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Abstract

Introduction

Neonatal deaths represent around half the deaths of children less than five-years old in
Cambodia. The process from live birth to neonatal death has not been well described. This
study aimed to identify problems in health care service which hamper the reduction of pre-
ventable neonatal deaths in rural Cambodia.

Methods

This study adopted a method of qualitative case study design using narrative data from the
verbal autopsy standard. Eighty and forty villages were randomly selected from Kampong
Cham and Svay Rieng provinces, respectively. All households in the target villages were
visited between January and February 2017. Family caregivers were asked to describe their
experiences on births and neonatal deaths between 2015 and 2016. Information on the pro-
cess from birth to death was extracted with open coding, categorized, and summarized into
several groups which represent potential problems in health services.

Results

Among a total of 4,142 children born in 2015 and 2016, 35 neonatal deaths were identified.
Of these deaths, 74% occurred within one week of birth, and 57% were due to low-birth
weight. Narrative data showed that three factors should be improved, 1) the unavailability of
a health-care professional, 2) barriers in the referral system, and 3) lack of knowledge and
skill to manage major causes of neonatal deaths.

Conclusion

The current health system has limitations to achieve further reduction of neonatal deaths in
rural Cambodia. The mere deployment of midwives at fixed service points such as health
centers could not solve the problems occurring in rural communities. Community
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engagement revisiting the principle of primary health care, as well as health system transfor-
mation, is the key to the solution and potential breakthrough for the future.

Introduction

While the total child mortality has decreased globally in the past several decades, the percent-
age of neonatal deaths has relatively increased [1]. From 1990 to 2018 the under-five mortality
rate per 1,000 live births dropped by 59%, from 93 to 39, while neonatal mortality was reduced
by 52%, from 37 to 18 [1]. Every minute five babies die in their first 28 days of life, which
accounts for 46% of child deaths globally [2]. The leading causes of neonatal deaths include
complications of preterm birth, birth asphyxia, and infection [3]. More than 80% of these con-
ditions could be avoided by evidence-based and cost-effective interventions, such as prenatal
corticosteroid administration for preterm births, immediate newborn care at birth, newborn
resuscitation, and exclusive breastfeeding [4, 5]. However, the slower progress in the reduction
of neonatal deaths indicates that appropriate measures have not been adequately implemented,
especially in low- and middle-income countries.

Cambodia has achieved major successes in improving maternal, neonatal, and child health
indicators over the last decade [6] and has been challenging further improvement [7, 8]. The
under-five mortality rate was reduced by 72%, from 124 per 1,000 live births in 2000 to 35 in
2014. The neonatal mortality rate declined from 39 per 1,000 live births in 2000 to 18 in 2014,
a slower reduction (55%) than the under-five mortality. The Ministry of Health Cambodia
launched the ’Five-year Action Plan for Newborn Care in Cambodia’ in 2015 [7], as a sub-
sectorial document of the "Fast Track Initiative Road Map for Reducing Maternal and
Newborn Mortality (FTIRM) 2016-2020" [8]. The action plan aims to reduce neonatal mortal-
ity to 14 by the year 2020 as a milestone to the Sustainable Development Goals target. There-
fore, careful monitoring of neonatal deaths is essential for assessing the effectiveness of
implemented interventions.

However, an obstacle is the lack of understanding of the conditions resulting in neonatal
death in communities in Cambodia. The registration of every birth and death and a review sys-
tem is not yet functioning [9]. The national birth registration rate in Cambodia was estimated
to be around 73% of children under five years old in 2014, while the National Strategic Plan of
Identification is targeting a 90% birth registration each year by 2024 [9]. A further complica-
tion is that in Cambodia only 47% of families of the deceased receive death certificates, despite
the rule that all deaths should be reported to the commune council within two weeks after the
event [10].

To support the improvement of newborn health in Cambodia, the Japan International
Cooperation Agency (JICA) started in May 2016 a five-year technical cooperation project,
titled Improving the Continuum of Care with a Focus on Intrapartum and Neonatal Care
(IINeoC). Target areas of the project are Kampong Cham and Svay Rieng provinces. In Kam-
pong Cham, the World Health Organization supported coaching sessions on immediate new-
born care from the years 2011 to 2015, while there were no previous external assistances on
newborn health in Svay Rieng provinces before this study. As an initial activity, the project
conducted this cross-sectional survey in both provinces to analyze the situation before imple-
menting the planned intervention. Verbal autopsy was carried out when a neonatal death was
detected during the survey, to describe the circumstances around deaths.

Verbal autopsy has been widely used to identify causes and potential contributors to deaths
in countries where civil registration and vital statistics systems are under development [11].
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Because of its availability, the verbal autopsy approach with written interview reports has been
applied in many resource-limited settings [12]. In rural Cambodia where deaths are not reli-
ably documented, verbal autopsy is a useful method to describe newborn death cases. The ver-
bal autopsy questionnaire consists of several narrative sections, and using this information this
study aimed to identify the problems in health care service which hamper reduction of pre-
ventable neonatal deaths in rural Cambodia.

Methods

This study adopted a qualitative case study design using narrative data from the verbal autopsy
[13, 14].

