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MATERNAL-NEONATAL REPORTS

Duration of Antibiotic Therapy in Neonatal Gram-negative
Bacterial Sepsis—10 Days Versus 14 Days

A Randomized Controlled Trial

Anurag Fursule, DNB, Anup Thakur, MD, DNB, Pankaj Garg, MD, and Neelam Kler, MD

Background: Optimal duration of antibiotic therapy in Gram-negative bac-
terial (GNB) sepsis in non-VLBW infants has not been specifically evalu-
ated in previous studies.

Methods: This was an open labeled noninferiority randomized controlled
trial. Non-VLBW infants with GNB sepsis without meningitis whose blood
culture were sterile after day 7 of treatment and who were in clinical remis-
sion on day 9 of appropriate antibiotic were randomized to short duration
(SDR) group and long duration (LDR) group. Infants in SDR group and
LDR group received antibiotic therapy for 10 days and 14 days respectively.
Primary objective was to compare treatment failure. Secondary objectives
were to compare duration of hospitalization, complications of intravenous
(IV) therapy and its duration, episodes of new-onset sepsis and all-cause
mortality.

Results: Of 222 infants with GNB sepsis, 58 eligible infants were rand-
omized in each group and 113 of these were analyzed. There was no differ-
ence in proportion of infants with multidrug-resistant (MDR) organism in
SDR versus LDR group [33(60%) versus 32(55.1%) (P=0.84)]. There were
no treatment failures in either group. Median (IQR) duration of hospital stay
was higher in LDR group as compared with SDR group: 20(18, 23) versus
16(13, 20) days (P<0.001). Infants in LDR group required IV therapy for
a longer duration as compared with SDR group mean (SD): 15.2(1.2) ver-
sus 10.9(0.8) days (P<0.001). Median (IQR) episodes of extravasation were
higher in LDR group: 5(4.7) versus 3(2.3) (P<0.001). There was no differ-
ence in episodes of phlebitis and hematoma. No infants had died on follow up.
Conclusion: In suitably selected non-VLBW infants with Gram-negative
sepsis, 10 days therapy is noninferior to 14 days therapy.

Key Words: short duration therapy, long duration therapy, treatment failure

(Pediatr Infect Dis J 2022;41:156-160)

N eonatal sepsis is a systemic inflammatory response syndrome
that is secondary to infection and remains a significant cause
of morbidity and mortality in neonates. Neonatal sepsis is catego-
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rized according to the infant’s postnatal age at onset of disease.
Although the definitions for early-onset and late-onset sepsis vary,
most clinicians define early-onset sepsis as that occurring at or
before 72 hours of life and late-onset sepsis as those occurring after
72 hours of life.!

Overall, neonatal sepsis caused by Gram-negative bacte-
ria (GNB) is responsible for 18%—78% of cases.>® In India, this
proportion ranges from 55.8% to 64%.”# Antibiotics remain the
mainstay of treatment for neonatal sepsis but the duration of
appropriate antibiotic therapy for neonatal sepsis is not based
on strong clinical evidence. Various standard textbooks differ in
recommending the optimum duration of therapy.'*!° National
Neonatology Forum of India’s (NNFI) evidence-based clinical
practice guidelines recommend administration of appropriate
antibiotics for a total duration of 10-14 days in blood culture
positive sepsis.!" A shorter duration of antibiotic therapy may
lead to undertreatment and resurgence of infection with resultant
increased morbidity and mortality.'”> On the other hand, 14-day
course may carry the risk of unnecessary antibiotic exposure,
increased cost of care, unnecessary intravenous cannulation, pro-
longed hospitalization and risk of colonization with pathogenic
organisms leading to the emergence of drug-resistant strains. Ris-
ing antibiotic resistance is a major concern, especially in develop-
ing countries.' A recent study in India (DeNIS) showed alarming
trends of increase in multidrug-resistant organisms (54%) across
3 large public hospitals in Delhi.?

There is a paucity of randomized controlled trials that have
systematically evaluated the optimum duration of antibiotics in cul-
ture positive sepsis in neonates.'*'® There are no studies that have
specifically evaluated the optimal duration of antibiotic therapy in
GNB sepsis. Therefore, we conducted a randomized controlled trial
to determine whether 10 days (short duration, SDR) of antibiotic
therapy in GNB sepsis is noninferior to 14 days (long duration,
LDR) therapy for treatment failure.

