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Abstract
Objective  To identify the medical causes of death and 
contribution of non-biological factors towards infant 
mortality by a retrospective analysis of routinely collected 
data using verbal and social autopsy tools.
Setting  The study site was Health and Demographic 
Surveillance System (HDSS), Ballabgarh, North India
Participants  All infant deaths during the years 2008–
2012 were included for verbal autopsy and infant deaths 
from July 2012 to December 2012 were included for social 
autopsy.
Outcome measures  Cause of death ascertained by a 
validated verbal autopsy tool and level of delay based on a 
three-delay model using the INDEPTH social autopsy tool 
were the main outcome measures. The level of delay was 
defined as follows: level 1, delay in identification of danger 
signs and decision making to seek care; level 2, delay 
in reaching a health facility from home; level 3, delay in 
getting healthcare at the health facility.
Results  The infant mortality rate during the study period 
was 46.5/1000 live births. Neonatal deaths contributed to 
54.3% of infant deaths and 39% occurred on the first day 
of life. Birth asphyxia (31.5%) followed by low birth weight 
(LBW)/prematurity (26.5%) were the most common causes 
of neonatal death, while infection (57.8%) was the most 
common cause of post-neonatal death. Care-seeking was 
delayed among 50% of neonatal deaths and 41.2% of 
post-neonatal deaths. Delay at level 1 was most common 
and occurred in 32.4% of neonatal deaths and 29.4% of 
post-neonatal deaths. Deaths due to LBW/prematurity 
were mostly followed by delay at level 1.
Conclusion  A high proportion of preventable infant 
mortality still exists in an area which is under continuous 
health and demographic surveillance. There is a need 
to enhance home-based preventive care to enable the 
mother to identify and respond to danger signs. Verbal 
autopsy and social autopsy could be routinely done to 
guide policy interventions aimed at reduction of infant 
mortality.

Introduction
The global reduction in mortality of children 
aged <5 years between 1990 and 2015 was 
53% against the aim of a two-thirds reduction 

by Millennium Development Goals.1 The UN 
inter-agency group for under five mortality 
estimation reports an almost constant annual 
rate of reduction in south-east Asia during 
this period. The proportional contribution 
of infant deaths to overall child mortality 
has increased over the years and has reached 
73%, so it is important to target this period of 
life.1 2 The Sample Registration System (SRS) 
of India reported a decline in the  infant 
mortality rate (IMR) from 72/1000 live 
births in 1998 to 57/1000 live births in 2006, 
which further declined to 39/1000 live births 
in 2014.3–5 Moreover, in rural India where 
the  majority of births take place, the IMR 
is significantly higher than in urban areas.5 
Despite various health-related interventions, 
the reduction in infant mortality in the disad-
vantaged group has not been satisfactory.

There is a need to explore the factors 
that  contribute to the  diminished acceler-
ation in the  reduction of IMR. Knowledge 
about the  cause of death and cause-specific 
contributions to infant mortality is important 
for selecting strategies to further reduce 
infant mortality.

In India where only 20% of deaths are 
medically certified and sick children are not 
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brought outside home for medical care,6 the use of verbal 
autopsy (VA) to ascertain the cause of death has practical 
application. However, the  utility of VA is limited by its 
inability to provide any insight into non-biological factors 
of infant death. It has been reported widely that social 
factors are important contributors to infant mortality.7–10 
Thus, in order to substantially  reduce infant mortality, 
social and health system causes need to be evaluated in 
addition to analysis of the cause of death.

Social autopsy (SA) can be an important tool for deter-
mining the non-biological factors of infant death, which 
include social, behavioural and health system determi-
nants.11 SA captures the dynamics of events preceding the 
death and includes factors related to home conditions, 
transport and health systems using a three-delay model.12 
The health system and social factors may vary between 
geographical regions, and an in-depth analysis in local 
context of these factors through SA is required for decen-
tralised action. Despite its importance, this tool has not 
been widely used in health settings with only limited 
literature available, mostly from African, Latin American 
and South Asian countries.11 13–15 We have used the three-
delay model to present SA data, where delay at level 1 
was defined as delay in identification of danger signs and 
decision making to seek care, delay at level 2 as delay in 
reaching a health facility from home, and delay at level 3 
as delay in getting healthcare at the health facility.

