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Effect of provision of home-based curative health services by
public sector health-care providers on neonatal survival:

a community-based cluster-randomised trial in rural Pakistan
Sajid Soofi, Simon Cousens, Ali Turab, Yaqub Wasan, Shah Mohammed, Shabina Ariff, Zaid Bhatti, Imran Ahmed, Steve Wall, Zulfigar A Bhutta

Summary

Background Although the effectiveness of community mobilisation and promotive care delivered by community
health workers in reducing perinatal and neonatal mortality is well established, evidence in support of home-based
neonatal resuscitation and infection management is mixed. We assessed the effectiveness of adding training in
neonatal bag and mask resuscitation and oral antibiotic therapy for suspected neonatal infections to a basic preventive
and promotive interventions package delivered by public sector community-based lady health workers (LHWs) in
rural Pakistan.

Methods We did a cluster-randomised controlled trial in two subdistricts of Naushahro Feroze in rural Sindh, Pakistan,
between April 15, 2009, and Dec 10, 2012. LHW, trained in basic newborn resuscitation and in recognition and treatment
(with oral amoxicillin) of suspected neonatal respiratory infections, were linked with traditional birth attendants and
encouraged to attend home births. Control clusters received routine care through the existing national programme. The
primary outcome was all-cause neonatal mortality. Independent data collection teams recorded data for all pregnancies
and their outcomes, morbidity, mortality, and household practices related to maternal and newborn care.

Findings Of the 27 randomised clusters with functional LHW programmes, 13 were allocated to the intervention
group (n=242749) and 14 to the control group (n=256985). In the intervention group, LHWs did 80% of the planned
community mobilisation sessions, but were able to attend only 1184 (14%) of 8425 deliveries and 4318 (25%) of
17 288 neonatal visits within 72 h of birth (p<0-0001 for both variables compared with the control group). The neonatal
mortality rate was 42 deaths per 1000 livebirths in intervention clusters compared with 55 per 1000 in the control
group (risk ratio 0-80, 95% CI 0-68-0-93; p=0-005).

Interpretation The reduction in neonatal mortality in intervention clusters occurred against a background of
improvements in domiciliary practices for maternal and newborn care. However, the poor reach of LHWs in accessing
newborn infants at birth and in the early postnatal period underscores the limitations of tasking community health
workers in public sector programmes working in similar circumstances with such complex interventions. Such
community-based interventions in health systems should be accompanied by concerted efforts to improve quality of
care in facilities and referral systems.
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Introduction

Globally, 5-9 million children still die yearly before
reaching their fifth birthday.' 2.7 million of these deaths
are accounted for by neonates”> Much of the
improvement in child survival over the past few decades
has resulted from reductions in post-neonatal deaths
from measles, pneumonia, and diarrhoea.* Other than a
reduction in deaths due to neonatal tetanus,
improvements in neonatal survival in much of south
Asia have lagged behind reductions in post-neonatal
mortality.

About two-thirds of the global burden of maternal
deaths, neonatal deaths, and stillbirths is concentrated in
ten large countries in sub-Saharan Africa and south Asia,
of which Pakistan is one.** Two groups of conditions
account for most neonatal deaths: preterm Dbirth
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complications (an estimated 1-055 million deaths) and
intrapartum-related events, which were formerly known
as birth asphyxia (0-691 million deaths).! A
further 0- 581 million neonatal deaths annually are due to
sepsis, meningitis, pneumonia, and diarrhoea.' Almost
half of all stillbirths occur during labour and delivery,
and nearly half of all neonatal deaths occur in the hours
immediately after birth.® Although the proportion of
facility-based births is increasing in many countries, a
large proportion of deaths occur at home, and
combinations of community-based services, outreach
services, and high-quality facility-based services are
needed to make a difference.”® In view of shortages of
trained physicians and midwives in many settings, task
shifting to a range of ancillary health workers, including
community health workers, is a possible option.’
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Research in context

Evidence before this study

The role of community-based approaches and community
health workers in promotion of care and delivery of health-care
messages to improve perinatal and newborn care is well
established. We did a systematic review of available information
about community-based strategies for improving newborn
care with community health workers in Pakistan, and also
consulted the global literature. We searched PubMed, the
Cochrane library, and regional databases of WHO and UNICEF
with the terms “community health workers” or “community
platforms” and “newborn”, and linked these medical subject
heading terms to “Pakistan” to identify articles published in
English on or before March 31, 2017. A Cochrane review
included data from 26 cluster-randomised or quasi-randomised
trials of a wide range of interventional packages, including

two subsets from three trials. The data showed major
reductions in neonatal mortality (including both early and late
mortality), stillbirths, and perinatal mortality as a result of
implementation of community-based interventional care
packages. Although we identified strong evidence of improved
household behaviours and improved care seeking in facilities,
results for home-based neonatal resuscitation by either
community health workers or traditional birth attendants were
mixed, and results for antibiotic administration by community
health workers were limited to a few efficacy trials, none of
which were done in large public sector programmes. After
completing a feasibility assessment, we worked with the
National Program for Family Planning and Primary Care in

In Pakistan, despite some improvements in coverage
of antenatal care and skilled attendance, a high
proportion of neonatal deaths occur at home, particularly
in rural areas, where few trained professionals and
skilled birth attendants are available.”" Results of a
2012-13 survey of demographics and health showed large
urban-rural disparities in terms of delivery (32% of
deliveries in urban areas were home births vs 60% in
rural areas) and neonatal mortality (47 deaths per
1000 livebirths in urban areas vs 62 per 1000 in rural
areas).” The Pakistani Government initiated a rural
health programme with community health workers—so-
called lady health workers (LHWSs)—in 1994, with a focus
on preventive and promotive strategies for maternal
health, family planning, and primary care." More than
100000 LHWs are deployed across rural Pakistan, but
coverage is variable (ranging from 40-80%),” and they do
not routinely attend home deliveries. Each LHW is
responsible for maintenance of birth records, provision
of a range of promotive and preventive educational
services, management of milder illnesses such as
childhood diarrhoea and respiratory infections, and
referral of people who need high-level care to health
facilities for about 100 households in rural villages. They
also provide services for family planning, basic maternal

Pakistan to assess the effect of training lady health workers
(LHWs) in rural Pakistan to attend births, provide home-based
bag and mask resuscitation as required, and provide oral
amoxicillin to neonates with suspected pneumonia or serious
infections before referral.

Added value of this study

Our cluster-randomised trial showed that community
intervention by the LHW programme led to a 20% reduction in
neonatal mortality and was associated with significant
improvements in household practices and newborn care
practices. However, overall effective coverage by functional
LHWSs was only 48%, and they were able to perform
resuscitation in only 4% of potentially eligible neonates with
birth asphyxia. The intervention had no effect on cause-specific
neonatal mortality due to asphyxia or suspected serious
infections. We also identified no effects on care seeking for
facility births and stillbirths in the intervention clusters.

