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Abstract

Background We synthesised the current evidence in coverage and quality of delivery care, change in neonatal
mortality (NMR), and causes of neonatal death in the private sector deliveries in the Indian state of Bihar from 2011
to 2021.

Methods Women aged 15-49 years with livebirths were interviewed in three household surveys involving state-
representative samples in 2011, 2016 and 2020-2021 designed to document the coverage of maternal and newborn
health services and change in NMR over time. Verbal autopsy interviews were used to assign the cause of neonatal
death. The coverage of private sector facilities for livebirths in each survey and the percent change over time by 38
districts in the state and select socio-demographic characteristics, along with trends in NMR and causes of neonatal
death across years are reported.

Results Private sector delivery coverage was 17.3% (95% Cl=16.6-17.9), 16.7% (95% Cl=16.2-17.2) and 26.1 (95%
C1=25.6-26.6)in 2011, 2016 and 2020-2021, respectively. A significant increase of 56.3% (95% Cl=49.3 to 63.3) in this
coverage was documented between 2016 and 2020-2021 with the highest increase in the lowest wealth index
quartile in urban areas. The district-wise coverage of private sector delivery ranged from 4.6% to 34.9%, 5.5% to 40.7%,
and 5.9% to 62.0% in 2011, 2016 and 2020-2021, respectively. NMR was estimated at 41.3 (95% Cl=31.4-51.2), 36.6
(95% C1=29.4-43.8), 38.6 (95% Cl=34.4-43.3) per 1000 livebirths in 2011, 2016 and 2020-2021, with no significant
change over the years. Birth asphyxia was the leading cause of death in 2016 (37.8%) and 2020-2021 (33.9%) fol-
lowed by preterm delivery and neonatal pneumonia; a statistically significant reduction was seen in meningitis/sepsis
between 2016 and 2020-2021 (77.8%; 95% Cl=—145.4to—10.1).

Conclusions This analysis contributes to a nuanced understanding of the changes in the private sector delivery
in a given population over time to facilitate appropriate actions and interventions to improve newborn survival
and maternal services.
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Background

Progress to reach the sustainable development goals for
ending preventable maternal, newborn and child deaths
requires investing in increasing coverage of interventions
both in the public and private health service delivery
systems to sustainably deliver quality care for mothers,
newborns and children at scale [1]. Furthermore, there
is increasing global evidence of poor quality of health
care being a major driver of excess mortality across con-
ditions, including neonatal mortality [2, 3]. The private
sector contributes to a considerable proportion of insti-
tutional deliveries globally, and a little over one-third of
maternal and newborn health (MNH) services in low-
and middle-income countries (LMICs) [4, 5]. While the
substantial role of private health sector delivery care in
LMICs is documented, limited evidence is available on
the quality of care in the private sector [3, 6, 7]. A recent
secondary review of MNH quality in the private sector
established a lack of consistency between private and
public sector quality across the quality of care domains
[8].

Better engagement with the private sector in improving
and sustaining the quality of care for mothers and new-
borns is desired under the India Newborn Action Plan
(INAP) [9]. Nearly 30% of all institutional deliveries were
documented to be in a private facility in India as per the
most recent round of the National Family Health Survey
(NFHS-5), with this share at 43.2% in urban areas and
24.3% in rural areas [10]. A comparison of home, public
sector and private sector deliveries in India from NFHS-5
has highlighted poor neonatal survival in private sector
deliveries [11]. To analyse opportunities and challenges
of private sector delivery of care for a meaningful engage-
ment, a more granular understanding of the private
health sector’s role and extent in MNH delivery is imper-
ative [1]. In this background, we synthesised the current
evidence to address the knowledge gaps in the coverage
and quality of delivery care, change in neonatal mortal-
ity rate (NMR), and causes of neonatal death among the
private sector deliveries in the Indian state of Bihar from
2011 to 2021. Bihar state is among one of India’s poor-
est and most densely populated states with systemic
deficiencies for decades [12, 13], with a share of private
sector deliveries at 42.4% in the NFHS-5 [10]. The NMR
for Bihar state was estimated at 24.7 in 2016 [14], and the
district-level NMR in Bihar ranged from 20.4 to 27.2 in
2017 [15]. With India accounting for the largest num-
bers of neonatal deaths globally and Bihar state being
the second largest contributor to these deaths in India
[16], this analysis contributes to a nuanced understand-
ing of the changes in the private sector delivery in a given
population over time to facilitate appropriate actions and
interventions.
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Methods

