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Background Tanzania has decreased its child mortality rate by more 
than 70 percent in the last three decades and is striving to develop 
a nationally-representative sample registration system with verbal 
autopsy to help focus health policies and programs toward further 
reduction. As an interim measure, a verbal and social autopsy study 
was conducted to provide vital information on the causes and social 
determinants of neonatal and child deaths.

Methods Causes of neonatal and 1-59 month-old deaths identified 
by the 2015-16 Tanzania Demographic and Health Survey were as-
sessed using the expert algorithm verbal autopsy method. The social 
autopsy examined prevalence of key household, community and 
health system indicators of preventive and curative care provided 
along the continuum of care and Pathway to Survival models. Care-
seeking for neonates and 1-59 month-olds was compared, and tests 
of associations of age and cause of death to careseeking indicators 
and place of death were conducted.

Results The most common causes of death of 228 neonates and 351 
1-59 month-olds, respectively, were severe infection, intrapartum 
related events and preterm delivery, and pneumonia, diarrhea and 
malaria. Coverage of early initiation of breastfeeding (24%), hygienic 
cord care (29%), and full immunization of 12-59 month-olds (33%) 
was problematic. Most (88.8%) neonates died in the first week, in-
cluding 44.3% in their birth facility before leaving. Formal care was 
sought for just 41.9% of newborns whose illness started at home 
and was delayed by 5.3 days for 1-59 month-olds who sought in-
formal care. Care was less likely to be sought for the youngest neo-
nates and infants and severely ill children. Although 70.3% of 233 
under-5 year-olds were moderately or severely ill on discharge from 
their first provider, only 29.0%-31.2% were referred.

Conclusions The study highlights needed actions to complete Tan-
zania’s child survival agenda. Low levels of some preventive inter-
ventions need to be addressed. The high rate of facility births and 
neonatal deaths requires strengthening of institutionally-based in-
terventions targeting maternal labor and delivery complications and 
neonatal causes of death. Scale-up of Integrated Community Case 
Management should be considered to strengthen careseeking for 
the youngest newborns, infants and severely ill children and refer-
ral practices at first level facilities.

https://creativecommons.org/licenses/by/4.0/legalcode
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tion on the levels and causes of death [1]. In the absence of a strong vital registration or population-based 
surveillance system, data on child mortality levels have come from national demographic surveys [2]. In 
these settings, information on causes of death largely comes from “verbal autopsies”, post-mortem inter-
views of the deceased children’s caregivers to inquire about signs and symptoms prior to death [3]. Ide-
ally these assessments of causes are done with representative samples of child deaths, such as those iden-
tified in national surveys. These interviews can also include a “social autopsy” with questions about the 
response of the family and health system to the child’s fatal illness.

Tanzania has achieved more than two-thirds reduction in its under-five mortality rate, from 166 deaths 
per 1000 live births in 1990 to 53 in 2018 [2]. The country does not have sufficient registration of child 
deaths and medical certification of the causes and has relied on periodic national surveys for trends in 
mortality rates. Previous estimates of the causes of death have been modeled using global data linked 
to national covariates [3,4]. We conducted a nationally representative verbal autopsy and social autop-
sy (VASA) study in Tanzania to directly estimate the cause of death distributions and the prevalence of 
social and health system determinants of death, separately for neonates (0-27 days old) and young chil-
dren (1-59 months old).

METHODS

Data for this paper come from the VASA study, which was conducted on the platform of the 2015-16 
Tanzania Demographic and Health Survey (TDHS) of 13 360 households [5]. The TDHS included a life-
time birth history of all women 15-49 years old to identify all live births and deaths of these children. In 
addition to the supplemental pregnancy calendar filled for all DHSs, the TDHS birth history was followed 
by specific questions on all births in 2010-2016 and those that did not end in a live birth were entered 
in the calendar as pregnancy terminations. Pregnancy terminations of seven or more months were con-
sidered to be stillbirths.

Following completion of the TDHS, VASA interviews were conducted of all 851 7-plus-months preg-
nancy terminations and all under-5 deaths in the five years prior to their TDHS interview. Because the 
TDHS was conducted from August 2015 to February 2016, the VASA study deaths encompassed the 
five and one-half year period from August 2010 to February 2016. The VASA questionnaire consisted of 
the original Population Health Metrics Research Consortium (PHMRC) verbal autopsy questionnaire [6] 
chronologically integrated with the updated Maternal and Child Epidemiology Estimation group (MCEE, 
formerly known as the Child Health Epidemiology Reference Group (CHERG)) social autopsy question-
naire [7] to ask about all illness events in the order in which they occurred. The questionnaire was trans-
lated from the original English to Kiswahili, independently back-translated and consistency checked by 
personnel from the study’s implementing agency, the Tanzania National Bureau of Statistics (NBS). A lo-
cal social scientist checked the questionnaire and conducted key informant interviews to ensure use of 
local terminology understood by lay respondents. The questionnaire was entered into CSPro-X software 
and the interview conducted on netbook computers using a CSPro Computer Assisted Personal Inter-
view (CAPI) software application designed to guide and assist data collectors through the interview with 
a minimum of data capture errors.

The interviews were conducted nationwide, overseen on the mainland by NBS and in Zanzibar by the 
Office of the Chief Government Statistician (OCGS). The data collectors were all females with at least a 
secondary education and experienced in conducting demographic and health interviews. Training con-
sisted of a 2-week training of NBS and OCGS trainers, who then led a 3-week training of interviewers 
and supervisors, including classroom didactic presentations, interview practice and role plays, and field 
practice interviews with mothers of recently deceased children. Fieldwork was conducted from mid-No-
vember through December 2017, with a second round from mid-January to mid-February 2018 to lo-
cate and interview respondents who had moved from their original location. Throughout both rounds, 
data quality was ensured by the technical team/trainers supported by the Johns Hopkins University team.

Birth status and cause of death analysis

The VASA interview first evaluated possible TDHS misclassification of 7-plus-months pregnancy termi-
nations (assumed by the TDHS to be stillbirths) and deaths of live born children by asking about car-
dinal signs of life at birth not asked about by the TDHS, including any breathing, crying or movement. 
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er breathed, even a little. If one or more positive signs were present at birth, then the child was consid-
ered to have been born alive and was classified as a neonatal or 1-59 month-old death, depending on the 
VASA-reported age at death. The current analysis is of neonatal and 1-59 month-old deaths, including 
deaths of live born children misclassified by the TDHS as stillbirths and excluding stillbirths misclassi-
fied by the TDHS as child deaths.

Causes of death were assessed using the expert algorithm verbal autopsy (EAVA) method, with algo-
rithms of illness signs and symptoms arranged in a hierarchy to select the underlying cause. The EAVA 
method for neonatal and 1-59 month-old deaths has been previously described [8] and validated [9]. In 
brief, algorithms of causes of death of public health importance were formed based on prior VA valida-
tion studies, consultation with VA experts and a literature review of associated illness signs and symp-
toms. Separate hierarchies of the neonatal and 1-59 month-old death causes were derived to select the 
underlying cause of death according to International Classifications of Diseases, 10th Revision (ICD-10) 
rules, illness temporality and specificity. For example, meningitis is above sepsis in the neonatal hierar-
chy because it refers to the source of infection. Although not in agreement with ICD-10 rule P1 that the 
mode of perinatal death, including prematurity, should not be classified as the main disease or condition 
unless it was the only condition known, preterm delivery is near the top of the neonatal hierarchy based 
on this placement’s superior performance in a validation study [9].

The 1-59 month-old hierarchy includes three ‘neonatal’ conditions (congenital, intrapartum related events, 
or IPRE, and preterm delivery) that started during the first month of life but resulted in death from months 
1-11. Preterm is considered as a contributing or risk factor for child deaths, so is placed at the bottom of 
the hierarchy, while IPRE and congenital are placed at the top under the assumption that children with 
these conditions survived to the post-neonatal period through intensive care or surgery and later suc-
cumbed to their underlying neonatal condition. Several conditions in both hierarchies, including neonatal 
diarrhea and pneumonia and 1-59 month-old dysentery, diarrhea, pneumonia and malaria, have ‘proba-
ble,’ more specific, algorithms higher up in the hierarchy and ‘possible,’ more sensitive, algorithms lower 
down. Probable and possible deaths from these causes are combined for their final counts. The Online 
Supplementary Document provides the algorithms and hierarchies utilized for this study.