Implications of all the available evidence

Our trial supports the use of community health workers in large
programmes for community mobilisation and support
strategies for preventive and promotive maternal and newborn
care. However, in view of the reality of large-scale public sector
programmes, tasking such health workers with complex
additional domiciliary care responsibilities might not be
advisable. Improvement of maternal and newborn care in
facilities and promotion of care seeking and transportation
could prove more effective.

antenatal care, and oral polio vaccines during vaccination
campaigns, and promote routine immunisations.*
Several community-based trials have been done in rural
Pakistan to assess the potential effects of training
community health workers on neonatal mortality. These
trials included both public sector LHWs and community
health workers supported by non-governmental org-
anisations to deliver community mobilisation, health
education through home visits,** and innovations such
as the use of cord chlorhexidine by traditional birth
attendants.” We have also shown that strengthening of
the LHW programme’s links with the community and
promotive care through community group sessions is
associated with reductions in perinatal and neonatal
mortality.” Although other community-based strategies—
eg, women’s groups,® promotion of preventive
interventions such as exclusive breastfeeding—improved
neonatal outcomes in low-income and middle-income
countries,” the success of therapeutic interventions
such as neonatal resuscitation and antibiotics has
varied.”* Community-based management of pneumonia
and severe pneumonia in children older than 1 month by
LHWSs was effective in rural Pakistan,”” but effectiveness
in possibly infected neonates has not been fully assessed.
Thus, despite long-standing recommendations to
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increase the range of interventions to improve neonatal
survival in settings where referral is difficult or not
possible,” the effectiveness of home-based management
of neonates in need of resuscitation at birth or born
prematurely by front-line community health workers in
programmatic settings is unclear. If effective, such
strategies could have clear benefits, including reducing
neonatal mortality, in populations with little access to
doctors, nurses, or midwives.

In collaboration with Pakistan’s national programme
for family planning and primary care, we did a cluster-
randomised effectiveness trial of training LHWSs to deliver
a preventive and promotive community mobilisation and
education package® alongside recognition of possibly
asphyxiated newborn infants at birth and bag and mask
resuscitation as needed, and recognition and management
of suspected neonatal infections.

Methods

Study setting and development

We did a prospective cluster-randomised trial between
April 15,2009, and Dec 10, 2012, in the district Naushahro
Feroze in rural Sindh. The district is located 450 km
north of Karachi and has five talukas (subdistricts) and an
official population of around 1-3 million. The trial was
done in a subpopulation of 0-56 million in two talukas
of Naushahro Feroze (Bhirya [population 0-26 million],
and Naushahro Feroze [population 0-23 million]) and
three talukas of Moro and Kandiaro (combined population
0-07 million). The study site is typical of most rural
districts in Sindh and southern Punjab. The trial was
approved by the ethics review committee of the Aga Khan
University (1212-Ped/ERC). All households in the
selected districts were included in the study. Community
assent was obtained from village representatives for
participation in the study; participating women gave
verbal consent.

To develop the intervention and define the clusters, we
did a baseline cross-sectional household survey of the
catchment population of 35 health facilities (14 basic
health units, 12 government dispensaries, eight rural
health centres, and the referral district headquarters
hospital) between April 15 and Aug 30, 2009. We collected
information about knowledge and practices relating to
neonatal care from a random sample of newly delivered
mothers identified in the baseline survey. We then did a
formative qualitative study to develop and adapt the
proposed intervention package to the local context and
assess acceptability in close consultation with the federal
and provincial LHW programmes and health
departments. The preventive component of the package
was adapted from one used in a previous trial.* The
therapeutic components of the intervention package
focused on the immediate household management of
intrapartum events (birth asphyxia), recognition of low
birthweight and suspected serious neonatal infections,
and prompt referral to public sector hospitals.
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We did a planned pilot trial of improved practices
between July 1 and Dec 31, 2009, in the catchment
population of one health facility, which was subsequently
excluded from the main trial. The study tested the
package, refined implementation, and assessed the
feasibility of linking LHWSs with traditional birth
attendants so that LHWs could attend home births, and
the ability of LHWs to use a bag and mask for neonatal
resuscitation. On the basis of this pilot trial, the
intervention package was finalised before rollout in the
main trial (table 1).

Cluster definition, randomisation, and masking

We defined a cluster as the catchment population of an
individual functional primary care facility (basic health
units and rural health centres) and their affiliated

protocols

LHW=lady health workers.

Intervention  Control
clusters clusters
LHWs' programme of support and training
Recognition of high-risk pregnancies and neonatal danger Yes Yes
Promotion of antenatal care and use of iron or folate in pregnancy Yes Yes
Promotion of adequate maternal diet and rest Yes Yes
Provision of clean delivery kit to pregnant women Yes No
Immediate neonatal care Yes Yes
Promotion of exclusive and early breastfeeding Yes Yes
Cord care (dry, clean, and avoid any traditional application) Yes Yes
Delayed bathing Yes Yes
Recognition and domiciliary care of neonates with birth asphyxia, low Yes No
birthweight, and suspected sepsis, and referral
LHWs present at home births Yes No
Domiciliary care with bag and mask for asphyxiated neonates and referral for ~ Yes No
aftercare
Improved thermal care for low-birthweight and premature babies (frequent  Yes No
breastfeeding, waddling, co-bedding, early referral in case of any danger sign)
Provision of first dose of amoxicillin to suspected infected neonates and Yes No
referral to referral hospital; daily follow-up and provision of amoxicillin for
7 days in case of refused referral to hospital
Provision of inflatable bag and mask, sucker bulb, amoxicillin, clean delivery Yes No
kits, and management protocols to LHWs
Support group (health education) training
Exclusive training on support group methods, communication, and Yes No
counselling skills for LHWs
Male motivators training Yes No
Incorporation of three flip charts on birth asphyxia, low birthweight, Yes No
and sepsis in LHW curriculums
Orientation for traditional birth attendants (dais)
Basic essential neonatal care training and linkage with LHWs Yes No
Health facility strengthening
Health-care providers training on essential neonatal care and management of ~ Yes No
birth asphyxia, low-birthweight babies, and neonatal sepsis
Health-care providers training on essential neonatal care and managementof ~ No Yes
sick newborn infants according to WHO guidelines
Provision of inflatable bag and mask and oral amoxicillin with management ~ Yes No

Table 1: Description of intervention package
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Figure 1: Study site and clusters
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LHWs. Basic health units typically serve a population of
10000-20000 and have 10-20 affiliated LHWs. Rural
health centres cater to a population of 25000-50 000 and
have 25-50 affiliated LHWs. Most LHWs have a
catchment population of about 1000 individuals
(120-200 households), are mostly resident in the same
area, and are not transferred to other facilities or areas.
In the original trial proposal, we anticipated the
potential inclusion of 34 clusters representing the entire
district.