Study sites

This study was conducted in Kampong Cham and Svay Rieng provinces in Cambodia. Both
provinces are about 120 km from the capital. The socio-economic profiles of the provinces are
similar, with roughly 20% of their populations living below the poverty line, slightly higher
than the national average of 17% [6]. The neonatal mortality rates in 2014 were 25 and 20 per
1,000 live births in Kampong Cham and Svay Rieng, respectively, which were higher than the
national average of 18 per 1,000 live births in the same year [6]. Detailed information of mater-
nal and newborn health in the two provinces is provided in the Supporting Information S1
Table.

Data collection

Prior to the survey, the lists of all villages were obtained from the two provincial health depart-
ments, and the selection of target villages were performed by two-stage cluster random sam-
pling. The target villages were selected by the following procedure. First, we randomly selected
eight and four communes in Kampong Cham and Svay Rieng provinces, respectively. Then,
80 and 40 villages were randomly selected from the communes for the respective provinces.
The number of target villages per province was weighted according to the number of inhabi-
tants in the two provinces, as well as the limitation of budget and duration of the survey.

Data collection was conducted in two stages. First, all households in the selected villages
were visited between 16 January to 13 February 2017 to identify all births and neonatal deaths
during 2015 and 2016. We set the recall period longer than the WHO recommendation (two
years versus one year) because the estimated mortality cases per year were limited according to
the national data. Once an infant born during this period was identified, the study team asked
if the baby was alive or dead at that time, and confirmed the age at death.

As the second step, verbal autopsy using the standard record form of "International Stan-
dard Verbal Autopsy Questionnaires Death of a Child Age Under 4 Weeks’ was immediately
applied when a neonatal death case was found [14]. The suspected causes of neonatal deaths
were assigned using verbal autopsy information on the process of pregnancy, birth, signs, and
symptoms. The surveyors referred to official documents such as maternal health record books
or immunization cards if the interviewees had kept them. In cases without any records, infor-
mation referring to suspected causes of death relied only on the memories of caregivers. No
audio/visual recordings were used for the interview.

We employed 25 surveyors (14 females and 11 males) who had experience in conducting
interviews in the latest Cambodia Demographic Health Survey (CDHS) in 2014. They received
three days of training to help reconfirm and consolidate proper skills of interview with the
standard questionnaires as well as to ensure the process of data collection.
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Data analysis

The narrative records of verbal autopsy were translated from the Khmer language to English,
independently by two native Cambodians. When discordance in two translations was found, a
third translator checked the original record and confirmed its meaning. No specific themes
were defined prior to the data analysis. Information of the illness and events (Question 401)
and given treatment (Question 1102) were extracted as segments and used for open-coding to
identify cause of death and problems in health care services. The extracted segments within a
code were compared to confirm that each code represents the same concept. Then, the codes
were categorized and summarized into several groups which represent potential problems in
health services, basically following the ‘three delays model’ [15]. We referred to the consoli-
dated criteria for reporting qualitative research (COREQ) checklist for analyzing the narrative
data and reporting the findings of the study [16]. The checklist is attached in the S1 Checklist.
No specific software was used for the qualitative analysis.

Neonatal mortality rates during 2015 and 2016 for Kampong Cham and Svay Rieng prov-
inces were computed. We obtained the estimated number of inhabitants on 1* January 2016
in all villages in the two provinces. We considered that each village is a cluster and assumed
that crude birth rate in each village is same. Therefore, the estimated number of inhabitants
was used as the sampling weights for adjustment in calculation of neonatal mortality rates. The
statistical analysis was conducted using Stata software with the svyset command to adjust for
the sampling weights (version 15, Stata Corp, Texas, USA).

Ethical approval and consent

This study protocol was submitted to and received an approval from the ethics committees of
the National Center for Global Health and Medicine in Japan (approval number: NCGM-G-
002121-00), and the National Ethics Committee in Health Research in Cambodia (approval
number: 369NECHR). Written informed consent was obtained from all participants, after
explanation of the study. The participation was voluntary, and the participants could declare
withdrawal from the study even after provision of the consent.

Results

The survey team visited 23,547 households (16,792 in Kampong Cham and 6,755 in Svay
Rieng) and found a total of 4,142 children (2,958 in Kampong Cham and 1,184 in Svay Rieng)
born in 2015 and 2016 (Table 1). The crude birth rates during these two years were similar in
the two provinces: 20 in Kampong Cham and 21 in Svay Rieng per 1,000 inhabitants, which
were roughly the same as the national average of 22 [6]. We identified 35 neonatal death cases
(25 in Kampong Cham and 10 in Svay Rieng) among 4,142 live births. Estimated neonatal

Table 1. Process of identification of live births and neonatal deaths in years 2015 and 2016 in Kampong Cham
and Svay Rieng provinces.

Variable Kampong Cham Svay Rieng
Estimated number of inhabitants 73,439 28,648
Number of households visited 16,792 6,755
Number of live births (in two years) 2,958 1,184
Confirmed number of neonatal deaths (in two years) 25 10
Neonatal mortality rate (per 1000 live births) 9.1 8.2
[95% CI] [5.6-14.8] [3.3-20.2]

https://doi.org/10.1371/journal.pone.0252663.t001
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Table 2. Characteristics of neonatal deaths cases in Kampong Cham and Svay Rieng provinces, between 2015 and 2016 (n = 35).

mortality rates were 9.1 [95% confidence interval 5.6-14.8] and 8.2 [3.3-20.2] per 1000 live

births in Kampong Cham and in Svay Rieng, respectively.

Verbal autopsy was conducted with the caregivers of the deceased for all confirmed death
cases. None of their caregivers refused or dropped out from the interviews. The respondents
for the verbal autopsy were 19 mothers (53%), ten grandmothers (28%), three fathers (8%),

two grandfathers (6%), one aunt, and one sibling.