Determinants of death (social autopsy) analysis

The social autopsy analysis was descriptive in nature, and entailed examining the prevalence of key house-
hold, community and health system indicators of preventive and curative care provided along the con-
tinuum of newborn and child care and the Pathway to Survival models [7,10,11], respectively. A list and 
definitions of some of the operational variables used throughout this paper are available in articles by Koffi 
et al. [12]. Illness severity was ranked as mild, moderate or severe at three points along the Pathway, in-
cluding when the illness was first noticed, when the decision was taken to seek formal health care, and 
when leaving the first and last formal providers. The severity rank was based on signs previously shown 
to be noted by mothers in association with severe neonatal illness [12], including the child’s feeding be-
havior (normal, poor, none), level of consciousness (alert, drowsy, unconscious) and activity level (nor-
mal, less than normal, not moving).

Statistical analyses 

The CSPro data collected on netbooks were converted to SAS 9.4 [13] and STATA 15.0 [14] data sets for 
analysis. Following determination of the neonatal and 1-59 month-old deaths from the TDHS data set, 
all subsequent analyses of cause distributions and social determinants were conducted of data weighted 
on the basis of the TDHS multi-stage sampling design. Descriptive statistics used for the study included 
frequency distributions. Although the weighted analyses resulted in fractional frequencies, for simplici-
ty sake this paper’s text rounds these up to the next higher whole number. Tests of association included 
odds ratio with 95% confidence interval, the independent samples t test that compares the difference in 
the means of the two groups, and corrected Mantel-Haenszel χ2 and P values associated with these tests.

Ethical considerations

The VASA study in Tanzania was first approved by the National Institute for Medical Research (Tanzania 
Mainland), and the Ministry of Health (Zanzibar), then by the Johns Hopkins School of Public Health’s In-
stitutional Review Board. All respondents provided informed consent before the interview was conducted.
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Of the 851 TDHS-identified stillbirths and under-5-year-olds deaths, 783 (92.0%) had a VASA  interview 
completed, of which 204 were determined to be stillbirths, 228 neonatal deaths and 351 1-59 month-
old deaths. The current analysis is of the neonatal and 1-59 month-old deaths. On average, it took 4.0 
to 4.1 years (IQR = 3 years; 5 years) from the neonatal and child date of death to the VASA interview 
date, respectively. The child’s mother was the respondent for 91.1% and 89.7% of the neonatal and 1-59 
month-old deaths, respectively.

Age, sex and place of birth and death

Of 228 neonatal deaths, 104 (45.5%) died within 24 hours of birth, 203 (88.8%) died before complet-
ing the first week of life, and 216 (94.9%) died in the first 2 weeks. Of 351 1-59 month-old deaths, 157 
(44.7%) died within their first year, and 252 (71.8%) died before age of 2 years. One hundred twenty-nine 
(56.4%) of the neonatal deaths were male and 99 (43.6%) were female. The sex ratio was reversed for the 
1-59 month-old deaths, with 164 (46.7%) males and 187 (53.4%) females.

Altogether, 142 (62.5%) of 228 neonates died in a health facility. Of 111 (48.9%) hospital deaths, 76 
(68.3%) were born and died in the same facility without leaving. The same was true of 25 (80.6%) of the 
31 (13.5%) neonates who died in a lower level facility. Of the 74 (32.4%) neonates who died at home, 

44 (59.2%) were born at home. The odds of 
having been born in any health facility for those 
who died in any facility was 13.7 (95% CI = 7.0-
26.9, χ2 = 68.9, P < 0.001); and the odds of hav-
ing been born at home for those who died at 
home was 11.8 (95% CI = 5.9-23.5, χ2 = 59.6, 
P < 0.001).

Fewer of the 1-59 month-olds than neonates 
died in a health facility, and contrary to the 
neonates there were only weak associations 
between their place of birth and death. Al-
together, 168 (47.8%) of 351 children died 
in a health facility. Of 131 (37.2%) hospital 
deaths, 59 (45.3%) were born in a hospital 
and 29 (22.3%) in a lower level facility; and 
of 37 (10.7%) lower level facility deaths, 19 
(51.6%) were born in a lower level facility and 
seven (19.5%) in a hospital. The odds of hav-
ing been born in any health facility for those 
who died in any facility was 1.7 (95% CI = 1.1-
2.6, χ2 = 5.1, P = 0.025). There was no associa-
tion between dying at home and having been 
born at home (OR = 1.2, 95% CI = 0.78-1.93, 
χ2 = 0.8, P = 0.38).

Demographic and household 
characteristics

Table 1 also shows the characteristics of the 
mother, her partner/husband, and her house-
hold. Most mothers (79.5%) were married 
or cohabiting with a man at the time of their 
child’s death. Half the mothers first married 
by age 18 and 75% by age 20; and they were 
young when their child died, with a median 
age of 26 years. More than 8 in 10 mothers 
had some primary or higher level of education. 
Only 16% of households had electricity, 38% 
an inside or outside the house piped water sup-

Table 1. Demographic characteristics of the deceased newborns and children

CharaCteristiCs
total (under-five 

deaths) (n = 579)
neonatal (0-27 d) 
deaths (n = 228)

Child (1-59 mo) 
deaths (n = 351)

Mother’s marital status:
Married 365 (63.0%) 139 (64.4%) 226 (62.2%)
Living with a man 95 (16.5%) 35 (16.3%) 60 (16.6%)
Widowed 11 (2.0%) 3 (1.3%) 9 (2.4%)
Divorced, separated 66 (11.4%) 17 (8.0%) 49 (13.4%)
Never married/lived with a man 41 (7.2%) 22 (10.0%) 20 (5.5%)

Median age when first married
18; IQR = 17-20 

(N = 518)
18; IQR = 17-21 

(N = 204)
18; IQR = 17-20 

(N = 314)
Maternal age at child death (years):
<20 90 (15.6%) 44 (20.5%) 46 (12.6%)
20-24 146 (25.3%) 53 (24.6%) 93 (25.7%)
25-29 121 (21.0%) 47 (22.0%) 74 (20.3%)
≥30 175 (30.3%) 59 (27.1%) 117 (32.1%)
Missing/ Don't know 46 (8.0%) 12 (5.8%) 34 (9.3%)

Median age at child death
26; IQR = 21-32 

(N = 539)
25; IQR = 20-31 

(N = 217)
26; IQR = 22-33 

(N = 322)
Maternal education:
None 109 (18.8%) 28 (13.0%) 81 (22.2%)
Primary 417 (72.0%) 155 (72.1%) 261 (71.9%)
Secondary or more 53 (9.1%) 32 (14.9%) 21 (5.7%)
Don't know 1 (0.2%) 0 (0.0%) 1 (0.3%)

Median years of schooling
7; IQR = 4-7 

(N = 578)
7; IQR = 6-7 

(N = 228)
7 IQR = 3-7 
(N = 350)

Paternal education:
None 80 (13.8%) 23 (10.8%) 56 (15.5%)
Primary 352 (60.8%) 122 (56.6%) 230 (63.3%)
Secondary or more 71 (12.3%) 41 (19.2%) 30 (8.2%)
Don't know 76 (13.2%) 29 (13.4%) 47 (13.0%)

Median years of schooling
7; IQR = 6-7; 

(N = 508)
7.2/7; (N = 199)

7; IQR = 4-7 
(N = 309)

Household:

Mean/median household 
density (persons/rooms)

2.5/2.5; 
IQR = 1.75-3 

(N = 576)

2.3/2; 
IQR = 1.5-3 
(N = 227)

2.7/2.5; 
IQR = 2-3 
(N = 349)

Main income: agricultural work 338 (58.3%) 126 (58.3%) 212 (58.3%)
Household has electricity 92 (16.0%) 43 (20.1%) 49 (13.5%)
Piped water inside or outside 
the house

219 (37.8%) 90 (41.5%) 130 (35.6%)

Improved sanitation 125 (21.6%) 49 (22.6%) 76 (21.0%)
Electricity or gas for cooking 9 (1.6%) 7 (3.3%) 2 (0.6%)
Median travel time to nearest 
health facility (minutes)

30; IQR = 15-60 
(N = 578)

30; IQR = 15-60 
(N = 227)

30; IQR = 15-60 
(N = 351)

IQR – interquartile range
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used electricity or gas for cooking. On average, travel time from the household to the nearest health fa-
cility in an emergency was 30 minutes.