Clusters were assigned (1:1) to either the intervention
or control groups. To ensure reasonable balance between
the two arms, we used stratified, restricted randomisation
to allocate clusters. Two strata were defined on the basis
of level of health facilities: hospital or rural health centre
(nine clusters) or basic health units (18 clusters). 1 million
random allocation schemes were generated by the study
statistician (SC), who used a computer algorithm.
Acceptable schemes were those in which the total
populations of each arm was restricted to within 15000 of
each other, total livebirths per year per arm to within
1000 of each other, overall neonatal mortality rates to
within five per 1000 livebirths of each other, the ratio of

LHWs to population to be within one per 10000
population of each other, and overall female literacy rates
to be within 5% of each other. In all, 28476 distinct
allocation schemes satisfying these restriction criteria
were available, of which one was randomly chosen by the
algorithm, with random allocation of one of the arms to
the intervention.” Delivery of the intervention was not
blinded for practical reasons. Data collection teams were
not actively informed which clusters were allocated to
intervention and control arms.

Procedures

The trial was fully integrated and implemented within a
programmatic setting. Senior faculty members of the
Division of Women and Child Health of Aga Khan
University (Karachi, Pakistan) held 5 days' training for
LHW programme master trainers, who subsequently
trained LHWs from the intervention clusters at the health
facilities to which they were affiliated (an initial 3 days of
training and monthly 1 day refresher sessions thereafter).
Study supervisors along with LHW programme managers
monitored the refresher sessions. Each intervention LHW
was provided with a bag and mask for neonatal resuscitation
(Laerdal Medical, Stavanger, Norway) and oral amoxicillin
(125 mg/1-25 ml, to be given as 50 mg/kg per dose). LHWs
were also given pictorial guides describing the management
of asphyxia, thermal care, co-bedding, breastfeeding of low-
birthweight babies, and recognition of suspected
pneumonia and administration of oral amoxicillin before
referral.

As already included in the LHW programme guidance,
we reinforced the importance of linkages of LHWs with
traditional birth attendants in their areas. LHWs were
encouraged to maintain close links with traditional birth
attendants, keep records of expected births, and attend
home deliveries. Clean delivery kits were provided to
pregnant women in the intervention clusters during
health education sessions delivered by LHWs, and the
importance of provision of urgent neonatal care at birth,
if needed, was emphasised. LHWs were trained as per
national and project guidelines to do additional postnatal
visits on days 3, 7, 14, and 28 after birth. LHWs were
reimbursed additional travel costs, if any, to attend
deliveries or postnatal visits, but no additional salary or
other financial incentives were provided. A 3-day
orientation programme in basic immediate maternal
and newborn care was also organised for traditional
birth attendants in the intervention arm, who were
trained in the use of clean delivery kits, and strongly
encouraged to inform LHWs in a timely manner to
attend the home birth. No remuneration, commodities,
or resuscitation training was provided to traditional
birth attendants.

Separate training sessions on health education and
community mobilisation were held for male community
mobilisers—volunteers from the villages, who were
tasked with monthly mobilisation and review meetings
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with male elders and members of the community. These
meetings aimed to promote antenatal care, postnatal
care, and facility births. For people choosing to deliver at
home, the importance of informing the LHW so that she
could attend the childbirth was also reinforced, and
volunteers were identified to escorts LHWs to attend
deliveries, especially after dark.

In the control clusters, the LHW programme continued
to function as usual. LHWs continued to have regular
monthly debriefing and refresher trainings according to
the standard national LHW programme curriculum in
the health facilities to which they were affiliated.
However, as in the intervention arm, health-care
providers from public sector facilities in the entire
district received a one-time refresher training on
essential neonatal care and management of sick newborn
infants according to WHO guidelines® in three separate
workshops done between January and May, 2010.

LHW programme supervisors monitored the delivery
of the intervention package and related components and
maintained their own records. An independent
surveillance system was implemented, with 13 data
collection teams visiting each household in the trial area
quarterly. Verbal consent from heads of households and
respondents was obtained for data collection. These data
collectors were managed and deployed independently of
the LHW programme and shuffled periodically as per
previous surveillance  protocols.* They gathered
standardised information from each household on all
pregnancies, their outcomes, new pregnancies, neonatal
morbidity and mortality, in-migrations, and out-
migrations. Data collectors recorded whether the LHW
was present at the time of delivery and instituted any
interventions on the baby, and recorded treatments
provided and referrals to hospital. Every 6 months,
women reporting a livebirth since the previous
surveillance visit were interviewed with a structured
questionnaire to assess knowledge and practices related
to neonatal care and LHW visits or actions.

In addition to their official logbooks, LHWs in the
intervention clusters were encouraged to record and
maintain information about home visits, neonatal
illnesses, management of babies with breathing
difficulties, low birthweight, and suspected serious
infections, referrals, and outcomes on separate forms
provided by the research team. The research team
monitored the monthly LHWSs refresher training
meetings and reviewed the forms provided by LHWs.
Verbal autopsies of all stillbirths and neonatal deaths
were done by a separate team of trained anthropologists
within 2-16 weeks of the event with standard WHO-
recommended instruments.**

Outcomes

The primary outcome of the trial was all-cause neonatal
mortality. The initial proposal included perinatal
mortality as a primary outcome, but on the basis of
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Figure 2: Trial profile

feedback from the LHW programme and the range of
outcomes captured therein, we principally focused on
neonatal mortality instead. Secondary outcomes included
cause-specific neonatal mortality due to intrapartum
events, prematurity, and sepsis, and the stillbirth rate.

Statistical analysis

In the Hala trial,” an almost 20% reduction in neonatal
mortality was reported with LHW training in preventive
care and community mobilisation for improved
household practices and care seeking compared with
the control population, and thereafter the LHW
programme adopted the Hala package within its
training programme. In view of the 45-50% reduction
in mortality reported in other trials of home-based
treatment,”*** we estimated that a 40% reduction in
neonatal mortality from the enhanced intervention was
plausible. We assumed an average cluster size of 10000,
a crude annual birth rate of 25 per 1000, and an average
neonatal mortality rate of 40 per thousand livebirths in
the control arm (coefficient of variation 0-25). We
estimated that inclusion of all births for 3 years would
provide greater than 90% power to detect a 40% reduction
in neonatal mortality rate and close to 80% power to
detect a 30% reduction.”

