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There has been a reduction in the global under-5 mortality rate from 93 
deaths per 1 000 live births in 1990 to 38 in 2021.[1] Nevertheless, under-
5 mortality rates remain high in low- and middle-income countries 
(LMICs). Ascertaining the cause of childhood death remains challenging 
in LMIC settings, and mainly premised on verbal autopsy and vital 
registration data.[2] The verbal autopsy tool was developed to establish 
cause of death where other methods are unavailable, despite the low 
sensitivity (<33.3%).[3,4] Determining the cause of death, even in health 
facilities in LMICs, is often hampered by the scarcity of diagnostic tools, 
multiple coexisting conditions, and paucity of postmortem sampling of 
the decedents.[2,5,6] Furthermore, there is a lack of data on the cause of 
stillbirths, of which 98% of the 2.6 million annual cases occur in LMICs.[7] 
More granular insight into the causes of deaths in children under 5 years 
of age from LMICs could inform interventions to achieve the Sustainable 

Development Goal 3.2 of reducing neonatal and under-5 mortality to as 
low as 12 and 25 per 1 000 live births, respectively, by 2030. 

Complete diagnostic autopsy remains the gold standard for determining 
cause of death. However, social, cultural and religious factors, including 
fears of body mutilation or organ removal, and relatively short times to 
burial related to cultural and religious beliefs, preclude routine use of 
complete diagnostic autopsies in most LMICs.[8,9] Further constraints to 
undertaking complete diagnostic autopsy in LMICs include personnel 
and laboratory resource constraints, and funding of competing health 
priorities.[5] The use of postmortem minimally invasive tissue sampling 
(MITS) has emerged as a valuable tool in accurately determining cause of 
death, particularly from infectious causes. Furthermore, the use of MITS 
is acceptable among LMIC communities, and can be undertaken within 
a reasonable period following death.[10,11] A standardised operating 
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protocol for the MITS procedure  using biopsy needles was  piloted in 
Mozambique and is widely used in other programmes.[12] Findings 
from Mozambique showed 83% correlation in the cause of death 
determination using MITS compared with complete diagnostic autopsy, 
including stillbirths, and in the absence of antemortem clinical data.[12-14] 
The Child Health and Mortality Prevention Surveillance (CHAMPS) 
programme is a multicentre surveillance across seven LMIC settings. 
CHAMPS aims to determine the causal pathway to death on the 
causes of stillbirths and under-5 childhood deaths. The investigations 
in CHAMPS include clinical data abstraction, verbal autopsies and 
systematic multi-organ MITS, which is submitted for histopathology, 
molecular and microbiologic diagnostics.[2]

In this commentary, leveraging on experience with MITS in Soweto, 
South Africa (SA), we discuss the social and cultural considerations 
of undertaking MITS and the materialising public health benefits. We 
provide an argument for the implementation of MITS as a standard-
of-care practice in paediatric departments, with the aim of improving 
diagnostic accuracy of cause-of-death attribution to inform public 
health and clinical interventions to reduce childhood mortality. 
Furthermore, based on the data from CHAMPS, we present three 
pragmatic algorithmic approaches to the wide array of testing options 
for cost-effectiveness and scalability of postmortem MITS in SA state 
facilities. 

Determining cause of death: Procedure and 
process
The MITS procedure has been previously described.[12,15-17] Briefly, 
following consent from the guardian/parent, the decedent is cleansed 
with alcohol and iodine solution within 24  hours of death in an 
unrefrigerated body or within 72 hours if the corpse was refrigerated. 
Investigation includes photographs of the decedent, measuring of 
height and weight and tissue sampling. The body organ samples include 
core biopsy samples from the brain, liver and lungs. Blood is taken 
by intracardiac puncture, cerebrospinal fluid is collected from below 
the occipital bone and swabs are taken from nasopharyngeal space 
and rectum. The entire sampling procedures can be completed within 
30 minutes, albeit dependent on the expertise of the technician and the 
number of sites being sampled. 

