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ABSTRACT
Background: Recognising that the causes of over half the world’s deaths pass unrecorded, 
the World Health Organization (WHO) leads development of Verbal Autopsy (VA): a method 
to understand causes of death in otherwise unregistered populations. Recently, VA has been 
developed for use outside research environments, supporting countries and communities to 
recognise and act on their own health priorities. We developed the Circumstances of 
Mortality Categories (COMCATs) system within VA to provide complementary circumstantial 
categorisations of deaths.
Objectives: Refine the COMCAT system to (a) support large-scale population assessment and 
(b) inform public health decision-making.
Methods: We analysed VA data for 7,980 deaths from two South African Health and Socio- 
Demographic Surveillance Systems (HDSS) from 2012 to 2019: the Agincourt HDSS in 
Mpumalanga and the Africa Health Research Institute HDSS in KwaZulu-Natal. We assessed 
the COMCAT system’s reliability (consistency over time and similar conditions), validity (the 
extent to which COMCATs capture a sufficient range of key circumstances and events at and 
around time of death) and relevance (for public health decision-making).
Results: Plausible results were reliably produced, with ‘emergencies’, ‘recognition, ‘accessing 
care’ and ‘perceived quality’ characterising the majority of avoidable deaths. We identified 
gaps and developed an additional COMCAT ‘referral’, which accounted for a significant 
proportion of deaths in sub-group analysis. To support decision-making, data that establish 
an impetus for action, that can be operationalised into interventions and that capture deaths 
outside facilities are important.
Conclusions: COMCAT is a pragmatic, scalable approach enhancing functionality of VA 
providing basic information, not available from other sources, on care seeking and utilisation 
at and around time of death. Continued development with stakeholders in health systems, 
civil registration, community and research environments will further strengthen the tool to 
capture social and health systems drivers of avoidable deaths and promote use in practice 
settings.
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Background

‘Nothing exists until it is measured’. – Niels Bohr, 
1930 

Half the world’s deaths, approximately 30 million 
deaths per annum, pass without formal registration 
of medical cause [1]. Unregistered deaths are not 
randomly distributed around the world. In many 
low- and middle-income countries (LMICs), there 

are few physicians and certification of death is often 
lacking especially in disadvantaged and remote areas. 
Civil registration and vital statistics (CRVS) systems 
can also be incomplete or totally absent. Without 
continuous, valid and reliable mortality data, health 
care services can become, albeit inadvertently, con-
figured to maintain social exclusion by failing to 
account for the situations and needs of those missed 
by state health and registration systems.
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The unequal world of health data can be consid-
ered a social problem (such as crime and racism) [2]. 
Lack of data on the most fundamental aspects on 
people’s lives reflects and exacerbates structural 
inequalities, eroding rights beyond health, into secur-
ity and citizenship. The situation raises important 
questions about the relationship between material 
and data poverty [3–6].

Verbal autopsy (VA) is currently the only realistic 
alternative in settings where medical certification of 
deaths is rare, incomplete or absent. VA is 
a pragmatic survey-based method in which trained 
fieldworkers gather information from final caregivers 
on signs and symptoms of the deceased prior to 
death. From these data, probable medical cause(s) of 
death are separately interpreted. In sufficient num-
bers, the technique can reliably quantify levels and 
causes of death in otherwise unregistered popula-
tions. VA has been used in over 45 LMICs for more 
than two decades, mainly in research and demo-
graphic surveillance settings, to understand disease 
burdens and health transitions [8],

The World Health Organization (WHO) leads 
development of international standards for VA. In 
recent years, there have been major advances: from 
physician-coding of VA interview data to automated 
computer coding using mobile technologies. 
Acceptable, reproducible and scale-able approaches 
reflect significant, collective global action to provide 
information on otherwise unknown mortality [8–14]. 
Informing and driving these shifts, the WHO has 
directed development of VA to support and enable 
countries and communities to understand and act on 
their own health priorities. In 2012, the international 
VA standard for the first time focussed on large scale 
automated application widening routine, large-scale 
implementation outside research environments and 
in CRVS systems [15].

Simultaneously, a growing body of work recog-
nises the value of routinely recording information 
on circumstantial factors contributing to deaths. 
Indicators on care processes such as case detection, 
treatment, service availability, access and met need 
have been used to understand service responses in 
connection with outcomes [16,17]. Other methods, 
such as confidential enquiries and social autopsy, 
provide detailed information on modifiable factors, 
e.g. service utilisation and health systems respon-
siveness, in connection with outcomes [18,19]. 
Frameworks locating medical outcomes within the 
social, cultural and health systems landscapes in 
which care is situated and sought can inform health 
planning cognisant of the deeper drivers of avoid-
able mortality [20]. While the social determinants 

of heath are accepted as the fundamental causes of 
avoidable mortality and health inequalities, how-
ever, systematic and scalable circumstantial cate-
gorisations of deaths have not been developed [20].