Characteristics of deceased newborn infants

The basic characteristics of all 35 neonatal death cases are shown in Table 2. Of the deaths 74%
occurred within the first week after birth. Boys were dominant (60%), and 57% were low birth

weight infants of less than 2.5 kg. The average age of mothers was 28 years (minimum: 19,

maximum: 47), and 9% were primipara. Two women (6%) had never received antenatal care.
Four babies (11%) were born by Caesarean section. Twenty-eight cases (80%) were born and
18 (51%) died at a health facility. One-third of babies received assistance to breathe. Only one

family (3%) possessed an official death certificate for the baby.

Category of information Characteristics (%)
Baby Days at death 0 12 (34)
1-6 14 (40)
7-28 9 (26)
Sex Girl 14 (40)
Boy 21 (60)
Birth weight <25kg 20 (57)
>25kg 15 (43)
Mother Age 15-20 6 (17)
21-30 17 (49)
31-40 10 (29)
41-50 2 (6)
average [min-max] 27.5[19-47]
Parity Primiparas 3 9)
Multiparas 32 (91)
During pregnancy Antenatal care At least one contact 33 (94)
and delivery Never 2 (6)
Number of fetus Singleton 32 91)
Twin 3 (6)
Place of birth Health facility 28 (80)
Outside of facility 7 (20)
Birth attendant Midwife/Nurse 26 (74)
Medical doctor 6 (17)
Relatives/Mother herself 3 )
Mode of delivery Vaginal 31 (89)
Cesarean section 4 (11)
Neonatal resuscitation Conducted 12 (34)
Not conducted 23 (66)
Death Place of death Health facility 18 (51)
Outside of facility 17 (49)
Death certificate Possessed 1 (3)
No certificate 34 (97)

https://doi.org/10.1371/journal.pone.0252663.1002
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Suspected causes of neonatal deaths

Table 3 summarizes the suspected causes of death from the verbal autopsy. The dominant
causes of death were *prematurity’ (40%), followed by ‘congenital disorders’ (17%), ‘asphyxia’
(11%), and ‘infection’ (11%). In five cases we could not obtain appropriate information to esti-
mate the cause of death. Key information used to assign the causes of death is attached in the
S2 Table.

Narratives about the process from live birth to neonatal death

From the narrative information of caregivers we categorized potential problems in health ser-
vice as three parts: 1) unavailability of a health-care professional in rural communities, 2) bar-
riers in the referral system, and 3) lack of knowledge and skill among health-care professionals
to manage major causes of neonatal deaths.

Birth and death at home due to the unavailability of a health-care professional in rural
communities. Of seven babies who were born at home, only one was brought to a health
facility after birth (Case 14), while six died at home in their first three days of life (Day 0-2).
Three mothers delivered without a health-care professional. The reason why there were no
assistances for their deliveries was difficulty in access to or from health facilities.

"Suddenly labor started at home and mother could not get to the hospital on time. The mother
delivered at home without any assistance from a health staff or a traditional birth attendant”
(Case 4, Day of death: 0, Birth weight: 2.0 kg, Respondent: Grandmother)

"It was raining hard on the day when the baby was born. The midwife could not arrive at
home on time, and the weather was very cool. Umbilical cord was cut lately after two to three
hours of delivery.” (Case 22, Day of death: 1, Birth weight: 4.3 kg, Respondent: grandmother)

Barriers in referral resulted in neonatal deaths at home. There were several barriers in
referral from health centers to higher level health facilities that resulted in neonatal deaths at
home.

"The baby was premature and weak. The baby gradually became weaker until dead. The
health center staff suggested to refer the baby to the provincial hospital, but no transportation
was available and I did not have enough money.” (Case 19, Day of death: 0, Birth weight: 2.0
kg, Twin pregnancy, Respondent: mother)

"The baby was premature. When the baby was born, the baby chocked on swallowing amni-
otic fluid. He was weak and had difficulty in breathing. The health staff suggested to take him
to the provincial hospital. However, due to unavailability of transportation during night, the

Table 3. Suspected causes of neonatal death cases in Kampong Cham and Svay Rieng provinces between 2015 and

Adverse effect of vaccination

(3)
(14)

2016 (n = 35).
Suspected cause of death n (%)
Prematurity 14 (40)
Congenital disorders 6 (17)
Asphyxia 4 (11)
Infection 4 (11)
Respiratory distress 1 3)
1
5

Unknown

https://doi.org/10.1371/journal.pone.0252663.t003
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staff then recommended to return home to warm the baby in traditional style ("Aing
Phleung": roasting). There was no warming equipment at health center." (Case 27, Day of
death: 0, Birth weight: 1.3 kg, Respondent: mother)

Deaths due to lack of knowledge and skills to manage major causes of neonatal
deaths. Twenty-eight babies were born at health facilities, and 17 died in the first three days
of life. Although giving birth at a health facility is strongly recommended as a national strategy
to reduce maternal and neonatal deaths, caregivers reported that staff in health facilities did
not evaluate the condition of newborn infants or could not provide life-saving care to babies
with complications.

