Dis J. 

2009;28(Suppl. 1):S10-8.  

10. Vergnano S, Menson E, Kennea N, Embleton N, 

Russell AB, Watts T, et al. Neonatal infections in 

England: the Neon in surveillance network. Arch 

Dis Child Fetal Neonatal Ed. 2011;96:F9-14. 

11. Zea-Vera A, Ochoa TJ. Challenges in the diagnosis 

and management of neonatal sepsis. J Trop Pediatr. 

2015;61:1-13.  

12. Shon AS, Bajwa RP, Russo TA. Hypervirulent 

(hypermucoviscous) Klebsiella pneumoniae: a new 

and dangerous breed. Virulence. 2013;4:107-18.  

13. Podschun R, Ullmann U. Klebsiella spp. as 

nosocomial pathogens: epidemiology, taxonomy, 

typing methods, and pathogenicity factors. Clin 

Microbiol Rev. 1998;4:589-603. 

14. Haller S, Eller C, Hermes J, Kaase M, Steglich M, 

Radonic A, et al. What caused the outbreak of 

ESBL-producing Klebsiella pneumoniae in a 

neonatal intensive care unit, Germany 2009 to 

2012? Reconstucting transmission with 

epidemiological analysis and whole-genome 

sequencing. BMJ. 2015;5:e007397.  

15. Khaertynov KhS, Anohin VA, Nikolaeva IV, 

Semenova DR, Lyubin SA, Agapova IV. Neonatal 



Qazi M et al. Int J Res Med Sci. 2019 May;7(5):1909-1913 

                                                        
 

       International Journal of Research in Medical Sciences | May 2019 | Vol 7 | Issue 5    Page 1913 

sepsis caused by Klebsiella. Med News North 

Caucasus. 2016;1s1:82-6.  

16. Gelband H, Miller-Petrie M, Pant S, Gandra S, 

Levinson J, Barter D, et al. The State of the World’s 

Antibiotics. Washington, DC: Center for Disease 

Dynamics, Economics, Policy; 2015. 

17. Liu YC, Cheng DL, Lin CL. Klebsiella pneumoniae 

liver abscess associated with septic endophthalmitis. 

Arch Intern Med. 1986;146:1913-6. 

18. Cheng DL, Liu YC, Yen MY, Liu CY, Wang RS. 

Septic metastatic lesions of the pyogenic liver 

abscess. Their association with Klebsiella 

pneumoniae bacteremia in diabetic patients. Arch 

Intern Med. 1991;151:1557-9.  

19. Wang JH, Liu YC, Lee SS, Yen MY, Chen YS, 

Wang JH, et al. Primary liver abscess due to 

Klebsiella pneumoniae in Taiwan. Clin Infect Dis. 

1998;26:1434-8. 

20. Decré D, Verdet C, Emirian A, Le Gourrierec T, 

Petit JC, Offenstadt G, et al. Emerging severe and 

fatal infections due to Klebsiella pneumoniae in two 

university hospitals in France. J Clin Microbiol. 

2011;49:3012-304.  

21. Bialek-Davenet S, Criscuolo A, Ailloud F, Passet V, 

Jones L, Delannoy-Vieillard AS, et al. Genomic 

definition of hypervirulent and multi drug resistant 

Klebsiella pneumoniae clonal groups. Emerg Infect 

Dis. 2014;20:1812-20.  

22. Yu WL, Ko WC, Cheng KC, Lee HC, Ke DS, Lee 

CC, et al. Association between rmpA and magA 

genes and clinical syndromes caused by Klebsiella 

pneumoniae in Taiwan. Clin Inect Dis. 

2006;42:1351-8. 

23. Zhang R, Lin D, Chan EW, Gu D, Chen GX, Chen 

S. Emergence of carbapenem-resistant serotype K1 

hypervirulent Klebsiella pneumoniae strains in 

China. Antimicrob Agents Chemother. 

2015;60:709-11.  

24. Surgers L, Boyd A, Girard PM, Arlet G, Decré D. 

ESBL-producing strain of hypervirulent Klebsiella 

pneumoniae K2, France. Emerg Infect Dis. 

2016;22:1687-8.  