This paper reports on developing VA to account 
for social and health systems circumstances of deaths, 
along with medical causes, in a way that supports 
data for action. For example, a woman whose cause 
of death is assigned as obstetric haemorrhage might 
have died at home, while another woman with the 
same cause of death might have been inadequately 
managed despite reaching a facility. Measuring these 
scenarios at population level will provide important 
information for health services and reducing avoid-
able mortality. We previously devised an approach 
within VA tools called Circumstances of Mortality 
Categories (COMCAT) [21]. Not intended to replace 
social autopsy, the COMCAT system is designed for 
large-scale population assessment of burden of dis-
ease inclusive of the needs and behaviours of indivi-
duals, and the responsiveness of the health system 
towards these [22].

In developing the COMCAT system, we formu-
lated and field-tested input questions on care seek-
ing and utilisation at and around the time of death 
[23], which were taken up in the 2012 WHO VA 
standard [15]. From this, we developed VA data 
interpretation tools to assign numeric likelihoods to 
circumstantial categories for each death on: ‘emer-
gencies’, ‘recognition of severity’, ‘use of traditional 
medicine’, ‘mobilising resources to seek care’ and 
‘problems with admission, treatment and care’ 
(Table 1). In 2019, we published a proof of princi-
ple analysing VA data from 4,116 deaths in the 
Agincourt Health and Socio-Demographic 
Surveillance System (HDSS) in South Africa 2012– 
16, which established the COMCAT system as con-
sistent, reproducible and plausible [21].

Circumstances of mortality have since been 
used to understand barriers to access in injuries, 
trauma and in time-critical conditions [24,25], and 
COMCAT has been taken up in a national cause 
of death study in South Africa [26]. 
Acknowledging further development as a priority, 
in this study, we evaluated and refined the 
COMCAT system with stakeholders from 
Mpumalanga Department of Health, South Africa, 
as part of a wider research programme (www. 
vapar.org). The objectives were to (a) refine 
COMCAT as a pragmatic and scalable approach 
for large-scale population assessment of critical 
limiting circumstances of deaths without adding 
to the burden of VA; and (b) appraise its capabil-
ity to inform public health decision-making.
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Methods

Context and population

South Africa is an upper-middle-income country 
with a population of 59.6 million, a third of which 
is rural. Life expectancy was 66 years in 2020 [27]. 
South Africa is one of the most unequal countries in 
the world. HIV prevalence in black populations is 40– 
50 times that of white, and HIV risks are eight times 
higher in young women compared to men of the 
same age [28,29]. The country has a complex burden 
of communicable and non-communicable mortality, 
with injury and violence mortality double the global 
average [3,28,30]. While health policy is progressive 
and inclusive, entrenched systems challenges (includ-
ing with investment, human resources and govern-
ance) significantly limit progress [31–33].

We analysed VA data from two rural HDSS nodes 
within the South African Population Research 
Infrastructure Network (SAPRIN), where informa-
tion on circumstances of deaths had been recorded 
since 2012. Firstly, in Mpumalanga province, the 
Agincourt HDSS has 116,549 people under surveil-
lance, 33% of which are under 15 years old. In the 
population, there is high unemployment, limited 
sanitation and underdevelopment [34,35]. Secondly, 
in KwaZulu-Natal province, the Africa Health 
Research Institute (AHRI) has 139,250 people under 
surveillance of which 32% are under 15 years old. The 
surveillance population is among the lowest-ranked 
in the country in terms of socioeconomic status with 
high unemployment rates and limited access to piped 
water [35–39].

Data analysis

As described above, we previously developed VA 
input indicators on circumstances of mortality con-
ceived of as: critical limiting circumstances and 
events at and around the time of death related to 
the needs and behaviours of individuals and the 
responsiveness of the health system towards these. 
The indicators were adopted in WHO-2012 VA stan-
dard (Table 1a) [15]. Since 2012 and 2017 in the 
Agincourt and AHRI HDSSs, respectively, VA ques-
tionnaires have been based on this standard and on 
subsequent versions.

VA data inclusive of circumstances indicators were 
obtained from the HDSSs and a harmonised naming 
Table 2 and coding system was developed [40]. All 
data were processed using InterVA-5 (version 5.1). 
InterVA-5 is a widely applied and evaluated machine 
algorithm to interpret VA data. It is freely available, 
open source, aligned to WHO standards, other VA 
models, and HDSS and CRVS infrastructure globally 
[41]. We used InterVA-5 because the COMCAT 

system was developed within it, and no other auto-
mated model currently has this functionality [21].

For each death, the InterVA model applies Bayes 
theorem and a set of prior probabilities relating input 
indicators to medical causes of death to calculate the 
probability of each cause. In prior work, InterVA-5 
was developed to incorporate a sub-model that sepa-
rately processes all indicators from the interview into 
likelihoods for COMCATs. If the likelihood of one of 
the six COMCATs exceeds 50%, that category is 
assigned to the case, otherwise, the ‘multiple’ category 
applies [42]. We revised two COMCAT labels to 
better reflect the circumstantial category being cap-
tured without changing the content of the categories: 
‘resources’ (mobilising resources to seek care) was 
updated to ‘accessing care’ and ‘health systems’ (pro-
blems experienced/perceived with admission, treat-
ment and care) was updated to ‘perceived quality’. 
We also updated the description of ‘emergencies’ 
(Table 1b).