Design of surveys

A state-wide implementation of quality improvement
initiative for reproductive, maternal, newborn and child
health, and nutrition in the public sector was started in
eight programmatically prioritised districts of Bihar in
2010 which was later expanded to cover the entire state
[13]. As part of the monitoring and evaluation compo-
nent of this quality initiative, three household surveys
in a state-representative sample of births were under-
taken over a decade designed to document the coverage
of maternal and newborn health services and change in
NMR over time [14, 17-19]. All the survey procedures
and protocols were reviewed and approved by the Insti-
tutional Ethics Committee of the Public Health Founda-
tion of India. All participants in each survey provided
written informed consent, and the participant informa-
tion sheets and consent form were explained (in a lan-
guage well understood by the participants) by the trained
interviewers and a thumb impression was obtained for
those who could not read or write in presence of impar-
tial witnesses.

Detailed survey design and methods have been pre-
viously reported for these surveys [14, 17-20]. Births
among the eligible women were enumerated in the sur-
veys of 2016 and 2020-2021 and only livebirths were
enumerated in the survey of 2011. Details of the survey
sample, data collection time period, and participation
for each survey are shown in Additional file 1: Table 1.
The current analysis is presented for livebirths and rele-
vant details are summarised here. A multistage sampling
design was utilised in all surveys to obtain a state-rep-
resentative sample of live births in a given time period
(Additional file 1: Table 1). The blocks were stratified into
rural populations and those with both rural and urban
populations, and a desired number of blocks were sam-
pled. Within these sampled blocks, the secondary sam-
pling units (SSUs) were villages in rural areas and urban
frame survey blocks in urban areas as defined by the
Census 2011 [21]. Each selected SSU was mapped and all
the households (a household was defined as people eating
from the same kitchen) were enumerated to list all live-
births during the period of interest among usual resident
women aged 15-49 years. We also documented births in
the period of interest for women who had died during or
after giving birth to ensure a robust estimation of total
births in this population in all three surveys.

Data collection

In the surveys of 2011 and 2016, all women with live-
births during the period of interest were considered
eligible for a detailed interview. However, in the 2020-
2021 survey, all women with neonatal deaths and 25%
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of women with livebirth currently alive sampled using
systematic random sampling were considered eligible
for detailed interviews. Place of delivery, maternal his-
tory, details of pregnancy, labour, delivery, and postna-
tal care for the focal child of interest were documented
in all surveys (Additional file 1: Table 2). In the survey of
2020-2021, further details were collected from the par-
ticipants to sub-categorise private sector deliveries into
those in private hospitals, nursing homes, or clinics. The
survey questionnaire was developed in English and then
translated into Hindi (the local language), after which
it was back-translated into English to ensure the accu-
rate and relevant meaning and intent of the questions
in all three surveys. Pilot testing of the questionnaire
was carried out and modifications were made as neces-
sary. Verbal autopsy (VA) interviews were conducted for
all neonatal deaths using the Population Health Metrics
Research Consortium (PHMRC) shortened VA question-
naire, which includes close-ended questions and an open
narrative to ascertain the cause of death in the surveys of
2016 and 2020-2021. The interviews were captured by
trained interviewers using the Computer Assisted Per-
sonal Interview software on hand-held tablets in all the
surveys. Data entered were scrutinised using the internal
consistency checks built in to detect and correct errors
using the procedures standardised in the baseline study
to meet the data quality in all the surveys.

Data analysis

We estimated the coverage of private sector facilities for
livebirth in the three surveys, and estimated the percent
change in this coverage between 2011 to 2016 and 2016
to 2020-2021 by select socio-demographic characteris-
tics and by 38 districts in the state. We report on the cov-
erage of the delivery and post-delivery service provision
in the private sector in the three surveys and estimate the
percent change in these service coverages between 2011
to 2016 and 2016 to 2020-2021 by select socio-demo-
graphic characteristics.

The proportions of neonatal deaths among live-
births delivered in the private sector in each survey are
reported, and NMR per 1000 livebirths is estimated
(death of a livebirth within the first 28 days of birth). As
the place of delivery was not documented for all enumer-
ated livebirths in the 2011 and 2016 surveys (Additional
file 1: Table 2), we applied the distribution of livebirths
and neonatal deaths by place of delivery from the detailed
interview in the survey to the enumeration sample to
estimate the denominator and numerator for NMR esti-
mation. We report on the overall private sector NMR and
for three sub-categories based on age at death (0-2 days,
3-7 days, and 8-27 days), and present change in overall
NMR over time. Private sector NMR was also estimated
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by sex of the baby and place of residence for the three
surveys.