Causes of death

Figure 1, Panel A shows the underlying causes of the 228 neonatal deaths. Intrapartum related events 
(IPRE: birth injury and, mainly, birth asphyxia), pneumonia and preterm delivery were the most common 
causes. It can be seen within the IPRE pie slice that another 10 (10/228 or 4.3%) neonates had co-mor-
bid prematurity. This corresponds to the 40 neonatal deaths reported to have been the product of a 6- or 
7-month gestation pregnancy, plus one additional death from respiratory distress syndrome (RDS) with 
8-month gestation.

Figure 1. Expert algorithm verbal autopsy causes of death. Panel A. Expert algorithm verbal autopsy causes of death 
of 228 neonates. Panel B. Expert algorithm verbal autopsy causes of death of 351 1-59 month-olda, with two ‘neo-
natal’ causes (congenital and intrapartum-related events) at the top and one (preterm) at the bottom of the hierarchy 
that occurred during months 1-11.

Table 2 shows the distribution of the three most common causes of neonatal death, by age and place of 
death. Severe infection, including pneumonia, sepsis and meningitis, was most frequent, followed by IPRE 
and preterm. All IPRE, nearly all preterm, and four-fifths of severe infection deaths occurred during the 
first week. Nearly four-fifths of IPRE and two-thirds of early neonatal severe infection deaths occurred in 
a health facility, compared to less than half the early neonatal preterm deaths. Eighty-one (80.2%) and 
1 (11.1%) of these early and late neonatal facility deaths, respectively, occurred in the child’s birth facil-
ity before discharge.

Table 2. Most common causes of neonatal death, by age and place of death

Cause of death
early neonatal deaths late neonatal deaths

total, n (%)
Facility N (%)* Community, N (%) Facility, N (%) Community, N (%)

Severe infection† 41 (52.4) 22 (27.5) 6 (8.3) 9 (11.8) 78 (100)

Intrapartum-related events 47 (77.1) 13 (21.7) 1 (1.0) 0 (0.0) 61 (100)

Preterm delivery 13 (41.9) 16 (51.6) 2 (6.5) 0 (0.0) 31 (100)

Total 101 (59.2) 51 (29.8) 9 (5.5) 9 (5.5) 170 (100)

*Row percent.
†Severe infection: sepsis/meningitis and pneumonia.

Figure 1, Panel B displays the 1-59 month-old causes of death. Pneumonia, diarrhea and malaria were the 
most common causes. Other infections, meningitis and AIDS were also important, as were the non-infec-
tious causes, injury and malnutrition. It can also be seen that 5.2% of the 1-59 month-old children died 
from one of the three neonatal causes.
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el B, to provide the cause distribution of under-
5-five deaths. The yellow pie slices represent the 
39.4% of all under-5 deaths that occurred during 
the neonatal period. It can be seen that pneu-
monia was the most common cause, contribut-
ing 18.4% of all under-5 deaths. The second most 
common cause was IPRE, which caused 12.0% of 
under-5 deaths, including 1.6% during months 
1-11, while diarrhea and malaria were nearly tied 
in third place with 9.2% and 8.5% of all deaths, 
respectively. Preterm delivery caused 6.2% of 
the under-5 deaths, with 0.7% of these occur-
ring during months 1-11. Neonatal sepsis/menin-
gitis caused 5.4% of all under-5 deaths, and child 
meningitis and AIDS were also important causes, 
with 4.2% and 3.8% of the deaths, respectively. 
Injury caused 4.5% of the under-5 deaths.

Social autopsy determinants of 
death

Figure 3 shows the preventive care received by 
newborns and young children along the continuum of care. Overall, the coverage of most key interven-
tions was relatively high. Yet, the coverage of two post-natal care interventions was problematic: early 
initiation of breastfeeding at 24% and hygienic cord care at 29%. Overall, only 33% of children were ful-
ly immunized against each of the six major preventable childhood diseases before they reached their first 
birthday. Coverage was highest for BCG, and lowest for OPV1-3, ranging from 43% to 58%. There was 
no significant difference in fully immunized status between male (25.3%) and female (39.7%) children 
(χ2 = 3.26; P = 0.07) at the 0.05 level.

Figure 2. Expert algorithm verbal autopsy causes of death of 579 under-5 
year-olds. Non-neonatal deaths from intrapartum-related events, congenital 
and preterm occurred during months 1-11.

Figure 3. Coverage along the continuum of care for 228 neonatal and 351 child deaths. *Appropriate thermal (Among 
those who survived at least 24 hours) care consisting of immediate warming, drying and wiping, wrapping in a blan-
ket, skin to skin contact with the mother or being placed in an incubator, plus bathing delayed for more than 24 hours 
after birth. †Early initiation of breastfeeding: within the first hour after delivery. ‡Provision of Hygienic cord care sug-
gests a new boiled razor blade from the delivery kit was used for cutting the cord, a clean boiled piece of thread from 
the delivery kit was used for tying the cord and nothing was applied to the umbilical cord stump after birth or in case 
something was applied, either alcohol or other antiseptic or antibiotic ointment in cream or powder form was applied. 
§Proportion of children who were NOT usually beside or carried by their mother when she cooked inside the home. 
¶Information on immunizations was obtained either from the vaccination card or when there was no written record, 
from the respondent (mainly the mother). Polio0 is the Polio vaccination given at birth; Fully Immunized children 
received BCG, measles, and three doses each of DPT and oral polio vaccine (excluding polio vaccine given at birth).
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to deaths. Table 3 depicts the distribution of these indicators for the neonates (N = 115) and 1-59 month-
old children (N = 351). The 113 neonates whose fatal illness began at the health facility where they were 
delivered and either died without leaving (101) or left the health facility to a second provider (12) were 
excluded from this analysis, which was conducted to examine careseeking for sick children from home.

Several indicators of careseeking were significantly better for children than neonates. More caregivers of 
children (96.8%) than neonates (91.5%) recognized the presence of severe or possibly severe signs or 
symptoms at illness onset (χ2 = 4.81, P = 0.029). Formal care was sought or obtained for just 41.9% of 
newborns, compared to 86.3% of children (χ2 = 53.698, P < 0.001), respectively, 1.2 days and 2.8 days 
(t = -1.4857, P = 0.069) after the onset of the illness. However, the delay was 1.7 days among the 235 chil-
dren who sought formal care only, compared to 7.0 days for the 68 who sought both informal and for-
mal care (t = -5.17; P < 0.001).

Figure 4. The “Pathway to Survival” Indicators.
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Of the 48 newborns and 303 children who obtained formal care, mortality at the first provider reached 
was significantly higher (χ2 = 11.97 P = 0.001) for newborns (54.8%) than children (25.3%). Among those 
who left the facility alive, the referral rate was low for both age groups, 29.0% for newborns and 31.2% 
for children. This was despite the fact that 70.3% of the 233 neonates and children who left the provid-
er alive were moderately to severely ill at discharge. Overall, 68 neonates and children were not referred 
nor received any home care recommendation, yet 67.0% of them had symptoms of moderate to severe 
illness. Of those who were referred, compliance was higher for children (77.2%) than neonates (57.2%) 
(χ2 = 9.88, P = 0.002).

In a unadjusted logistic regression model between care seeking and cause of death (Table 4), neonates who 
died from IPRE or prematurity were two-thirds less likely than neonates with other causes of death to re-
ceive any care inside or outside the home, although at borderline significance (OR = 0.32; 95% CI = 0.10, 
1.12; P = 0.08). Likewise, newborns who died in the first week were 86% less likely than older neonates to 
receive any care (95% CI = 0.04, 0.53; P = 0.004) (data not shown). However, while early neonates and all 
neonates who died from IPRE or prematurity were also less likely to receive any care than other early neo-
nates and all neonates, respectively, the difference was not significant when adjusted for age in days and per-
ceived illness severity (Table 4). The only significant finding remaining was that the odds to have received 
any care increased by 15% for each additional day of age (AOR = 1.15; 95% CI = 1.04, 1.27; P = 0.008).