We evaluated the COMCAT system according to 
three criteria. Firstly, we evaluated reliability, defined 
as overall consistency over time and broadly similar 
conditions. Secondly, we assessed validity, defined as 
the extent to which the COMCAT system captures 
a sufficiently complete range of critical limiting cir-
cumstances and events at and around the time of 
death. Thirdly, we appraised relevance, defined as 
the ability to generate information for public health 
decision-making. Refinements and recommendations 
were then formulated.

We assessed reliability by reproducing the 2019 
proof-of-concept analysis, examining cause and age- 
specific mortality in relation to COMCATs over an 
extended time period and in another setting. We re- 
produced ‘heatmaps’ assigning precise proportions of 
deaths attributed to each COMCAT for the major 
cause of death group and for all deaths. We also 
calculated cause and COMCAT-specific burdens in 
absolute terms by age group and over time.

To assess validity, we mapped the current COMCATs 
onto the Pathways to Survival Framework [43]. This 
framework has been widely used to identify contributory 
factors in care provided in the home and sought/received 
outside the home for neonatal and under-5 mortality, 
and provides valuable insights into all-cause adult mor-
tality [19,44–48]. Arranging the COMCATs relative to 
the framework enabled assessment of the entire range of 
factors captured and where gaps existed.

We then examined the circumstantial inputs to judge 
whether items could be removed so that additional 
inputs/outputs addressing gaps would not add to the 
burden of VA. This was a consensus process among 
a group of VA experts on the likelihood of questions 
deriving important information across settings. It was 
also informed by the data: how inputs were answered by 
respondents and used by the InterVA-5 model. Through 
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group and individual discussions and written exchanges, 
we assessed the current input questions, identified can-
didates for removal and possible replacement questions 
from site-specific VA interviews in Agincourt and AHRI. 
On this basis, we modified the COMCAT sub-model 
within InterVA-5 to output an additional COMCAT 
addressing gaps identified. We applied the same concep-
tual and statistical methodology as used in the initial 
COMCAT concept: updating the probability matrix 
with medical professionals and researchers. We then 
ran and analysed a subset of data.

Finally, to appraise relevance, we held group and 
individual discussions and written exchanges with 
co-authors in Mpumalanga Department of Health. 

We interrogated and appraised the COMCAT sys-
tem’s meanings, clarity and descriptions, gaps and 
refinements, developing different data presentations 
and visualisations for service planning and review 
[49]. This was supplemented with a simple content 
analysis of provincial and district health systems 
planning documents, examining how COMCATs 
corresponded with targets and indicators therein 
[50,51].

Results

During the period 2012–19, collectively from 
Agincourt and AHRI, 7,980 deaths were observed 

Table 1. Questions/substantive responses on circumstances of mortality (critical limiting circumstances and events at and 
around the time of death related to the needs and behaviours of individuals and the responsiveness of the health system 
towards these) from WHO-2012 and WHO-2016 WHO VA standards and circumstances of mortality categories (COMCATs).

(a) WHO-2016 question/item Explanation of substantive responses

Id10450 In the final days before death, did she/he travel to a hospital or 
health facility?

A ‘no’ response indicates no contact with hospital-level services in the 
days before death (defined as a 24/7 service, but noting in some 
settings 24/7 facilities may not be called ‘hospitals’).

Id10451 Did she/he use motorised transport to get to the hospital or 
health facility?

A ‘yes’ response indicates that the person who died travelled to 
a hospital or health facility by means of motorised transport (car, truck, 
tractor, motorcycle, scooter or ambulance) during the final illness.

Id10452 Were there any problems during admission to the hospital or 
health facility?

A ‘yes’ response indicates that the person who died travelled to 
a hospital or health facility, but then had problems on arrival (delays, 
paperwork, queues, no staff).

Id10453 Were there any problems with the way she/he was treated 
(medical treatment, procedures, inter personal attitudes, respect, 
dignity) in the hospital or health facility?

A ‘yes’ response indicates that the person who died travelled to 
a hospital or health facility, but then had problems with how they 
were treated (medical treatment, procedures, inter-personal attitudes, 
respect, dignity).

Id10454 Were there any problems getting medications, or diagnostic 
tests in the hospital or health facility?

A ‘yes’ response indicates that the person who died travelled to 
a hospital or health facility, but then had problems obtaining essential 
items (drugs, medications or other prescriptions, blood products, and/ 
or diagnostic tests such as lab tests and X-rays, either within the 
facility or needing to be bought elsewhere).

Id10455 Does it take more than 2 hours to get to the nearest hospital or 
health facility from the deceased’s household?

A ‘yes’ response indicates that the person who died lived in a household 
from where it would reasonably take more than 2 hours to reach the 
nearest 24-hour health facility by the means of transport available to 
the household members.

