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Abstract

Introduction: Multidrug resistance pathogens have been found to be an increasing cause of neonatal sepsis in
developing country like India. The present study was conducted to study the multidrug resistant pattern in bacterial
isolates of neonatal septicaemia in Neonatal intensive care unit (NICU) of a tertiary referral hospital, Northeastern
part of U.P., India.

Material and Methods: It was a prospective study in which blood culture sample was taken from 450 neonates who
had clinical features of sepsis or had presence of risk factors (one major—prolonged rupture of membranes/evidence
of chorioamnionitis, intrapartum fever, foul smelling liquor or two minor—febrile illness of mother 2 weeks prior to
delivery, meconium stained liquor amnii, more than 3 vaginal examinations during labour, low birth weight or
prematurity, prolonged labour, low Apgar score) over a period one year.

Results: A total of 102 (22.7%) suspects were found to be positive for sepsis. In present study, among positive cases
of neonatal sepsis, the prevalence of early onset was around three forth as compared to late onset sepsis. Among all
gram positive and gram negative isolates Klebseilla pneumoniae was found to be maximum followed by Grp B
streptococcus. Out of total isolates only five isolates were MDR, whereas 4 MRSA and 17 ESBL.

Conclusion: Presence of Multidrug resistant isolates as well an increasing rate of ESBL producers among neonates
noted in this study is alarming. Thus regular monitoring of susceptibility profile of bacterial pathogen is the need of

the hour to treat and curtail the increasing trend of neonatal septicemia.
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Introduction

Neonatal sepsis or sepsis neonatorum refers to
systemic infection of the newborn. It is characterized by
a constellation of a nonspecific symptomatology in
association with bacteremia. Prompt recognition,
appropriate  antimicrobial therapy and judicious
supportive care are the key determinants of positive
outcome in this serious pediatric emergency. In many
developing countries neonatal mortality rates (deaths in
the first 28 days of life) are as high as 40-50 per 1000
live births,2 with infections being the major cause of
death.3* Sepsis is a significant cause of morbidity and
mortality in neonates.>®

Not surprisingly, sepsis is the commonest diagnosis
of inpatients among neonates at referral facilities.” A
very wide spectrum of organisms has been described
for cases of neonatal septicemia and this septicemia is
subject to geographical alterations.

Gram positive cocci causing neonatal septicemia
are Staphylococcus aureus, Coagulase negative
Staphylococcus (CoNS), Enterococci, Group B
Streptococcus, Streptococcus pneumoniae, Listeria
monocytogens and Streptococcus viridans.

Gram negative bacteria  causing  neonatal
septicemia are Escherichia coli, Klebsiella spp,
Enterobacter spp., Pseudomonas spp., Neisseria

meningitidis, Neisseria gonorrhoeae, Salmonella spp.
etc. The inadvertent use of broad-spectrum antibiotics
has led to the emergence of multidrug resistant Gram-
negative bacteria.®® Pathogens causing neonatal
infections and their antibiotic susceptibility patterns
may change over time®° and differ between countries™
and so it is essential to diagnose the cases in time to
provide with appropriate antibiotic  treatment.
Considering the high infection rate among patients,
their high treatment expenses, the high rate of mortality
and the resistance of these microorganisms to
antibiotics, specific attention and proper measurement
is necessary.*?

Considering the relevance of changing spectrum of
pathogens responsible for neonatal septicaemia and
their equally variable antibiotic susceptibility pattern,
the present study was planned to be carried out to study
the multidrug resistant pattern in bacterial isolates of
neonatal septicaemia in NICU of Era's Lucknow
Medical College and Hospital, Lucknow.
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Materials and Methods

Evaluation of blood samples from the neonates
having clinical features of sepsis or suspected or at risk
(one major and two minor) of neonatal septicemia were
taken into study. The major risk factors included
prolonged rupture of membranes (>24 hours), evidence
of chorioamnionitis, intrapartum fever >100.4degF and
foul smelling liquor, whereas minor included febrile
illness in the mother within 2 weeks prior to delivery,
meconium stained liquor amnii, more than 3 vaginal
examinations during labour, low birth weight (<2500
grams) or prematurity, prolonged labour (sum of first
and second stage >24 hours), and neonates with Apgar
score at 1 minute < 4. Neonates with congenital and
chromosomal anomalies and those whose guardians
refused to give consent were not taken.