We compared baseline characteristics of intervention
and control areas by visual inspection. During the
intervention period, frequency of birthing practices,
LHW contacts, and neonatal morbidity rates in both

e800




Articles

Intervention
(13 clusters)

Control
(14 clusters)

Si

Population
Households

People per household
Children younger than 5 years per household

Female education

n
No education

Religious education only

Primary and middle school

Higher secondary school

Secondary school graduate and above

Finished walls (cement, stone with lime, or bricks)

Finished floor (ceramic tiles, cement, or carpet)

Finished roofing (ceramic tiles, cement, or roofing shingles)

Families owning their own home

ngle-room households

Households with piped water

Households with no toilet facility

Households with underground sewerage (liquid waste)
Households with electricity
Households using solid fuels for cooking

Birth outcomes and mortality rates

Livebirths
Stillbirths
Early fetal deaths

Neonatal deaths

Neonatal deaths per 1000 livebirths
Stillbirths per 1000 births
Early fetal death rate per 1000 pregnancies

Data are n, n (%), or mean (SE).

256985 242749
32498 30959
791 (4:30) 7-84 (4-81)
1-41(1-23) 132 (1-19)
51806 49192
37578 (73%) 36045 (73%)
4855 (9%) 3846 (8%)
6254 (12%) 6005 (12%)
2434 (5%) 2616 (5%)

685 (1%) 680 (1%)
8119 (25%) 7412 (24%)
6697 (21%) 5806 (19%)

10455 (32%)

31177 (96%)
18319 (56%
28163 (87%

( 29650 (96%)
(56%)
(87%)
8072 (25%)
(19%)
(96%)
(

16756 (54%)
27433 (89%)
7044 (23%)
3188 (10%)
29871 (96%)

6095 (19%

(

@8

(

(

(

(

(

9484 (31%)

(

(

(

(

(

31182 (96% (
@

25796 (79%) 23953 (77%)
8071 7755
360 318
1016 826
358 339
446 437
427 394
107-6 928

Table 2: Baseline sociodemographic characteristics
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See Online for appendix

groups were compared with logistic regression, with
robust SEs to account for between-cluster variation, and
adjusted for surveillance round and randomisation
stratum. Analysis of mortality outcomes was done with
generalised estimating equations, with robust SEs to
account for the cluster randomisation. To obtain
estimates of the risk ratio for intervention versus control
clusters, binomial regression models with a log link were
fitted, controlling for cluster-level log(baseline mortality,
stillbirths, and early pregnancy loss), randomisation
stratum, and surveillance round. The trial is registered
with ClinicalTrials.gov (NCT01350765).

Role of the funding source

Although SW was involved in periodic review of the
study progress, the funder of the study had no role in
study design; data collection, analysis, or interpretation;
or writing of the report. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit for publication.

n (%)

LHWs in intervention clusters

Transferred from other health-care facility 6 (2%

Non-resident

Uncooperative 7%

Untrained 3%

Functional 228 (84%)
Health education sessions done by LHWs
0 %)
1-10

11-20

>20

8@
29 (11%)
43 (16%)
192 (71%)

Neonates visited by individuval LHWs

0 11 (4%)
133 147 (54%)
34-66 100 (37%)
>66 14 (5%)

N=272. Overall, 6943 health education sessions were done, and 8471 neonates
were visited. LHW=lady health workers.

Table 3: LHW characteristics and programme performance

Results

The trial was planned to span 36 months, but ended in
Dec 10, 2012 (after quarterly surveillance round 11),
because of the conclusion of activities in Pakistan by the
Saving Newborn Lives programme of Save the Children,
USA. Seven of the 34 clusters in the study area could not
be included because no LHWSs were posted therein. Thus
27 clusters, including 35 health-care facilities and their
affiliated LHWSs, were included (figures 1, 2). The entire
population of the 27 clusters was included in the trial.

At baseline, the study groups were balanced in terms of
population and number of households (table 2). 73% of
women in both groups had no education (table 2). Most
households owned their homes (96%), had
electricity (96%), and had access to piped water (88%;
table 2). Roughly a quarter of the households in both
groups had no toilets; only 19% of houses in control
villages had underground waste disposal arrangements,
compared with 10% in the intervention areas (table 1).
According to the baseline survey, neonatal mortality and
stillbirth were slightly less frequent in the intervention
clusters than in the control clusters (43-7 vs 44-5 per
1000 livebirths, and 39-4 vs 42-7 per 1000 total births,
respectively; table 2). The rate of early fetal death at
baseline was broadly similar in both groups (table 2), as
were the major causes of stillbirths and neonatal deaths
(appendix).

Of the 63457 households in the study area, 35155
(55%) were included in the LHW programme registers
and hence covered. Of the 272 officially appointed LHWs
in the intervention clusters, only 228 (84%) were fully
functional and working (18 did not engage with the
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Control clusters Intervention clusters OR (95% Cl) p value

Home births 9238/19 984 (46%) 8627/18 325 (47%) 104 (0-82-1:34) 073
Facility births 10746/19 984 (54%) 9698/18 325 (53%) 0-96 (0-75-1-22) 073
Skilled birth attendant present 11150/19 984 (56%) 9900/18 325 (54%) 0-92 (0-72-1:18) 0-53
Presence of LHW at deliveries managed by traditional 55/8834 (1%) 1184/8425 (14%) 28.4 (14-3-56-4) <0-0001
birth attendants
Instrumental deliveries 3474/19 984 (17%) 3008/18 325 (16%) 0-94 (0-81-1-09) 0-42
Use of clean delivery kits at home births 1488/7723 (19%) 4236/7698 (55%) 6-16 (2-91-13-0) <0-0001
LHW postnatal visits 271/18 609 (1%) 5256/17 288 (30%) 323 (15-7-66-1) <0-0001
LHW early postnatal visits 188/18 609 (1%) 4318/17 288 (25%) 35-5(17-9-70-7) <0-0001
Neonates with reported breathing problem or delayed 2825/19 163 (15%) 2391/17 705 (14%) 0-90 (0-72-1-12) 0-34
cry at birth
Neonates with breathing problem resuscitated by LHW 2/2825 (<1%) 98/2391 (4%) 67-6 (14-2-320-5) <0-0001
Low-birthweight births 992/10 159 (10%) 933/10 125 (9%) 0-96 (0-76-1-22) 074
Neonates with reported illness 6626/19 163 (35%) 5439/17 705 (31%) 0-84 (0-61-1:14) 026
Care seeking for neonates with reported illness 6137/6626 (93%) 5037/5439 (93%) 1.02 (0-76-1-37) 0-89
Sick neonates visited by LHW 102/6626 (2%) 1566/5439 (29%) 27-2 (13:5-54-5) <0-0001
Neonates with possible infection 5201/19 163 (27%) 4350/17 705 (25%) 0-87 (0-66-1-16) 0-36
Neonates with possible infection seen by LHW 86/5201 (2%) 1252/4350 (29%) 251 (13-2-47-7) <0-0001
Neonates with possible infection managed with 19/5201 (<1%) 707/4350 (16%) 54-6 (21-8-137-3) <0-0001
amoxicillin given by LHW

Data are n/N (%). OR=odds ratio. LHW=lady health worker.