Id10456 In the final days before death, were there any doubts about 
whether medical care was needed?

A ‘yes’ response indicates that there were doubts among those assisting 
in the final illness (family members, etc.) about whether the final 
illness was sufficiently serious to need treatment at a health facility.

Id10457 In the final days before death, was traditional medicine used? A ‘yes’ response indicates that a major part of treatment for the final 
illness was provided by any kind of traditional or alternative 
practitioner (herbal remedies, massages, drinks, foods, amulets, spells 
or blessings provided by traditional healers, witch doctors or shamans).

Id10458 In the final days before death, did anyone use a telephone or 
cell phone to call for help?

A ‘no’ response indicates that no telephone of any kind (working 
landline, or cell phone charged and with credit) was used by those 
assisting in the final 24 hours of the illness, for example to call for help 
or arrange transportation.

Id10459 Over the course of illness, did the total costs of care and 
treatment prohibit other household payments?

A ‘yes’ response indicates that the total costs incurred in the final illness 
were sufficiently great to mean that other kinds of household 
expenses (food, fuel, travel, education etc.) could not be met, or 
caused debt or sale of household assets.

(b) COMCAT Description of circumstantial category

Traditions Traditional practices or beliefs influenced health seeking behaviour and 
the pathway to death.

Emergencies Sudden, urgent or unexpected conditions leading to death.
Recognition Lack of recognition or awareness of serious disease (e.g. symptoms or 

severity) negatively influenced health seeking behaviour.
Resources Inability to mobilise and use resources (e.g. material, transport, financial) 

hindered access to health care.
Health systems Problems in getting health care despite accessing health facilities (e.g. 

related to admissions, treatments and medications).
Inevitability Death occurred in circumstances that could not reasonably have been 

averted (e.g. very elderly or recognised terminal conditions).
Multiple A combination of the above categories affected the pathway to death; no 

single factor predominated.
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and followed up with VA. Consistent with previous 
analysis [21], a high burden was attributed to non- 
communicable diseases (NCDs), infectious diseases 
and a significant burden of external mortality causes 
(injuries, accidents and assaults). 40.2% of all deaths 
were attributed to NCDs, 32.9% to infectious causes 
(of which 20.1% to HIV/AIDS and TB), 11.5% to 
external causes, and 2% to maternal and neonatal 
causes. 13.5% of deaths were of indeterminate cause. 
Sex-specific mortality (medical causes of death) was 
balanced (49.5% of deaths among females) in all 
causes other than injuries, accidents and assaults 
(76.9% among males) (Supplementary Material 1 
includes site-specific results).

Reliability

Most deaths were attributed to the COMCAT: ‘inevit-
ability’ (20.2%), reflecting a large proportion of deaths 
over 70 years (28%). Otherwise, the COMCATs assigned 
with highest frequency were ‘emergencies’ (20.1%), 
‘accessing care’ (18.6%), ‘perceived quality’ (17.9%) and 
‘recognition’ (15.9%). COMCATs displayed some sex 
differences, in ‘emergencies’ (63.8% among males), ‘tra-
ditions’ (62.3% among females) and ‘recognition’ (57.2% 
among males).

Consistent with the proof of concept analysis [21], 
COMCATs varied plausibly with medical cause of death. 
Injuries were strongly and plausibly associated with 
‘emergencies’. HIV/AIDS and TB deaths were mainly 
attributed to ‘perceived quality’, which is conceivable 
considering problems with met need, enduring stigmati-
sation and high costs within and outside the health 
system. Other chronic conditions were associated with 
‘accessing care’. This is also reasonable considering mul-
tiple presentations for care over the course of a chronic 
illness may limit the ability to mobilise resources to 

access care in the acute episode. Similar to the proof of 
concept analysis (21), small proportions of deaths were 
assigned to ‘multiple’ (3.8%) and ‘traditions’ (3.6%) 
(Figure 1, Supplementary Material 1).

Figure 2 presents cause and COMCAT-specific 
burdens over time and by age group. Consistent 
with the proof of concept analysis [21], there was 
a substantial reduction in under-5 mortality driven 
by reductions in infectious diseases, together with 
reductions in all COMCATs. Among 20–49 year 
olds, there was a large decline in overall mortality, 
characterised by reductions in HIV and TB. 
Significant injury-related mortality was observed in 
this age group, however, with many deaths attributed 
to the ‘emergencies’ COMCAT. Among 5–19 year 
olds, while overall mortality was again relatively 
low, injury-related deaths increased, along with the 
‘emergencies’ COMCAT. In the 50–69 years age 
group, deaths attributed to cardiovascular disease 
(CVD) increased, with concurrent increases in the 
‘emergencies’ and ‘inevitability’ COMCATs. CVD 
also increased substantially in the 70-plus age group, 
with most deaths in this age group attributed to the 
‘inevitability’ COMCAT.