We conducted this study using VA and SA tools to iden-
tify the medical causes of death and the contribution of 
non-biological factors to infant mortality

Methods
Study setting
The retrospective analysis of routinely collected VA and 
SA data was conducted in Ballabgarh Health and Demo-
graphic Surveillance System (HDSS) site located in 
Faridabad district of Haryana, North India. This site is also 
known as Comprehensive Rural Health Services Project 
(CRHSP), Ballabgarh.16 The HDSS, comprising 28 villages 
and nearly 93 000 individuals (as at December 2012), is 
under continuous health and demographic surveillance. 
Vital statistics, socioeconomic and health service utilisa-
tion-related data of every individual have been available 
in the computerised Health Management Information 
System (HMIS) at the site since 1988.17

Maternal and child healthcare in the study area
Maternal care in the area is provided through the network 
of one government-operated Sub District Hospital, two 
Primary Health Centres and 12 Sub Centres. Health 
workers and community health volunteers (called 
Accredited Social Health Activists; ASHAs) make routine 
domiciliary visits in the study area to identify pregnant 
women for early antenatal registration. First trimester 
registration in the study area is more than 90%. The 
institutional delivery rate in the study area is nearly 95%. 
Free ambulance services for pregnant women and sick 

newborn  infants were introduced in the area in 2009. 
Home-based newborn care, in which ASHAs make 5–7 
home visits during the first 1.5 months of life of the infant, 
was introduced in the study area in 2011. Routine domi-
ciliary visits by ASHAs include identification and referral 
of sick infants according  to the strategy of integrated 
management of neonatal and childhood illness (IMNCI), 
implemented in the study area since 2009.

Study tools and data sources
Information used in this study was derived from two data 
sources: VA and SA.

Verbal autopsy (VA)
VA was done routinely for every death that occurred in 
the study area using validated short VA tools known as 
the Ballabgarh VA tool (BVAT) for neonates (0–28 days), 
children (29 days−5 years) and adults (>5 years), details 
of which have been published previously.18 19 This tool 
was developed and validated at HDSS Ballabgarh. VA 
was performed by a health worker in the local language 
(Hindi) 2 weeks after death (to avoid disturbing the 
grieving family) but no later than 6 weeks (to reduce 
recall bias). The informant was either the parent or a 
caregiver who had information regarding the events 
preceding death. The BVAT contained sociodemo-
graphic details such as age, sex, caste, date of death, place 
of death, time of death, care seeking before death and a 
symptoms checklist. A single cause of death was assigned 
to independent review by two medical doctors, arbitrated 
by a third experienced doctor in case of disagreement. 
For quality assurance, randomly selected households 
were revisited by health supervisors and medical doctors. 
For the present analysis, VA data for all the infant deaths 
which occurred from 1 January 2008 to 31 December 
2012 were included.

Social autopsy (SA)
To identify the delay in care which might have played a 
role whereby precious minutes were lost resulting in infant 
deaths, SA was performed using the INDEPTH-WHO SA 
tool for neonates and children, which was locally trans-
lated into Hindi.20 21 The SA tool was administered by a 
medical doctor, observing the principles of VA regarding 
the timing and informant for the interview. This tool was 
based on a  three-delay model.12 A delay was supposed 
to have occurred if, in the opinion of the reviewers, the 
delay seemed to have partially contributed to the death 
or if the delay was ‘avoidable’ by some action of either 
the caregiver or health professional. Delay at level 1 was 
defined as a delay in identification of danger signs and 
decision making to seek care. The factors attributed 
to level 1 delay are mainly related to the failure on the 
part of the  caregiver to identify the symptoms that are 
classified as danger signs, and the consequent delay in 
deciding to seek care in a health facility. Delay at level 
2 was defined as delay in reaching a health facility from 
home. The level 2 delay refers to the time lag between the 
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Table 1  Infant, neonatal and post-neonatal mortality rates, 2008–2012, HDSS Ballabgarh

Year
Total live 
births

Infant 
deaths

Neonatal deaths
N (%)

Post-neonatal deaths
N (%)

IMR/1000 live 
births

NNMR/1000 
live births

PNMR/1000 
live births

2008 2260 95 48 (50.5) 47 (49.5) 42.0 21.2 20.8

2009 2196 110 55 (50.0) 55 (50.0) 50.1 25.0 25.0

2010 2276 116 58 (50.0) 58 (50.0) 51.0 25.5 25.5

2011 2232 102 55 (53.9) 47 (46.1) 45.7 24.6 21.1

2012 2081 91 63 (69.2) 28 (30.8) 43.7 30.3 13.5

Total 11 045 514 279 (54.3) 235 (45.7) 46.5 25.3 21.3

IMR, infant mortality rate; NNMR, neonatal mortality rate; PNMR, post-neonatal mortality rate.