The cause of neonatal death was assigned using the val-
idated SmartVA automated algorithm as per the PHMRC
protocol [22-24]. The causes of neonatal death are pre-
sented for 0-27 days, and in the three age-at-death sub-
categories, by place of residence and by wealth index
quartile from the surveys of 2016 and 2020-2021. The
percent change in causes of death between the two sur-
veys is also reported. Furthermore, causes of neonatal
death are presented by the type of private sector from the
survey of 2020-2021.

Women were categorised into household wealth index
quartile using the standard methods used in the Indian
National Family Health Survey, where the quartile 1 is
the poorest, and quartile 4 is the richest wealth quartile
[10, 25]. Sampling weights were used in the survey of
2020-2021 as only 25% of neonates currently alive were
sampled for interview. Sampling weights were calculated
based on the sampling probabilities separately for each
sampling stage and the selection probabilities for a clus-
ter from the sample and the birth outcomes to arrive at
final sampling weights [18]. We report 95% confidence
intervals (CI) for all estimates as relevant, and z test,
chi-square test and design-based F test of significance.
STATA V.13.1 version was used for all analyses.

Role of the funding source

The funder had no role in study design; in the collec-
tion, analysis, and interpretation of data; in the writing
of the report; and in the decision to submit the paper for
publication.

Results

A total of 14,847, 23,602 and 8271 livebirths were sam-
pled in surveys of 2011, 2016 and 2020-2021, respec-
tively and the detailed interview was available for 13,069
(88.0% participation), 19,877 (84.2% participation) and
6,771 (81.9% participation) livebirths in each of the cor-
responding surveys.

Coverage of private sector delivery

Distribution of private sector utilisation for livebirth
deliveries by select variables is shown in Additional file 1:
Table 3 for the three surveys. The coverage of private sec-
tor delivery for livebirths was 17.3% (95% CI 16.6—-17.9),
16.7% (95% CI 16.2-17.2) and 26.1 (95% CI 25.6-26.6)
in the surveys of 2011, 2016 and 2020-2021, respectively
(Table 1). A statistically significant increase of 56.3%
(95% CI 49.3 to 63.3) in this coverage was documented
between 2016 and 2020-2021, and also by all select varia-
bles (Table 1). Considering the coverage of private sector
delivery by wealth index and place of delivery (Additional
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Table 1 Coverage of private sector facility for livebirth delivery and percent change over time by select characteristics in the Indian
state of Bihar in 2011, 2016 and 2020-2021. Cl denotes confidence interval

Variable Coverage of private facility utilisation for livebirth Percent change Percent change
delivery (95% C1) (95% C1)
(95% CI)
Survey 2011 Survey 2016 Survey 2020-2021 2011 to 2016 2016 to 2020-2021
Overall 3(166-179) 16.7(162-172)  26.1 (25.6-26.6) —35(-83t01.3) 56.3 (49.31063.3)
Sex of the baby?® Boy 191( 8.2- 201) 17.2 (16.5-18.0) 29.0 (28.3-29.7) -99(-16.1t0—-3.8) 68.6 (58910 78.3)
Girl 15.2 (14.3-16.1) 162(155 169)  23.0(22.3-23.6) 59(-1.7t0135) 429 (32.8t052.9)
Place of residence Urban 32.3(30.5-34.3) 5(294-33.7) 52.2(50.9-53.4) —-25(=114106.5) 65.7 (544 t0 77.0)
Rural 14.0 (13.4-14.7) 3(14.7-15.8) 17.9(17.5-1823) 93 (3310 15.3) 0(9.61t0244)
Wealth index quartileb Q1 6.8 (5.9-7.7) 7.1 (64-79) 11.9(11.3-12.6) 44(=12.11021.0) 67.6 (440t091.2)
Q2 10.3(93-11.4) 10.7 (9.8-11.6) 16.6 (15.9-17.4) 39(-93t0 17.1) 55.1(36.9t0 73.4)
Q3 142 (13.0-154) 159 (14.9-16.9) 24.8 (24.0-25.7) 12.0 (0.9t0 23.0) 56.0 (41.5t0 70.4)
Q4 37.3(35.6-38.9) 329(31.6-34.2) 50.9 (49.8-52.1) —-118(-1741t0-6.2) 54.7 (46.2t0 63.2)
First child® No 13.7 (13.0-14.4) 13.5(13.0-14.1) 224(21.9-229) —-15(-80to05.1) 65.9 (56.5t0 75.3)
Yes 24.8 (23.5-26.2) 26.8 (25.5-28.1) 36.9 (35.9-38.0) 8.1(0.7t0 154) 37.7(279t0474)
Age of the motherd 15-19 years 249 (21.0-29.3) 18.8 (16.4-21.4) 25.9(23.9-28.1) —245(-440t0-50) 378 (1231t063.2)
20-24 years 20.1(19.0-21.2)  195(186-203) 264 (25.7-27.0) —30(-100t04.0) 354 (26.2 to 44.6)
25-34 years 15.7 (14.9-16.6) 6(13.9-153) 25.8(25.1-26.6) —-7.0(=1411t00.1) 76.7 (64.9 t0 88.5)
35-49 years 10.2 (84-12.3) 11.4(9.4-13.7) 26.0 (23.8-28.3) 11.8 (—16.6 t0 40.2) 128.1 (85410 170.7)