Validity

Mapping to the Pathways to Care framework illu-
strated that the COMCATs covered a range of mod-
ifiable factors: caregiver knowledge, accessing care 
outside the home, use of informal care, and health 
system factors contributing to perceptions of poor 
quality. However, we also identified that problems 
with referral and home care recommendations 
(health worker advice on giving medication at 
home, signs of deterioration and follow-up) were 
not captured (Supplementary Material 2). 

Figure 1. Assigned circumstances of mortality categories (COMCATs) ranked within each major cause of death category for 7980 
deaths in the Agincourt and AHRI health and demographic surveillance systems (HDSSs) 2012–19 and 2017–19 respectively.
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Considering the significance of these factors across 
LMICs [19,44,46–48,52], these aspects were consid-
ered gaps.

We then assessed the circumstantial inputs. 
Existing questions on traditional medicine; prohibitive 
costs; and distance to facilities were assessed to be 
worthy of retaining considering their importance 
across LMIC settings. For the questions on treatment; 
and medication, while acknowledging that respon-
dents may neither witness clinical events nor be able 
to assess them [23], these aspects were considered 
sufficiently notable and important across settings. 
Inputs on travelling to hospital; doubts about the 

need for care; and use of motorised transport were 
also assessed to be worthy of retaining owing to 
high importance across settings. However, proposed 
rewordings were developed to identify problems with 
better accuracy. Finally, questions on use of mobile 
phone and admission were assessed to be outside the 
core focus and identified as candidates for removal. 
Overall, we identified five questions to retain, three to 
amend, and two to remove (Supplementary 
Material 3).

We then reviewed VA tools from the Agincourt and 
AHRI HDSSs, identifying two input items: receiving 
a referral; and reaching a referral facility, to address 

Figure 2. Number of deaths for cause-specific mortality fractions (CSMFs) and circumstances of mortality categories (COMCATs) 
stratified by year and age groups for 5924 deaths in the Agincourt HDSS 2012–19.
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gaps identified. The InterVA-5 model was modified to 
output an additional COMCAT on ‘referral’ defined as 
‘Problems receiving a referral when required. Problems 
reaching referral facility after referral made’. The ‘referral’ 
COMCAT was developed avoiding overlap with ‘acces-
sing care’, which relates to problems mobilising resources 
to seek care (Table 2).

In a sub-group analysis of 105 under-12 deaths from 
the Agincourt and AHRI HDSSs 2016–19 and 2017–19, 
the ‘referral’ COMCAT was attributed to 27.6% of 
deaths, representing the most common COMCAT for 
all-cause mortality in this age group. Further evaluation 
by probable cause of death revealed ‘referral’ as the lead-
ing COMCAT for acute respiratory infections and diar-
rhoeal disease, both of which accounted for large 
proportions of deaths in children, and in TB deaths, 
a leading cause of death overall. The validity of ‘referral’ 
in the refined COMCAT system was thus confirmed by 
the potential significance of referral challenges in the 
population. Figure 3 displays the sub-group analysis 
with the additional COMCAT output for the top 10 
causes of death.

Relevance

To support district health management and planning, 
data that can be operationalised into meaningful targets 
for intervention and that correspond with existing pro-
gramme areas were seen as relevant. For example, ‘refer-
ral’ is a potentially significant factor contributing to child 
mortality where patients are not able to re-access the 
health system, establishing an impetus for action and 
investment to reduce deaths in this category.

Assigning deaths to a single circumstantial cate-
gory was seen as useful for uptake and action. Health 
systems stakeholders shared insights that continually 
reporting problems as multifactorial does not provide 
solutions and can strongly reduce the urgency to 
address individual contributing factors. Simplified 

and focused problem identification was articulated 
a better approach to driving solutions and policy 
change: identifying a specific set of problems with 
clear solutions and then measuring impacts of inter-
ventions on those to help to drive a response.

The ability to capture deaths that occur outside facil-
ities was also identified as of major importance. 
Provincial and district targets and indicators for mater-
nal, neonatal, infant and child mortality relate to facility 
deaths only [50,51]. Otherwise, policy and planning 
documents contained several targets and priority areas 
corresponding with COMCATs on care seeking, health 
behaviours, patient experience, quality of care, transport 
and emergency medical services [50,51].

The ability to provide a comprehensive picture of 
trends across multiple diseases, conditions, and long-
itudinally, was identified as a useful feature. In addition, 
being able to identify policy and programme successes 
(as well as challenges) with the data was highlighted as 
beneficial. For example, improvements observed in 
under-5 and HIV/AIDS-related mortality were accom-
panied by reductions in COMCATs ‘recognition’ and 
‘accessing care’. These are likely to reflect effective health 
information campaigns and removal of financial barriers.

Otherwise, the importance of clear nomenclature 
was highlighted, along with the need for background 
information describing VA and how COMCATs are 
constructed. We produced different data presenta-
tions and visualisations arranging the COMCAT 
data by health priorities and programme areas, and 
developed accompanying explanatory notes (Figure 4, 
Supplementary Material 4, 5). We spent time balan-
cing a sufficient level of granularity suitable for deci-
sion-making with that which could be reasonably 
achieved in large-scale population assessment.