Table 3. Pathway to Survival Indicators of under-five deaths

Pathway to survival ComPonent and indiCators* under-five deaths
neonatal deaths

(0-27 d)
Child deaths
(1-59 mo) X-2 (P-value)

Illness recognition at home N = 466 N = 115 N = 351

1.  Caregiver recognized sign(s) of possibly severe or 
severe illness

445 (95.6%) 105 (91.5%) 340 (96.8%) 4.81 (0.029)

Care-seeking patterns N = 464 N = 113 N = 351

2. Child “died immediately” 38 (8.3%) 23 (20.6%) 16 (4.6%) 14.01 (0.002)

3. No caregiven or sought for child 40 (8.6%) 34 (29.8%) 8 (2.3%) 57.05 (0.000)

4.1 Child received home care only 10 (2.1%) 6 (5.1%) 4 (1.2%) 3.46 (0.0639)

4.2  Child sought or tried to seek outside care as first 
action

308 (66.3%) 45 (40.1%) 260 (74.1%) 26.24 (0.000)

4.3  Child sought or tried to seek outside care as later 
action

68 (14.7%) 5 (4.3%) 63 (17.8%) 7.76 (0.006)

Choice of outside care:

5.1 Formal care only 284 (61.2%) 47 (41.1%) 235 (67.0%) 12.19 (0.001)

5.2 Informal and formal care 70 (15.1%) 1 (0.8%) 68 (19.3%) 36.52 (0.000)

5.3 Informal care only 22 (5.9%) 3 (5.1%) 19 (6.0%) 0.04 (0.8518)

Choice of any formal care: n = 351 n = 48 n = 303

6.1  Child died before setting out, or died on route, or 
could not reach the health care provider

15 (4.2%) 3 (6.9%) 11 (3.8%) 0.73 (0.393)

7.1  Child reached the first health care provider and 
died at the facility

103 (29.0%) 26 (54.8%) 77 (25.3%) 11.97 (0.001)

7.2  Child reached the first health provider and left the 
facility alive

233 (66.8%) 18 (38.3%) 215 (70.9%) 13.98 (0.000)

Decision of health provider at discharge n = 233 n = 18 n = 215

8.1  child was not referred, nor received any home 
care recommendations

68 (29.3%) 3 (16.6%) 65 (30.4%)
1.888 

(0.1724)

8.2 Child received home care recommendations only 93 (40.1%) 10 (54.5%) 83 (38.4%) 1.54 (0.2159)

8.3  Child was referred to another health care provider 
and received recommendations

39 (16.8%) 1 (4.60%) 38 (17.6%) 2.38 (0.1249)

8.4  Child was referred to another health care provider 
only

34 (14.2%) 5 (24.4%) 29 (13.6%) 1.18 (0.2780)

The caregiver followed the recommendation and went to a second or last provider:

9.1  Caregiver followed all the home care 
recommendation

115/133 (86.5%) 10/11(69.4%) 105/121 (87.2%) 0.38 (0.535)

9.2 Referral compliance 55/72 (76.4%) 3/5 (57.2%) 52/67 (77.2%) 9.88 (0.002)
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likely to be sought for those who died of infections compared to their counterparts who died of all other 
causes (AOR = 2.16, 95% CI = 0.97, 4.83; P = 0.059), when adjusted for illness severity and age at death (data 
not shown). However, no matter the cause of death, care was significantly less likely to be sought for 1-11 
month-old children whose illness was perceived to be severe, compared to their counterparts with mild/
moderate illness (AOR = 0.18; 95% CI = 0.06, 0.53; P = 0.002), though this was not true for 12-59 month-olds 
(AOR = 0.69; 95% CI = 0.25, 1.93; P = 0.48). This effect diminished with age, as the likelihood of careseeking 
for 1-11 month-olds increased for each additional month of age (AOR = 1.30; 95% CI = 1.07, 1.58; P = 0.009).

Table 4. Unadjusted and logistic regression adjusted analysis of factors possibly associated with careseeking from home for early, late 
and all neonatal deaths*

age grouP: eXPlanatory faCtors
died immediately/ Care not needed, 

given or sought
Care sought or tried 

to seek
unadjusted model, P-value,  

or (95% Ci)
adjusted model, P-value,  

aor (95% Ci)
Early neonatal deaths (days 0-6)

Cause of death:

-All other causes (reference) 27 (51.4%) 25 (48.6%) 1.0 1.0

-IPRE, preterm 23 (72.1%) 9 (27.9%) 0.21, 0.41 (0.10, 1.68) 0.24, 0.42 (0.10, 1.83)

Age at death (in days):

-N (median, IQR) 50 [0.0 d; (0;30)] 34 (1.0 d (0;3)] χ2 = 2.12 (P = 0.13)† 0.72, 0.94 (0.68, 1.31)

Illness severity at illness onset:

-Mild/moderate (reference) 14 (53.5%) 12 (46.5%) 1.0 1.0

-Severe 34 (61.9%) 21 (38.1%) 0.54, 0.71 (0.23, 2.17) 0.66, 0.78 (0.25, 2.40)

Late neonatal deaths (days 7-27)

Cause of death:

-All other causes (reference) 0 (0.0%) 2 (100%) NE NE

-IPRE, preterm 5 (18.8%) 23 (81.2%) NE NE

Age at death (in days):

N [median (IQR)] 4 [14.0 d (10;15)] 19 [12.0 d (8;18)] χ2 = 0.95 (P = 0.33)† 0.40, 1.08 (0.89, 1.30)

Illness severity at illness onset:

-Mild/moderate (reference) 3 (14.5%) 19 (85.5%) 1.0 1.0

-Severe 1 (13.3%) 5 (86.7%) 0.94, 1.13 (0.7, 17.2) 0.84, 1.10 (0.07, 16.49)

All neonatal deaths (days 0-27):

Cause of death:

-All other causes (reference 33 (42.1%) 45 (57.9%) 1.0 1.0

-IPRE, preterm 24 (69.2%) 11 (30.8%) 0.075, 0.32 (0.10, 1.12) 0.35 0.53 (0.14, 2.03)

Age at death (in days):

N (median, IQR) 54 [1. 0 d (0;3)] 53 [3.0 d (1;10)] χ2 = 20.3 (P < 0.001)† 0.008 1.15 (1.04, 1.27)

Illness severity at illness onset:

-Mild/moderate (reference) 17 (38.7%) 27 61.3%)

-Severe 37 (58.1%) 27 (49.9%) 0.10 0.26 (0.18, 1.16) 0.91 0.95 (0.35, 2.55)

NE – not estimable, OR – odds ratio, CI – confidence interval, IQR – interquartile range, AOR – adjusted odds ratio, IPRE – intrapartum related events
*Logistic regression models predicting any care provision or care seeking among neonatal deaths, adjusted for perceived illness severity at onset (severe 
vs mild/moderate) and age at death, in days.
†Kruskal-Wallis equality-of-populations rank test.

DISCUSSION

The VASA study was conducted to provide essential information on the causes and social determinants 
of under-5 deaths, including neonates and 1-59 month-olds, in Tanzania. Most of the deceased children 
under-5 lived in households with precarious socio-economic conditions, lacking basic commodities such 
as electricity, sanitation and clean water, conditions that jeopardize child survival [15].

The age distributions of neonatal and child deaths were in-line with expectations, with both groups highly 
skewed toward younger ages [16]. Similarly, the excess mortality of male neonates was expected. The ex-
cess mortality of male neonates refers to the male disadvantage in infant mortality and suggests that male 
sex is more vulnerable to mortality [17,18], though the underlying mechanism has yet to be elucidated. 
Some prior studies have incriminated genetic and endocrine causes that might hamper pulmonary bio-
mechanics and vascular development, leading to increased respiratory and neurological morbidity among 
preterm male neonates [19]. However, contrary to expectations created by the sex ratio usually being re-
ported for children under-5 [20], there were more female than male deaths of 1-59 month-olds, which 
can be explained by their excess child mortality between ages one and five (4q1) [5,21].
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deaths, respectively, contrasts with other countries in the region. In our Nigeria VASA study of under-5 
deaths from 2008 to 2013, early neonates and neonates were 74% and 26% of all neonatal and under-5 
deaths, respectively [22]; and in all sub-Saharan Africa during the Tanzania VASA study period, neonates 
were 30% of under-5 deaths in 2010, 34% in 2013, and 36% in 2016 [23-25]. This suggests that Tanza-
nia is in the early stage of an epidemiological transition, with a larger proportion of deaths at the young-
est ages due to relatively greater success in tackling infectious diseases of older children.