Evaluation of a total of 450 suspected cases over a
period of one year from 2017 May to 2018 May was
done. Using aseptic technique, 1-2ml of blood was
collected from each patient, was inoculated
immediately into brain heart infusion (BHI) broth and
was incubated for 24hr under aerobic conditions at
37°C. First subculture was done on 5% Sheep blood
agar and MacConkey agar plates incubated for 14-24
hrs. A negative result followed by examining the broth
daily, for the appearance of turbidity and a final
subculture was done at the end of 7 days. Identification
of isolates upto species level was done by using
standard biochemical tests. Minimum inhibitory
concentration (MIC) was set on for antimicrobials using
dehydrated  Microscan  broth  dilution  method.
Susceptibilty was interpreted on the basis of CLSI
guidelines of corresponding years. Antibiotic agents
tested for gram negative isolates were as follows:
cephalosporins (ceftriaxone, cefotaxime); B-lactam/p-
lactamase inhibitor  (amoxicillin/clavulanic  acid)

carbapenem (imipenem); aminoglycosides (amikacin,
gentamicin,); aminopenicillin (ampicillin);
cotrimoxazole, and for gram positive isolates, the drugs
included were cepholosporins (cefoxitin, cefotaxime,
ceftriaxone); B-lactam/p-lactamase inhibitor
(amoxicillin/clavulanic acid); aminoglycosides
(amikacin, gentamicin, netilmicin,); aminopenicillin
(ampicillin); vancomycin, linezolid and cotrimoxazole.
The Quality control strains (QC) recommended by
CLSI which were used with each isolate were
Escherichia coli ATCC 25922, E.coli ATCC 35218,
Pseudomonas aeruginosa ATCC 27853, Klebseilla
pneumoniae ATCC 700603 (ESBL positive strain) and
S.aureus ATCC-43300 (MRSA positive) Bacterial
isolates from blood samples were only considered if QC
strains MICs were within the acceptable ranges.
Methicillin resistant staphylococcus aureus (MRSAS)
were classified by standard cefoxitin Disk diffusion test
and extended spectrum beta-lactamases (ESBLS) by
using the phenotypic method where >5mm increase in
zone diameter for cefotaxime tested in combination
with clavulanate was observed against the zone
diameter when tested alone where considered ESBL
positive. The statistical analysis was done using SPSS
(Statistical Package for Social Sciences) Version 15.0
statistical Analysis Software. The values were
represented in Number (%) and Mean+SD.

Results

Among the total (n=450) clinically suspected cases,
a total of (n=102) were culture positive, hence
prevalence of neonatal sepsis was found to be 22.7%.
Around three fourth (n=75; 73.5%) were found to be
early onset type while remaining 27 (26.5%) as late
onset.

Table 1: Distribution of cases according to presence of different risk factors

Total Early onset Late onset Significance of
S. No Risk Factor (n=102) (n=75) (n=27) difference
No. % No. % No. % x? P
1. Fever 32 31.4 26 34.7 6 22.2 | 1.428 0.232
PROM
5 No PROM 48 47.1 30 40.0 18 66.7
' No meconium 44 43.1 37 49.3 7 25.9 | 5.737 0.057
Meconium +ve 10 9.8 8 10.7 2 7.4
Mode of delivery
3. Vaginal 47 46.1 30 40.0 17 63.0
LSCS/Vacuum 55 53.9 45 60.0 10 37.0 4.213 0.040
4, Preterm 63 61.8 48 64.0 15 55.6 | 0.599 0.439
Low birth weight
5. (<2.5 kg) 46 45.1 29 38.7 17 63.0 | 4.733 0.030
6. Low Apgar (<7) 84 82.4 63 84.0 21 77.8 | 0.529 0.467

A significant difference in proportion of patients
with risk factors between two onset types was observed
for mode of delivery and low birth weight only with

significantly higher proportion of early onset cases
having LSCS/instrumented delivery as compared to
those with late onset (p=0.040) and significantly higher
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proportion of late onset cases with low birth weight as
compared to those with early onset (p=0.030).