Table 2  Distribution of neonatal deaths by day of death, 2008–2012, HDSS Ballabgarh

Year
Day 1
N (%)

Days 2–7
N (%)

Days 8–14
N (%)

Days 15–28
N (%)

Total
N (%)

2008 17 (35.4) 15 (31.2) 7 (14.6) 9 (18.7) 48 (100)

2009 22 (40.0) 18 (32.7) 7 (12.7) 8 (14.5) 55 (100)

2010 24 (41.8) 20 (34.5) 9 (15.5) 5 (8.6) 58 (100)

2011 16 (29.1) 19 (34.5) 8 (14.5) 12 (21.8) 55 (100)

2012 30 (47.7) 22 (34.9) 6 (9.5) 5 (7.9) 63 (100)

Total 109 (39.0) 94 (33.7) 37 (13.3) 39 (14.0) 279 (100)

time points when the caregiver decides to seek healthcare 
to the time point when the caregiver physically reaches 
the healthcare facility. Delay at level 3 was defined as 
the delay in getting healthcare at the health facility. Each 
death could be attributed to one or more level of delay 
or no delay at all. Categorisation of delay was done by 
two authors independently (PG and AKS). This was again 
confirmed by another experienced researcher (SKR). SA 
was conducted on a subsample of infant deaths limited to 
the 6-month period from 1 January 2012 to 31 June 2012.

Data collection
Caregivers of the deceased infants were approached for 
conducting VA. This procedure has been in practice since 
2012 as a component of comprehensive healthcare. The 
SA component was introduced later on. The respondents 
had the option not to participate in this activity without 
any prejudice to their otherwise claim to health services 
offered by CRHSP. The data collected were stored in elec-
tronic format after removing all personal identifiers. Thus 
the VA and SA data could not be traced to any particular 
individual, ensuring the confidentiality of the data.

This secondary analysis of VA and SA data was approved 
by  the Institutional Ethics Committee (IEC) of the  All 
India Institute of Medical Sciences, New Delhi (IEC-
285/07.06.2016). All the personal identifiers were 
removed from the dataset before analysis.

Analysis of data
Descriptive analysis was done for cause of death data 
to derive the  annual cause-specific mortality fraction. 
Descriptive analysis of timing of death for all the deaths 

and with respect to cause of death was performed. SA 
data were used to estimate the proportion of deaths that 
were preceded by delay and, if present, the type of delay. 
We explored the association between cause of death 
and the presence of delay and the level of delay. Analysis 
of the SA data is based on a small number of cases and 
therefore may have large variations. All statistical analyses 
were performed with STATA release 12.0 software (Stata 
Corp, College Station, Texas, USA).

Results
Rate, causes and timing of death
From 2008 to 2012 a total of 514 infant deaths were 
recorded in the study area, of which 279 (54.3%) were 
neonatal deaths and 235 (45.7%) were post-neonatal 
deaths. The  IMR and neonatal mortality rate (NNMR) 
during the 5-year study period was 46.5/1000 live births 
and 25.3/1000 live births, respectively. Gender-specific 
analysis revealed that the NNMR was the same for boys 
and girls, but girls had a higher IMR than boys (49.3 vs 
44.2). In the  year 2012, neonatal deaths accounted  for 
nearly 70% of the infant deaths (table 1).

Among neonatal deaths, 39.0% of deaths occurred on 
the first day and 72.7% occurred during the first week 
(table 2).