Table 4: Post-intervention birthing practices and neonatal morbidity

project, 12 were non-residents of the area, eight had not
received formal training, and six were transferred to the
study areas during the study; table 3). During the
intervention period, LHWs reported doing 6943 (80%) of
the 8650 planned female health education sessions in
intervention villages. At different periods, together
representing almost a third of the overall length of the
trial, LHWs were involved in local polio campaigns and
mother and child activities, and were hence unavailable
for trial-specific activities. 192 LHWs (71%) did more
than 20 community sessions during the intervention
period (table 3).

Between February, 2010, and December, 2012, the
actual period of trial intervention, 51436 pregnancies
were identified in the trial area (appendix).
2544 pregnancies (5%) ended in early fetal death
(<28 weeks’ gestation), 5143 women (10%) migrated out
of the study area, and 5440 women (11%) were still
pregnant at the end of the trial (appendix). We noted no
significant differences between the intervention and
control clusters in the proportions of facility births (53%
vs 54%; p=0-73) and deliveries facilitated by skilled birth
attendants (54% vs 56%; p=0-53; table 4). A significantly
higher proportion of home deliveries were attended by
LHWs in the intervention clusters than in the control
clusters (14% vs 1%; p<0-0001; table 4). Clean delivery
kits were used significantly more often for home
deliveries in the intervention clusters than in the control
clusters (p<0-0001; table 4).

During the study period, rates of early fetal loss,
although much lower than reported baseline values, were
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broadly similar in both groups (61 per 1000 pregnancies
in intervention clusters vs 63 per 1000 pregnancies in
control clusters; risk ratio [RR] 0-97, 95% CI
0-88-1-08; p=0-60; table 5).

Stillbirth rates were somewhat higher than those
reported in the baseline survey, but again did not differ
significantly between groups after baseline rates and
randomisation were controlled for (RR 0-89, 95% CI
0-76-1-04; p=0-13; table 5; appendix). The neonatal
mortality rate was lower in intervention clusters than in
control clusters (42 vs 55 per 1000 livebirths; RR=0-80,
95% CI 0-68-0-93; p=0-005; table 5). In the first
surveillance round after implementation of the
intervention, neonatal mortality in both groups was
similar, and thereafter consistently lower in the
intervention clusters (appendix). An analysis of cluster-
level summaries produced a broadly similar pattern of
results, but with point estimates suggesting slightly
larger intervention effects on mortality endpoints,
particularly for stillbirths and perinatal mortality
(appendix). Our study was not powered for cause-specific
neonatal mortality outcomes and we identified no
significant difference between the groups for major
categories of neonatal mortality, including preterm birth
complications, perinatal asphyxia, and neonatal
infections, or for most causes of stillbirths, except for
those related to obstructed labour and complications
(p=0-003; appendix).

Of all the livebirths in the intervention clusters,
2391 neonates reportedly had breathing problems or
delayed cry at birth, 98 (4%) of whom were resuscitated
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Control Intervention  Mortality risk p value
clusters clusters ratio* (95% Cl)
Early pregnancy loss
n 1353 1191
Rate per 1000 known pregnancies 63 61 0-97 (0-88-1.08)  0-60
Stillbirths
n 1066 830 - -
Rate per 1000 total births 53 45 0-89 (0-76-1-04) 013
Early neonatal mortality
n 871 610
Rate per 1000 livebirths 45 34 079 (0-67-0-93)  0-006
Late neonatal mortality
n 179 126
Rate per 1000 livebirths 9 7 0-72 (0-62-0-85) 0-0001
Neonatal mortality
n 1050 736 -
Rate per 1000 livebirths 55 42 0-80 (0-68-0-93) 0-005
Perinatal mortality
n 1937 1440 - -
Rate per 1000 total births 96 78 0-86 (0-75-0-99)  0-03

*Estimated with generalised estimating equations, controlling for baseline mortality, randomisation stratum,

and surveillance round.

Table 5: Summary of birth outcomes from the quarterly surveillance (rounds 1-11) by trial group
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by LHWs attending births (90 survived; appendix).
4350 neonates in intervention clusters had some features
of suspected infections, including fast breathing,
according to maternal reports (appendix). LHWs visited
1252 (29%) of these neonates, of whom 707 (56%) were
managed with oral amoxicillin (appendix). 661 (93%)
given amoxicillin survived (appendix). In control clusters,
LHWs visited 82 (2%) of the 5201 neonates who had
signs of suspected infections. 19 (23%) of the visited were
managed with oral amoxicillin, 17 (89%) of whom
survived (appendix).

More women from intervention clusters (35%) than
from control clusters (2%) reported visits by LHWs during
the antenatal period (p<0-0001; table 6). Similar
proportions of women from both groups sought antenatal
care at least once during pregnancy and received two or
more doses of the tetanus toxoid vaccine during the
antenatal period (table 6). More women in the intervention
arm than in the control arm were visited by the LHW
within 3 days of delivery (29-9% versus 0-4%; p<0-0001).
Breastfeeding within 1 h of birth, giving colostrum to
neonates, and co-bedding or swaddling were significantly
more common in intervention than in control clusters
(table 6). Restriction of the analysis to functional LHWs
and the covered areas only suggested that birth attendance,
use of clean delivery kits, postnatal visits, and sick
neonates seen were slightly higher than those in the
intervention group overall, but rates of neonatal
resuscitation were broadly similar (appendix). Broadly
similar findings were noted in the restricted analysis
comparing functional LHWs in the intervention clusters

with overall findings in the intervention clusters
(appendix). In this restricted analysis, 23% of neonates
with possible infections were given amoxicillin (appendix).

Discussion

In our cluster-randomised study of the effectiveness of
an integrated community-based package comprising
preventive and home-based immediate curative care
delivered by public sector LHWSs in in a programmatic
setting in rural Pakistan, we noted a 20% reduction in
neonatal mortality in intervention compared with control
clusters. This 20% reduction is similar to the
15% reduction reported in an earlier trial, which did not
include additional training of LHWSs to resuscitate
neonates at home as required or treat suspected
pneumonia with antibiotics.”

This overall effect of the combined intervention was
much smaller than we hypothesised at trial outset, and
was lower than the reductions recorded in other cluster-
randomised trials®** in the region. However, those
studies were mostly efficacy trials that directly
employed, supervised, and remunerated community
health workers, as opposed to true effectiveness studies
done within existing public sector health systems with
their inherent constraints. In the only effectiveness
trial* of scale-up of integrated management of neonatal
and childhood illnesses, which was done through the
public health system in India, a much smaller
(9%) reduction in neonatal mortality was reported. The
Newhints trial® in Ghana, which was based on home
visits by existing community-based volunteers, showed
increases in the coverage of several essential newborn
care behaviours, but did not significantly affect neonatal
mortality.

