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Measurement of overall and cause-specific
mortality in infants and children: Memorandum
from a WHO/UNICEF meeting*

A joint WHO/UNICEF informal consultation on the 'Measurement of overall and cause-specific mortality
in infants and children" was held in Geneva on 15-17 December 1992. The participants included physi-
cians, demographers, statisticians and programme personnel from different regions. The recommenda-
tions were aimed at helping countries and international organizations to produce more frequent and
more reliable data on overall child mortality and to estimate broad patterns of child mortality by cause of
death, especially for ranking the major causes of death and monitoring progress towards the achieve-
ment of mortality reduction goals of the World Summit for Children.

The verbal autopsy method was reviewed to assess its potential for use in different situations-sur-
veys, longitudinal surveillance, health services and civil registration-and its capacity to provide national
estimates of cause of death. Documented national and international experiences and validation studies
were examined together with other methods already being used. The potential of the preceding birth
technique and other indirect methods to estimate mortality in childhood-for use by countries and pro-
grammes more frequently and with as much disaggregation as possible-was evaluated.

Introduction
The collection of up-to-date information on overall
and cause-specific mortality in children is becoming
more and more important because of its usefulness to
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a wide variety of decision-makers. At the provincial,
district and local levels this information is needed for
programme management and evaluation; at the nation-
al level, for soliciting extra-budgetary funds and for
resource allocation among programmes and popula-
tion subgroups; and at the intemational level, for
advocacy, resource mobilization and distribution.
The World Summit for Children (New York, 1990)
called for "each country to establish appropriate
mechanisms for the regular and timely collection,
analysis and publication of data required to monitor
relevant indicators relating to the well-being of chil-
dren which record the progress being made towards
the goals set forth in the global plan of action and
corresponding national plans. These indicators cover
a wide range of health related topics". The World
Summit for Children agreed upon five targets related
to the reduction of mortality:

* Between 1990 and the year 2000, reduction of
infant and under-five child mortality rate by one-
third or, respectively, to 50 and 70 per 1000 live
births, whichever is less.
* Elimination of neonatal tetanus by 1995.
* Reduction by 95% in measles deaths and reduc-
tion by 90% of measles cases (compared to pre-
immunization levels) by 1995, as a major step to the
global eradication of measles in the longer run.
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* Reduction by 50% in the deaths due to diarrhoea
and by 25% in the diarrhoea incidence rate in chil-
dren under the age of five years.
* Reduction by one third in the deaths due to acute
respiratory infections in children under five years.

Current data availability
Despite the growing need for information on mortali-
ty, for many countries, there is very little information
on infant and child mortality rates, and much of the
health information from countries with poor statisti-
cal infrastructure is out of date, and of poor quality.
For example, only 66 out of 101 countries with
populations of at least one million had national level
data on infant and child mortality rates for 1980 to
the present.a Information on cause-specific mortality
for this age group is even more scarce. The WHO
Regions that particularly lack information on cause-
specific mortality include Africa, South-East Asia,
the Eastem Mediterranean and the Westem Pacific.

Given the need regularly to monitor both overall
and cause-specific mortality, and the dearth of avail-
able information in many countries, it is clearly
necessary to develop strategies for monitoring mor-
tality which can be implemented either continuously
or on a frequent basis. This needs to be considered
within the context of stringent financial and human
resources and logistical constraints.

Measurement of overall mortality
There are two low-cost methods of monitoring over-
all infant and child mortality, which could enable
countries to monitor mortality more frequently.
These are the preceding birth technique (PBT) used
at the time of immunization, and in matemity clinics
and antenatal clinics, and rapid household surveys
which require a small number of questions to gather
the essential information on mortality levels and
trends.