2 Data missing for 3 cases in 2011

b Data missing for 48 and 5 cases in 2016 and 2020-2021, respectively
¢ Data missing for 1 case in 2020-2021

9 Data missing for 3 cases in 2016

file 1: Table 4), the coverage in rural areas saw a statis-
tically significant increase between 2016 and 2020-2021
in all wealth quartiles except in quartile 4 and in urban
areas was seen in all wealth quartiles except in quartile
2. The highest increase in this coverage was documented
in wealth index quartile 1 in urban areas (378.6; 95% CI
256.9 to 500.4).

Among the 1630 private sector deliveries in the survey
of 2020-2021, 1206 (74.8%) were in a private hospital,
220 (13.9%) in a private nursing home, and 204 (11.3%) in
a private clinic (Additional file 1: Table 5). The utilisation
of private clinics was relatively low in wealth quartiles 3
and 4 as compared with quartiles 1 and 2 (p=0.061) but
not statistically significant, whereas utilisation of nursing
homes was significantly high in the wealth quartiles 3 and
4 as compared with quartiles 1 and 2 (p=0.007).

The district-wise coverage of private sector deliv-
ery ranged from 4.6% to 34.9%, 5.5% to 40.7%, and 5.9%
to 62.0% in the surveys of 2011, 2016 and 2020-2021,
respectively (Fig. 1 and Additional file Table 6). The cov-
erage of private sector delivery in 10 (26.3%) districts
increased by twofolds between 2011 and 2020-2021 with
the highest increase documented in district Kishanganj
(5.39), and on the other hand, a four-fold drop was doc-
umented in district Bhagalpur (4.27) over this period

(Additional file 1: Table 6). Two districts, Patna and Roh-
tas, had 62.0% and 60.9% deliveries in the private sec-
tor in 2020-2021. The district-wise coverage of delivery
by type of private sector provider for 2020-2021 ranged
from 3.3% to 50.3%, 0 to 7.5%, and 0 to 13.1% for the pri-
vate hospital, private clinic, and private nursing home,
respectively (Additional file 1: Table 7).

In the survey of 2020-2021, among the 1630 women
who had delivered in a private sector facility, 55.3% of
them had planned to deliver in the private sector, 35.2%
had planned to deliver in the public sector, and 4.7% each
had planned to deliver at home or not planned for place
of delivery. Among the 617 women who had planned to
deliver in the public sector but delivered at the private
sector, 34% of them were referred from the public sector
to the private sector and the rest had made decisions on
their own.

Delivery and post-delivery service provision

Distribution of delivery and post-delivery service provi-
sion indicators in private sector deliveries are shown in
Table 2. A statistically significant increase in referred
delivery (34.1%; 95% CI 16.9 to 51.4), C-Section. (19.0%;
95% CI 12.1 to 25.9), skin-to-skin care (20.4%; 95% CI
7.8 to 33.0), and measurement of birthweight (6.3%; 95%
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Table 2 Delivery and post-delivery service provision by the private sector providers in the Indian state of Bihar in 2011, 2016 and

2020-2021
Percent of Percent of Percent of Percent change Percent change
livebirths livebirths livebirths (95% ClI) (95% Cl)
N=2259 N=3314 N=1630
(% to N) (% to N) (% to N)
2011 2016 2020-20212 2011 to 2016 2016 to 2020-2021
Delivery indicators
Referred delivery NA 407 (12.3) 322 (16.5) NA 34.1(169t0514)
Oxytocin use in labour NA 2695 (81.3) 1134 (74.4) NA —85(-116to—-54)
Delivery by C-section® 441 (19.5) 1413 (42.7) 786 (50.8) 119.0 (1069 to 131.0) 19.0 (12.1 t0 25.9)
Push/pull during delivery by the health NA 291 (8.8) 99 (6.0) —35.7(=523t0-19.2)
provider*
Post-delivery indicators
Birthweight measured? 1622 (71.8) 2989 (91.5) 1555 (97.2) 274 (24510 30.3) 6.3 (4.91t07.6)
Antiseptic cord care® 1227 (54.9) 926 (27.9) 468 (27.2) —492 (-538t0—-445) —-25(—-120t06.9)
Skin-to-skin care® 496 (22.0) 626 (19.6) 423 (23.6) -109(-208t0—1.0) 204 (7.8t033.0)
Delayed bathing of the baby (> 2 days)b'f'g 956 (42.7) 2011 (61.7) 1231 (81.6) 445 (38.3 t0 50.7) 32.3(28.1t0 364)
Breast-fed within 1-h post-deliverybf'h 1005 (44.9) 1391 (42.7) 333 (20.0) —-49(=109t0 1.1) —53.2 (=593 t0-47.0)
Neonate referred elsewhere at birth? 293 (15.6)