Our findings suggest limited additional benefits
compared with basic promotive and preventive care of
training public sector LHWs in Pakistan to resuscitate
newborn infants delivered at home and treat suspected
neonatal infections with oral antibiotics. They are also a
stark reminder of the limitations to what busy public
sector community health workers can deliver. In addition
to community health workers’ technical limitations, the
effectiveness of such additional activities is dependent on
the workload and range of other duties that such workers
have in health systems. However, we think that the
reduction in neonatal mortality shows the importance of
community outreach services and the role of task shifting
in reducing perinatal and neonatal mortality in such
high-risk rural populations.

Several key household behaviours related to maternal
and newborn care improved in the households of the
intervention clusters compared with control clusters,
suggesting that community-based health promotion was
effective. These findings are consistent with those noted
in the previous trial of LHWs in Hala,” and included an
important increase in routine LHW visits to mothers in
both the antenatal and postnatal periods and evidence of
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Control clusters Intervention clusters  OR (95% Cl) p value
(n=10859) (n=10118)
Women attending at least one antenatal consultation 8568 (79%) 8413 (83%) 1-33(0-96-1-82) 0-08
Women attending four or more antenatal consultations 2161 (20%) 2567 (25%) 1-41(1-07-1-87) 0-01
Women visited by LHW during pregnancy 230 (2% 3566 (35%) 29-0 (13-3-62-7) <0-0001
Women receiving two or more tetanus toxoid vaccination doses 1257 (12%) 1364 (14%) 1-15 (0-87-1-53) 032
during pregnancy
Use of new blade for cutting cord 4608 (42%) 3984 (39%) 0-86 (0:69-1-09) 0-22
Use of cord clamp for tying cord 5703 (53%) 5186 (51%) 0-95 (0-76-1-19) 0-68
Cord cutting after placenta delivery 9653 (89%) 8980 (89%) 0-97 (0-63-1-50) 0-89
Dry cord care 1304 (12%) 1580 (16%) 135 (1-03-1.76) 0-03
Use of new cloth or clean towel for cleaning and drying neonate 6357 (59%) 6117 (61%) 1.07 (0-81-1-42) 0-61
Delayed bathing until after 6 h 6585 (61%) 6318 (62%) 1-08 (0-76-1-52) 0-68
Neonates warmed after birth 10727 (99%) 10021 (99%) 1-25 (0-85-1-83) 0-27
Mothers giving colostrum 6678 (61%) 7355 (73%) 1.77 (1.:50-2-10) <0-0001
Mothers starting breastfeeding within 1 h 3079 (28%) 3956 (39%) 1-65 (1-26-2:16) 0-0002
Neonates receiving skin-to-skin contact with mother (co-bedding 4130 (38%) 4929 (49%) 1.55 (1-15-2-12) 0-005
or swaddling)
Mothers’ awareness to take appropriate* action for asphyxiated 1293 (12%) 1699 (17%) 1.50 (1-22-1-81) <0-0001
babies
Mothers’ awareness to seek care for low-birthweight babies 10723 (99%) 9941 (98%) 0-74 (0-45-1-23) 0-25
Neonatal massage 10105 (93%) 9633 (95%) 1.51(1-10-2-08) 0-01
Mothers visited by LHW within 3 days of delivery 43 (<1%) 3022 (30%) 1152 (57-7-230-1) <0-0001
Data are n (%). OR=odds ratio. LHW=Lady health worker. *Clean mouth and nose, rub back of baby, and give artificial respiration.
Table 6: Household knowledge, attitudes, and practices around delivery at surveillance rounds 3,5, 7,9, and 11

improved practices such as colostrum administration,
early initiation of breastfeeding, and dry cord care.

Our study design and operational plan had several
strengths. First, the enhanced training programme was
integrated with the districc LHW programme and
implemented like other regular trainings in the district
health system. Training in newborn care was guided by
specific learning objectives and accompanied by
assessment of trainee performance and skills, which all
LHWs passed. We achieved close engagement of the LHW
programme through training and implementation through
their trainers, monthly continuous education sessions
(generally called monthly refresher trainings) at catchment
facilities, and monitoring of intervention delivery by
programme supervisors and district health officials. The
regular refresher sessions were based on the LHW
programme’s standard protocols and well documented.

Second, we used a detailed, independent data-collection
system. We gathered data for outcomes and exposures
through a quarterly active surveillance system via
independent teams of data collectors. As part of the
quality-assurance process, around 5% of the households
were revisited by independent monitors within 3 days of
the surveillance visits to corroborate findings. Trained
programme managers also monitored LHW performance
and activities with standard checklists and generated
monthly summaries. Despite a few transfers of LHWs
and some choosing not to participate, randomisation
through the reporting facilities ensured no contamination
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between intervention and control clusters, although
some sharing of messages between families and
residents was inevitable.

Our trial also had several limitations in view of its scale
and the fact that implementation was largely dependent
upon LHW functionality and availability. There was a
substantial loss of working days and suspension of
routine and project-specific mother and child health-care
intervention activities as a result of LHWs’ deployment
in periodic mass polio immunisation campaigns. LHWs
were frequently tasked with additional duties for
immunisation activities such as measles campaigns and
child health days. During the massive seasonal floods of
2010 and 2011,** LHWSs were deployed twice for several
months to provide flood relief activities in the district. We
estimate that almost 30% of LHW time was spent on
such activities during the trial. We do not regard this as
improper implementation; rather, we think it reflects the
reality of busy public sector programmes and employees,
who have to multitask. Attendance of childbirths by
LHWs alongside traditional birth attendants, although
considered feasible in the initial assessment and actively
promoted, was a particular challenge. LHWs attended
only a small proportion of home births. Stated barriers to
attendance included the need to travel alone, restricted
mobility at night, that these activities were additional to
their routine activities, and the lack of remuneration by
families (unlike traditional birth attendants, who get
compensated directly by families).
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Information obtained by data collectors on household
practices was based on maternal recall and not validated
through direct observations, and the possibility of some
respondent bias and over-reporting of recommended
health-care activities cannot be ruled out. Owing to low
maternal literacy and social taboos, a large proportion of
mothers did not remember or report the exact date of
their last menstrual period, and the possibility of
differential misclassification of miscarriages and
stillbirths cannot be excluded either.