Preceding birth technique (PBT)

The PBTb is a simple and inexpensive way of taking
advantage of the contact women have with the health
services around the time of birth, either at the time of
immunization or in antenatal or matemity clinics, in
order to monitor mortality among infants and chil-

a Child mortality since the 1960s. A database for developing
countries (ST/ESA/SER.A/128). New York, United Nations, 1992.
b David P, Hill A. Measuring childhood mortality for programme
needs. Unpublished document WHO/ESM/UNICEF/CONS/WP/4,
1992.

dren. The woman is asked three simple questions:
whether she has been pregnant before; if so, what
was the outcome of her last pregnancy; and, if she
has had a previous live birth, whether her last live-
bom child is still alive. These data are aggregated at
regular intervals, usually when there are data for
about 1000 mothers. The proportion of previous
births which are still alive turns out to be very close
to the probability that a live-born child would sur-
vive until age two, referring to a time centred around
two-thirds of the average birth interval before the
delivery of the current birth. Thus if the average
birth interval is 30 months, the PBT applied at the
time of delivery provides an estimate of what the
probability of surviving until age two was approxi-
mately 20 months ago.

The PBT is appealing for a number of reasons.
In many cases, the information is already being col-
lected by the health services, especially during the
course of antenatal visits or delivery, although it may
not be currently analysed to obtain estimates of mor-
tality. If these data are not already being collected
routinely, they are relatively easy to add to a routine
reporting system in which data are continuously col-
lected. The data collected by the PBT is of direct rel-
evance to health managers as they refer directly to
mortality trends among health service users. The
information is also of direct relevance to the ante-
natal or delivery care of the mother because the
death of a preceding child, especially during delivery
or shortly thereafter, is a risk factor for the current
pregnancy.

The PBT is best suited for local or district lev-
els. It could be used for evaluating mortality trends
and differentials among health service users at the
local or district level and be the basis for local and
community policy decisions and actions. It could
also be an important tool for improving the quality
and use of health service data, and for targeting fam-
ilies at high risk. However, caution is urged when
interpreting the data. Extrapolating from health ser-
vice users to the community at large is considered
appropriate only if the coverage is very high. In
addition, changes in observed mortality rates over
time should be carefully investigated as they may
reflect a change in the composition of health service
users as much as a real change in mortality rates in
the general population.

There are a number of factors to consider in
determining the suitability of the PBT for a particu-
lar health service setting. Although the collection of
information about the survival of preceding births
could be performed during antenatal visits, delivery
care and immunization, antenatal clinics and delivery
clinics may obtain better information from the indi-
vidual mother, because the information could be per-
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ceived as being useful for her health care. In addi-
tion, obtaining the information might be a greater
burden for the immunization worker than for an
antenatal clinic worker or maternity clinic worker,
since the questions used by the PBT are somewhat
out of context in the immunization setting. However,
immunization coverage is generally greater than
coverage for antenatal care or delivery care. There-
fore a larger proportion of women will be reached
through the immunization approach.

The next steps in developing the PBT will be to
test it further in various countries in antenatal and
maternity clinics, and at the time of immunization, to
determine the comparative advantage of each of
these settings. Attention should be paid to how the
different settings influence the results and to the ease
with which women answer the questions in each of
the different settings, keeping in mind that asking
women about the death of an infant or child should
be treated with care and sensitivity. The purpose for
which these data are being collected and its links to
action needs to be clearly identified, both on the
individual level (what follow-up actions should be
taken when a death is identified) and on the aggre-
gate level (how will these data be used at various
levels in the health system).

Household surveys

Infant and child mortality can be estimated using
household surveys by the Brass technique or the pre-
ceding birth technique, both of which require asking
mothers a small number of questions regarding the
survival of previous births. The Brass technique
computes the ratio of children surviving to children
ever born, while the preceding birth technique com-
putes the proportion of surviving preceding births to
all preceding births. Both methods are relatively
inexpensive and could be used in stand-alone sur-
veys or as additional questions in other household
surveys, e.g., for disease control programmes. Nei-
ther method requires inquiries into dates of birth or
dates of death of previous children. They are rela-
tively easy to administer and can be used in areas
where dates are difficult to obtain. The PBT has the
advantage of providing a somewhat more recent esti-
mate of child mortality whereas the Brass technique
has the advantage of providing time trends. The
sample size required to obtain a precise recent esti-
mate of mortality is larger than the sample size
usually required to estimate a time trend using the
Brass technique. Therefore, when there are resource
constraints, most programmes would probably be
willing to forego a precise recent estimate of mortali-
ty, and be satisfied with measuring a trend over time
using the Brass questions.