2 Data missing for 1 case for all indicators in 2020-2021
b Data missing for 1 case in 2020-2021

¢ Data missing for 1 case in 2016

d Data missing for 46 cases in 2016

€ Data missing for 9 and 39 cases in 2011 and 2016, respectively

fNot applicable for 20, 56 and 62 neonates who died immediately post-delivery in 2011, 2016 and 2021 respectively

9 Data missing for 10, and 7 cases in 2011 and 2016, respectively
P Data missing for 19 cases in 2016

CI 4.9 to 7.6) was documented between surveys of 2016
and 2020-2021. A statistically significant decrease was
documented in the coverage of breast-feeding within
one-hour post-delivery (—53.1%; 95% CI—59.1 to—47.0),
use of push/pull during delivery by the health provider
(—35.7; 95% CI—52.3 to—19.2), and in the use of oxy-
tocin in labour (—8.5; 95% CI—11.6 to—5.4).

The distribution of delivery and post delivery service
provision indicators by sub-categories of private sec-
tor providers in the survey of 2020-2021 is shown in
Additional file 1: Table 8. The coverage of C-section
was statistically significantly lower in the clinic (25.3%)
as compared with hospital (56.1%) and nursing home
(43.2%) deliveries (p<0.001). Push/pull during delivery
by the health provider was reported significantly higher
in the nursing home (8.1%) than in private hospital (5.7%)
and clinic (5.3%) deliveries (p=0.002). Breastfeeding
within 1-h post-delivery was significantly higher in the
clinic as compared with private hospital and nursing
home deliveries (p <0.001).

NMR
Among the livebirths in private facilities, 2.6%, 3.7% and
3.9% were neonatal deaths in surveys of 2011, 2016 and

2020-2021, respectively. The estimated NMR in private
sector deliveries was 41.3 (95% CI 31.4-51.2), 36.6 (95%
CI 29.4-43.8), 38.6 (95% CI 34.4-43.3) per 1,000 live-
births in 2011, 2016 and 2020-2021, which was similar
over the years (Table 3). A statistically significant decline
was seen in 8-27-day mortality (—40.9, 95% CI—-81.3
to—0.6) between 2016 and 2020-2021. NMR for boys
and girls was similar in the three surveys, and there was
no significant change in the private sector NMR for rural
and urban areas (Table 3).

Causes of neonatal death

Birth asphyxia was the leading cause of 0-27 days death
in surveys of 2016 (37.8%) and 2020-2021 (33.9%) fol-
lowed by preterm delivery and neonatal pneumonia
(Table 4). A statistically significant reduction in 0-27
days neonatal deaths due to meningitis/sepsis was doc-
umented between 2016 and 2020-2021 (77.8%;95%
CI—145.4 to—10.1). The distribution of causes of death
varied for the three neonatal age sub-categories in 2016
and 2020-2021. Birth asphyxia (55.2% and 43.4%) was
the leading cause of death in 0-2 days followed by pre-
term delivery (28.3% and 30.4%); neonatal pneumonia
(38.7% and 47.0%) was the leading cause of death in 3-7
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Table 3 Neonatal mortality rate (NMR) for private sector livebirths in the Indian state of Bihar in 2011, 2016 and 2020-2021. Cl denotes
confidence interval

NMR per 1000 livebirths (95% Cl)

Percent change in NMR from
2011 to0 2016 (95% CI)

Percent change in NMR from
2016 to 2020-2021 (95% Cl)

2011 2016 2020-2021

Age at death

0-27 days 413 (314-51.2) 36.6 (29.4-43.8) 38.6 (34.4-433)

0-2 days 29.8(21.3-383) 227 (17.0-28.4) 25.7 (22.3-29.6)

3-7 days 55(1.8-9.2) 6.2 (3.2-9.2) 8.3(6.4-10.7)