The cerebrospinal fluid is sent for microscopy, culture and 
susceptibility (MC&S) testing as well as for multiplexed nucleic acid 
amplification tests using polymerase chain reactions (PCR) on four 
custom-designed syndromic TaqMan array cards (TAC; ThermoFisher 
Scientific, USA).[16] The TAC cards used in CHAMPS have been 
designed to detect 116  different pathogens. Blood samples are sent 
for HIV PCR, malaria thick and thin smears, MC&S and TAC. The 
rectal swab is sent for GeneXpert MTB and TAC, and nasopharyngeal 
swab is sent for TAC.[16] Tissue sampling from lung, liver and brain is 
done with a core biopsy needle for histopathological assessment and 
special stains or immunohistochemistry, as guided by the TAC results 
(Fig. 1). Limitations to the current testing process include the inability to 
diagnose congenital heart lesions. Kidney sampling could be attempted 
should the clinician feel that histological confirmation of renal disease 
would be helpful.

Demographics, clinical findings, antemortem test results, postmortem 
test results and verbal autopsy are used by the Determination of Cause 
of Death (DeCoDe) panel for the cause of death ascertainment. 
The DeCoDe panel consists of local paediatricians, neonatologists, 
obstetricians and gynaecologists, microbiologists, and anatomical 
pathologists.[18] Using the World Health Organization coding of death, 
the panel ascribe an underlying and an immediate cause of death, and 
any other causes that are directly or indirectly in the pathway to death.[19] 
For deaths attributed to a single condition, that condition is considered 
the underlying cause of death. For deaths in which  more  than one 

condition played a role, underlying, antecedent and immediate causes 
are assigned. The underlying cause of death is the condition considered 
to have precipitated a series of events that ultimately resulted in death. 
The immediate cause of death is the most proximal event which resulted 
in the death, and comorbid conditions are events between the underlying 
and immediate cause of death. A hypothetical example is illustrated in 
Table 1. The results from the DeCoDe panel are relayed to the family, 
who are offered grief counselling, and provided any recommendations 
from the panel to prevent future deaths. 

Ethicolegal considerations for conducting MITS 
in South Africa
According to SA law, persons are entitled to their inherent dignity even 
when they have demised. The South African Constitution, Section 15(1) 
states that ‘everyone has the right to freedom of conscience, religion, 
thought, belief, and opinion’.[21] Respecting the family’s choice of their 
deceased loved ones is to be upheld. Notably, the law permits autopsies 

Table 1. WHO format used to capture conditions in causal 
chain of death[20]

Report Cause of death*

Time interval 
from onset 
to death

Report disease or 
condition directly 
leading to death

A Nosocomial sepsis 
Aetiology: 
Acinetobacter 
baumannii

24 hours

Report chain of 
events in order 
(if applicable)

B Nosocomial pneumonia 
Aetiology: A baumannii

24 hours

C Respiratory distress 
syndrome

1 week

State underlying 
cause of death

D Very low birthweight 1 week

Other conditions 
that did not form 
part of the causal 
chain leading to death

HIV exposure
Twin pregnancy

*Italicised text indicates a hypothetical example.

 

Fig.  1. Infographic showing minimally invasive tissue sampling sites and 
sampling (image of body with arrows to sites where samples are taken 
from with exact landmarks indicated. Cerebrospinal fluid: midline of the 
occipital bone between the squama and the atlas bone from the cisterna 
magna. Blood: subclavian vein or intracardiac puncture site. Rectal and 
nasopharyngeal swabs. Tissues: Liver: midaxillary line in one of the three 
intercostal spaces. Lungs: upper mid-axillary region bilaterally. Brain: 
transnasally and occipitally. Other skin, hair abnormal tissue or fluid).
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outside ‘other than natural deaths’, with 
consent from the families. Similarly, upholding 
human rights to dignity and freedom when 
considering the MITS procedure is of critical 
importance.[21] MITS conducted in the 
CHAMPS study aligns with SA legislature, as 
it promotes the respect to human dignity of the 
deceased as well as the rights of their families.

Furthermore, the ‘right to access healthcare 
services, including reproductive health care’, 
and therefore the preventability of death, is 
recognised in section 27(1)(a) of SA law.[21] 
Informed by the results of MITS in CHAMPS, 
some of the preventable factors of a death 
include access to high-quality healthcare, 
appropriate health-seeking behaviours, 
adequate antenatal care and access to family 
planning services. This also draws attention to 
some of the potentially targetable public health 
measures to reduce childhood mortality. 