MATERIALS AND METHODS

This parallel open-label, noninferiority randomized con-
trolled trial with 1:1 allocation was conducted in the NICU of a
tertiary center in northern India from July 2017 till May 2020.
Infants with birth weight = 1500g [nonvery low birth weight
infants (VLBW)] with GNB sepsis on blood culture without men-
ingitis were eligible. Infants were enrolled if repeat blood culture
after 7 days of appropriate antibiotic therapy was sterile and clinical
remission, defined as being on full feeds, not on mechanical venti-
lation or on inotropes, was achieved. Infants born with major con-
genital malformations, those with severe birth asphyxia (defined
as APGAR score <3 at 5 minutes), meningitis, ventriculitis, osteo-
myelitis, septic arthritis, other deep-seated infections, or requiring
surgery or unlikely to follow up for 28 days were excluded. An
informed written consent was obtained from the parents. The trial
was approved by the institutional ethics committee and registered
with Clinical Trial Registry of India.
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All non-VLBW infants with clinical signs of sepsis based
on NEOKISS criteria'” were evaluated by obtaining a complete
blood count, C-reactive protein, immature to the total neutrophil
ratio, blood culture, urine, and CSF analysis. NEOKISS criterion
was met if any 2 of the following were present (without other
recognized cause): fever (>38°C) or temperature instability or
hypothermia (<36.5° C), tachycardia (>200/min), or new/ more
frequent bradycardia (<80/min), capillary refill time >2 seconds,
new or more frequent apnea (>20 seconds), unexplained metabolic
acidosis, new-onset hyperglycemia (>140mg/dl), or other signs/
symptoms of sepsis: (1 or more; skin color (pale/mottled, lethargy,
poor feeding, unexplained respiratory distress, increased oxygen
requirements or requiring intubation, unstable condition, apathy, or
laboratory evidence (CRP).

Empirical antibiotics were started as per institutional guide-
lines, pending culture, and sensitivity reports. Infants showing
growth of a pathogenic organism in blood culture were treated with
antibiotics as per sensitivity. After completion of 7 days of appro-
priate antibiotic therapy, a repeat blood culture was sent to docu-
ment sterility. Infants with GNB sepsis, who were documented to
have sterile blood culture after day 7 of treatment and were in clini-
cal remission (defined by being on full feeds and not on mechanical
ventilation or on inotropes) on day 9 of appropriate antibiotic were
eligible for enrollment.

Randomization and Blinding

Eligible infants were randomly allocated to 1 of the 2
groups—SDR group or LDR group—by computer-generated ran-
domization sequence with variable block sizes of 4 and 6 gener-
ated by an independent researcher. This allocation sequence was
concealed in sealed opaque envelopes. The opaque envelopes were
sequentially numbered by another independent staff member and
were kept in the Neonatal Intensive Care Unit (NICU). The NICU
nurse in charge opened the sealed opaque envelope and disclosed
the intervention (SDR/LDR). The nature of the intervention pre-
vented us from blinding.

Intervention

Infants assigned to SDR group received 10 days of appropri-
ate antibiotic therapy and those in LDR group received 14 days of
appropriate antibiotic therapy.

Monitoring and follow up

All infants received similar standard supportive care in the
NICU except for the duration of antibiotic therapy and subsequent
to that, were observed in-house for at least 24 hours. Infants were
discharged as per unit criteria and were followed at 48—72 hours of
discharge and then weekly till 28 days. At each visit, assessment
for general well-being and evaluation for signs/symptoms of sepsis
was done. In addition to these visits, parents were asked to report
to the NICU for any signs/symptoms they perceive as abnormal.
Those infants suspected to have sepsis were admitted and treated as
per institutional guidelines. In cases where parents could not come
for follow up, telephonic consultation was done by the principal
investigator.