"The baby cried weakly. The size of the baby was abnormally small. The health staff at the
health center suggested to put the baby to save lives into the incubator. But there was no staff
who knew how to use the incubator and the baby was not kept inside it.” (Case 9, Day of
death: 2, Birth weight: 1.9 kg, Respondent: grandmother)

"The baby was premature with weakness. Soon after birth, the health staff told that the baby
had already died. After the baby was born, the health staff left the baby alone. I asked her to
see the dead grandson’s face for the last, and noticed the baby was still breathing. I informed it
then the staff started resuscitation. The baby could survive for two days and died.” (Case 1,
Day of death: 2, Birth weight: 1.8 kg, Respondent: grandmother)

"There were no emergency instruments in the health facility.” (Case 25, Day of death: 0, Birth
weight: 1.2 kg, Respondent: grandfather)

Discussion

This is a unique case study which extracted lessons on neonatal death in rural Cambodia from
the perspective of caregivers. Our findings identified three problems in health care service that
related to neonatal deaths: timely skilled birth attendance at delivery are not available in rural
villages, there are several barriers in referral system to higher level of health facility, and quality
of care in health facility is not ensured. We propose four intervention fields to solve the prob-
lems: increasing preparedness of childbirth, ensuring proximity of assistance during and
immediately after delivery, support of prompt referral, and improvement of knowledge and
skill in health-care professionals. Each intervention can be discussed from two viewpoints:
transformation of health system and community engagement. Cross-relationships between the
problems and the possible interventions are described in the S1 Fig.

To improve preparedness of childbirth, empowering community people by raising aware-
ness on safe delivery is the first key intervention. Our study implicated that pregnant women
did not aware of the signs of labor onset, which resulted in delivery at home without any assis-
tance. If pregnant women and family members are well informed on the timing to seek neces-
sary care, then they can take earlier actions. Integration of discussion on birth preparedness and
emergency plans into antenatal care facilitates to promote timely care-seeking, since a positive
relationship between high quality antenatal care and neonatal outcomes is reported [17]. The
engagement of community personnel, such as village health volunteers and former traditional
birth attendants can improve access and utilization of basic health services [18]. Successful expe-
riences have been described in rural Cambodia where lay health workers played important roles
in educating mothers in communities as well as accompanying women to health facilities [19].

The second possible intervention is to ensure the proximity of essential intrapartum and
immediate newborn care out of health facilities, mainly at home, in collaboration with
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community members. Our study found the unavailability of health-care professionals due to
unfavorable environmental conditions, such as heavy weather. To overcome this issue, in
India, for example, lay health workers were involved and trained in rural communities, where
formal health care workers were not easily available [20, 21]. A project implemented by a non-
governmental organization called SEARCH (Society for Education, Action and Research in
Community Health) successfully reduced neonatal mortality by training lay health workers,
who attended births with traditional birth attendants in Indian communities, and provided
basic neonatal resuscitation in cases of asphyxia [22]. A typical health center in Cambodia cov-
ers around five to ten villages, and several village health volunteers including former tradi-
tional birth attendants are assigned to each village [23]. Although direct assistance for birth by
lay health workers is officially prohibited in Cambodia, they may be able to provide effective
support for health-care professionals to save newborn lives together. This matter requires fur-
ther technical discussions and political decisions for transformation of current health system.

Enhancement of referral system is the third intervention that is an unfinished agenda in
resource-limited settings. Our findings showed the unavailability of transportation hampered
timely referral of newborn infants. Financial, social, and logistic supports to the referral pro-
cess and coordination among different levels of health facility have accelerated the referral of
patients although financial sustainability is still questionable [24]. In Cambodia, road condi-
tions and the availability of vehicles at the primary facility level have been recently improved;
however, the management of ambulances requires recurrent costs such as human resources,
regular maintenance, and fuel. Covering these resources from the government budgets should
be designated as a priority agenda. On the other hand, people hesitated to be referred due to
fear of catastrophic expenditure in using higher level of health services. Cambodia has success-
fully introduced a health equity fund, which aims to reduce financial barriers for vulnerable
populations [25]. However, it is apparent that transportation costs are still a barrier in the utili-
zation of hospital services [26, 27]. Therefore, the removal of user-fees for referral services
should be applied to ensure access to essential services as a part of health system transforma-
tion [28, 29].

Community engagement is also a key to make a referral system functioning. There are sev-
eral successful experiences in resource-limited settings. A project in Ghana provided a low-
cost emergency transportation system with a removal of user-fee, and communication tools
between health facilities [30]. As the result, the utilization of referral system became higher
and facility-based maternal mortality became lower in the intervention area. The project also
showed that engagement of community leaders was essential to establish the referral system.
Another example from Uganda showed that utilization of existing transportation systems in
each community accelerated referrals of women and babies to higher level of health facility
[31, 32]. A review of referral system in Burkina Faso indicated that cost sharing between the
government, local stakeholders and beneficiaries was a key intervention to improve access to
emergency obstetric and neonatal care [33]. These challenges tell us the importance of the ful-
lest use of existing resources in communities, based on the principles of primary health care.

The fourth intervention focuses on how to improve knowledge and skill in health-care pro-
fessionals to ensure quality care. Our findings indicated that health staff referred babies to
other facilities without initial assessments and treatments. Since newborn infants experience
drastic physiological changes immediately after birth, continuous monitoring of vital signs is
essential as a basic procedure of initial care. However, such monitoring was not provided in
the deceased cases. This would be partly caused by insufficient essential knowledge on the pro-
cess of childbirth [34]. Referring to the definition of skilled birth attendant, it is the personnel
who have the competency to identify and manage or refer women and/or newborn infants
with complications [35]. In this regard our study indicates that some health-care professionals
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are unskilled, and therefore systematic efforts are required to make them competent. Previous
studies showed that knowledge and skills were deteriorated if active continuous education had
not been provided [36, 37]. Daily clinical services do not provide sufficient opportunities to
learn how to manage severe complications in newborn infants, especially for those who work
in rural health centers, because the number of births is limited. To overcome this situation,
regular training using simulation with periodic supportive supervisions is a promising tool to
enhance competencies of health care providers as well as to improve quality of care [38, 39].