The most common causes of neonatal death were severe infection, IPRE and preterm delivery. The VASA 
study’s directly estimated preterm death proportion of all neonatal deaths (13.8%) is lower than the 2015 
World Health Organization (WHO) modeled estimate (25.1%) for Tanzania [3]. Nevertheless, our esti-
mate includes nearly all the 17.6% of neonatal deaths in our sample with pregnancy duration below eight 
months, calling into question the modeled estimate. Including the 10 IPRE deaths with comorbid preterm 
increases deaths with prematurity to 18.2%, including the one RDS death with pregnancy duration of 
eight months. Some VA hierarchies place preterm higher up, above IPRE [26,27], than does our hierar-
chy, contending that birth asphyxia resulting in hypoxic-ischemic encephalopathy (HIE) occurs only in 
full term newborns [28]. However, evidence shows that birth asphyxia and HIE do occur in premature 
infants [29], supporting our placement of IPRE above preterm. Displaying the IPRE deaths with comorbid 
preterm, as in Figure 1, Panel A, provides a fuller picture than single-cause preterm and IPRE attributions.

Other VASA estimates of neonatal causes of death varied in their correspondence with the 2015 WHO 
modeled cause estimates. The VASA and WHO IPRE proportions were nearly equal, 26.5% and 28.9%, 
respectively; while those for sepsis/meningitis/tetanus were more disparate, 13.9% and 20.5%, respective-
ly and those for neonatal pneumonia (VASA 20.7%, WHO 6.4%) and congenital malformations (VASA 
4.8%, WHO 12.6%) differed considerably, with the VASA estimates appearing more plausible.

The VASA direct and WHO modeled estimates of two of three leading causes of 11-59 month-old deaths, 
pneumonia (VASA 16.8%, WHO 20.0%) and diarrhea (VASA 15.2%, WHO 13.2%), were similar to 
each other, while the malaria proportions (VASA 14.0%, WHO 8.3%) differed substantially. The VASA 
and WHO proportions for some other causes, such as AIDS (VASA 6.3%, WHO 4.6%) were similar, 
while those for meningitis (VASA 6.9%, WHO 2.0%) and injury (VASA 7.4%, WHO 13.2%) differed 
considerably. Neither set of estimates has been validated, but the VASA estimates are derived from a 
validated analysis method, and previous work has shown that in some instances direct estimates may 
be preferable [8,22].

These comparisons of VASA and WHO estimates need to take into account that the WHO model ex-
cludes all its base VA deaths with an unspecified cause before presenting the deaths to national covari-
ates, thus eliminating unspecified as a possible model cause. Similarly expunging unspecified from the 
EAVA causes would increase the level of each specific cause by an amount equal to its proportional share 
of the unspecified. This would bring some VASA and WHO estimates closer together and move some 
further apart. For example, proportionally allocating the unspecified neonatal deaths to neonatal sep-
sis/meningitis/tetanus would increase its proportion to 16.2%, moving it closer to the WHO estimate; 
while the diarrhea proportion of 11-59 month-olds would increase to 17.3%, moving it further from 
the WHO diarrhea estimate.

The VASA study found high coverage for most indicators along the continuum of care for newborns and 
1-59 month-olds, indicating good access to primary health care facilities [30]. Health sector reforms have 
been instrumental in expanding access to health services in Tanzania. Indeed, the country has strived 
to implement maternal, newborn and child health programs in the post-MDG era to ensure sustained 
improvement in child survival and longevity of life [31]. Most importantly, the country undertook mea-
sures such as improving antenatal care attendance [32], skilled delivery care [33,34] and postnatal care 
[32] that would potentially have substantial positive impacts on neonatal and under-5 mortality.

However, the study also identified low coverage of other key interventions along the continuum of care, 
including early initiation of breastfeeding and hygienic cord care. If practiced routinely at both commu-
nity and facility levels, these two interventions, together with proper thermal care, could reduce new-
born deaths by up to 30% [35].

Only one-third of the deceased children were fully immunized against each of the six major preventable 
childhood diseases before they reached their first birthday [36]. This is surprising, as Tanzania’s immuni-
zation program is said to be one of the best performing in Africa, with almost 90% of 12-23 month-olds 
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completion rate found by the VASA study suggests a high proportion of drop-outs among the children 
who died. The reason for the low OPV1-3 rates compared to surviving 12-23 month-olds [37] needs to 
be further investigated. Previously, high dropout between early and final doses of the primary vaccine 
series have been shown to indicate health system barriers to attendance, failure to educate mothers of 
the need to return, or inadequate tracking of children registered at the health facility [36].

We have shown in the study a strong association between place of birth and neonatal death, and a high-
er percentage of health facility-based births (66%) and neonatal deaths (63%) than in previous VASA 
studies of under-5 deaths in Niger (28% and 19%), Cameroon (39% and 34%), Malawi (68% and 55%) 
and Nigeria (36% and 27%)[38]. In addition, nearly half the newborns died in the health facility where 
they were delivered, without leaving, most often from IPRE, severe infection and prematurity. This can 
be expected in settings such as Tanzania’s, with good access to institutional delivery care that is likely 
to encourage careseeking for maternal complications that result in neonatal death [39]. These findings 
suggest that, as Tanzania is in the early stage of an epidemiological transition, there is need for increased 
focus of its health system strengthening efforts on institutionally-based interventions targeting maternal 
labor and delivery complications and neonatal causes of death.

Severe infection was the most common cause of the community neonatal deaths, followed by preterm 
delivery and IPRE, emphasizing the need for a broad community intervention package including neo-
natal resuscitation, improved maternal recognition of newborn illness signs and early careseeking before 
the child becomes severely ill [40]. Tanzania was one of three countries to undertake a national scale-up 
of neonatal resuscitation in the “Helping Babies Breathe” initiative, with strong national leadership and 
an evaluation showing significant reduction in neonatal mortality, but not in some rural settings [41]. 
Scaling up this high-impact intervention to increase coverage in rural settings as well could boost Tan-
zania’s progress toward decreasing neonatal mortality.

In many instances, careseeking from home was lower for newborns who died from IPRE or prematurity 
than other causes. However, given that younger age was also associated with lower levels of careseeking, 
and that careseeking increased significantly for each additional day of age no matter the eventual cause 
of death, it appears that age rather than cause of death preempted careseeking from home. This could 
suggest that issues such as concern for the child being too frail to travel, or the rapidity of death may 
have influenced careseeking for the youngest newborns more than poor recognition of danger signs, as 
suggested by other authors [42].

In the group of 1-59 month-old children, perceived severity of illness was negatively associated with 
formal careseeking, and the increased likelihood of seeking formal care for neonates as they grew old-
er extended to 1-11 month-olds. In a study in rural Ethiopia, the authors found that perceived severity 
did not necessarily trigger care-seeking for neonates [43]. This contrasts with findings from studies con-
ducted in Malawi [44], and Kenya [45]. Nonetheless, construct of the variable denoting illness severity 
that relies on caregivers’ perception has previously been contested [45], as this may require technical 
expertise especially if measurements are to be robust, standard and easily comparable. In any event, im-
plementation of integrated Community Case Management (iCCM) of common childhood illnesses has 
yielded positive results in increasing access to and improving quality of essential child health services 
elsewhere [46]. It may be worthwhile for Tanzania to consider a scale-up of iCCM given our study find-
ings that health care seeking is still suboptimal for the youngest neonates and children perceived as se-
verely ill at onset [47].

While formal health care was sought for most 1-59 month-olds, the delay to seeking formal care was 
significantly lengthened among those who sought both informal and formal care, suggesting that seek-
ing informal care caused the delay. Any barriers to formal careseeking resulting in even minor delays 
can be fatal, as child illness can progress rapidly and reduce the likelihood of surviving.

The overall high rate of careseeking for 1-59 month-olds was also tempered by a high rate of discharge 
and low referral from the first health provider. Multiple studies have commented on similar findings, 
emphasizing that attention needs to be directed to modifiable factors at the facility level [48-51]. Also, 
of concern in our findings is that many of the non-referred children had moderate-to-severe illness. In 
a case series, Font et. al investigated referral practices in rural Tanzania and found that too few children 
were referred to another provider [52]. Poor referral systems have also been flagged as a significant im-
pediment to timely, safe and quality caesarean section deliveries for Tanzanian mothers with resultant 
poor health outcomes for their infants [53] [54]. It’s important to further understand the reasons for this 
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dren who need referral, or that health providers tend to refer children who have the means and social 
support to travel to the referral center [52].