Outcome Measures

The primary outcome measure of our study was “treatment
failure” defined as the reappearance of signs and symptoms sug-
gestive of sepsis within 28 days after completion of the antibiotic
course and confirmed by positive blood culture for the same organ-
ism. Secondary outcomes were duration of hospital stay, compli-
cations of IV therapy such as extravasation injuries, phlebitis or
hematoma, duration of IV therapy, episodes of new-onset sepsis

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

(blood culture positive) by a different organism and all-cause mor-
tality within 4 weeks of completion of antibiotic therapy.

Sample size calculation

In a study by Gathwala et al,'* the success rate of antibiotic
therapy in 10 days group was 96.7%. For a success rate of 96.7%
in both the groups, with a power of 90%, o error of 0.05, 10%
noninferiority limit, a total of 110 infants, 55 in each group was
required. Assuming an attrition rate of 10%, the final sample size
was calculated to be 122 infants.

Statistical Methods

Analysis of data was done by using SPSS software version
17. Mean and standard deviation were calculated for normally dis-
tributed data while for skewed data, median, and interquartile range
were calculated. Quantitative data with normal distribution was
compared using student t-test and in those with skewed distribu-
tion, Mann-Whitney U test was used. Categorical data were com-
pared using Chi-square test or Fisher exact test. Two-sided P value
of <0.05 was considered significant.

RESULTS

A total 0of 2964 infants were admitted to the NICU during the
study period, of which 2848 infants were excluded due to various
reasons (Fig. 1). A total of 116 infants underwent definite inclusion
and 58 infants were randomized to each group. Three infants in
LDR group did not complete allotted intervention and 113 infants
were analyzed at the end of the study.

Maternal and neonatal characteristics, clinical manifesta-
tion, and laboratory parameters at admission were similar in both
the groups (Tables 1 and 2). The antibiotic regimen used and
sensitivity pattern is depicted in Supplemental Digital Contents
1 and 2, http://links.lww.com/INF/E521. Fifty percent (29/58) of
cases in SDR group and 60% (33/55) of cases in LDR required
a change in antibiotic therapy based on susceptibility, (P=0.34).
Overall, Klebsiella pneumoniae was the commonest isolate
[57/113 (50.4%)] followed by Acinetobacter baumannii [20/113
(17.6%)] (Table 3). Multidrug-resistant organisms formed 57.5%
(65/113) of all isolates; 66.67% (38/57) of Klebsiella pneumo-
niae, 55% (11/20) of Acinetobacter baumannii, 42.8% (6/14) of
Burkholderia cepacia were multidrug resistant. The proportion of
infants with multidrug-resistant organism in LDR and SDR group
were similar (Table 3). Proportion of infants with MDR organism
was significantly higher in extramural as compared with intramu-
ral admissions [77.6% (59/76) versus 18.9% (7/37), P<0.001].
Infants in LDR and SDR group had similar requirement for inten-
sive care including ventilation, need for inotropes, and transfu-
sion (Table 4).

Of 113 infants followed for up to 4 weeks, there was no
treatment failure in either group. However, 2 infants were readmit-
ted with clinical features of sepsis, 1 from each group. Blood cul-
ture from infant in SDR group was sterile whereas that from infant
in LDR group showed growth of Staphylococcus aureus. None of
the infants died on follow up.

Of the secondary outcomes analyzed, the median (IQR)
duration of hospital stay was significantly higher in LDR group as
compared with SDR group [20 (18, 23) versus 16 days (13, 20)
(P<0.001)]. Infants in the LDR group required IV therapy for a
longer duration [mean (SD)] as compared with SDR group [15.2
(1.2) versus 10.9 (0.8) days (P<0.001)]. Similarly, episodes of
extravasation median (IQR) were higher in the LDR group [5 (4.7)
versus 2 (2.3) (P<0.001)]. There was no difference in episodes of
phlebitis and hematoma (Table 5).
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Total number of NICU admissions (n=2964)
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- Severe birth asphyxia (n=49)

Infants with clinical signs of sepsis (n=1183)

- No clinical signs of sepsis(n=1166)
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\4

- Gram positive organism (n= 39)
- Fungal (n=45)

Infants with GNB sepsis (n=222)

- UTI- (n=25)

Excluded (n=35)

- Meningitis/ventriculitis/brain
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abscess (n=25)
- Osteomyelitis (n=3)
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v
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|
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Lost to follow-up at 1 month (n=0)
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Analysed at 1 month for primary outcome (n=58)
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Analysed at 1 month for primary outcome (n= 55)

FIGURE 1. Consort flow diagram.