The  level of disagreement in initial coding of cause 
of death was 4.5% (23 deaths) and disagreement in all 
cases were arbitrated by a  third investigator. The  most 
common medical cause of neonatal deaths was birth 
asphyxia (31.5%), followed by low birth weight (LBW)/
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Table 3  Cause-specific mortality fraction of infant deaths (overall and stratified by sex), 2008–2012, HDSS Ballabgarh

Cause of death
Total
N (%)

Boys
N (%)

Girls
N (%)

 � Birth asphyxia and birth injuries 98 (19.1) 55 (20.8) 43 (17.2)

 � Pneumonia 88 (17.1) 53 (20.1) 35 (14.0)

 � Low birth weight/prematurity 84 (16.3) 41 (15.5) 43 (17.2)

 � Other infection and sepsis 59 (11.5) 30 (11.4) 29 (11.6)

 � Diarrhoea 40 (7.8) 8 (3.0) 32 (12.8)

 � Congenital malformation 40 (7.8) 26 (9.8) 14 (5.6)

 � Other perinatal causes 12 (2.3) 7 (2.6) 5 (2.0)

 � Sudden infant death syndrome 28 (5.4) 11 (4.2) 17 (6.8)

 � Not identified 9 (1.7) 5 (1.9) 4 (1.6)

 � Others 56 (11.1) 28 (10.6) 28 (11.2)

 � Total 514 (100) 264 (100) 250 (100)

Figure 1  Cause-specific mortality fraction of infant, neonatal and post-neonatal deaths, 2008–2012, HDSS Ballabgarh.

prematurity (26.5%) and pneumonia and other infec-
tions (16.9%). Analysis by gender showed that girls were 
more predisposed to death due to diarrhoea than boys 
(table 3).

Among post-neonatal deaths, different kind of infec-
tions caused more than half of the deaths (pneumonia, 
28.9%; other infection and sepsis, 13.6%; diarrhoea, 
15.3%; figure 1)

Analysis of the time of death with respect to the cause of 
neonatal death revealed that 60% and 90% of deaths due 
to birth asphyxia occurred on the first day and first week 
of life, respectively (figure 2).

Delay in care
Of 52 infant deaths that occurred between July 2012 and 
December 2012, SA could be done for 51 (34 neonatal 
deaths and 17 post-neonatal deaths). All the informants 
reported having recognised severe or possibly severe 

symptoms or were told by the treating doctor in the case 
of neonates. Nearly 75% of the infants (n=38) received 
care, or their caretakers sought or tried to seek care or 
were already seeking care at the institution after birth, 
whereas 15.7% infants died immediately after birth. No 
care was sought or provided for 9.8% of infants. Of those 
who sought care, the majority (94.7%) went for outside 
care. However, only informal care was sought or given for 
19.4% of infants. Out of 29 (80.5%) who sought or tried to 
seek formal care, three died on the way to hospital and 26 
were able to seek care. Almost half (46.2%) were treated 
and referred to a higher health facility but 41.7% of them 
chose to return home rather than accepting a  referral. 
Figure 3 shows the breakdown in the pathway to survival 
that could have possibly led to death of the infants.
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Figure 2  Distribution of cumulative percentage of neonatal deaths (all-cause and cause-specific) by day of neonatal death.

Delay was not observed at any level in 24 (47%) deaths. 
Delay levels 1, 2 and 3 were reported among 14 (27.5%), 
4 (7.8%) and 4 (7.8%) deaths, respectively (table 4).

We analysed the level of delay with respect to the cause 
of death. Among neonatal deaths, when no delay was 
observed the most common cause of death was congen-
ital malformation and birth asphyxia. LBW/prematurity 
was the most common cause of death where there was 
delay at level 1 (figure 4). Among post-neonatal deaths, 
since infection and sudden infant death syndrome were 
responsible for almost all the deaths, we did not attempt 
to analyse the relationship between cause of death and 
delay due to very small numbers.

Discussion
VA and SA tools have predominantly been used in African 
and Asian countries to quantify the causes of death and 
identify social contributors among neonates and infants. 
Studies done in Kenya, Ghana, Niger and Uganda have 
shown that synthesis of VA and SA data for decision 
making had a high impact on designing effective child 
survival interventions.22–25 Niger has recently adopted 
the use of VA and SA and its integration with a national 
Health Management Information System.26 In India, too, 
evidence from VA and SA data has the potential to inform 

policymakers to design strategies for further reduction in 
infant mortality.