Limitations

This study has some limitations that were partly discussed in previous papers [12,55]. The long recall 
period of up to 7.5 years (range 1-7.5) may have impeded respondents’ recall of events and, thereby, the 
validity of the findings. This long recall was due to the retrospective design of the VASA studies required 
to include an adequate sample size of deaths. Given that and the fact that the respondents were the main 
caregivers of the deceased newborns, it is possible that the data may have been affected by different types 
of biases, including recall bias of past events and the likelihood of providing socially desirable answers 
to sensitive questions [11]. Nevertheless, the conversational and prompting modes used during the face-
to-face interviews, along with the quality of the interviewers, supervisors and trainers, may have lessened 
the impact of these potential biases.

Limitations to the validity of verbal autopsies have been previously described [56]. Lastly, the study’s 
ability to identify risk factors for mortality was limited by not including a comparison group of survivors. 
On the other hand, all interventions examined by SA studies have been shown to be efficacious and ef-
fective in promoting newborn and child survival and, thus, included among the interventions examined 
by the Lives Saved tool [10] or recommended by the WHO. Therefore, these interventions should be ac-
cessible to all children.

CONCLUSIONS

Tanzania has made good progress in child survival. Our study points to some key achievements and to 
areas of needed improvement. High coverage of most indicators along the continuum of care for new-
borns and young children indicates good access to primary health care facilities. Yet the country needs to 
address the gaps in coverage of early initiation of breastfeeding and hygienic cord care. The findings also 
suggest that Tanzania is in the early stage of an epidemiological transition, necessitating increased focus 
of its health system strengthening efforts on facility-based interventions targeting maternal labor and de-
livery complications and neonatal causes of death.

A large proportion of neonatal deaths still occur in the community, and Tanzania could make rapid prog-
ress by scaling up key interventions for neonates and promoting maternal recognition of neonatal illness-
es and careseeking before the child becomes severely ill. The iCCM approach should be expanded to the 
whole country for its positive effect on overall use of health services at facility level. The time has come 
for Tanzania to complete the unfinished agenda in child survival.

Acknowledgements: The 2017-18 Tanzania Verbal and Social Autopsy (VASA) study was conducted by the National 
Bureau of Statistics (NBS) and Office of the Chief Government Statistician (OCGS) – Zanzibar in collaboration with 
the Ministry of Health, Community Development, Gender, Elderly and Children – Tanzania Mainland; the Ministry of 
Health – Zanzibar and the Institute for International Programs at Johns Hopkins Bloomberg School of Public Health.

Funding: Funding for the study was provided through the Maternal and Child Epidemiology Estimation (MCEE) 
project supported under Global Development Grant # OPP1096225 from the Bill and Melinda Gates Foundation<w-
ww.gatesfoundation.org> to the Johns Hopkins University. The funder had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript. The authors’ views expressed in this publication 
do not necessarily reflect the views, nor those of and/or the decisions, policy, or views of the funder.

Authorship contributions: REB and HDK contributed towards the conception and design of the study. HDK, AKK, 
and MAK were responsible for the acquisition of data. AKK and HDK analyzed and interpreted the data with equal 
contribution, with significant input from REB and MAK. AKK and HDK drafted the manuscript. REB, HDK and 
MAK reviewed and edited the draft manuscript. All authors have given final approval of the version to be published.

Competing interests: The authors completed the ICMJE Unified Competing Interest form (available upon request 
from the corresponding author) and declare no conflicts of interest.

Additional material
Online Supplementary Document

http://jogh.org/documents/issue202001/jogh-10-020901-s001.pdf


Verbal/social autopsy analysis of under-5 mortality in Tanzania

www.jogh.org •  doi: 10.7189/jogh.10.020901 13 December 2020  •  Vol. 10 No. 2 •  020901

V
IE

W
PO

IN
TS

RE
SE

A
RC

H
 T

H
E

M
E

 5
:  

V
E

RB
A

L 
A

N
D

 S
O

C
IA

L 
A

U
TO

PS
Y

R
E

FE
R

E
N

C
E

S

 1  Sustainable development goal 3: Ensure healthy lives and promote well-being for all at all ages. Available: https://sus-
tainabledevelopment.un.org/sdg3. Accessed: 23 May 2020.

 2  Levels & Trends in Child Mortality–Report 2019: Estimates Developed by the UN Inter-agency Group for Child Mor-
tality Estimation. Report, 2019. UNICEF, New York. Available: https://www.childmortality.org. Accessed: 1 June 2020.

 3  Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, 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 [published correction ap-
pears in Lancet. 2017 May 13;389(10082):1884]. Lancet. 2016;388:3027-35. Medline:27839855 doi:10.1016/S0140-
6736(16)31593-8

 4  GBD 2016 Causes of Death Collaborators. Global, regional, and national age-sex specific mortality for 264 causes of 
death, 1980–2016: a systematic analysis for the global burden of disease study 2016. Lancet. 2017;390:1151-210. Med-
line:28919116 doi:10.1016/S0140-6736(17)32152-9

 5  Ministry of Health, Community Development, Gender, Elderly and Children (MoHCDGEC) [Tanzania Mainland], Minis-
try of Health (MoH) [Zanzibar], National Bureau of Statistics (NBS), Office of the Chief Government Statistician (OCGS), 
and ICF. Tanzania Demographic and Health Survey and Malaria Indicator Survey (TDHS-MIS) 2015-16. Dar es Salaam, 
Tanzania, and Rockville, Maryland, USA: MoHCDGEC, MoH, NBS, OCGS, and ICF; 2016.

 6  Murray CJL, Lopez AD, Black R, Ahuja R, Ali SM, Baqui A, et al. Population Health Metrics Research Consortium gold 
standard verbal autopsy validation study: design, implementation, and development of analysis datasets. Popul Health 
Metr. 2011;9:27. Medline:21816095 doi:10.1186/1478-7954-9-27

 7  Kalter HD, Salgado R, Babille M, Koffi AK, Black RE. Social autopsy for maternal and child deaths: a comprehensive 
literature review to examine the concept and the development of the method. Popul Health Metr. 2011;9:45. Med-
line:21819605 doi:10.1186/1478-7954-9-45

 8  Kalter HD, Roubanatou AM, Koffi A, Black RE. Direct estimates of national neonatal and child cause–specific mortali-
ty proportions in Niger by expert algorithm and physician–coded analysis of verbal autopsy interviews. J Glob Health. 
2015;5:010415. Medline:25969734 doi:10.7189/jogh.05.010415

 9  Kalter HD, Perin J, Black RE. Validating hierarchical verbal autopsy expert algorithms in a large data set with known 
causes of death. J Glob Health. 2016;6:010601. Medline:26953965 doi:10.7189/jogh.06.010601

10  Boschi-Pinto C, Young M, Black RE. The Child Health Epidemiology Reference Group reviews of the effectiveness of in-
terventions to reduce maternal, neonatal and child mortality. Int J Epidemiol. 2010;39 Suppl 1:i3-i6. Medline:20348123 
doi:10.1093/ije/dyq018

11  Koffi AK, Libite PR, Moluh S, Wounang R, Kalter HD. Social Autopsy study identifies the determinants of neonatal mor-
tality in Doume, Nguelemendouka and Abong—Mbang health districts, in Eastern Region of Cameroon. J Glob Health. 
2015;5:010413. Medline:26171142 doi:10.7189/jogh.05.010413

12  Koffi AK, Kalter HD, Loveth EN, Quinley J, Monehin J, Black RE. Beyond causes of death: The social determinants of 
mortality among children aged 1-59 months in Nigeria from 2009 to 2013. PLoS ONE;12:e0177025. Medline:28562610 
doi:10.1371/journal.pone.0177025

13  SAS Institute Inc. SAS Proprietary Software 9.4 for Windows, 2002–2012, by SAS Institute Inc., Cary, NC, USA; 2012.
14  StataCorp. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC; 2017.
15  Fotso JC, Madise N, Baschieri A, Cleland J, Zulu E, Mutua MK, et al. Child growth in urban deprived settings: does house-

hold poverty status matter? At which stage of child development? Health Place. 2012;18:375-84. Medline:22221652 
doi:10.1016/j.healthplace.2011.12.003

16  UN Inter-agency Group for Child Mortality Estimation. (UNICEF, WHO, World Bank, UN DESA Population Division). 
Available: www.childmortality.org. Accessed 9 May 2020.