DISCUSSION

Duration of antibiotic therapy in GNB sepsis has not been
systematically evaluated. We conducted a randomized controlled
trial to determine whether 10 days of antibiotic therapy in GNB
sepsis is noninferior to 14 days for treatment failure. We found
that a 10-day duration of treatment was not inferior to 14 days of
treatment.

In our study, none of the infants in either group developed
treatment failure on follow up till 4 weeks of discharge. Our find-
ings are consistent with other studies'*'® that compared the differ-
ent duration of antimicrobial therapy in neonatal sepsis caused by
both Gram-negative and Gram-positive organisms. In a pilot rand-
omized controlled trial, Chowdhary et al compared the effectiveness
of a 7-day intravenous antibiotic regimen with a 14-day regimen
for neonatal sepsis.'” The investigators recruited a total of 69 non-
VLBW infants to receive either a 7-day course (n=34) or a 14-day
course (n=35) of antibiotics and found no difference in treatment
failure in the 2 groups [15.2% (5/33) versus 3% (1/33) (P=0.19)].

158 | www.pidj.com

In another randomized controlled trial, Gathwala et al enrolled 60
infants 232 weeks gestation and >1500 g birth weight on day 7 of
therapy if the infants were in clinical remission and CRP was nega-
tive."* The authors compared the effectiveness of a 10-day course of
antibiotic therapy with a 14-day course in culture-proven sepsis in
terms of treatment failure within 28 days defined as either positive
CRP or positive blood culture or clinical relapse. Although, it was
not a noninferiority design and sample size was not estimated a
priori, the authors reported that 10-day course of antibiotic therapy
was as effective as 14-day therapy with 1 infant failing treatment
in each group. In a recent RCT, Rohatgi et al'® enrolled infants of
gestational age =32 weeks, birth weight >1500 g and compared the
efficacy of 7 versus 10 days duration of intravenous antibiotics in
culture positive sepsis. One hundred and thirty-two infants who
were in clinical remission, tolerating feeds, not requiring >40%
FiO, or inotropic support were randomized on day 5 of antimicro-
bial therapy to receive either 7 or 10 days duration of intravenous
antibiotics. The authors reported similar rates of treatment failure

© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Maternal and Neonatal Characteristics TABLE 3. Spectrum of Isolated Organisms
Parameter LDR Group (n=55) SDR Group (n=58) P LDR Group SDR Group
Organism (n=55) (n=58) P
Maternal age (yrs)* 30.5 (4.0) 30.2 (4.2) 0.70
Preterm labor 6(10.9) 13 (22.4) 0.13 Klebsiella pneumoniae 33 (60) 24 (41.4)
PPROM 8(14.5) 13 (22.4) 0.33 Acinetobacter baumannii 9(16.4) 11 (19)
LSCS 50 (90.9) 45 (77.6) 0.07 Burkholderia cepacia 4(7.3) 10 (17.2)
Inborn 16 (29.1) 21 (36.2) 0.43 Escherichia coli 4(7.3) 5(8.6)
Gestational age (wks)* 35.6 (3.1) 35.6 (2.5) 0.94 Stenotrophomonas maltophilia 2(3.6) 0(0)
Birth weight (g)* 2350 (706) 2328 (568) 0.85 Pseudomonas aeruginosa 1(1.8) 2(3.6)
Male 44 (80) 42 (72.4) 0.38 Pseudomonas stutzgeri 0(0) 1(1.7)
SGA 8(14.5) 9(15.5) 0.90 Enterobacter cloacae 1(1.8) 2(3.6)
b " N . fied Serratia marcescens 1(1.8) 1(1.7)
. ata expressed as n (%) unless specified. Ralstonia mannitolytica 0(0) 1.7
Mean (SD). . L
LSCS indicates lower section cesarean section; PPROM, preterm premature rup- Acinetobacter junii 000 L(LT7)
i ’ MDR organisms 33 (60) 32 (55.1) 0.84

ture of membrane; SGA, small for gestational age.