With regard to autonomy, it is particularly 
important that the family is not coerced into 
having the MITS procedure on the deceased. 
Families are often receptive to the procedure 
if the principles of improving lives and 
outcomes of others in the future are made 
known. In a multi-country mixed-method 
study, 75% of 194 participants were willing 
to know the cause of death of a relative, 
with an additional 16% being willing to 
know the cause of death only under certain 
circumstances (e.g. sudden death or unclear 
clinical diagnoses).[9] A retrospective survey 

in Kenya reported that 81% of people who 
had previously declined a full autopsy would 
have consented to MITS.[22] Unpublished 
data in Soweto suggest that the mothers 
of decedents found that the information 
garnered by MITS in CHAMPS assisted 
them with closure and initiated their healing 
processes. Furthermore, mothers’ perceptions 
were that the timeous undertaking of MITS 
did not interfere with religious and traditional 
practices. It is important that the procedure is 
thoroughly explained to the parents and that 
details about the sampling are included. This 
includes a description of the puncture sites 
and that small needle marks may be visible on 
the body after the procedure.

Ethically, it is permissible for bodies of the 
decedents to be used for medical research 
if it promotes beneficence and will improve 
the livelihood of those who are living, 
provided consent has been given. Feasibility 
of the MITS procedure ensures the bioethical 
principle of justice by providing people with 
a clearer understanding of the causes of death 
of their loved ones.[21]

The benefits of the results of MITS extend to 
women who deliver stillbirths, by understanding 
factors that may have contributed to death. 
Therefore, MITS fulfils the reproductive rights 
of women and girls in SA by equipping them 
with information related to their previous 
pregnancies, which can inform preventive 
measures for subsequent pregnancies. 

Acceptability of 
standardisation of MITS 
among healthcare professionals
Prior studies suggest that 90% of healthcare 
practitioners found MITS to be either 
‘as acceptable’ or ‘more acceptable’ than 
complete diagnostic autopsy, and that a less 
invasive procedure would make the process 
of discussing postmortem examination with 
parents and relatives easier.[23] A qualitative 
study among healthcare workers conducted in 
India reported that MITS was perceived to offer 
accurate diagnoses, and  might identify less 
prevalent co-existing illnesses.[6] Healthcare 
workers also found MITS acceptable in cases 
where the diagnosis or cause of death was 
undetermined in the antemortem period.[6] 
Currently, in SA, there are no laws in place that 
prohibit standardisation of autopsy procedures. 
The standardisation of the MITS procedure in 
SA could help alleviate the burden of cost and 
limited personnel to conduct full  autopsies 
within the SA healthcare system. 

The experience gained since 2017 from the 
CHAMPS study in Soweto has established 
a valuable foundation that underscores 
the importance and feasibility of broadly 
implementing MITS as a standard practice. 
Nevertheless, there are certain challenges in 
LMICs that may impede routine deployment 
of MITS, including the clinical workload of 
healthcare professionals, the time required 
to perform MITS and the limited laboratory 
facilities to undertake testing.[6] These 
perceived hurdles to routine use of MITS to 
investigate the causes of under-5 childhood 
deaths need to be weighed against the benefit 
of undertaking the procedure. For example, 
CHAMPS noted that clinician antemortem 
diagnosis often differed from the DeCoDe 
panel, which had access to the MITS results.

Public health benefits of 
undertaking MITS in LMICs
SA has an extensive backlog of pending 
complete diagnostic autopsies owing to the 
high rate of ‘other than natural deaths’ in 
adults and children, coupled with the scarcity 
of qualified personnel to perform complete 
diagnostic autopsies.[24,25] It is estimated that 
there are ~70  000 autopsies needing to be 
performed for medicolegal purposes annually 
in SA.[25] The MITS procedure is less complex 
than a complete diagnostic autopsy and does 
not require the same level of skill as forensic 
pathologists. Furthermore, results from 
MITS can be provided to families in a shorter 
time, assisting with the grieving process and 
providing closure and clarity on the cause of 
the death.[8] 

The dissemination of cumulative cause-
of-death results provides an important 
opportunity for key targeted public health 

Stilbirths

Visualise body
(Can send for 
chromosomal 

analysis/microscopy)

Verbal autopsy 
(if available)

Maternal �le*

Infection

Send placenta
 for histology 

and microbiology

Intracardiac puncture 
for blood and/or lung 
sample for culture and 

molecular testing 
(target CMV, GBS, syphylis)