8-27 days 6.6 (2.6-10.7) 7.7 (44-11.1) 4.6 (3.2-6.4)
Sex of the baby

Boy 437 (30.3-57.1) 40.2 (29.9-50.5) 42.2 (36.3-49.0)

Girl 37.5(22.8-52.1) 32.6(22.7-42.5) 343 (28.6-41.1)

Place of residence

Rural
Urban

49.3 (36.0-62.6)
234(10.5-36.2)

42.2 (33.8-50.6)
19.2(8.7-29.7)

452 (39.8-51.5)
24.9(19.3-32.0)

-113(-356t0129)
—23.7(=51.7t043)
12.3 (=5821t082.8)
16.8 (—48.1t0 81.7)

—8.1(-39.7t023.5)
-13.0(=51.61025.6)

—144(-4041t0 11.7)
—178(-75.81t040.2)

53 (=145t025.1)
13.1 (=126 10 38.8)
33.8(=1741085.0)
—409 (=813 1t0-0.6)

5.1 (=20.5t0 30.6)
5.2(-26.1to0 36.6)

7.2 (=14.110286)
29.6 (—25.7 10 84.8)

Table 4 Causes of neonatal death in private sector delivery in the Indian state of Bihar in 2016 and 2020-2021

Age at death Cause of death Percent of all neonatal deaths % change between 2016
and 2020-2021 (95% CI)
2016 2020-2021

0-27 days Birth asphyxia 378 339 -10.3(-38.1t0 17.5)
Preterm delivery 31.1 324 42 (—2841036.8)
Neonatal pneumonia 153 236 542 (—0.3to 108.8)
Congenital malformation 8.2 6.5 —20.7 (-914t0499)
Neonatal meningitis/sepsis 72 16 —778(—=1454t0—-10.1)

0-2 days Birth asphyxia 552 434 —214(-459t03.2)
Preterm delivery 283 304 74(—363t051.2)
Neonatal pneumonia 6.9 17.7 156.5 (37.5 to 275.5)
Congenital malformation 5.8 5.1 —12.1(=120.1t095.9)
Neonatal meningitis/sepsis 3.7 16 —56.8(—1829t0694)

3-7 days Birth asphyxia 11.1 13.8 243(=1225t0171.1)
Preterm delivery 304 30.2 -0.7(=76.7t0754)
Neonatal pneumonia 38.7 470 214 (—4231t085.2)
Congenital malformation 11.7 6.8 -419(=17151087.8)
Neonatal meningitis/sepsis 79 16 —79.7 (-229.2t069.7)

8-27 days Birth asphyxia 1.5 135 800.0 (-67.7t0 1,667.7)
Preterm delivery 40.8 429 5.1 (=60.0to 70.3)
Neonatal pneumonia 22.1 25.0 13.1(=90.1to 116.3)
Congenital malformation 134 12.8 —45(=140510131.5)
Neonatal meningitis/sepsis 22.2 19 -914(—=1710to—11.9)

days followed by preterm delivery (30.4% and 30.2%); and
preterm delivery (40.8% and 42.9%) was the leading cause
of death in 8-27 days followed by neonatal pneumonia
(22.1% and 25.0%) in both 2016 and 2020-2021, respec-
tively. A statistically significant reduction of 91.4% (95%
CI-171.0 to—11.9) in neonatal meningitis/sepsis was
documented in 8—27 days between 2011 and 2016.

Variations were seen in the causes of neonatal death
by the private sector sub-categories in the survey of
2020-2021 (Additional file 2: Fig. S1). Birth asphyxia
as the cause of neonatal death was significantly higher
in the clinics as compared with hospitals and nurs-
ing homes (p=0.0001) whereas pneumonia was
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significantly lower in the clinics as compared with nurs-
ing homes (p=0.010).

The distribution of cause of death by the place of
delivery and wealth index quartiles is shown in Fig. 2. A
statistically significant drop was seen in neonatal men-
ingitis/sepsis as cause of death in both rural (»p=0.028)
and urban areas (p=0.008), and a statistically significant
increase in neonatal pneumonia in rural areas (p=0.043
and pre-term delivery in urban areas (p=0.030) between
2016 and 2020-201. No significant change was seen in
cause of death by wealth index except a statistically sig-
nificant drop in neonatal meningitis/sepsis for wealth
index quartile 1 (p=0.005) between the two surveys.
Some variations were seen in cause of death between the
wealth index quartiles in 2020-2021 but these were not
statistically significant.

Discussion

To the best of our knowledge, these are among the first
evidence syntheses for private sector deliveries in an
Indian state covering trends in coverage, service pro-
vision, NMR, and cause of death over a decade. The
quantification of private sector coverage and trends at
the district level provides important insights into MNH
services within the state towards facilitating engagement
with the private sector.