TABLE 2. Clinical Characteristics and Laboratory
Parameters at Presentation

LDR Group SDR Group

Data expressed as n (%). MDR definition for Enterobacteriaceae, Pseudomonas
aeruginosa, Acinetobacter spp: The isolate is nonsusceptible to at least 1 agent in > 3
antimicrobial categories.'®

LDR indicates long duration; MDR, multidrug resistant; SDR, short duration.

Characteristics (n=55) (n=58) P TABLE 4. Intensive Care Required During NICU Stay
Onset of symptoms 4(1,11) 3(1,6) 0.19 LDR group SDR group

in days™ Outcomes (n=55) (n=58) P
EONS 23 (41.8) 31 (53.4) 0.26
Fever 13 (23.6) 9 (15.5) 0.27 Invasive ventilation 23 (41.8) 27 (46.6) 0.70
Hypothermia 2(3.6) 3(5.2) 0.69 Noninvasive ventilation 37 (67.3) 40 (69) 1.0
Tachycardia 17 (30.9) 12 (20.7) 0.28 Inotropes 16 (29.1) 12 (20.7) 0.38
Hyperglycemia 11 (20) 7(12.1) 0.30 Parenteral nutrition 35 (63.6) 38 (65.5) 0.84
Hypoglycemia 5(9.1) 2 (3.4) 0.26 Need for blood products 24 (43.6) 18 (31) 0.17
Apneas 23 (41.8) 25 (43.1) 1.0 Packed red blood cells 6(10.9) 11 (19) 0.29
Poor feeding 28 (50.9) 27 (46.6) 0.70 Platelet concentrate 21 (38.2) 13 (22.4) 0.10
Feed intolerance 18 (32.7) 16 (27.6) 0.68 Fresh frozen plasma 5(9.1) 6(10.3) 1.0
Lethargy 34 (61.8) 39 (67.2) 0.56 Duration in hours*
Respiratory distress 35 (63.6) 37 (63.8) 1.0 » Noninvasive ventilation 48 (0, 96) 42 (0,72) 0.38
Central line in situ 9(16.4) 13 (22.4) 0.48 * Invasive ventilation 0 (0, 96) 0 (0, 63) 0.59
Invasive ventilation 25 (45.5) 24 (41.4) 0.66 » Parenteral Nutrition 48 (0, 96) 36 (0, 96) 0.91
Noninvasive ventilation 22 (40) 23 (39.6) 0.97 * Inotropes 0 (0, 48) 0(0,0) 0.25
Septic shock 13(23.6) 11(19) 0.64 Data expressed as n (%) unless specified.
Metabolic acidosis 20 (36.4) 14 (24.1) 0.21 VA e pectiiec.
TLC* 9600 (6130, 15,900) 10,520 (5475, 15,940) 0.95 IQR indicates i'nterquartile range; LDR, long duration; SDR, short duration
ANC* 4853 (2967,9396) 5655 (2418,8735) 0.71 ’ ’ ’ ’ '
CRP* 51.9 (11.4,99.1) 47(11.3,99.8) 0.52
LT ratio* 0.14 (0.09, 0.35) 0.12 (0.06,0.20)  0.34

Time to culture
positivity (hours)*

11.2(8.7,13.6) 12(10.4,15.8) 0.11

Data expressed as n (%) unless specified.

*Median (IQR).

ANC indicates absolute neutrophil count: cells/cu.mm; CRP, C-reactive protein:
mg/l; EONS, early-onset neonatal sepsis; I'T ratio, immature to the total neutrophil
ratio; LDR, long duration; SDR, short duration; TLC, total leucocyte count: cells/cu.mm.

in the 7-day group [2/64 (3%)] as compared with a 10-day group
[2/64 (3%)]. Despite treatment failure being defined variably in
these studies, no difference in the rates of treatment failure in long
duration or short duration groups has been reported. In our study,
none of the infants had treatment failure which could be due to
more stringent inclusion criteria. We enrolled infants with GNB
sepsis, whereas all 3 mentioned studies included infants with both
Gram-negative and positive sepsis. In addition, we documented a
sterile blood culture on day 7 before randomization.