However, whichever survey method is used,
careful implementation of the survey is important in
order to obtain accurate results. This includes careful
design and pre-testing of the questionnaire, as well
as good training and supervision of field staff. Ade-
quate attention must also be given to survey coordi-
nation and to local sensitivities. Demographic exper-
tise is necessary for interpreting the results.

In addition to surveys, additional analysis of
census data, using age-standardized proportions
dead, would be a practical and inexpensive way of
obtaining local area estimates of child mortality.
Health authorities should encourage the statistical
authorities to include indirect questions on child
mortality in censuses and general household surveys.
In Africa, a number of recent censuses have omitted
indirect mortality questions, thus limiting the oppor-
tunity to use census data for monitoring mortality.
Countries seeking to improve their vital registration
systems could improve their measurement of mortal-
ity by arranging to ask questions concerning past
child mortality at the time a woman is registering a
birth.

Measurement of cause-specific
mortality
Measurement of cause-specific mortality is needed
for several purposes: (i) to establish the relative
public health importance of the different causes of
death; (ii) to evaluate trends over time, especially as
a method of evaluating the probable impact of inter-
vention programmes; (iii) to investigate the circum-
stances surrounding the deaths of children from spe-
cific causes and to devise effective actions to
decrease mortality; (iv) to investigate the reasons for
differing rates of infant and child mortality between
geographical areas; and (v) to evaluate the effective-
ness of specific health interventions in controlled set-
tings.

A promising method for measuring cause-
specific mortality where vital registration systems
are weak is the verbal-autopsy method.c This
approach has been used in research studies, usually
in situations where deaths have been identified by a
demographic surveillance system. Specially trained
investigators interview the bereaved family, usually
within six months of the death. Recently, brief verbal
autopsies have been attempted in cross-sectional
national household interview surveys, such as, the

c Ross DA. Monitoring cause-specific infant and child mortality
rates in areas where death certification systems are weak.
Unpublished document WHO/ESM/UNICEF/CONS/WP/2, 1992.
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Demographic and Health Surveys (DHS) program-
me. These surveys use pre-coded questions and rely
on computers to code the information.

Use of verbal autopsy to measure mortality
from specific diseases
Verbal autopsy is not equally suitable for all diseases
in all settings. The ideal situation for any specific
cause of death to be measured by verbal autopsy
would be that it has a clear and unambiguous clinical
syndrome consisting of a set of signs and symptoms,
which are always present in the terminal illness of
children dying from this specific cause but are not
present in the same combination in any other fatal
illnesses. These signs and symptoms should be clear-
ly recognized by the respondents, even if they do not
interpret them within the standard medical classifica-
tion of illness.

During the consultation, evidence on the accura-
cy of verbal autopsies for identifying specific causes
of death was reviewed. Validation studies have been
done in various settings, with different pattems of
disease prevalence-in Bangladesh, Egypt, Gambia,
India, Kenya, Mozambique, Namibia and Philip-
pines. The studies did not all use the same basic
questionnaire, study design or algorithms for deter-
mining the cause of death (or cause of severe ill-
ness). However, despite these differences, some pat-
tems emerged. Table 1 summarizes the sensitivity
and specificity of verbal autopsies for detecting
major causes of childhood deaths; only studies based
on children who have died are included.

Neonatal tetanus was found to have high levels
of sensitivity and specificity (sensitivity from 0.90
upwards, and specificity of 0.79 to 0.98); verbal
autopsy would seem to be a useful instrument for
identifying neonatal tetanus as a cause of death and
for measuring mortality. However, deaths from neo-
natal tetanus are known to be underreported owing to
underreporting of neonatal deaths in general, yet a
large proportion of the deaths of under-5-year-olds
occurs during the neonatal period. Therefore, no
matter what system is used to identify deaths for fur-
ther investigation, special attention should be paid to
improving the identification of neonatal deaths. In
addition, as the rates of neonatal tetanus decline the
sample sizes required for measuring its prevalence
with precision increase. Thus, in many instances, it
may be impractical to identify enough deaths to be
able to measure the proportion of children dying
from neonatal tetanus with adequate precision.

There has been little validation of the use of ver-
bal autopsy for neonatal deaths other than for identi-
fying neonatal tetanus. However, based on the few
validation studies, and other related work, it appears

that it would be almost impossible to distinguish
between sepsis and pneumonia in the newborn based
on verbal autopsy. More research was called for in
using verbal autopsy for children who die during the
first weeks of life.