The coverage of private sector delivery increased from
nearly 1 in 6 deliveries to 1 in 4 deliveries between 2016
and 2020-2021, with no significant change between 2011
and 2016. As previously reported [19], we believe that
the increased coverage of the private sector in 2020—
2021 is likely due to the reluctance of the community
in use of public sector facilities for delivery as many of

100

80 I I 212
15.0

11.2 I I

Page 8 of 12

these facilities were treating COVID-19 patients during
the pandemic [26]. This shift towards the private sector
possibly countered the access-related issues for MNH
services in this population [27], a phenomenon also
documented elsewhere [28]. We have also reported pre-
viously for the private sector to be a major service pro-
vider for antenatal care services in this population from
the survey of 2020-2021 [18]. The trends at the district
level indicated a two-fold increase in the coverage of pri-
vate sector delivery in a quarter of all districts in Bihar,
with 3 in 5 deliveries in the private sector in two districts
in 2020-2021. Importantly, the private sector health
facilities in Bihar are not a homogenous group and range
from tertiary care hospitals to clinics with varied levels of
infrastructure, capacity and skills [27]. We documented a
wide coverage by the sub-type of private sector facilities
at the district level in the survey of 2020-2021, noting
that the sub-type is based on as reported by the survey
respondents and not by undertaken private sector facil-
ity assessment. It is important to note that there is little
literature available on infrastructure, capacity, and skills
in the private sector for MNH services in India [29-32].
Hence, our latest survey offers a reasonable understand-
ing of what constitutes the private sector for MNH care
in the state and the extent of utilisation of these sub-
types at the district-level.

The largest shift towards private sector delivery in the
recent survey was documented in women belonging to
wealth index quartile 1 in the urban areas of the state.
This is of concern with reports of increased out-of-pocket
expenditure and distress financing for those belonging to
lower socio-economic strata for C-section deliveries and
for institutional delivery in the private sector [33-35].
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Fig. 2 Comparative distribution of causes of neonatal death for private sector deliveries in the surveys of 2016 and 2020-2021
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On the other hand, a recent systematic review of expe-
riences of private care amongst mothers and newborns
concluded that experience of care including patient-cen-
teredness, timeliness, effectiveness, and equity, seemed
to be a stronger determining factor in MNH services
decision-making than the quality of services provided
in the private sector [36]. Therefore, an understanding
of the geographic coverage patterns of private sector use
and the extent of change over the decade as documented
in this study can be utilised to further assess the varia-
tions in the levels of community demand for private sec-
tor services and the reasons for it for a more meaningful
engagement with the private sector in the state [37].

The estimated NMR in private sector deliveries in Bihar
was 28%, 48%, and 38% higher than the overall state NMR
in the years 2011, 2016, and 2020-2021, with no signifi-
cant change over the decade [14, 20]. This finding is of
significant concern as the INAP has set an ambitious tar-
get of less than 10 for NMR by 2030 [9]. The higher NMR
in the private sector needs to be viewed within the con-
text of referral for delivery in this population and a sig-
nificant increase in referred deliveries was documented
between 2016 and 2020-2021. Most referred deliveries
were reported to be complicated deliveries; one-third of
the referrals were from the public sector to the private
sector facilities and a notable proportion of women who
had planned to deliver in the public sector delivered in
the private sector without a referral. Therefore, more in-
depth understanding is needed about the decision-mak-
ing to deliver in private and the continued referral from
the public sector to the private sector in the state. This
also needs to be viewed in the context of a significant
increase in C-sections over time in the private sector in
the state. A higher proportion of C-section deliveries in
the private sector as compared with the public sector is
well-established in India [38], which cannot be explained
by medical reasons alone. The oversupply of avoidable
C-sections in the private sector was recently estimated
at 21% in India as a result of physician-induced demand
and perverse financial incentives [39]. Furthermore, we
also documented significant improvements in delivery
and post-delivery indicators in the private sector deliv-
eries over time. Hence, these findings suggest a cautious
interpretation of a higher NMR in the private sector. It is
well known that the private sector in India provides most
of the emergency obstetric care and also serves as a refer-
ral facility for the public sector for complicated deliveries
[40, 41].