Table 2: Distribution of bacterial pathogen among the two case groups

. Total (n=102) Early onset (n=75) Late onset (n=27)
S. No. Organism No. | % No. | % No. | %
Gram Positive
1. S.aureus 7 6.9 6 8.0 1 3.7
2. Enterococcus spp. 3 2.9 2 2.7 1 3.7
3. Grp B streptococcus 15 14.7 11 14.7 4 14.8
Gram Negative
4 P. aeruginosa 6 5.9 4 5.3 2 7.4
5. Acinetobacter spp. 10 9.8 7 9.3 3 11.1
6. C.fruendii 2 2.0 2 2.7 0 0.0
7 Citrobacter spp. 3 2.9 3 4.0 0 0.0
8. E. coli 11 10.8 8 10.7 3 11.1
9. Enterobacter spp. 8 7.8 6 8.0 2 7.4
10. K. oxytoca 3 2.9 2 2.7 1 3.7
11. K. pneumoniae 32 31.4 22 29.3 10 37.0
12, Proteus mirabilis 2 2.0 2 2.7 0 0.0

Among Gram positive isolates Grp. B common isolate followed by Enterococcus spp. Among
streptococcus was most common in both early and late Gram negative isolates, K. pneumoniae was the most
onset groups. Staphylococcus aureus was the next most ~ common followed by E. coli and Acinetobacter spp.

Table 3: Comparison of antibiotic susceptibility testing by Microscan broth dilution method showing Gram
ositive and Gram negative clinical isolates susceptible to various antibiotics

Antibiotic Gram Positive (n=25) Gram Negative (n=77) Significance
S. No. | (disk content in pg) Tested No (_)f sensitive Tested No (_)f sensitive 2 p
isolates isolates
1. Ampicillin(10) 25 3(12.0) 77 5 (6.5) 0.792 0.374
2. Gentamicin(10) 24 10 (41.7) 77 34 (44.2) 0.046 0.830
Amoxycalvulinic
3. acid (20/10) 24 12 (50.0) 76 43 (56.6) 0.319 0.572
4. Ceftriaxone(10) 24 12 (50.0) 76 29 (38.2) 1.057 0.304
5. Amikacin (30) 22 18 (81.8) 76 48 (64.0) 2.384 0.115
6. Linezolid(30) 25 21 (84.0) - - - -
7. Cefoxitin(30) 23 14 (60.9) - - - -
8. Vancomycin (30) 18 18 (100) - - - -
9. Netilmicin (30) 22 19 (86.4) - - - -
10. Cotrimoxazole(25) 23 11 (47.8) 68 23 (33.8) 1.440 0.230
11. Cefotaxime(30) 25 16 (64.0) 71 32 (45.1) 2.650 0.104
12. Imipenem(10) - - 71 62 (87.3) - -

Among Gram positive isolates, Vancomycin,
Amikacin and Linezolid showed maximum sensitivity.
Among Gram negative isolates Imipenem showed
maximum sensitivity. Ampicillin was least sensitive
antibiotic against both the types. Statistically, no
significant difference was observed between two types
wherever common antibiotics were used for assessment
of sensitivity pattern.
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Table 4: Percentage sensitivity of various antibiotics against clinical isolates