Intrauterine 
hypoxia

Antepartum†

Send placenta 
for histology

Peripartum‡

If cause clear, 
e.g. CPD, no need
 for further testing

Send placenta 
for histology if 
cause unclear

Important history:
• (pre-)eclampsia
• Premature rupture 
 of membranes
• Signs of 
 chorioamnionitis

If obvious congenital
 abnormalities, 

no further 
testing required

Fig. 2A. Stillbirth algorithm. Histological samples are often autolytic in stillbirths, so assessment is less 
valuable. Target organisms for molecular testing should be region-specific common viral and bacterial 
pathogens. If resources allow, a broader spectrum of pathogens can be considered. (CPD = cephalopelvic 
disproportion; CMV = cytomegalovirus; GBS = group B streptococcus.)
*If maternal file is unavailable then the clinician would need to approach the death broadly as possible 
intrauterine hypoxic or infectious causes. 
†Antepartum refers to cases where no fetal heart rate is detected on presentation the healthcare facility.
‡Peripartum refers to cases where a fetal heart rate was detected on presentation, but the fetus died 
during delivery.
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interventions. For example, in Kenya, the 
launch of the Kisumu County Nutrition 
Action Plan was informed, in part, by 
the large number of childhood deaths 
from underlying malnutrition identified 
through CHAMPS.[26] Furthermore, 
natio nal folate food fortification has been 
instituted in Ethiopia following the large 
number of childhood deaths attributable 
to neural tube defects identified through 
CHAMPS. In SA, interventions targeted 
at common hospital-acquired pathogens 
such as Klebsiella pneumoniae and 
Acinetobacter baumannii are being imple-
mented, again informed by the findings 
from the use of postmortem MITS.[18] 
Our experience in CHAMPS has also 
revealed an increasing number of young 
mothers not attending antenatal care, and, 
resultantly, conditions such as syphilis 
and pre-eclampsia are undiagnosed in the 
antenatal period. These missed oppor-
tunities to seek health care offer us the 
chance to educate local women about the 
importance of antenatal care and health-
seeking behaviour.

Pragmatic approach to 
MITS in South Africa
The ideal situation would be for extensive 
testing of all samples; however, MITS 
as performed in CHAMPS is intensive 
and costly (~USD609 - 1028).[27] Given 
that most public sector hospitals in 
SA are resource constrained, a cost-
effective approach is to limit testing to 
key informed areas and less for routine 
surveillance purposes. Based on the data 
from the CHAMPS study in Soweto, we 
propose using age-specific algorithms 
that provide a pragmatic cost-effective 
approach, albeit with some limitations 
associated with such rationalisation 
(Figs 2A-C). Consequently, the clinician 
or clinical department will ultimately 
determine the extent of testing depending 
on the availability of resources. Notably, 
causes of death may change with time and 
algorithms may not be generalisable to all 
regions within SA. Importantly, consent, 
a verbal autopsy and review of the clinical 
data will need to be done timeously in 
non-refrigerated bodies, a limitation for 
busy low-staffed clinical units. 

Stillbirths algorithm
The paucity of data in LMICs on causes 
of stillbirths has made it difficult to 
establish effective interventions.[28] The 
maternal medical history and placental 
investigation play a pivotal role in 
providing more granular evidence of 
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the causes of stillbirths.[29] The placenta 
is not, however, always available, and 
a pathologist is required to undertake 
appropriate placental histology inves-
tigation. Extracting information from the 
maternal file for obstetric complications, 
and use of a verbal autopsy, are also useful 
to inform the causes of the stillbirth, 
particularly when the placenta is not 
available. Our experience with MITS 
in Soweto demonstrates limited value 
of brain, liver and lung samples when 
investigating stillbirths because tissue 
samples are often autolysed.[29]

Neonatal algorithm
The ‘neonatal algorithm’ provides a diag-
nostic guide for deaths in the neonatal 
period where the babies were hospitalised 
from birth (i.e. not discharged home), 
and is largely determined by whether 
the neonate was born prematurely or full 
term, and the duration of hospital stay. 
Neonates who are diagnosed with severe 
congenital abnormalities that preclude 
them from timeous discharge from 
hospital will either die from the severity 
of the congenital abnormality or from a 
hospital-acquired infection. Sampling of 
these cases would not provide additional 
diagnostic information. In term neonates, 
antemortem medical records and sampling 
the placenta are useful if the history is 
consistent with a congenital infection or 
having experienced intrauterine hypoxia. 