A major limitation of this study was the retrospective nature of verbal autopsy, especially in
recall bias among the respondents. Information on the process from the birth to death relied
on family member memories up to two years old. Such blurred memories may cause assump-
tions on the part of the surveyors, which were recorded as the causes of deaths. It is important
to tell the interviewers to dictate their narratives accurately without modification through their
trainings before the survey.

This recall bias may also explain the lower neonatal mortality rates than those in CDHS
2014 (9.1 vs 25 in Kampong Cham, 8.2 vs 20 in Svay Rieng). It is known that the survey esti-
mates are sometimes biased to underestimate the mortality [40]. Neonatal deaths in this study
could be under-reported because the caregivers did not disclose the events of birth and death,
or the exact dates of birth and death were not identified. However, considering the recent
improvement of the health status and economic situation in Cambodia, our estimates would
reflect the reality of neonatal deaths since the CDHS 2014 results estimated neonatal mortality
for several years preceding the survey. Although we do not have the means to verify the exact
neonatal mortality in this study, it did not affect the qualitative results regarding the caregivers’
perspectives. Establishment of an effective vital registration system with perinatal death review,
for all births and deaths, will provide more exact figures on neonatal deaths, although itis a
challenge in limited resource settings [41-43].

This study showed that the current health system has limitations to achieve further reduc-
tion of neonatal deaths in rural Cambodia. The government has successfully improved the sta-
tus of maternal and neonatal health by systematic deployment of midwives in health centers,
facilitating deliveries at health facilities, and making tiers of health centers and referral hospi-
tals [44]. However, the mere deployment of midwives at fixed service points such as health
centers could not solve the problems happening in rural communities. Community engage-
ment revisiting the principle of primary health care [45], as well as health system transforma-
tion, is the key to the solution and potential breakthrough for the future.

Supporting information

S1 Checklist. Consolidated criteria for reporting qualitative studies (COREQ): 32-item
checklist.
(PDF)

S1 Fig. Relationships between the findings and the possible interventions from this study.
(PDF)

S1 Table. Summary of the characteristics on demography and health service in Kampong
Cham and Svay Rieng provinces, and Cambodia.
(PDF)

$2 Table. Summary of the process from birth to death and suspected causes in 36 neonatal
deaths cases in Kampong Cham and Svay Rieng provinces, between 2015 and 2016.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0252663 June 7, 2021 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252663.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252663.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252663.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0252663.s004
https://doi.org/10.1371/journal.pone.0252663

PLOS ONE

Lessons on neonatal death in rural Cambodia from the perspective of caregivers

Acknowledgments

We express our gratitude to Professor Emeritus Vincent De Brouwere for his technical inputs.
We also appreciate Dr Masahiko Hachiya for his technical advice. We also acknowledge the
respondents of this survey, without whom the study could not have been conducted.

Author Contributions

Conceptualization: Mitsuaki Matsui, Rathavy Tung, Azusa Iwamoto.

Data curation: Mitsuaki Matsui, Azusa Iwamoto.

Formal analysis: Ayako Suzuki, Mitsuaki Matsui, Rathavy Tung, Azusa Iwamoto.
Funding acquisition: Rathavy Tung, Azusa Iwamoto.

Investigation: Ayako Suzuki, Mitsuaki Matsui, Azusa Iwamoto.

Methodology: Ayako Suzuki, Mitsuaki Matsui, Rathavy Tung, Azusa Iwamoto.
Project administration: Rathavy Tung, Azusa Iwamoto.

Resources: Azusa Iwamoto.

Software: Mitsuaki Matsui.

Supervision: Rathavy Tung, Azusa Iwamoto.

Validation: Ayako Suzuki, Mitsuaki Matsui, Rathavy Tung, Azusa Iwamoto.
Visualization: Ayako Suzuki, Mitsuaki Matsui.

Writing - original draft: Ayako Suzuki.

Writing - review & editing: Mitsuaki Matsui, Azusa Iwamoto.

References

1. United Nations Inter-agency Group for Child Mortality Estimation (UN IGME). Levels & Trends in Child
Mortality: Report 2019, Estimates developed by the United Nations Inter-agency Group for Child Mortal-
ity Estimation. New York: United Nations Children’s Fund; 2019.

2. United Nations Children’s Fund (UNICEF). Every Child Alive: The urgent need to end newborn deaths.
New York: United Nations Children’s Fund; 2018.

3. Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, Moller AB, et al. Born too soon: the global epi-
demiology of 15 million preterm births. Reprod Health. 2013; 10 Suppl 1: S2. https://doi.org/10.1186/
1742-4755-10-S1-S2 PMID: 24625129

4. AkseerN, Lawn JE, Keenan W, Konstantopoulos A, Cooper P, Ismail Z, et al. Ending preventable new-
born deaths in a generation. Int J Gynaecol Obstet. 2015; 131 Suppl 1: S43-8. https://doi.org/10.1016/j.
ijgo.2015.03.017 PMID: 26433505

5. Maredza M, Chola L, Hofman K. Economic evaluations of interventions to reduce neonatal morbidity
and mortality: a review of the evidence in LMICs and its implications for South Africa. Cost Eff Resour
Alloc. 2016; 14: 2. https://doi.org/10.1186/s12962-015-0049-5 PMID: 26819571

6. National Institute of Statistics, Directorate General for Health, and ICF International. Cambodia Demo-
graphic and Health Survey 2014. Phnom Penh, Cambodia, and Rockville, Maryland, USA: National
Institute of Statistics, Directorate General for Health, and ICF International; 2015.

7. Ministry of Health, Cambodia. Five-year Action Plan for Newborn Care in Cambodia. Phnom Penh:
Ministry of Health; 2015.

8. Ministry of Health, Cambodia. The Fast Track Initiative Road Map for Reducing Maternal and Newborn
Mortality (FTIRM) 2016—2020. Phnom Penh: Ministry of Health; 2016.

9. The Royal Government of Cambodia. National Strategy Plan of Identification 2017—-2026. Phnom
Penh: Royal Government of Cambodia; 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252663 June 7, 2021 10/12


https://doi.org/10.1186/1742-4755-10-S1-S2
https://doi.org/10.1186/1742-4755-10-S1-S2
http://www.ncbi.nlm.nih.gov/pubmed/24625129
https://doi.org/10.1016/j.ijgo.2015.03.017
https://doi.org/10.1016/j.ijgo.2015.03.017
http://www.ncbi.nlm.nih.gov/pubmed/26433505
https://doi.org/10.1186/s12962-015-0049-5
http://www.ncbi.nlm.nih.gov/pubmed/26819571
https://doi.org/10.1371/journal.pone.0252663

PLOS ONE

Lessons on neonatal death in rural Cambodia from the perspective of caregivers

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Ministry of Interior, Cambodia. National Baseline on Civil Registration and Vital Statistics in Cambodia.
Phnom Penh: Ministry of Interior; 2016.

Gouda HN, Flaxman AD, Brolan CE, Joshi R, Riley ID, AbouZahr C, et al. New challenges for verbal
autopsy: Considering the ethical and social implications of verbal autopsy methods in routine health
information systems. Soc Sci Med. 2017; 184: 65-74. https://doi.org/10.1016/j.socscimed.2017.05.002
PMID: 28501755

Jeblee S, Gomes M, Jha P, Rudzicz F, Hirst G. Automatically determining cause of death from verbal
autopsy narratives. BMC Med Inform Decis Mak. 2019; 19(1): 127. https://doi.org/10.1186/s12911-019-
0841-9 PMID: 31288814

Creswell JW. Case study research. In: Chapter 4. Five Qualitative Approaches to Inquiry. Qualitative
inquiry and research design: choosing among five approaches ( 3rd ed). SAGE Publications;
2013. pp.97—102.

World Health Organization. Verbal autopsy standards: ascertaining and attributing cause of death.
Geneva: World Health Organization; 2007.

Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc Sci Med. 1994; 38(8): 1091—
110. https://doi.org/10.1016/0277-9536(94)90226-7 PMID: 8042057

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-
item checklist for interviews and focus groups. Int J Qual Health Care. 2007; 19(6): 349-57. https://doi.
org/10.1093/intghc/mzm042 PMID: 17872937

Akshaya KM, Shivalli S. Birth preparedness and complication readiness among the women beneficia-
ries of selected rural primary health centers of Dakshina Kannada district, Karnataka, India. PLoS One.
2017; 12(8): e0183739. https://doi.org/10.1371/journal.pone.0183739 PMID: 28837683

Lehmann U, Sanders D. Community health workers: What do we know about them? The state of the
evidence on programmes, activities, costs and impact on health outcomes of using community health
workers. Geneva: World Health Organization; 2007.

Partnering to Save Lives. Learning package: Community strengthening and engagement Community
health volunteers: bridging the gap between knowledge and action. https://
resourcecentresavethechildrennet/node/16699/pdf/Learning%20package %202%20-%20Role%200f%
20volunteers%20FINAL_low%20res%20for%20WEBpdf. (accessed on 30 November 2020)

Bang AT, Reddy HM, Deshmukh MD, Baitule SB, Bang RA. Neonatal and infant mortality in the ten
years (1993 to 2003) of the Gadchiroli field trial: effect of home-based neonatal care. J Perinatol. 2005;
25 Suppl 1: S92—-107. https://doi.org/10.1038/sj.jp.7211277 PMID: 15791283

Bang AT, Bang RA, Reddy HM, Deshmukh MD, Baitule SB. Reduced incidence of neonatal morbidities:
effect of home-based neonatal care in rural Gadchiroli, India. J Perinatol. 2005; 25 Suppl 1: S51-61.
https://doi.org/10.1038/s].jp.7211274 PMID: 15791279

Bang AT, Bang RA, Baitule SB, Reddy HM, Deshmukh MD. Management of birth asphyxia in home
deliveries in rural Gadchiroli: the effect of two types of birth attendants and of resuscitating with mouth-
to-mouth, tube-mask or bag-mask. J Perinatol. 2005; 25 Suppl 1: S82-91. https://doi.org/10.1038/sj.jp.
7211275 PMID: 15791282

Annear P, Grundy J, Ir P, Jacobs B, Men C, Nachtnebel M, et al. The Kingdom of Cambodia Health Sys-
tem Review. Vol.5 No.2. Manila: World Health Organization, Regional Office for the Western Pacific.
2015.