For measles, sensitivity (0.67 to 0.98) and speci-
ficity (0.85 to 0.99) were considered to be high. Thus,
the verbal autopsy would seem to be a good method
for identifying measles as a cause of death, although
the epidemic nature of measles must be kept in mind.
During any short time period, whether or not there
are deaths from measles depends largely on whether
there has been an outbreak of measles during the
period under study. Therefore, for measuring measles
mortality, it is necessary to examine mortality during
outbreaks or to monitor long-term trends.

The sensitivity and specificity for diarrhoea pre-
sented a mixed picture. Sensitivity ranged from 0.36
to 0.90 while specificity ranged from 0.61 to 0.97.
Several of the verbal autopsies used in these valida-
tion studies contained a number of questions about
the frequency and consistency of the stools during
the illness preceding the death. Sensitivity and specifi-
city varied depending on which criterion was used
for the classification of a diarrhoea-associated death
and there was a clear relationship between sensitivity
and specificity depending on the strictness of the
criterion. Overall, the levels of sensitivity and speci-
ficity for deaths associated with diarrhoea were mod-
erate and not high enough to recommend that
verbal autopsies be undertaken on a regular basis in
every country to monitor mortality from diarrhoea.

The sensitivity and specificity for acute respira-
tory infections (ARI) were lower than for diarrhoea.
Apart from one extremely low value of sensitivity
found in Kenya, sensitivity ranged from 0.56 to 0.72
while specificity ranged from 0.60 to 0.91. There is a
good deal of overlap between the symptoms of ARI
and malaria, and it was concluded that the specificity
and sensitivity of the verbal autopsy for classifying
ARI would depend not only on the questions asked
and the algorithms used, but also on the prevalence
of other diseases with overlapping symptoms.

The sensitivity of verbal autopsies for malaria in
the studies reviewed was low, ranging from 0.45 to
0.72, although the specificity was considered to be
moderately high, ranging from 0.85 to 0.89. The dif-
ficulty of assigning malaria as the cause of death
based on medical records contributed to the poor
results of validation studies. One problem, when
assigning causes based on medical records, is that of
distinguishing between children who die from malar-
ia and those who die with parasitaemia but not from
malaria. In highly endemic areas, if all children who
died with evidence of parasitaemia are classified as
dying from malaria, this misclassification will result
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Table 1: Sensitivity and specificity of verbal autopsies for detecting major causes of childhood death, based on vali-
dation studies
Cause of death and country Sensitivity Specificity Comments

Neonatal tetanus
Philippines (1)a
Kenya (2)
Bangladesh (5)

Measles
Philippines (1)
Philippines (1)

Philippines (1)

Kenya (2)
Namibia (3)
Namibia (3)

Diarrhoea
Kenya (2)
Philippines (1)
Philippines (1)
Namibia (3)
Namibia (3)
India (4)
Bangladesh (5)

Acute respiratory infections
Philippines (1)
Philippines (1)
Kenya (2)
Namibia (3)
India (4)
Bangladesh (5)

Malaria
Kenya (2)

Namibia (3)

Namibia (3)

Malnutrition
Kenya (2)
Namibia (3)
India (4)

Accidents
Kenya (2)
India (4)

Sepsis
Kenya (2)

94-100
90
97

79
98

98 90
98 93

83

90
71
67

36
60
78
56
89
90
77

66
59
28
72
56
58

99

96
85
90

96
85
79
90
61
78
97

60
77
91
64
81
82

Age> 120 days, rash and fever 2 3 days
Age > 120 days, fever 2 3 days, rash anywhere except only
on extremities
Age 2 120 days, fever . 3 days, rash anywhere except only
on extremities, plus progressive rash

Age 2 120 days, rash
Age 2 120 days, rash, fever > 3 days

2 6 liquid stools per day
Frequent loose or liquid stools
> 6 liquid stools per day
Loose or liquid stools
Gastroenteritis
> 6 liquid stools

Cough and dyspnoea> 1 day
Cough > 4 days and dyspnoea . 1 day

Cough with dyspnoea or tachypnoea

Cough or difficult breathing or fast breathing

46 89 The diagnosis based on medical records included all malaria
parasitaemia

45 87 Fever and convulsions or loss of consciousness for all malaria
parasitaemia