For prematurely born neonates (or 
low birthweight as a proxy for preterm 
birth), MITS sampling of extremely low 
birthweight neonates (<700  g) would 
not be necessary as death is most likely 
because of severe prematurity in the first 
48 hours; however, sampling the placenta 
and review of maternal obstetric history 
may provide insight to the cause of the 
premature delivery. For preterm births 
>700 g without an obvious cause, taking a 
blood sample for culture or a lung biopsy 
may identify congenital infections if death 
occurs in the first 48 hours. 

Neonates who remain in hospital for 
>48 hours often succumb to noso comial 
infections, as a previous pilot indicated 
that 74.4% of infection-related neonatal 
deaths were hospital acquired.[30] These 
infections have been identified primarily 
as A. baumannii and K.  pneumoniae in 
our setting, and may differ elsewhere.
[30] Further testing may provide more 
granularity regarding identification of the 
organisms involved, but this needs to 
be balanced with the cost. In contrast, 
decedents who gradually deteriorated 
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from the time of birth would require a lung biopsy and blood sample for 
MC&S to establish whether there was a source of infection that caused 
the death. 

Paediatric algorithm
Deaths following discharge from hospital can be stratified into three 
different groups: (i) previously well child with no comorbidities; 
(ii)  untreated/virologically unsuppressed HIV or severe acute mal-
nutrition; and (iii) death on arrival to hospital. Unfortunately, MITS 
cannot accurately diagnose poisoning, and this is a limitation when it 
comes to more directed sampling. 

Decedents with an underlying traumatic incident would not usually 
require testing, as the underlying cause of death is usually attributed 
to the traumatic event (e.g. motor vehicle accident). Should the child 
survive the traumatic event and require a prolonged hospitalisation, 
their immediate cause of death would then likely be a nosocomial 
infection, and directed sampling would indicate the causative organism. 

In children presenting to a health facility as ‘death on arrival’ (DOA), 
the verbal autopsy would be useful to determine further testing. 
For DOAs without well-documented preceding events, a complete 
diagnostic autopsy would be recommended. In children with a history 
of an infectious cause of death, we recommend sampling of blood, 
cerebrospinal fluid (CSF) and a lung aspirate/biopsy for culture and/or 
molecular testing. 

In a pilot study in Soweto, it was shown that 36% of paediatric 
cases were HIV exposed at birth, including 13% who were infected 
with HIV. Furthermore, 62% of the children were malnourished, 
confirming the magnitude of the immunocompromised paediatric 
population in Soweto.[31] Immunocompromised children admitted 
for >48  hours are prone to hospital-acquired infections, and if 
resources allow, further testing will provide more granular information 
of the involved organisms. Community-acquired infections are often 
the cause of death in these children admitted for <48 hours, and blood, 
CSF and lung biopsy or culture have been demonstrated to be reliable 
in our setting for determining the infectious agent. Infection, mainly 
from pneumonia or sepsis, was found to be the immediate cause of 
death in 94% of cases where HIV was the underlying cause of death.[31] 

Children who are not immunocompromised commonly present to 
hospital with signs of sepsis, diarrhoeal disease, or signs of an acute 
respiratory tract infection.[31] Our experience has suggested that the best 
way to investigate these three categories of disease is with blood, CSF 
and lung culture. Molecular testing, if available, can provide a broader 
organism identification.

Conclusion
The CHAMPS study has provided an opportunity to better understand 
the burden of disease in LMICs. Using data-informed pragmatic 
algorithms, a limited MITS procedure can be cost-effective and scalable 
in LMICs. The public health benefits and acceptability among the 
community and healthcare practitioners make this a feasible standard 
of care practice to improve the assessment of death in children. Efforts 
to achieve Sustainable Development Goal 3.2 should be targeted at the 
evolving findings of causes of death in children, neonates and stillbirths. 
The findings from MITS are providing more granular information on 
current causes of death, and this could guide further interventions to 
achieve the Sustainable Development Goals. The long-term impact 
would result in deaths averted by changes in health-seeking behaviour, 
antenatal care, and preventable childhood diseases. 
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