17  Smith AL, Rosenkrantz TS, Fitch RH. Effects of Sex and Mild Intrainsult Hypothermia on Neuropathology and Neu-
ral Reorganization following Neonatal Hypoxic Ischemic Brain Injury in Rats. Neural Plast. 2016;2016:2585230. Med-
line:27042359 doi:10.1155/2016/2585230

18  Stevenson DK, Verter J, Fanaroff AA, Oh W, Ehrenkranz RA, Shankaran S, et al. Sex differences in outcomes of very 
low birthweight infants: the newborn male disadvantage. Arch Dis Child Fetal Neonatal Ed. 2000;83:F182-5. Med-
line:11040165 doi:10.1136/fn.83.3.F182

19  Cho J, Holditch-Davis D. Effects of perinatal testosterone on infant health, mother-infant interactions, and infant devel-
opment. Biol Res Nurs. 2014;16:228-36. Medline:23639953 doi:10.1177/1099800413486340

20  Roser M, Ritchie H, Dadonaite B. Child and infant mortality. Available at OurWorldInData.org. Available: https://our-
worldindata.org/child-mortality. Accessed: 26 May 2020.

21  Sawyer CC. Child mortality estimation: Estimating sex differences in childhood mortality since the 1970s. PLoS Med. 
2012;9:e1001287. Medline:22952433 doi:10.1371/journal.pmed.1001287

22  Adewemimo A, Kalter HD, Perin J, Koffi AK, Quinley J, Black RE. Direct estimates of cause-specific mortality fractions 
and rates of under-five deaths in the northern and southern regions of Nigeria by verbal autopsy interview. PLoS One. 
2017;12:e0178129. Medline:28562611 doi:10.1371/journal.pone.0178129

23  Levels & Trends in Child Mortality–Report 2011: Estimates Developed by the UN Inter-agency Group for Child Mortal-
ity Estimation. Report, 2011. UNICEF, New York. https://www.childmortality.org. Accessed: 16 May 2020.

24  Levels & Trends in Child Mortality–Report 2013: Estimates Developed by the UN Inter-agency Group for Child Mortal-
ity Estimation. Report, 2013. 2013. Available: https://www.childmortality.org. Accessed: 13 May 2020.

25  Levels & Trends in Child Mortality–Report 2017: Estimates Developed by the UN Inter-agency Group for Child Mor-
tality Estimation. Report, 2017. UNICEF, New York. Available: https://www.childmortality.org. Accessed: 13 May 2020.

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27839855&dopt=Abstract
https://doi.org/10.1016/S0140-6736(16)31593-8
https://doi.org/10.1016/S0140-6736(16)31593-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28919116&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28919116&dopt=Abstract
https://doi.org/10.1016/S0140-6736(17)32152-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21816095&dopt=Abstract
https://doi.org/10.1186/1478-7954-9-27
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21819605&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21819605&dopt=Abstract
https://doi.org/10.1186/1478-7954-9-45
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25969734&dopt=Abstract
https://doi.org/10.7189/jogh.05.010415
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26953965&dopt=Abstract
https://doi.org/10.7189/jogh.06.010601
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20348123&dopt=Abstract
https://doi.org/10.1093/ije/dyq018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26171142&dopt=Abstract
https://doi.org/10.7189/jogh.05.010413
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28562610&dopt=Abstract
https://doi.org/10.1371/journal.pone.0177025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22221652&dopt=Abstract
https://doi.org/10.1016/j.healthplace.2011.12.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27042359&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27042359&dopt=Abstract
https://doi.org/10.1155/2016/2585230
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11040165&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11040165&dopt=Abstract
https://doi.org/10.1136/fn.83.3.F182
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23639953&dopt=Abstract
https://doi.org/10.1177/1099800413486340
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22952433&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1001287
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28562611&dopt=Abstract
https://doi.org/10.1371/journal.pone.0178129


Koffi et al. 

December 2020  •  Vol. 10 No. 2 •  020901 14 www.jogh.org •  doi: 10.7189/jogh.10.020901

V
IE

W
PO

IN
TS

RE
SE

A
RC

H
 T

H
E

M
E

 5
:  

V
E

RB
A

L 
A

N
D

 S
O

C
IA

L 
A

U
TO

PS
Y

26  Baqui AH, Darmstadt GL, Williams EK, Kumar V, Kiran TU, Panwar D, et al. Rates, timing and causes of neonatal 
deaths in rural India: implications for neonatal health programmes. Bull World Health Organ. 2006;84:706-13. Med-
line:17128340 doi:10.2471/BLT.05.026443

27  Lawn JE, Wilczynska–Ketende K, Cousens SN. Estimating the causes of 4 million neonatal deaths in the year 2000. Int 
J Epidemiol. 2006;35:706-18. Medline:16556647 doi:10.1093/ije/dyl043

28  Lawn J, Shibuya K, Stein C. No cry at birth: global estimates of intrapartum stillbirths and intrapartum-related neonatal 
deaths. Bull World Health Organ. 2005;83:409-17. Medline:15976891

29  Gopagondanahalli KR, Li J, Fahey MC, Hunt RW, Jenkin G, Miller SL, et al. Preterm hypoxic–ischemic encephalopathy. 
Front Pediatr. 2016;4:114. Medline:27812521 doi:10.3389/fped.2016.00114

30  Bustreo F, Mshinda H, Hinton R, Hausmann-Muela S, Tanner M. Commentary: Primary health care in Tanzania - Leading 
the way through innovation. EClinicalMedicine. 2019;13:12-3. Medline:31517258 doi:10.1016/j.eclinm.2019.07.010

31  Afnan-Holmes H, Magoma M, John T, Levira F, Msemo G, Armstrong CE, et al. Tanzania’s countdown to 2015: an anal-
ysis of two decades of progress and gaps for reproductive, maternal, newborn, and child health, to inform priorities for 
post-2015. Lancet Glob Health. 2015;3:e396-409. Medline:26087986 doi:10.1016/S2214-109X(15)00059-5

32  Doku DT, Neupane S. Survival analysis of the association between antenatal care attendance and neonatal mortality in 
57 low- and middle-income countries. Int J Epidemiol. 2017;46:1668-77. Medline:29040531 doi:10.1093/ije/dyx125

33  Mengistu TA, Tafere TE. Effect of antenatal care on institutional delivery in developing countries: a systematic review. 
JBI Libr Syst Rev. 2011;9:1447-70. Medline:27820204 doi:10.11124/jbisrir-2011-125

34  Moyer CA, Dako-Gyeke P, Adanu RM. Facility-based delivery and maternal and early neonatal mortality in sub-Saharan 
Africa: a regional review of the literature. Afr J Reprod Health. 2013;17:30-43. Medline:24069765

35  Darmstadt GL, Bhutta ZA, Cousens S, Adam T, Walker N, de Bernis L; Lancet Neonatal Survival Steering Team. Ev-
idence-based, cost-effective interventions: how many newborn babies can we save? Lancet. 2005;365:977-88. Med-
line:15767001 doi:10.1016/S0140-6736(05)71088-6

36  Mwingira UJ, Means AR, Chikawe M, Kilembe B, Lyimo D, Crowley K, et al. Integrating Neglected Tropical Disease and 
Immunization Programs: The Experiences of the Tanzanian Ministry of Health. Am J Trop Med Hyg. 2016;95:505-7. 
Medline:27246449 doi:10.4269/ajtmh.15-0724

37  Zipursky S, Vandelaer J, Brooks A, Dietz V, Kachra T, Farrell M, et al. Polio Endgame: Lessons Learned From the Im-
munization Systems Management Group. J Infect Dis. 2017;216(suppl_1):S9-S14. Medline:28838174 doi:10.1093/
infdis/jiw592

38  Kalter HD, Perin J, Amouzou A, Kwamdera G, Adewemimo WA, Nguefack F, et al. Using health facility deaths to estimate 
population causes of neonatal and child mortality in four African countries. BMC Med. 2020;18:183. Medline:32527253 
doi:10.1186/s12916-020-01639-1

39  Exavery A, Kanté AM, Njozi M, Tani K, Doctor HV, Hingora A, et al. Access to institutional delivery care and reasons for home 
delivery in three districts of Tanzania. Int J Equity Health. 2014;13:48. Medline:24934657 doi:10.1186/1475-9276-13-48

40  World Health Organization; Partnership for Maternal Newborn and Child Health. Opportunities for Africa’s newborns: 
Practical data, policy and programmatic support for newborn care in Africa. 2006. Available: http://www.who.int/pmnch/
media/publications/africanewborns/en/. Accessed: 15 April 2020.