The present study has described the causes of and 
contributors to infant mortality using VA and SA data. 
The  proportion of neonatal deaths out of all infant 
deaths was less in our study (54%) than in a large multi-
centre study of 2218 infant deaths in five rural sites of 
India (70%).27 However, in our study the proportion of 
neonatal deaths also  reached nearly 70% in year 2012, 
which was nearly 50% in the preceding 3 years. Compar-
ison of the fraction of neonatal deaths out of total infant 
deaths requires cautious interpretation. The  prevailing 
IMR in the study area needs to be put into context before 
any such comparison is made as, when overall infant 
mortality decreases, causes predominantly responsible 
for post-neonatal deaths tend to recede first. We also 
found girls to be at a disadvantage compared with boys 
with respect to infant mortality. The disadvantage was 
not appreciated for neonatal mortality, suggesting differ-
entials in environmental factors and the  health-seeking 
process rather than inherent biological differences 
between the sexes. This pattern is similar to other studies 
from India and Bangladesh.28 29 However, further studies 
are needed to identify factors and possible solutions to 
address this.
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Figure 3  The ‘Pathway to Survival’ for 51 deceased infants, July to December 2012, HDSS Ballabgarh.

Table 4  Distribution of level of delay for infant, neonatal and post-neonatal deaths, July to December 2012, HDSS Ballabgarh

Level of delay

Infant Neonatal Post-neonatal

  N % N % N %

 � No delay 24 47.1 17 50.0 7 41.2

 � Level 1 14 27.5 11 32.4 3 17.6

 � Level 2 4 7.8 1 2.9 3 17.6

 � Levels 1+2 1 2.0 0 0.0 1 5.9

 � Level 3 4 7.8 3 8.8 1 5.9

 � Levels 2+3 3 5.9 2 5.9 1 5.9

 � Level 1+2+3 1 2.0 0 0.0 1 5.9

 � Total 51 100 34 100 17 100

The  medical causes of neonatal deaths and post-neo-
natal deaths remained almost unchanged over the 5-year 
period for which data were analysed. Birth asphyxia 
(31%) and LBW/prematurity (26.5%) were the most 
important causes of neonatal mortality, followed by sepsis 
or pneumonia (16.9%) and congenital anomaly (9.3%). 
A study done in rural north India using VA found that 
preterm birth (27%) was the most common cause of 
death followed by sepsis or pneumonia (24%) and birth 
asphyxia (14%).30 Congenital anomaly was the cause of 
death in 6.5% of cases. In this study, among 22.8% of 
neonatal deaths the cause of death could not be identi-
fied, in comparison with 1.4% in our study. A systematic 
review was done to obtain  the median proportion of 
cause of deaths from studies published in India from 

1985 to 2008.31 This study reported preterm birth to have 
a  median proportion of 27% among neonatal deaths, 
followed by sepsis and pneumonia (24%) and birth 
asphyxia (14%). Thus, in our study, birth asphyxia and 
congenital malformation was reported to cause a higher 
proportion of deaths than was  reported by these two 
studies. The proportion of deaths due to sepsis or pneu-
monia was less in our study but the proportion of deaths 
due to prematurity was almost similar to other previous 
reports. When overall mortality decreases, the proportion 
of deaths due to easily preventable causes such as sepsis 
or pneumonia, for which effective interventions are avail-
able, declines first. Further decline is followed by those 
caused by congenital malformation and birth asphyxia 
which need more skilled intranatal care and diagnostic 
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Figure 4  Distribution of cause of neonatal deaths with 
respect to level of delay, July to December 2012, HDSS 
Ballabgarh.

availability for congenital malformations. Thus, during 
the  initial decline in mortality rates the proportion of 
deaths due to congenital malformation and birth asphyxia 
tends to increase. However, between-study comparisons 
require careful consideration of methodological differ-
ences in estimating the cause of death. The systematic 
review included studies using VA as well as other methods 
for estimation of the proportional contribution of causes 
of death.31 No significant difference was seen when 
the  proportional contribution of causes reported from 
VA was compared with studies adopting other methods. 
Still, there is a need to emphasise the element of subjec-
tivity which exists in assigning cause of death among 
infants using VA. Difficulty in ascertaining death due to 
birth asphyxia and distinguishing it from other causes has 
been reported previously in some validation studies.32 VA 
has limited validation while assigning a cause to death 
followed by symptoms of sepsis and respiratory illness, 
particularly pneumonia, as most times the symptoms are 
non-specific.33 The misclassification of cause of death, 
apart from heterogeneity among study setting, can have 
an overall impact on cause-specific mortality fraction.34