Korachais C, Ir P, Macouillard E, Meessen B. The impact of reimbursed user fee exemption of health
centre outpatient consultations for the poor in pluralistic health systems: lessons from a quasi-experi-
ment in two rural health districts in Cambodia. Health Policy Plan. 2019; 34(10): 740-51. https://doi.org/
10.1093/heapol/czz095 PMID: 31580441

Jacobs B, Bajracharya A, Saha J, Chhea C, Bellows B, Flessa S, et al. Making free public healthcare
attractive: optimizing health equity funds in Cambodia. Int J Equity Health. 2018; 17(1): 88. https://doi.
org/10.1186/s12939-018-0803-3 PMID: 29940970

Gabrysch S, Campbell OM. Still too far to walk: literature review of the determinants of delivery service
use. BMC Pregnancy Childbirth. 2009; 9: 34. https://doi.org/10.1186/1471-2393-9-34 PMID: 19671156

Pittalis C, Brugha R, Gajewski J. Surgical referral systems in low- and middle-income countries: A
review of the evidence. PLoS One. 2019; 14(9): e0223328. https://doi.org/10.1371/journal.pone.
0223328 PMID: 31560716

Meessen B. Removing User Fees in the Health Sector in Low-Income Countries: A Policy Guidance
Note for Programme Managers. Health Section Working Paper. New York: United Nations Children’s
Fund (UNICEF); 2009.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252663 June 7, 2021 11/12


https://doi.org/10.1016/j.socscimed.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28501755
https://doi.org/10.1186/s12911-019-0841-9
https://doi.org/10.1186/s12911-019-0841-9
http://www.ncbi.nlm.nih.gov/pubmed/31288814
https://doi.org/10.1016/0277-9536%2894%2990226-7
http://www.ncbi.nlm.nih.gov/pubmed/8042057
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://doi.org/10.1371/journal.pone.0183739
http://www.ncbi.nlm.nih.gov/pubmed/28837683
https://resourcecentresavethechildrennet/node/16699/pdf/Learning%20package%202%20-%20Role%20of%20volunteers%20FINAL_low%20res%20for%20WEBpdf
https://resourcecentresavethechildrennet/node/16699/pdf/Learning%20package%202%20-%20Role%20of%20volunteers%20FINAL_low%20res%20for%20WEBpdf
https://resourcecentresavethechildrennet/node/16699/pdf/Learning%20package%202%20-%20Role%20of%20volunteers%20FINAL_low%20res%20for%20WEBpdf
https://doi.org/10.1038/sj.jp.7211277
http://www.ncbi.nlm.nih.gov/pubmed/15791283
https://doi.org/10.1038/sj.jp.7211274
http://www.ncbi.nlm.nih.gov/pubmed/15791279
https://doi.org/10.1038/sj.jp.7211275
https://doi.org/10.1038/sj.jp.7211275
http://www.ncbi.nlm.nih.gov/pubmed/15791282
https://doi.org/10.1093/heapol/czz095
https://doi.org/10.1093/heapol/czz095
http://www.ncbi.nlm.nih.gov/pubmed/31580441
https://doi.org/10.1186/s12939-018-0803-3
https://doi.org/10.1186/s12939-018-0803-3
http://www.ncbi.nlm.nih.gov/pubmed/29940970
https://doi.org/10.1186/1471-2393-9-34
http://www.ncbi.nlm.nih.gov/pubmed/19671156
https://doi.org/10.1371/journal.pone.0223328
https://doi.org/10.1371/journal.pone.0223328
http://www.ncbi.nlm.nih.gov/pubmed/31560716
https://doi.org/10.1371/journal.pone.0252663

PLOS ONE

Lessons on neonatal death in rural Cambodia from the perspective of caregivers

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Meessen B, Gilson L, Tibouti A. User fee removal in low-income countries: sharing knowledge to sup-
port managed implementation. Health Policy Plan. 2011; 26 Suppl 2: ii1—4. https://doi.org/10.1093/
heapol/czr071 PMID: 22027914

Patel S, Koku Awoonor-Williams J, Asuru R, Boyer CB, Awopole Yepakeh Tiah J, Sheff MC, et al. Bene-
fits and Limitations of a Community-Engaged Emergency Referral System in a Remote, Impoverished
Setting of Northern Ghana. Glob Health Sci Pract. 2016; 4(4): 552—67. https://doi.org/10.9745/GHSP-
D-16-00253 PMID: 28031297

Pariyo GW, Mayora C, Okui O, Ssengooba F, Peters DH, Serwadda D, et al. Exploring new health mar-
kets: experiences from informal providers of transport for maternal health services in Eastern Uganda.
BMC Int Health Hum Rights. 2011; 11 Suppl 1(Suppl 1): S10. https://doi.org/10.1186/1472-698X-11-
S1-S10 PMID: 21410997

United Nations Children’s Fund (UNICEF). Motorcycle (Boda Boda) referral system saves mothers and
babies in hard-to-reach areas in West Nile—Transporting mothers and babies to access healthcare. 2
January 2020. https://www.unicef.org/uganda/stories/motorcycle-boda-boda-referral-system-saves-
mothers-and-babies-hard-reach-areas-west-nile. (accessed 30 March 2021)

Yameogo WM, Ouedraogo TM, Kouanda S. Local initiatives to access emergency obstetric and neona-
tal care in Burkina Faso. Int J Gynaecol Obstet. 2016; 135 Suppl 1: S27-S32. https://doi.org/10.1016/j.
ijgo.2016.08.003 PMID: 27836081

Matsui M, Saito Y, Po R, Taing B, Nhek C, Tung R, et al. Knowledge on intrapartum care practices
among skilled birth attendants in Cambodia—a cross-sectional study. Reprod Health. Forthcoming.
2021.