72 85 Fever and convulsions or loss of consciousness (for cerebral
malaria only)

89
73
71

96
76
100

78 100
100 100

61 81

Accidents and major congenital problems

Neonates
a The numbers in parentheses are references, as follows:
1. Kalter HD et al. Validation of post-mortem interviews to ascertain selected causes of death in children. International journal of epi-
demiology, 1990, 19: 380-386.
2. Snow R et al. Childhood deaths in Africa: uses and limitation of verbal autopsies. Lancet, 1992, 340: 351-355.
3. Mobley C et al. Validation study of verbal autopsy method for causes of childhood mortality in Namibia. (Unpublished, December
1992).
4. Sachdev HPS et al. Validation of verbal autopsy technique. (Unpublished, December 1992).
5. Osinski P, personal communication, 1992.
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in an overestimate of malaria as a cause of death
based on medical records, and consequently the ver-
bal autopsy instrument would appear to have lower
sensitivity than it would have for "true" malaria
deaths. The nonspecific nature of many of the symp-
toms and signs of malaria and their overlap with
symptoms and signs of other causes of death (such as
ARI and measles) make it very difficult to distin-
guish malaria from other causes of death based on an
interview with the child's next of kin or carer.

The sensitivity and specificity of verbal autop-
sies, especially when there are overlapping symp-
toms from diseases such as ARI, diarrhoea and
malaria might be improved by focusing more on the
symptoms of severe disease than on the clinical pres-
entation for case detection of clinical disease. This
approach seems promising in light of the results for
cerebral malaria from Namibia, where sensitivity and
specificity for cerebral malaria (a severe form of
malaria) were much higher than those found for all
forms of malaria. In the case of the study in Nami-
bia, most malaria deaths were caused by cerebral
malaria, and therefore cerebral malaria could be used
in place of malaria without loss of accuracy. Howev-
er, it was recognized that there are areas in which a
high proportion of malaria-related deaths are caused
by severe anaemia, a complication of malaria, rather
than by cerebral malaria. Thus the substitution of
cerebral malaria for malaria would not be appropri-
ate in all settings.

The sensitivity and specificity of the verbal
autopsy diagnosis of nmalnuitrition, compared to
anthropometric measures on admission to hospital,
were considered to be satisfactory in the three stud-
ies that were presented. Sensitivity ranged from 0.71
to 0.89 while specificity ranged from 0.76 upwards.

The structure of a verbal autopsy interview
There are two major issues concerning the structure
of the verbal autopsy instrument which have impor-
tant impacts in the way the interview is conducted,
and in the interpretation of the response.

(1) Whether multiple causes of death are per-
mitted or only a single cause of death is allowed.
This is an important issue since many deaths have
more than one cause. For most purposes, multiple
causes of death should be permitted, and the causes
of death should not be ranked into hierarchical cate-
gories such as primary or secondary causes.

(2) The choice between using physicians to
code open-ended history questions based on their
clinical experience and judgement, versus using a
combination of pre-coded questions about the symp-
toms and signs of disease preceding death, with a
fixed algorithm for each specific disease. This latter
method does not require coding by physicians.

The decision on whether or not to include open-
ended questions will depend on the circumstances in
which the verbal autopsy is being undertaken. If the
questions are being asked as part of a large-scale sur-
vey with lay interviewers, it may be more difficult to
take an unstructured history approach than in a clini-
cal setting, where trained medical practitioners con-
duct the interviews.

Open-ended questions have the advantage of
providing information on the perceptions of the
mother or carer, the time sequence, and the severity
and duration of various symptoms, and help to estab-
lish a rapport with the mother or carer in a very
sensitive area. Open-ended questions, together with
physician coding, can make use of all information
provided in the open history as well as an "expert"
judgement. However, this is time-consuming and
subjective, making it difficult to compare studies
from different settings and among different countries.