S. No. ( disl? cnotllltt)le(l)ltt“i:fl ng) Gram Positive Gram Negative Total
2 S |m8 €| 8| | 58| =s| 8| 8| 8| £
S| g |8 2| 2| 2| &| 8| 2| g 5|5%&
5| |8 8| | S| | v gl <| &S
E > a g IS u“J‘ < g
1. Ampicillin(10) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 273 | 125 | 0.0 31 |0 7.8
2. Gentamicin(10) 57.1 | 33.3 | 35.7 | 50.0 | 30.0 | 50.0 | 66.7 | 545 | 625 | 66.7 | 37.5 | 0.0 | 43.6
3. Amoxyealvulinic | ) o | 500 | 533 | 333 | 60.0 | 500 | 66.7 | 727 | 375 | 66.7 | 61.3 | 0.0 | 55.0
acid(20/10)
4. Ceftriaxone(10) | 66.7 | 33.3 | 46.7 | 50.0 | 20.0 | 50.0 | 33.3 | 63.6 | 50.0 | 66.7 | 29.0 | 0.0 | 41.0
5. Amikacin(30) 66.7 | 50.0 | 92.9 | 83.3 | 70.0 | 100.0| 33.3 | 50.0 | 62.5 | 100.0| 61.3 |50.0| 68.0
6. Linezolid(30) 85.7 | 100 | 80.0 | 50.0 | 0.0 | 100 | 100 | 100 | 50.0 | 73.2 | 61.3 |50.0] 73.2
7. Cefoxitin(30) 85.7 | 100.0 | 46.7 | 20.0 | 333 | 0.0 | 0.0 | 444 | 625 | 0.0 | 28.6 |50.0] 39.1
8. Vancomycin(30) - 100 | 100 - - - - - - - - - 100
9. Netilmicin(30) 100 100 | 76.9 | 33.3 | 333 - - 00 | 66.7| 00 | 429 | - 63.4
10. Cotrimoxazole(25) | 57.1 | 0.0 | 46.7 | 50.0 | 50.0 | 50.0 | 0.0 | 40.0 | 20.0 | 100 | 25.0 | 0.0 | 374
11. Cefotaxime(30) | 57.1 | 66.7 | 66.7 | 33.3 | 60.0 | 50.0 | 33.3 | 40.0 | 75.0 | 50.0 | 35.7 | 50.0| 50.0
12. Imipenem(10) - 100 - 83.3 | 90.0 | 100 | 100 | 66.7 | 85.7 | 100 | 93.3 |50.0| 87.5
Table 5: Prevalence of ESBL and MDR positivit
S. No. Organism Total MDR Positive ESBL Positive
No. % No. %
1. CoNS 7 0 0 0 0
2. Enterococcus spp. 3 0 0 0 0
3. S. aureus 15 0 0 0 0
4. P. aeruginosa 6 1 16.7 0 0
5. Acinetobacter spp. 10 1 10.0 1 10.0
6. C.freundii 2 0 0 0 0
7. Citrobacter spp. 3 0 0 1 33.3
8. E. coli 11 2 18.2 2 18.2
9. Enterobacter spp. 8 0 0 1 12.5
10. K. oxytoca 3 0 0 0 0
11. K. pneumoniae 32 0 0 12 375
12. Proteus mirabilis 2 1 50.0 0 0

Prevalence of MDR was maximum in P. mirabalis (50%) and, maximum ESBL positivity was observed for K.
pneumoniae (37.5%).

Table 6: Distribution of early onset and late onset cases according to their outcome

Total Early onset Late onset
S. No. Outcome (n=102) (n=75) (n=27)
No. % No. % No. %
1. Recovered 97 95.1 72 96.0 25 92.6
2 Expired 5 4.9 3 4.0 2 7.4

v?=0.494; p=0.482
Statistically, there was no significant difference in rate
A total of 5 (4.9%) mortalities took place. There of mortality between two groups (p=0.482).
were 3 (4%) early onset cases who expired whereas a
total of 2 (7.4%) late onset patients also expired.

Table 7: Association between MDR, MRSA and ESBL positive isolates and neonatal outcome

. Alive Expired
S. No. Variable Total No. % No. %
1. MDR 5 2 40.0 3 60.0
2. MRSA 4 4 100 0 0
3. ESBL 17 16 94.1 1 5.9
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Discussion

The present study evaluates the multi-drug resistant
pattern of bacterial isolates among septicemic neonates
admitted in NICU of a tertiary care hospital in
Lucknow, (U.P), India. The study revealed the
prevalence of neonatal sepsis to be 22% (102/450).
Prevalence of neonatal sepsis among clinically suspect
cases has been reported to be varying from 10% to 50%
in various studies from India. Low APGAR (82.4%)
and Preterm delivery (61.8%) were the most common
predictors of neonatal sepsis.

Vaidya et al.'® reported this incidence to be 40.9%
among clinically diagnosed cases of sepsis. Kaistha et
al.** in a retrospective analysis reported this incidence to
be 13.17%. The variability in prevalence rate is
dependant on the regional location, season,
infrastructural facilities and most importantly on
inclusion criteria. In present study, the inclusion criteria
was much relaxed, thereby the number of suspects was
higher and positivity rates were relatively lower.