We have also reported the timing of neonatal death, 
both aggregate and by cause of death. A total of 39% 
of neonatal deaths occurred on the  first day of life and 
72.7% occurred during the first 7 days of life. Previous 
estimates from India have reported a range of 31.8–44% 
of neonatal deaths occurring on the first day and 66–75% 
within the first week.27 30 35–37 We analysed information on 
cause of death by timing of neonatal death, which has not 
been addressed adequately in the literature for the Indian 
setting. In our study, 60% of deaths due to birth asphyxia 
occurred on the first day of life and 90% occurred within 
7 days of life. This information from India is available 
only in one study by Baqui et al,30 which reported that 
60% of deaths due to birth asphyxia occurred on the 
first day of life and all the deaths due to birth asphyxia 
occurred within 7 days of life. The overall fraction and 
timing of death due to birth asphyxia calls for effective 
interventions targeted towards quality intrapartum care. 
Despite an increase in the institutional delivery rate in 
the area (from 70% to 85% during the study period), the 
proportion of deaths due to birth asphyxia has remained 

high and almost unchanged over the years. It has been 
documented that access to emergency obstetric services 
is necessary to reduce neonatal mortality, particularly by 
targeting deaths due to birth asphyxia.38 Reports suggest 
a lack of necessary skills among healthcare providers in 
primary healthcare settings in low and middle income 
countries including India.39–41 Thus, in settings with 
a  high institutional delivery rate, the way forward to 
reduce deaths due to birth asphyxia would be capacity 
building of the healthcare providers and health system 
strengthening.

Of all the  deaths caused by LBW/prematurity, more 
than 70% occurred during the  first week of life, high-
lighting the importance of continuum of care starting 
from the early antenatal period to the  early neonatal 
period. Baqui et al reported 70% of deaths due to LBW/
prematurity occurred during the  first 7 days of life.30 
Evidence suggests that improving the nutritional status of 
pregnant women, adequately spaced deliveries, increasing 
the age of first delivery and prevention and treatment of 
urinary tract infections can help to prevent preterm births 
and improved care of LBW and preterm births through 
vitamin A supplementation, promotion of early breast 
feeding, prevention and management of hypothermia 
including kangaroo mother care can enhance their 
chances of survival.42–48 Although intensive efforts were 
made in the study area in terms of identification of preg-
nancy, care during antenatal visits including nutritional 
counselling, and identification, referral and follow-up of 
high-risk pregnancies during antenatal contacts, the high 
proportion of deaths due to LBW/prematurity calls for 
augmented action.

During the post-neonatal period, infective causes were 
responsible for nearly 60% of post-neonatal deaths with 
pneumonia (28.9%), diarrhoea (15.3%) and other infec-
tion and sepsis (13.6%) as the most important causes. 
A  similar pattern was also observed in previous publi-
cations from India with minor differences.49–52 Even in 
the neonatal period, pneumonia or sepsis were respon-
sible for 24% of deaths, highlighting the importance of 
proper implementation of IMNCI and other similar strat-
egies. Although in controlled settings the effect of IMNCI 
on neonatal and under five mortality was significant, its 
implementation has remained dismal.53–56 In our study 
area, implementation of IMNCI was not satisfactory with 
only 10% of expected cases of acute respiratory infections 
and diarrhoea being reported by health workers under 
IMNCI reporting (unpublished information). Effort is 
needed to continuously reduce deaths caused by infec-
tious diseases, particularly for post-neonatal infants. 
There is a need to properly implement IMNCI strategy 
for early identification and prompt referral of children 
with pneumonia, diarrhoea and other infective causes.