Otherwise, VA and COMCAT were discussed as 
tools capable of making contributions in an overall 
toolbox of data and the greatest benefit is when 
different tools are used together in planning. 
Specifically, the District Health Information System 
(DHIS) (an open-source software platform used for 
reporting, analysis and dissemination of data in the 
public health sector [53]) provides a facility-based 
picture, while VA and COMCAT add a social and 
health systems dimension and provide an overall 
account inclusive of community deaths. Together, 
these tools are complementary. Finally, considering 
the relatively early stage of development, the need for 
continued engagement and exchange between 
researchers and health systems stakeholders to 
develop the COMCAT system and its use was 
recommended.

Discussion

The COMCAT system reliably produced results that 
made sense across broadly similar settings and over 

Table 2. Circumstances of mortality categories (COMCATs), 
revised.

COMCAT Description of circumstantial category

Traditions Traditional practices or beliefs influenced health 
seeking behaviour and the pathway to death.

Emergencies Sudden, urgent or unexpected conditions leading to 
death.

Recognition Lack of recognition or awareness of serious disease 
(e.g. symptoms or severity) negatively influenced 
health seeking behaviour.

Accessing 
care

Inability to mobilise and use resources (e.g. material, 
transport, financial) hindered access to health care.

Perceived 
quality

Problems in getting health care despite accessing 
health facilities (e.g. related to admissions, 
treatments and medications).

Referral Problems receiving a referral when required. Problems 
reaching referral facility after referral made.

Inevitability Death occurred in circumstances that could not 
reasonably have been averted (e.g. very elderly or 
recognised terminal conditions).

Multiple A combination of the above categories affected the 
pathway to death; no single factor predominated.
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Figure 3. Assigned circumstances of mortality categories (COMCATs) ranked within top ten causes of those aged 12 and under 
for 105 deaths in the Agincourt and AHRI health and demographic surveillance systems (HDSSs) 2016–19 and 2017–19 
respectively health and demographic surveillance systems (HDSSs) 2016–19.

Figure 4. Number of deaths for health programme areas and circumstances of mortality categories (COMCATs) stratified by year 
and cause of death category for deaths in the Agincourt HDSS.
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time. Reductions in under-5 mortality, characterised 
by falling levels of infectious diseases and all 
COMCATs, can be interpreted in terms of high cov-
erage of basic maternal, newborn and child health 
services within broader, integrated approaches to 
maternal and child wellbeing in South Africa [54]. 
Similarly, the decline in HIV/AIDS and TB mortality 
in the 20–49 years age group and reductions in 
COMCATs ‘recognition’, ‘accessing care’ and ‘per-
ceived quality’ are consistent with increased uptake 
of accessible HIV and TB treatment [55].

Nevertheless, among 5–19 and 20–49 year olds, 
a substantial burden was attributed to injuries and 
the ‘emergencies’ COMCAT. While HIV/AIDS is 
declining in the country, drug and alcohol abuse 
is increasing among youth and adolescents linked 
to high levels of violence and road traffic accidents 
and emergency medical services of low quality 
[56,57]. NCDs predominated in the 50–69 and 70 
+ years age groups where most deaths were attrib-
uted to CVD and ‘emergencies’ and ‘inevitable’ 
COMCATs. This reflects an exponentially increas-
ing NCD burden in South Africa and a lack of 
emergency and preventative health system respon-
siveness, which threatens achievements in infec-
tious disease control and maternal and child 
health [58,59]. As in many settings, the authorities 
often have neither reliable data on the population 
burden nor its determinants, and thus are unable to 
plan and organize services responding to local 
needs, and particularly the needs of vulnerable 
and excluded groups.

We identified gaps in the COMCAT system and devel-
oped an additional category, ‘referral’, which accounted 
for a significant proportion of deaths in sub-group ana-
lysis. Poor referral is a key contributor to avoidable child 
deaths in South Africa and across sub-Saharan Africa 
[45,46]. In addition, delayed referral has been established 
as a leading social cause of adult mortality [48]. While it 
was not possible to incorporate home care recommenda-
tions directly, the refined COMCATs capture a more 
complete picture of critical limiting circumstances suita-
ble for a range of conditions and settings.

We refined the COMCAT system with and for health 
systems stakeholders. While VA and COMCAT data do 
not entirely correspond with DHIS indicators, they are 
complementary. We developed data amenable to transla-
tion into action, visualisations by existing care models, 
and committed to continued exchange to build data from 
different sources to tell a common story. While these are 
useful developments, data and data use are not the norm 
in district health systems. DHISs are often costly, produ-
cing poor quality information with limited uptake in 
practice and policy development [60–65].

Exacerbating these problems, researchers often 
neither align to local contexts nor engage and main-
tain relationships with policy and systems 

stakeholders [65]. Global health research in particular 
is notorious for extractive and decontextualised prac-
tices, disenfranchising countries from their own data 
[66,67]. Research in HDSSs is seen to focus on ‘inter-
national value’ at the expense of contributing to 
national and sub-national policy priorities, and 
uptake of and support for external research by the 
authorities [68].