41  Msemo G, Massawe A, Mmbando D, Rusibamayila N, Manji K, Kidanto HL, et al. Newborn mortality and fresh stillbirth 
rates in Tanzania after helping babies breathe training. Pediatrics. 2013;131:e353-60. Medline:23339223 doi:10.1542/
peds.2012-1795

42  Chowdhury SK, Billah SM, Arifeen SE, Hoque DME. Care-seeking practices for sick neonates: Findings from cross-sec-
tional survey in 14 rural sub-districts of Bangladesh. PLoS One. 2018;13:e0204902. Medline:30261083 doi:10.1371/
journal.pone.0204902

43  Amare Y, Paul S, Sibley LM. Illness recognition and appropriate care seeking for newborn complications in rural Oromia 
and Amhara regional states of Ethiopia. BMC Pediatr. 2018;18:265. Medline:30081872 doi:10.1186/s12887-018-1196-6

44  Ewing VL, Lalloo DG, Phiri KS, Roca-feltrer A, Mangham LJ, Sanjoaquin MA. Seasonal and geographic differences in treat-
ment-seeking and household cost of febrile illness among children in Malawi. Malar J. 2011;10:32. Medline:21303538 
doi:10.1186/1475-2875-10-32

45  Taffa N, Chepngeno FGT. Determinants of care seeking for childhood illnesses in Nairobi slums. Trop Med Int Health. 
2005;10:240-5. Medline:15730508 doi:10.1111/j.1365-3156.2004.01381.x

46  Miller NP, Amouzou A, Tafesse M, Hazel E, Hailemariam L, Tedbabe D, et al. Integrated community case management 
of childhood illness in Ethiopia: implementation strength and quality of care. Am J Trop Med Hyg. 2014;91:424-34. 
Medline:24799369 doi:10.4269/ajtmh.13-0751

47  Severe Malaria Observatory. Tanzania Community Case Management. Available: https://www.severemalaria.org/coun-
tries/tanzania/tanzania-community-case-management. Accessed: 25 May 2020.

48  World Health Organization; Partnership for Maternal Newborn and Child Health. Opportunities for Africa’s newborns: 
Practical data, policy and programmatic support for newborn care in Africa. 2006. Available: http://www.who.int/pmnch/
media/publications/africanewborns/en/. Accessed: 15 April 2020.

49  Lawn JE, Kerber K, Enweronu–Laryea C, Cousens S. 3.6 million neonatal deaths–what is progressing and what is not? 
Semin Perinatol. 2010;34:371-86. Medline:21094412 doi:10.1053/j.semperi.2010.09.011

50  Weber MW, Carlin JB, Gatchalian S, Lehmann D, Muhe L, Mulholland EK. WHO Young Infants Study Group Predic-
tors of neonatal sepsis in developing countries. Pediatr Infect Dis J. 2003;22:711-7. Medline:12913772 doi:10.1097/01.
inf.0000078163.80807.88

R
E

FE
R

E
N

C
E

S

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17128340&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17128340&dopt=Abstract
https://doi.org/10.2471/BLT.05.026443
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16556647&dopt=Abstract
https://doi.org/10.1093/ije/dyl043
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15976891&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27812521&dopt=Abstract
https://doi.org/10.3389/fped.2016.00114
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31517258&dopt=Abstract
https://doi.org/10.1016/j.eclinm.2019.07.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26087986&dopt=Abstract
https://doi.org/10.1016/S2214-109X(15)00059-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29040531&dopt=Abstract
https://doi.org/10.1093/ije/dyx125
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27820204&dopt=Abstract
https://doi.org/10.11124/jbisrir-2011-125
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24069765&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15767001&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15767001&dopt=Abstract
https://doi.org/10.1016/S0140-6736(05)71088-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27246449&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27246449&dopt=Abstract
https://doi.org/10.4269/ajtmh.15-0724
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838174&dopt=Abstract
https://doi.org/10.1093/infdis/jiw592
https://doi.org/10.1093/infdis/jiw592
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32527253&dopt=Abstract
https://doi.org/10.1186/s12916-020-01639-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24934657&dopt=Abstract
https://doi.org/10.1186/1475-9276-13-48
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23339223&dopt=Abstract
https://doi.org/10.1542/peds.2012-1795
https://doi.org/10.1542/peds.2012-1795
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30261083&dopt=Abstract
https://doi.org/10.1371/journal.pone.0204902
https://doi.org/10.1371/journal.pone.0204902
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30081872&dopt=Abstract
https://doi.org/10.1186/s12887-018-1196-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21303538&dopt=Abstract
https://doi.org/10.1186/1475-2875-10-32
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15730508&dopt=Abstract
https://doi.org/10.1111/j.1365-3156.2004.01381.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24799369&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24799369&dopt=Abstract
https://doi.org/10.4269/ajtmh.13-0751
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21094412&dopt=Abstract
https://doi.org/10.1053/j.semperi.2010.09.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12913772&dopt=Abstract
https://doi.org/10.1097/01.inf.0000078163.80807.88
https://doi.org/10.1097/01.inf.0000078163.80807.88


Verbal/social autopsy analysis of under-5 mortality in Tanzania

www.jogh.org •  doi: 10.7189/jogh.10.020901 15 December 2020  •  Vol. 10 No. 2 •  020901

V
IE

W
PO

IN
TS

RE
SE

A
RC

H
 T

H
E

M
E

 5
:  

V
E

RB
A

L 
A

N
D

 S
O

C
IA

L 
A

U
TO

PS
Y

R
E

FE
R

E
N

C
E

S

51  Price J, Lee J, Willcox M, Harnden A. Place of death, care-seeking and care pathway progression in the final illness-
es of children under five years of age in sub-Saharan Africa: a systematic review. J Glob Health. 2019;9:020422. Med-
line:31673338 doi:10.7189/jogh.09.020422

52  Font F, Quinto L, Masanja H, Nathan R, Ascaso C, Menendez C, et al. Paediatric referrals in rural Tanzania: the Kilombe-
ro District Study - a case series. BMC Int Health Hum Rights. 2002;2:4. Medline:11983024 doi:10.1186/1472-698X-2-4

53  Nilsen C, Østbye T, Daltveit AK, Mmbaga BT, Sandøy IF. Trends in and sociodemographic factors associated with cae-
sarean section at a Tanzanian referral hospital, 2000 to 2013. Int J Equity Health. 2014;13:87. Medline:25319518 
doi:10.1186/s12939-014-0087-1

54  Sørbye IK, Vangen S, Oneko O, Sundby J, Bergsjø P. Caesarean section among referred and self-referred birthing women: a 
cohort study from a tertiary hospital, northeastern Tanzania. BMC Pregnancy Childbirth. 2011;11:55. Medline:21798016 
doi:10.1186/1471-2393-11-55

55  Koffi AK, Perin J, Kalter HD, Monehin J, Adewemimo A, Black RE. How fast did newborns die in Nigeria from 2009-
2013: a time-to-death analysis using Verbal /Social Autopsy data. J Glob Health. 2019;9:020501. Medline:31360450 
doi:10.7189/jogh.09.020501

56  Garenne M, Fauveau V. Potential, and limits of verbal autopsies. Bull World Health Organ. 2006;84:164. Med-
line:16583068 doi:10.2471/BLT.05.029124

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31673338&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31673338&dopt=Abstract
https://doi.org/10.7189/jogh.09.020422
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11983024&dopt=Abstract
https://doi.org/10.1186/1472-698X-2-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25319518&dopt=Abstract
https://doi.org/10.1186/s12939-014-0087-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21798016&dopt=Abstract
https://doi.org/10.1186/1471-2393-11-55
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31360450&dopt=Abstract
https://doi.org/10.7189/jogh.09.020501
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16583068&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16583068&dopt=Abstract
https://doi.org/10.2471/BLT.05.029124