On the other hand, the combination of pre-coded
questions and structured algorithms has the advan-
tage of providing information on symptoms that
were absent as well as those that were present. Since
results are more objective, they are easier to interpret
and compare across studies, countries and time. A
pre-coded questionnaire requires less training and
knowledge of concepts and terms for local illnesses
on the part of the interviewers, since they will need
to ask only direct questions and record pre-coded
answers. It is also relatively easy to reanalyse causes
of death using different algorithms if necessary at a
later date. Even with the structured algorithm
approach, open-ended questions at the beginning of
the verbal autopsy interview are important for estab-
lishing the rapport necessary to proceed with a struc-
tured interview about the sensitive subject of death.
Therefore, the use of a standardized pre-coded ques-
tionnaire and predefined diagnostic algorithms is to
be preferred for international comparisons and for
studies of changes in cause-specific mortality over
time, where standardization of interviewing and cod-
ing practices would be otherwise difficult to achieve.

Settings in which verbal autopsy can be
used
To date, most of the work with verbal autopsy has
been done in research settings, in which demogr-a-
phic surveillance systenls have been functioning for
many years. These settings have the advantages of
collecting data on a regular basis and providing very
good mechanisms for identifying deaths. Their
disadvantages are that the results come from a relati-
vely small area and are not necessarily representative
of the country as a whole, and that prolonged obser-
vation may result in unmeasurable conditioning
effects. They are also very expensive to establish and
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maintain, and are beyond the resources of most
developing countries.

An alternative would be to use household sur-
veys to identify infant and child deaths from which
to estimate mortality. This has been done on an
experimental basis by the Demographic and Health
Surveys (DHS) programme, as well as by WHO's
diarrhoeal disease control programme in collabora-
tion with the London School of Hygiene and Tropi-
cal Medicine. More work in this area is required.

Next steps in the work on verbal autopsies
The use of verbal autopsies either within surveys or
with deaths identified through routine reporting sys-
tems is not yet at the stage of development where it
can be advocated for monitoring national levels and
trends in cause-specific infant and child mortality
rates by all or even most countries. Nevertheless, the
infant and child verbal-autopsy method appears
encouraging enough to advocate its further develop-
ment and application within research settings, as
specified below, and to encourage its use within care-
fully designed and conducted settings of surveys,
surveillance, and routine reporting systems.

The following plan of action for improving the
verbal-autopsy methodology was proposed.

(1) To further study the sample sizes necessary
to detect changes in cause-specific infant and child
mortality using verbal autopsies, given the likely
operating characteristics of the instrument, in terms
of sensitivity, specificity and predictive values.

(2) To agree on a draft "best judgement" verbal-
autopsy questionnaire and to validate this question-
naire in different geographical areas. These valida-
tion studies should shed light on a number of
important issues including:
- the effect of different recall periods of up to five

years on validity/performance of the verbal-
autopsy instrument;

- the relative validity of verbal-autopsy question-
naires with and without an open-ended history
section and coding by physicians;

- the relative validity of verbal-autopsy modules or
questionnaires with and without a focused ethno-

graphic study to help with the design of the local-
ly applied version of the questions.
(3) Based on the results of the validation stud-

ies, to draft two standardized verbal-autopsy modules
for use in different settings: a long version of up to
50 questions, and a short version with as few as 10
questions.

Recommendations
Measuring infant and child mortality from all causes

(1) Countries should be encouraged to monitor
overall infant and child mortality more frequently.

(2) The preceding birth technique (PBT) should
be used in antenatal clinics, maternity clinics, and at
the time of immunization to monitor infant and child
mortality because of its low cost, simplicity, opera-
tional links to health actions, as well as its capacity
to provide a more recent estimate of mortality than
can be obtained with other methods.

(3) For making national estimates of infant and
child mortality that are representative of the popula-
tion, countries should continue to use censuses,
household sample surveys, and registration systems.

Measuring cause of death in infants and children
(1) The use of verbal autopsies, whether in sur-

veys or for deaths identified through routine report-
ing systems, is not yet at the stage of development
where it can be recommended for monitoring nation-
al levels and trends of cause-specific mortality for all
or even most countries.

(2) The verbal-autopsy method should be fur-
ther developed and validated.

(3) The reporting systems of the health facility
should be used and strengthened.

These recommendations are being followed up.
Investigations into the required sample sizes to
detect change has begun. A long version of the "best
judgement" verbal-autopsy questionnaire has been
drafted, and a number of validation studies will be
started.
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