World Health Organization. Definition of skilled health personnel providing care during childbirth: the
2018 joint statement by WHO, UNFPA, UNICEF, ICM, ICN, FIGO and IPA. Geneva: World Health
Organization; 2018.

(No author listed). Part 11: Neonatal Resuscitation. Circulation. 2000; 102(suppl_1): I-343-1-57. https://
doi.org/10.1161/circ.102.suppl_1.1-343

Singhal N, Lockyer J, Fidler H, Keenan W, Little G, Bucher S, et al. Helping Babies Breathe: global neo-
natal resuscitation program development and formative educational evaluation. Resuscitation. 2012; 83
(1): 90-6. https://doi.org/10.1016/j.resuscitation.2011.07.010 PMID: 21763669

Johnston LC, Sudikoff SN. Introduction: Simulation in neonatology. Semin Perinatol. 2016; 40(7): 419—
20. https://doi.org/10.1053/j.semperi.2016.08.001 PMID: 27746031

Sivanandan S, Agarwal R, Sethi A. Respiratory distress in term neonates in low-resource settings.
Semin Fetal Neonatal Med. 2017; 22(4): 260—6. https://doi.org/10.1016/j.siny.2017.04.004 PMID:
28456514

Division P, Affairs DoEaS, Nations U. Mortality estimates from major sample surveys: towards the
design of a database for the monitoring of mortality levels and trends. Technical Paper No2011/2. New
York: United Nations; 2011.

Gupta N, Hirschhorn LR, Rwabukwisi FC, Drobac P, Sayinzoga F, Mugeni C, et al. Causes of death
and predictors of childhood mortality in Rwanda: a matched case-control study using verbal social
autopsy. BMC Public Health. 2018; 18(1): 1378. https://doi.org/10.1186/s12889-018-6282-z PMID:
30558586

Roro EM, Sisay MM, Sibley LM. Determinants of perinatal mortality among cohorts of pregnant women
in three districts of North Showa zone, Oromia Region, Ethiopia: Community based nested case control
study. BMC Public Health. 2018; 18(1): 888. https://doi.org/10.1186/s12889-018-5757-2 PMID:
30021557

D’Ambruoso L, Boerma T, Byass P, Fottrell E, Herbst K, Kallander K, et al. The case for verbal autopsy
in health systems strengthening. Lancet Glob Health. 2017; 5(1): e20—e21. https://doi.org/10.1016/
S$2214-109X(16)30332-1 PMID: 27866775

Ministry of Health, Cambodia. National Strategy for Reproductive and Sexual Health in Cambodia,
2017-2020. Phnom Penh: Ministry of Health; 2017.

World Health Organization Primary health care: report of the International Conference on Primary
Health Care Alma-Ata, USSR, 6-12 September 1978. Alma-Ata, USSR; Geneva: WHO, 1978.

PLOS ONE | https://doi.org/10.1371/journal.pone.0252663 June 7, 2021 12/12


https://doi.org/10.1093/heapol/czr071
https://doi.org/10.1093/heapol/czr071
http://www.ncbi.nlm.nih.gov/pubmed/22027914
https://doi.org/10.9745/GHSP-D-16-00253
https://doi.org/10.9745/GHSP-D-16-00253
http://www.ncbi.nlm.nih.gov/pubmed/28031297
https://doi.org/10.1186/1472-698X-11-S1-S10
https://doi.org/10.1186/1472-698X-11-S1-S10
http://www.ncbi.nlm.nih.gov/pubmed/21410997
https://www.unicef.org/uganda/stories/motorcycle-boda-boda-referral-system-saves-mothers-and-babies-hard-reach-areas-west-nile
https://www.unicef.org/uganda/stories/motorcycle-boda-boda-referral-system-saves-mothers-and-babies-hard-reach-areas-west-nile
https://doi.org/10.1016/j.ijgo.2016.08.003
https://doi.org/10.1016/j.ijgo.2016.08.003
http://www.ncbi.nlm.nih.gov/pubmed/27836081
https://doi.org/10.1161/circ.102.suppl%5F1.I-343
https://doi.org/10.1161/circ.102.suppl%5F1.I-343
https://doi.org/10.1016/j.resuscitation.2011.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21763669
https://doi.org/10.1053/j.semperi.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/27746031
https://doi.org/10.1016/j.siny.2017.04.004
http://www.ncbi.nlm.nih.gov/pubmed/28456514
https://doi.org/10.1186/s12889-018-6282-z
http://www.ncbi.nlm.nih.gov/pubmed/30558586
https://doi.org/10.1186/s12889-018-5757-2
http://www.ncbi.nlm.nih.gov/pubmed/30021557
https://doi.org/10.1016/S2214-109X%2816%2930332-1
https://doi.org/10.1016/S2214-109X%2816%2930332-1
http://www.ncbi.nlm.nih.gov/pubmed/27866775
https://doi.org/10.1371/journal.pone.0252663