To complement the findings of VA, we also performed 
SA on a subsample of infant deaths. Analysis of SA data 
revealed that delay at any level was observed in 50% of 
neonatal deaths and 41% of post-neonatal deaths. A SA 
study performed among neonates in the same setting in 
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2009 found any level of delay to be present in 74% of 
deaths.37 Although the proportion of delay at levels 1 and 
3 were almost the  same, there was a  large reduction in 
delay at level 2 in this study compared with the previous 
study. An overall reduction in any level of delay could be 
due to implementation of new child health interventions 
in the area between 2009 and 2012, whereas the major 
reduction in delay at level 2 could largely be attributed to 
the introduction of free ambulance services for pregnant 
women and sick neonates in the  study area from 2009 
onwards. Similarly, for post-neonatal deaths, another 
study done in 16 districts of eight states in 2005–6 showed 
a high proportion of delay at level 1 (42.3%) and level 2 
(46.0%).57 The lesser delay observed in the present study 
compared with these two studies may be due to improved 
child survival efforts, strengthening of the health system 
and the referral transport system over the years. Probably 
for the first time, we have reported the level of delay with 
respect to cause of neonatal death. Most deaths due to 
congenital anomaly and birth asphyxia were not associ-
ated with any level of delay. Nearly 80% of  births took 
place in hospital and the majority of deaths due to birth 
asphyxia and congenital anomaly happened during the 
first few days of life, which precludes the eventuality of 
delay at levels 1 and 2. This finding underlines the impor-
tance of focusing on in  utero detection of congenital 
anomalies and health system strengthening. The impor-
tance of strengthening the health system is further 
substantiated by the fact that the  majority of deaths 
due to these causes occurred during the early neonatal 
period. Since the majority of births occurred at a health 
facility, increasing the work force at the peripheral level 
for newborn care, capacity building through sustained 
training programmes and continuous supportive super-
vision, provision of adequate newborn care centres as the 
norm with adequate supplies, equipment and workforce 
would be fruitful. Deaths due to LBW/prematurity were 
mostly followed by delay at level 1,  which suggests that 
caregivers failed to recognise the danger signs related to 
prematurity and its consequences such as hypothermia 
and feeding problems. Thus, we need to enhance home-
based newborn care, which has been shown to improve 
mothers' knowledge regarding danger signs and subse-
quent healthcare seeking.58 Nevertheless, narratives 
available in VA forms showed the presence of vague symp-
toms rather than clearcut danger signs before neonatal 
deaths in many cases, which highlights the importance of 
routine preventive care of all neonates rather than care of 
only sick neonates.

Strengths and limitations of the study
This study has certain strengths. To the best of our knowl-
edge, this is the first study from India to include both VA 
and SA data for infant deaths. These two tools used collec-
tively can provide better insights into the complexities 
of infant death. Thus, we have explored both biological 
causes and community and health system issues leading 
to infant death. The study included a  large 5-year birth 

cohort comprising nearly 11 000 births. The site was 
under continuous health and demographic surveillance 
with negligible missing information on births and deaths. 
Also, the cause of death assignment in this setting has 
been done for the last 20 years and health workers were 
adequately trained to capture data on the cause of death. 
SA was administered by a medical doctor specialising 
in community health, so the validity of the data is likely 
to be high. Hence, the  findings of this study could be 
generalised to north Indian settings with a similar child 
mortality pattern, health infrastructure and social struc-
ture.

However, this study also  had some limitations. Our 
sampling frame for SA was very small and was limited 
to only 51 infant deaths which occurred during the last 
6 months of the  study period. Variations are possible in 
estimation of the proportion of levels of delay. We could 
not attempt any exploratory analysis except for cause of 
death with respect to level of delay due to the  limited 
number of deaths for each level of delay. The present 
study highlighted the social causes related to delay in care 
seeking. There could be some other social contributors 
of infant mortality which have not been explored in this 
study. Another limitation could be due to recall prob-
lems. Although all the interviews were made between 
2 and  6  weeks after  the infant death, recall problems 
could not be completely ruled out.

Conclusion
Birth asphyxia, LBW/prematurity and infections remain 
the  main causes of infant mortality. Level 1 delay (ie, 
failure to recognise the danger sign) was present in 
almost half of all deaths. Routine preventive care of all 
neonates rather than care of only sick neonates is there-
fore  required, maybe through enhanced home-based 
care. SA data along with VA  data should be routinely 
captured to have a better insight of the dynamics related 
to infant death and to make appropriate interventions.
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