Our effectiveness trial included fewer newborn infants
in the early neonatal period than did other efficacy
trials”?** from the region, but was nonetheless
associated with a significant reduction in neonatal
mortality. The trial also showed that, notwithstanding
several limitations, some LHWs could establish rapports
with and work alongside local traditional birth attendants,
including attending some births. The reduction in
neonatal deaths was associated with an increase in
antenatal care visits and the use of clean delivery kits at
birth. However, the proportions of births attended by
LHWs (14%) and potentially asphyxiated newborns
resuscitated by LHWs during those visits (4%) were very
small. The same was true for early postnatal home visits
by LHWs (25%) and provision of amoxicillin (16%) to
overtly sick neonates in the intervention clusters.
Although the rates were substantially higher in
intervention than in control clusters, overall intervention
coverage for these morbidities by LHWs in the
intervention clusters remained very low and no
differences in cause-specific mortality as assessed by
verbal autopsies were identified, although the study was
not powered to assess such effects. We therefore cannot
ascribe improvements in neonatal outcomes to individual
intervention components related to home-based
treatment. The choice of oral amoxicillin for treatment of
suspected pneumonia based on clinical features
including fast breathing was consonant with WHO
guidance at the time,** although this recommendation
for early neonatal pneumonia or infection has been
challenged,” and criteria for presumed serious bacterial
infections in neonates have become more holistic.”

A significant difference from previous findings in
Sindh® was the lack of effect on facility births and
stillbirths. Although we trained public sector staff across
all facilities in the district at the beginning of the trial,
notable differences from Hala were identified in terms of
levels of staff motivation, quality of care, and the
availability of adequate around-the-clock services in
public sector facilities and the district headquarter
hospital. This finding is important in view of the general
benefits of referral and care seeking noted in community-
based interventions for maternal and newborn care.”
Previous studies have shown that care for preterm and
low-birthweight infants and newborn resuscitation can
be delivered in home settings by motivated and well-
trained community health workers,” but outside of

skin-to-skin care,” few have shown effective management
of preterm infants in domiciliary settings.

We firmly believe that if packages of community-based
maternal and newborn care are delivered through
community health workers, appropriate measures to
strengthen health systems, transport systems, and
quality of care therein are also needed. In addition to
community mobilisation and support, urgent attention
is needed for the provision of adequate basic and
emergency newborn care facilities in health facilities,
accompanied by strengthening of quality care for
preterm infants and infants with presumed serious
bacterial infections.”* Although the importance of
community-based maternal and newborn care is well
recognised, the limitations of this delivery platform in
reducing neonatal mortality is also well appreciated.
Growing evidence supports the provision of high-quality
basic and emergency maternal and newborn care in
referral facilities. Pakistan and other south Asian
countries should prioritise both community-based
strategies for promotive and preventive care and high-
quality facility-based care as key measures to achieve
universal health care and the Sustainable Development
Goal 3 targets for maternal and newborn health.®

Contributors

ZAB conceived the study, and wrote the protocol with SS, with input
from SW. SS, AT, and YW oversaw field operations. SS and SA
supervised training programmes. SC and IA did the statistical analyses.
ZAB produced the first draft of the Article, with input from SS. All
authors revised the Article and approved the final version.

Declaration of interests
We declare no competing interests.

Acknowledgments

We would like to thank members of the communities who participated
in this study for their support and partnership throughout the course of
the study, the officers and managers of the health department of Sindh,
and the LHW programme.

References

1 LiuL, Oza S, Hogan D, et al. Global, regional, and national causes
of under-5 mortality in 2000-15: an updated systematic analysis
with implications for the Sustainable Development Goals. Lancet
2016; 388: 3027-35.

2 UN Interagency Group for Child Mortality Estimation. Levels and
trends in child mortality. http://www.childmortality.org/files_v20/
download/IGME%20Report%202015_9_3%20LR%20Web.pdf
(accessed June 29, 2017).

3 Global Burden of Disease Pediatrics Collaboration. Global and
national burden of diseases and injuries among children and
adolescents between 1990 and 2013: findings from the Global
Burden of Disease 2013 Study. JAMA Pediatr 2016; 170: 2567-87.

4 Bhutta ZA, Black RE. Global maternal, newborn, and child health—
so near and yet so far. N Engl ] Med 2013; 369: 2226-35.

5 Lawn JE, Blencowe H, Oza S, et al, for The Lancet Every Newborn
Study Group. Every Newborn: progress, priorities, and potential
beyond survival. Lancet 2014; 384: 189-205.

6 Lawn JE, Blencowe H, Waiswa P, et al, for The Lancet Ending
Preventable Stillbirths Series study group with The Lancet Stillbirth
Epidemiology investigator group. Stillbirths: rates, risk factors,
and acceleration towards 2030. Lancet 2016; 387: 587-603.

7  Bhutta ZA, Das JK, Bahl R, et al, for The Lancet Newborn
Interventions Review Group, The Lancet Every Newborn Study
Group. Can available interventions end preventable deaths in
mothers, newborn babies, and stillbirths, and at what cost? Lancet
2014; 384: 347-70.

www.thelancet.com/lancetgh Vol 5 August 2017



Articles

8  DasJK, Rizvi A, Bhatti Z, et al. State of neonatal health care in eight
countries of the SAARC region, south Asia: how can we make a
difference? Paediatr Int Child Health 2015; 35: 174-86.

9  LassiZS, Kumar R, Bhutta ZA. Community-based care to improve
maternal, newborn, and child Health. In: Black RE, Laxminarayan
R, Temmerman M, Walker N, eds. Reproductive, maternal,
newborn, and child health: disease control priorities, 3rd edn.
Washington, DC: World Bank, 2016: 263-84.

10 Bhutta ZA, Hafeez A, Rizvi A, et al. Reproductive, maternal,
newborn, and child health in Pakistan: challenges and
opportunities. Lancet 2013; 381: 2207-18.

11 Hafeez A, Mohamud BK, Shiekh MR, Shah SA, Jooma R.

Lady health workers programme in Pakistan: challenges,
achievements and the way forward. | Pak Med Assoc 2011;
61: 210-15.

12 National Institute of Population Studies, MEASURE Demographic
& Health Surveys, ICF International. Pakistan demographic and
health survey 2012-2013. Islamabad: National Institute of
Population Studies, 2013.

13 Oxford Policy Management. Lady health worker programme.
External evaluation of the National Programme for Family Planning
and Primary Health Care. Summary of Results. http://www.opml.
co.uk/sites/default/files/LHW_09%20Report%201%20
Summary%200f %20Results.pdf (accessed Feb 18, 2017).

14 WHO, Global Health Workforce Alliance. Pakistan’s lady health
worker programme, case study. http://www.who.int/
workforcealliance/knowledge/resources/casestudy_pakistan/en
(accessed April 16, 2017).

15 Bhutta ZA, Soofi S, Cousens S, et al. Improvement of perinatal and
newborn care in rural Pakistan through community-based
strategies: a cluster-randomised effectiveness trial. Lancet 2011;
377:403-12.