Another important finding in our study was that treatment
failure was independent of infection being caused by MDR organ-
ism, provided appropriate antibiotic was given for stipulated dura-
tion. We found that Klebsiella pneumoniae was the most common
organism isolated (50.4%), followed by Acinetobacter baumannii
(17.6%), and Burkholderia cepacia (12.3%). A total of 57.5% of

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

isolated organisms were multidrug-resistant. Rohatgi et al also
reported Klebsiella being the common isolate (40.9%), while
Gathwala et al found Pseudomonas to be the most common isolate
(51.6%). These studies did not report the burden of MDR organism.
A recent study from New Delhi reported 82% of Klebsiella isolates
and 54% of Acinetobacter to be MDR.®

On evaluating our secondary outcomes, we found decreased
duration of hospital stay, duration of IV therapy and episodes of
extravasations in short duration group. In our study, the median
difference in hospital stay in the 2 groups was 4 days. Two studies
have reported the duration of hospital stay as a secondary outcome
and found similar results. Gathwala et al reported duration of 13
days versus 17.5 days in a short duration and long duration group
while Rohatgi et al observed duration of 17 days and 19.4 days
respectively.!*!® The decreased duration in our study is probably
due to earlier discharge in SDR group who would otherwise be
hospitalized for IV therapy despite other discharge criterion being
fulfilled. Similarly, days on IV therapy was less in SDR group
due to study design per se. This decrease in duration of hospital
stay and IV therapy may translate into lower cost of care which is
more relevant in lower and middle-income countries with limited
resources.'”?? In addition, since extravasation is associated with
IV cannulation, infants in the SDR group had lesser episodes of
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TABLE 5. Outcome Measures

LDR Group SDR Group

Outcome Measures (n=55) (n=58) P
Primary outcome 0 0 -
Treatment failure*
Secondary outcomes
Duration of hospital stay 20(18,23) 16(13,20) <0.001
Duration of IV antimicrobial  15.2 (1.2) 10.9 (0.8) <0.001
therapy*
Episodes of extravasation 54,7 3(2,3) <0.001
Episodes of phlebitis 3(2,3) 2(2,4) 0.76
Hematoma 1(0,2) 1(0,1) 0.35
Any organism isolated on 1 0 -
follow upf
All-cause mortality within 0 0 -
4 weeksT

Data expressed as median (IQR) unless specified.

*Mean (SD).

TSPSS software did not compute the P value as an outcome in LDR group and SDR
group was zero.

IQR indicates interquartile range; IV, intravenous; LDR, long duration; SDR, short
duration.

extravasation. Other secondary outcomes such as all-cause mor-
tality after 28 days of completion of therapy were not observed in
any infant. One infant from LDR group had new-onset sepsis by
Staphylococcus aureus.

The strength of our study includes its noninferiority design,
exclusive inclusion of GNB neonatal sepsis, carefully defined
cohort randomized only after clinical remission and documented
microbiologic sterility and meticulous follow up. Our study has
certain limitations. The findings of our study cannot be broadly
extrapolated to all infants with neonatal sepsis and this limits
the generalizability of our study. We adopted an extremely cau-
tious approach and our cohort was carefully selected. Only non-
VLBW infants were included in our study as VLBW infants being
immune-compromised are more likely to have treatment failure if
the duration of antibiotics is curtailed. Secondly, we randomized
infants after completion of 7 days of appropriate antibiotics with
documented sterile blood culture on day 9 and only if they were
in complete clinical remission, that is, off inotropes, on room air
or noninvasive mode of ventilation and on full enteral feeds. In
addition, those with deep-seated infections like meningitis, hepatic
abscess, osteomyelitis, septic arthritis were excluded. The choice
of noninferiority margin may seem high but given the anticipated
advantages such as decreased duration of NICU stay, reduction
in IV antimicrobial therapy days and decrease in complications
related to IV therapy, delta of 10% is justified and abides by the
rules of noninferiority design.?>?** Finally, we could not account
for the effect on the administration of intrapartum antibiotics on
treatment failure since the majority of infants in our study were
extramural admission in whom the history of intrapartum antibiot-
ics was not available.

CONCLUSIONS

In suitably selected non-VLBW infants with Gram-negative
sepsis, 10 days therapy is noninferior to 14 days therapy, in terms of
treatment failure. In addition, a short duration antibiotic decreases
the length of hospital stay, duration of IV therapy and episodes of
extravasation.
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