Embedding VA tools in health and civil registra-
tion is thus proposed a long-term strategy to support 
‘learning health systems’ with locally relevant data 
based on core standards and cognisant of the social 
and health systems drivers of avoidable mortality 
[69]. We have previously documented VA studies 
engaging in service and emergency responses to 
close critical information gaps [70,71]. Moreover, 
COVID-19 underscores the necessity of real-time 
local data [7,72,73].

We focussed on refining the tool with and for 
district health planning. Routine use must also, how-
ever, include CRVS systems for continuous, perma-
nent, compulsory and universal mortality and cause 
of death data. There is significant potential for VA 
and COMCAT to assist CRVS, and DHIS, to provide 
a more complete statistical picture for countries. 
Acknowledging CRVS, DHIS and HDSS are complex 
systems, consolidating expertise, building common 
purpose, strategic collaborations and capacities 
addressing organisational, technical, and behavioural 
challenges are priorities [9,60]. As stable public health 
observatories, HDSSs occupy strategically important 
positions between authorities and communities 
[57,68]. Considering who VA aims to represent, com-
munity actors should be seen as critical stakeholders 
to improve notification of community deaths: ‘con-
sidering these are the very communities systemati-
cally missed by routine information systems’’ [68]. 
Cooperative working to understand mortality in 
local contexts and local terms, and in terms of who 
uses which data and how, are key areas for future 
development [74–76].

Strengths and limitations

The COMCAT system is based on extensive literature 
reviews and a focus on caregiver perspectives on 
health system responsiveness at and around time of 
death [21–23]. The COMCAT system is embedded in 
international standard classification systems as 
a long-term strategy for more relevant and robust 
local data. The system is flexible: it can be employed 
for specific conditions and programmes and as 
a planning tool, providing a comprehensive picture 
of health situations and trends across multiple dis-
eases and conditions and longitudinally. The tool is 
primarily aimed at service planners and managers to 
guide priority- 
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setting; however, it can also be used to monitor pro-
gress towards national and international goals by 
aggregating locally produced data [77]. COMCATs 
appear to reveal sex-differences to a greater extent 
than medical causes. Indeterminate medical causes, 
which accounted for 13.5% of all deaths in the data-
set, can also potentially be elucidated by COMCATs.

COMCAT and VA, however, remain imperfect 
tools to understand complex realities. While 
depicted sequentially by pathways models, seeking 
and receiving care are often non-linear processes 
with care sought multiple times from multiple pro-
viders [78,79]. To capture key critical, limiting cir-
cumstances and events, the COMCAT model 
selects the one, most probable, category as an 
initial, simple, reproducible attempt to broaden 
ways to understand avoidable and unregistered 
deaths. We minimised overlap and ambiguity 
between circumstantial categories in the model 
and assigned a ‘multiple’ category when no one 
COMCAT dominates. To support uptake, health 
systems stakeholders advised that attributing deaths 
to the ‘multiple’ COMCAT is unhelpful and it is 
more favourable to the end user to assign a specific 
COMCAT and measure the impact of interventions 
on single COMCATs.

We acknowledge that this approach may oversim-
plify situations of multidimensional hardship and 
entrenched health systems challenges and focus atten-
tion for intervention in potentially reductive ways. 
Interactions between constructs are thus acknowl-
edged and further refinement should explore alterna-
tive ways to express multiple circumstantial drivers. 
For example, the approach used with InterVA is to 
split deaths proportionally between multiple medical 
causes, according to their probabilities, which are 
then aggregated across all deaths to give population 
cause-specific mortality fractions. Moreover, captur-
ing wider social conditions of death (e.g. occupational 
and environmental) and how these interact with cir-
cumstances and events at and around time of death is 
a priority [80].

In terms of data included, HDSSs exhaustively 
cover district-level populations in deprived rural, 
peri-urban or urban areas and data extensively con-
form with other estimates, supporting their generali-
sability [footnote] [81]. We were unable to conduct 
analyses for the AHRI HDSS for the period 2012– 
2016, however, as these indicators were only included 
in their VA instrument since 2017. There was also 
a possibility that some stillbirths, neonatal and infant 
deaths may not be recorded [82]. This has been 
minimised in recent years. Since 2000, the most 
recent child born to each woman is named on the 
pre-populated household roster with careful enquiry 
around pregnancies or births since then and, since 
2006, there has been careful probing about the 

pregnancy status of every woman of childbearing 
age [83]. Otherwise, assessment of circumstantial 
inputs was based on reasonable ranges, however dif-
ferent results may have been observed using inter-
quartile ranges, for example.

Finally, reflecting on our positionality, the 
research team was predominantly based at or 
affiliated with HDSSs or Mpumalanga Department 
of Health, with some members located in the UK. 
As such, the team possessed a broad appreciation 
of data-driven decision-making across diverse con-
texts, unified by commitments to more distributed 
forms of evidence-informed decision-making sup-
porting improvements in services and outcomes in 
rural populations.