In present study, Gram positive organisms isolated
out of total were 25 (24.5%) whereas the remaining
were Gram negative organisms 77 (75.5%). The
findings in present study are in agreement with those
reported in literature’>® who reported presence of
Gram negative organisms to be more common. Among
Gram positive isolates Grp B streptococcus was most
common in both early and late onset groups.
Staphylococcus aureus was the next most common
isolate followed by Enterococcus spp. Among Gram
negative isolates, K. pneumoniae was the most common
followed by E. coli and Acinetobacter spp. which
showed similarity with the study of Tallur et al.,
Karunasekara et al., Moreno et al., Karthikeyan and
Premkumar, Lim et al.,'>*° On evaluation of sensitivity
pattern among Gram positive isolates — Ampicillin was
found to be least sensitive for both Gram positive
(12%) as well as Gram negative (6.5%) isolates
whereas Vancomycin was most sensitive (100%) for
Gram positive isolates followed by Netilmicin (86.4%),
Linezolid (84%) and Amikacin (81.8%). Except for
Ampicillin, Gentamicin, Amoxicillin-clavulinic acid,
Ceftriaxone and Cotrimoxazole, all the antibiotics
showed more than 50% sensitivity. The sensitivity
pattern in the present study appeared to be similar to
that reported by Kaistha et al. In present study, more
than two third K. pneumoniae were resistant against
third generation cephalosporins which is similar to the
observations made by Maramba-Lazarte et al. at St.
Louis University.?’ In present study 97.1% of Klebsiella
spp. (31 K. pneumoniae + 3 K. oxytoca) and 87.5% of
Enterobacter spp. were resistant against ampicillin.
Similar observations were made by Ale-Tayeb et al.?
that all the Klebsiella and Enterobacter strains were
resistant against Ampicillin.

Prevalence of ESBL positivity was 37.5% among
Klebsiella spp. which is similar to that reported by
Kolar et al.? and Shayanfar et al.?®

In present study, MRSA was not associated with
any mortality while 60% of MDR positive neonates
expired and in ESBL positive patients was 5.9%.

The findings in present study indicated the
changing pattern of drug sensitivity of microbial
organisms responsible for neonatal sepsis and need of a
renewed protocol for treatment of neonatal sepsis. The
lower mortality rates in present study show that timely
intervention with correct strategy is helpful in reducing
mortality, although the high mortality rates in MDR
cases (60%) indicate the need to explore new antibiotic
regimens. Further studies on larger sample size with
newer antibiotics are recommended.

Conclusion

The prevalence of neonatal sepsis in clinically
suspected cases was found to be 22.7%. Among cases
of neonatal sepsis, prevalence of early onset type was
73.5% whereas the prevalence of late onset type was
26.5%. K. pneumoniae (n=32; 31.4%) among Gram
negative and Grp.B streptococcus (n=15; 14.7%)
among Gram positive were most common in both early
and late onset groups. Staphylococccus aureus, Grp.B
streptococcus and Enterococcus spp. were completely
resistant against Ampicillin whereas Enterococus spp
showed absolute sensitivity against Linezolid,
Cefoxitin, Vancomycin, and Netilmicin. Prevalence of
MDR was maximum in P. mirabalis (50%). None of
the cases of S.aureus, Enterococcus spp., Grp.B
streptococcus, C. freuendii, Citrobacter spp.,
Enterobacter spp., K. oxytoca and K. pneumoniae were
MDR. One out of 6 P. aeruginosa, 1 out of 10
Acinetobacter and 2 out of 11 E. coli were multidrug
resistant. A total of 17 cases were ESBL positive,
maximum ESBL positivity was observed for K.
pneumoniae (37.5%). A total of 5 (4.9%) mortalities
took place. There were 3 (4%) early onset cases who
expired whereas a total of 2 (7.4%) late onset patients
also expired. None of the MRSA positive neonates
expired. 3 out of 5 MDR neonates expired while 1 out
of 17 ESBL positive neonates expired.
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