Assessing the quality of delivery care per se was beyond
the scope of our surveys, but given the global evidence
of poor quality of health care being a major driver of
neonatal mortality [2], in-depth studies are needed to
assess the quality of these deliveries and for providing the
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private sector facilities opportunities to engage with the
government of India’s labour room and quality improve-
ment initiative (LaQshya) which was launched in 2017 to
improve quality of labour and delivery care in the pub-
lic sector facilities [42]. Additionally, INAP also has the
quality of care as one of the six guiding principles, and
care during labour and childbirth is one of the strategic
intervention packages [9], and exploring private sector
engagement for quality needs further exploration. We
have previously reported from this population that the
causes of neonatal death and its determinants at 0-2
days are different from those for deaths between death at
3-7 days, and that the distribution in the latter is simi-
lar to those in 8—27 days neonatal deaths [14]. Given this
emerging evidence, it may be useful to monitor neonatal
mortality at 0-2 and 3-7 days separately within the pri-
vate sector deliveries to enable more effective program-
ming to reduce neonatal mortality further. Addressing
high NMR would need specific actions on the major
causes of neonatal deaths in the private sector facilities.
Birth asphyxia, neonatal pneumonia and pre-term deliv-
ery accounted for the majority of neonatal deaths in the
private sector deliveries in the state. This pattern of cause
of death is similar to that reported for all neonatal deaths
irrespective of the place of delivery from Bihar [14], and
also for India in general [15]. Engagement with the pri-
vate sector and understanding the adverse outcomes by
the type of private sector is urgently needed to address
adverse pregnancy outcomes [43, 44]. The interventions
undertaken in the state to improve the quality of services
to address specific risk factors and causes of death could
possibly be extended to include the private sector pro-
viders of maternal and newborn care as well to ensure
impact on a larger scale which is needed to effectively
address reduction in NMR in the state [45-48].
Achieving universal health coverage requires engag-
ing with the private sector as an increasing proportion
of mothers and newborns access care in the private sec-
tor, particularly as the private sector has evolved to be
a prominent provider of MNH services across the dis-
tricts and different wealth quintiles in the state. As part
of the World Health Organization’s (WHO) private sec-
tor engagement strategy [1], the Strategic and Techni-
cal Advisory Group of Experts on Maternal, Newborn,
Child and Adolescent Health and Nutrition has recom-
mended that the WHO identify key provisions and effec-
tive strategies for private sector engagement that are
specifically necessary for, or will help to achieve, equity
with improved outcomes for all women, children and
adolescents as part of quality universal health coverage
[49]. Strengthening of the governments’ stewardship of
mixed health systems is the key to engaging the private
sector [1, 50]. The Tuberculosis Private Provider Mix
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success story in India saw a vertical health programme
leveraging the private sector to affect health system
change [51]. Opportunities to learn from the other health
programmes, identifying facilitators and addressing bar-
riers to private sector participation in government-led
schemes for maternity services are much needed to sus-
tain and expand the gains achieved in newborn survival
is a major national agenda, in which Bihar has a signifi-
cant role to play [52-54].

The major strength of this analysis is the availability
of NMR and causes of neonatal death in private sec-
tor deliveries in a state-representative sample of live-
births over a decade. Strengthening of the numerator
and denominator for neonatal mortality estimation by
documenting all in/out-migration among the reproduc-
tive age women with pregnancy outcomes in the period
of interest is a major strength. Presenting the findings by
the three age sub-groups for neonatal deaths supports
the need for a continuum of care as the core principle to
address the further decline in neonatal mortality. Fur-
thermore, the availability of private sector sub-types in
the recent survey improves understanding of what the
private sector comprises of in the state and the coverage
trends over time at the district level are value-add. There
are some limitations to the study findings. As is the case
with surveys, the findings should be interpreted within
the context of recall bias of the respondent. We believe
the recall bias to be relatively lower in our surveys as the
most recent livebirth was documented and analysed.
The quality measures used in the survey for delivery and
post-delivery services are not comprehensive and were
captured as dichotomous indicators, wherein the survey
respondents answered yes or no, which does not capture
the appropriateness nor timeliness of services. However,
it is not possible to measure such nuances in a popula-
tion-level survey. Considering these limitations, there
may be over-estimation of some service components. The
change in sampling strategy in the most recent survey
was needed due to restrictions imposed on data collec-
tion due to the COVID-19 pandemic; however, all neona-
tal deaths were sampled and sampling weights were used
for data to be comparable with the other two surveys.

Conclusions

This evidence synthesis addresses knowledge gaps in the
coverage of delivery care, changes in NMR and causes of
neonatal death in private sector deliveries that are per-
tinent for effective engagement desired with the private
sector under INAP to improve and sustain the quality of
MNH services. With the NMR target of less than 10 by
2030 committed under INAP, these findings could facili-
tate specific actionable engagement with the private sec-
tor to reduce high NMR in the state. We believe that the
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study findings are potentially generalisable to other less
developed states of India.
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