Conclusions

Official mortality data often do not represent 
neglected populations and, despite knowledge on 
the content and efficacy of many life-saving packages 
of care, evidence on their implementation is lacking. 
The COMCAT system is a pragmatic and scalable 
approach providing basic information, not available 
from other sources, on care seeking and utilisation at 
and around time of death in connection with medical 
outcomes for all deaths in populations.

We refined the COMCATs for inclusion in stan-
dard interpretation and mortality classification sys-
tems. We appraised reliability: highlighted key 
COMCATs contributing to avoidable mortality by 
age, disease and over time. We strengthened validity: 
identified referral as a critical gap, developed and 
tested appropriate indicators for use in future. 
Finally we developed recommendations to support 
uptake and future development.

The refined COMCATs capture a more complete 
picture of critical limiting circumstances suitable for 
a range of conditions and settings, enhancing the 
functionality of standard VA to promote analysis of 
circumstances of death as a routine analytic compo-
nent in addition to medical cause. The developments 
focussed on routine use of VA and COMCAT in 
district health systems, acknowledging the need for 
development together with CRVS systems and com-
munity stakeholders, and that researchers and 
research infrastructure can broker and strengthen 
alliances and capacities for data collection, analysis 
and use.

As a method transitioning towards more distribu-
ted application, VA is well placed to support coun-
tries and communities to generate information on 
their own situations, and use this information to 
advance bottom-up learning and action. Continued 
development among a range of stakeholders will 
strengthen strategic alliances, as well as the ability of 
the tool to capture social and health systems drivers 
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of avoidable mortality, and promote use in practice 
settings. There is great potential to support virtuous 
cycles of representation, data, action and learning 
from action on preventable community deaths on 
which little is otherwise known.
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‘A few authors have argued that the political 
legitimacy and technical validity of global 
health estimates would be improved if 
estimation processes worked from the bottom 
up’ (49)

Peter was one of the few. His work addressed a grand 
moral and empirical challenge: ‘the unequal world of 
heath data’. Through his mentorship, he encouraged and 
supported colleagues across the board to embrace difficult 
questions around material and data poverty. Peter was 
a unique role model. He led by example through long- 
standing, far-reaching, critical contributions to building 
health information systems and capacity internationally in 
health and sociodemographic surveillance systems (HDSS) 
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processes and infrastructure in LMICs. All of it to under-
stand preventable, ‘invisible’ mortality at scale.

Embedded in HDSS settings in the INDEPTH Network, 
an international network of HDSSs, we collaborated from 
the early 2000s to extend verbal autopsy (VA) to comple-
ment data on biomedical causes with information on ‘social 
causes of death’. This work combined data on how deaths 
occur (in terms of biomedical processes like organ failure 
and blood loss), with information on why they happened 
(in terms of circumstantial drivers and root causes), com-
bining numbers representing burden of disease with infor-
mation on the human experience of that burden. The work 
culminated in an extension to the international VA stan-
dard in 2012, updating it to routinely collect information 
on critical limiting circumstances and events at and around 
the time of death.

Our collaboration endured. We progressed ideas about how 
to further extend and, critically, use information on bio-social 
causes of death in new partnerships in South Africa with 
Mpumalanga Department of Health. Together with 
a founding member of the INDEPTH Network, the MRC/ 
Wits-Agincourt HDSS, we built multi-sectoral collaborations 
between government and non-government agencies, research-
ers and rural communities to coproduce evidence including 
with VA on local health concerns, and act on these data in 
cooperative, multi-agency partnerships (www.vapar.org). This 
has been a major contribution to realising the potential of the 
method outside research settings, in policy, planning and 
practice.

Peter had a profound influence on this research, which 
has included the training of many postgraduates who have 
gone onto build careers in HDSS and elsewhere in global 
public health. Peter taught us not only the importance of 

combining different methodological perspectives, but also 
that good science is working collaboratively and inclu-
sively, with decency and integrity, to have faith and to be 
fearless! We are deeply privileged to have worked with 
Peter, he was internationally renowned for his work mea-
suring global burden of disease and was a strong advocate 
of cooperation in science. Peter was a mentor and colleague 
to so many of us in the global health community, a true 
gentleman, dear friend and brilliant scholar. He will be 
deeply missed.

FOOTNOTE From source (68)

HDSS bring additional data to bear: ‘all-cause mortality 
rates, cause-specific mortality fractions and rates, and 
life table probabilities, and fertility and migration rates. 
Key outputs include population and household charac-
teristics (including social-economic status), disease bur-
den, use of health services, and exposure to 
environmental risk factors. The associated data on 
environment, education, immunisation status, housing, 
access to water, sanitation, and energy provide deep 
explanatory contexts to the observed dynamics in health 
and demographic outcomes. In an HDSS, an initial 
baseline census is conducted of all households and 
residents in the defined geographic area; data is 
updated subsequently several times a year through enu-
meration update rounds. Data can fully complement the 
Health Management Information System through popu-
lation-based data that is independent of the use of 
healthcare services, and can therefore be used for health 
planning.’
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