16 Memon ZA, Khan GN, Soofi SB, Baig IY, Bhutta ZA. Impact of a
community-based perinatal and newborn preventive care package
on perinatal and neonatal mortality in a remote mountainous
district in northern Pakistan. BMC Pregnancy Childbirth 2015;

15: 106.

17 Soofi S, Cousens S, Imdad A, Bhutto N, Ali N, Bhutta ZA.

Topical application of chlorhexidine to neonatal umbilical cords for
prevention of omphalitis and neonatal mortality in a rural district of
Pakistan: a community-based, cluster-randomised trial. Lancet 2012;
379: 1029-36.

18 Prost A, Colbourn T, Seward N, et al. Women'’s groups practising
participatory learning and action to improve maternal and newborn
health in low-resource settings: a systematic review and
meta-analysis. Lancet 2013; 381: 1736—46.

19 Bhutta ZA, Darmstadt GL, Hasan BS, Haws RA. Community-based
interventions for improving perinatal and neonatal health outcomes
in developing countries: a review of the evidence. Pediatrics 2005;
115 (suppl): 519-617

20 LassiZS, Bhutta ZA. Community-based intervention packages for
reducing maternal and neonatal morbidity and mortality and
improving neonatal outcomes. Cochrane Database Syst Rev 2015;

3: CD007754.

21 Bang AA, Bang RA, Baitule SB, Reddy MH, Deshmukh MD.

Effect of home-based neonatal care and management of sepsis on
neonatal mortality: field trial in rural India. Lancet 1999;
354:1955-61.

22 Baqui AH, El-Arifeen S, Darmstadt GL, et al, Projahnmo Study
Group. Effect of community-based newborn-care intervention
package implemented through two service-delivery strategies in
Sylhet district, Bangladesh: a cluster-randomised controlled trial.
Lancet 2008; 371: 1936—44.

23 Gill CJ, Phiri-Mazala G, Guerina NG, et al. Effect of training
traditional birth attendants on neonatal mortality (Lufwanyama
Neonatal Survival Project): randomised controlled study. BM] 2011;
342: d346.

24  Carlo WA, Goudar SS, Jehan I, et al, First Breath Study Group.
Newborn-care training and perinatal mortality in developing
countries. N Engl ] Med 2010; 362: 614-23.

www.thelancet.com/lancetgh Vol 5 August 2017

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

Soofi S, Ahmed S, Fox MP, et al. Effectiveness of community case
management of severe pneumonia with oral amoxicillin in children
aged 2-59 months in Matiari district, rural Pakistan:

a cluster-randomised controlled trial. Lancet 2012; 379: 729-37.

Bari A, Sadruddin S, Khan A, et al. Community case management
of severe pneumonia with oral amoxicillin in children aged

2-59 months in Haripur district, Pakistan: a cluster-randomised
trial. Lancet 2011; 378: 1796-803.

Darmstadt GL, Bhutta ZA, Cousens S, Adam T, Walker N,

de Bernis L, for The Lancet Neonatal Survival Steering Team.
Evidence-based, cost-effective interventions: how many newborn
babies can we save? Lancet 2005; 365: 977-88.

Donner A, Kler N. Design and analysis of cluster randomization
trials in health research. London: Arnold, 2000.

WHO. Pocketbook of hospital care for children. Guidelines for the
management of common illnesses with limited resources.
http://www.who.int/maternal_child_adolescent/
documents/9241546700/en/ (accessed Feb 18, 2017).

Nausheen S, Soofi SB, et al. Validation of verbal autopsy tool for
ascertaining the causes of stillbirth. PLoS One 2013; 8: €76933.
Soofi SB, Ariff S, Khan U, et al. Diagnostic accuracy of WHO verbal
autopsy tool for ascertaining causes of neonatal deaths in the urban
setting of Pakistan: a hospital-based prospective study. BMC Pediatr
2015; 15: 144.

Kumar V, Mohanty S, Kumar A, et al, Saksham Study Group.
Effect of community-based behaviour change management on
neonatal mortality in Shivgarh, Uttar Pradesh, India:

a cluster-randomised controlled trial. Lancet 2008; 372: 1151-62.
Baqui AH, Williams E, El-Arifeen S, et al, Projahnmo Study Group
in Bangladesh. Effect of community-based newborn care on
cause-specific neonatal mortality in Sylhet district, Bangladesh:
findings of a cluster-randomized controlled trial. J Perinatol 2016;
36: 71-76.

Bhandari N, Mazumder S, Taneja S, Sommerfelt H, Strand TA;
IMNCI Evaluation Study Group. Effect of implementation of
Integrated Management of Neonatal and Childhood Illness
(IMNCI) programme on neonatal and infant mortality: cluster
randomised controlled trial. BMJ 2012; 344: €1634.

Kirkwood BR, Manu A, ten Asbroek AHA, et al. Effect of the
Newhints home-visits intervention on neonatal mortality rate and
care practices in Ghana: a cluster randomised controlled trial.
Lancet 2013; 381: 2184-92.

Bhutta ZA, Bhutta SZ. The unfolding human tragedy in Pakistan:
fighting alone. Lancet 2010; 376: 664-65.

Zaidi AK, Baqui AH, Qazi SA, et al. Scientific rationale for study
design of community-based simplified antibiotic therapy trials in
newborns and young infants with clinically diagnosed severe
infections or fast breathing in south Asia and sub-Saharan Africa.
Pediatr Infect Dis ] 2013; 32 (suppl 1): S7-11.

WHO. Managing possible serious bacterial infection in young
infants when referral is not possible. 2015. Geneva: World Health
Organization, 2015.

Bang AT, Baitule SB, Reddy HM, Deshmukh MD, Bang RA.

Low birth weight and preterm neonates: can they be managed at
home by mother and a trained village health worker? J Perinatology
2005; 25: S72-81.

Baqui AH, Saha SK, Ahmed AS, et al, Projahnmo Study Group in
Bangladesh. Safety and efficacy of alternative antibiotic regimens
compared with 7 day injectable procaine benzylpenicillin and
gentamicin for outpatient treatment of neonates and young infants
with clinical signs of severe infection when referral is not possible:
a randomised, open-label, equivalence trial. Lancet Glob Health
2015; 3: €279-87.

Tikmani SS, Muhammad AA, Shafiq Y, et al. Ambulatory treatment
of fast breathing in young infants aged <60 days: a double-blind,
randomized, placebo-controlled equivalence trial in low-income
settlements of Karachi. Clin Infect Dis 2017; 64: 184-89.

e806



	Effect of provision of home-based curative health services by public sector health-care providers on neonatal survival: a community-based cluster-randomised trial in rural Pakistan
	Introduction
	Methods
	Study setting and development
	Cluster definition, randomisation, and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