25. Paczosa MK, Mecsas J. Klebsiella pneumoniae: 

going on the offense with a strong defense. 

Microbiol Mol Biol Rev. 2016;80:629-61.  

26. Zhang Y, Zhao C, Wang Q, Wang X, Chen H, Li H, 

et al. High prevalence of hypervirulent Klebsiella 

pneumoniae infection in china: geographic 

distribution, clinical characteristics, and 

antimicrobial resistance. Antimicrob Agents 

Chemother. 2016;60:6115-20. 

27. Waliullah MS, Islam MN, Siddika M, Hossain MK, 

Hossain MA. Risk factors, clinical manifestation 

and bacteriological profile of neonatal sepsis in a 

tertiary level pediatric hospital. Mymensingh Med J. 

2009;18:S66-S72. 

28. Iregbu KC, Elegba OY, Babaniyi IB. 

Bacteriological profile of neonatal septicaemia in a 

tertiary hospital in Nigeria. Afr Health Sci. 

2006;6:151-4. 

29. Shitaye D, Asrat D, Woldeamanuel Y, Worku B. 

Risk factors and etiology of neonatal sepsis in Tikur 

Anbessa University Hospital, Ethiopia. Ethiop Med 

J. 2010;48:11-21. 

30. Banerjee M, Sahu K, Bhattacharya S, Adhya S, 

Bhowmick P, Chakraborty P. Outbreak of neonatal 

septicemia with multidrug resistant Klebsiella 

pneumoniae. Indian J Pediatr. 1993;60:25-7. 

31. Mai JY, Zhu ML, Chen C, HeXL, Lin ZL. Clinical 

characteristics of neonatal Klebsiella pneumoniae 

sepsis and its antibiotic sensitivity pattern of strains. 

Zhonqquo Dong Dai Er Ke Za Zhin. 

2016;12(9):700-3. 

32. Harish BN, Menezes GA, Shekatkar S, Parija SC. 

Extended-spectrum beta-lactamase-producing 

Klebsiella pneumoniae from blood culture. J Med 

Microbiol. 2007;56:999-1000. 

33. Zhou J, Li G, Ma X, Yang Q, Yi J. Outbreak of 

colonization by carbapenemase-producing 

Klebsiella pneumoniae in a neonatal intensive care 

unit: Investigations, control measures and 

assessment. Am J Infection Control. 

2015;43(10):1122-4.  

34. Serefhanoglu K, Turan H, Timurkaynak FE, Arslan 

H. Bloodstream infections caused by ESBL-

producing E. coli and K. pneumoniae: risk factors 

for multi drug resistance. Braz J Infect Dis. 

2009;13:403-7. 

35. Taneja N, Rao P, Arora J, Dogra A. Occurrence of 

ESBL and Amp-C beta-lactamases and 

susceptibility to newer antimicrobial agents in 

complicated UTI. Indian J Med Res. 2008;127:85-8. 

36. Cassettari VC, Silveira IR, Balsama AC, Franco F. 

Outbreak of extended spectrum beta-lactamase 

producing Klebsiella pneumonia in an intermediate 

risk neonatal unit linked to onychomycosis in a 

health care worker. J Pediatrics. 2006;82(4):316-26.  

37. Wyoming Department of Health. Burke K. Section 

12: Antibiotic Stewardship - Wyoming Department 

of Health, 2014. Available at: 

https://health.wyo.gov/publichealth/infectious-

disease-epidemiology-unit/healthcare-associated-

infections/infection-prevention-orientation-

manual/antibiotic-stewardship/. Accessed on 1 June 

2017. 

38. Spellberg B, Bartlett JG, Gilbert DN. The future of 

antibiotics and resistance. N Engl J Med. 

2013;368:299-302. 

39. Haq IU, Chaudhry WN, Akhtar MN, Andleeba S, 

Qadri I. Bacteriophages and their implications on 

future biotechnology: a review. Virol J. 2012;9(1):9. 
 

 

 

 

 

 

 

 

Cite this article as: Qazi M, Saqib N, Raina R. Risk 

factors and outcome of Klebsiella pneumonia sepsis 

among newborns in Northern India. Int J Res Med 

Sci 2019;7:1909-13. 


