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Abstract

Background Melghat in India is a hilly, forested, difficult to access, impoverished rural area in northeast part of Maharashtra
(Central India) with difficult healthcare access. Melghat has very high Mortality rates, because of grossly inadequate medical facili-
ties. (1) Home deaths contribute to 67% of deaths,(2) which are difficult to track and where cause of death is mostly unknown.

Methods A feasibility study was carried out in 93 rural villages and 5 hospitals to assess feasibility of tracking real-
time community mortality and to ascertain cause of death in 0-60 months and 16-60 years age group using Minimal
Invasive Tissue Sampling (MITS) in purpose-modified ambulance. We used the network of village health workers
(VHW)s, to establish real-time community mortality tracking. Upon receipt of reports of home death, we performed
MITS within 4 h of death in the vicinity of the village.

Results We conducted 16 MITS. Nine, in MITS ambulance in community and seven at MAHAN hospital. The accept-
ance rate of MITS was 59.26%. Standard operating procedure (SOP) of conducting community MITS in an ambulance,
is established. Major challenges were, Covid19 lockdown, reluctance of tribal parents for consent for MITS due to
illiteracy, superstitions and fear of organ removal. Ambulance was an easy to reach transport means in remote area,
provided a well-designed and discrete facility to perform MITS in community, winning the confidence of bereaved
family. This has reduced time interval between time of death and performing MITS.

Conclusions MITS in purpose-modified Ambulance can be used worldwide for community MITS especially in areas
which are remote and lack healthcare access. This solution needs to be assessed in different cultural settings to docu-
ment culture specific issues.
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Summary

Rural India has high mortality, mostly home deaths with-
out diagnosis. To ascertain causes of deaths in 0-5 and
16-60-years group, we successfully conducted Mini-
mal Invasive Tissue Sampling (MITS), nine in modified
ambulance and seven in hospital. This method is replica-
ble in low resource settings.

Introduction

Global under 5 mortality rate (USMR) and age standard-
ized mortality rates were 38.42/1000 live births and 833-6
per 100,000 population of that age group, respectively in
2016 [1]. USMR was 37-1 (33-2—41-7) in 2019 [2]. For a
majority of these deaths, the cause of death (CoD) is
unknown because of cultural barriers against perform-
ing a full autopsy and many deaths occur at home [3-5].
Child Health and Mortality Prevention Surveillance Net-
work (CHAMPS) Program is a collaboration of research
organisations in Africa and Asia developed to know the
reasons of deaths using Minimal Invasive Tissue Sam-
pling (MITS) as an substitute to complete post-mortem.
CHAMPS will reinforce Global assessment of child mor-
tality causes.

MITS improves specificity and provide a more com-
plete opinion of the series of conditions leading to death,
highlighting multiple probable interventions to prevent
under-5 mortality and stillbirths [6]. The post-mortem
MITS, is a method of tissue and body fluid sampling,
integrated with advanced laboratory techniques for his-
topathology and molecular diagnostics that can inform
CoD [6]. The procedure is quicker, less invasive, non-
deforming, with less interval for the potential burial prac-
tices and therefore more culturally acceptable by parents
in developing countries. It is cost effective than a com-
plete diagnostic autopsy, and initial results have shown
that MITS-informed CoD classification is equivalent to a
complete diagnostic autopsy (Castillo, 2015) [7]. For still-
births and intrauterine foetal deaths, the results of MITS
are similar to standard autopsy/[8].

MITS gives researchers, policymakers with excellent
post-mortem data of accurate CoD needed to develop
and execute particular interventions to prevent deaths to
achieve Sustainable Development Goals (SDG) target by
2030 [9, 10]. Though, the CHAMPS Network has concen-
trated on children’s deaths, expanding the MITS concept
to adults will furnish additional knowledge [10]. MITS
is a reliable method to confirm CoD in HIV-infected
patients with TB[11].

Melghat is hilly, forested, difficult to access, impover-
ished rural area in northeast part of Maharashtra (Cen-
tral India) with difficult healthcare access (Figs. 1 and 2).
Melghat is spread over 4000 square kilometres with a
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population of 300,000 and a population density of 75/
km? Melghat has a very high USMR of>80/1000 live
births, Infant Mortality Rate of>55/1000 live births, Still
Birth Rate of > 18/1000 live births and age specific mortal-
ity rate (16—60 years) >400/100,000 population, because
of grossly inadequate medical facilities and poor access to
care [12]. The CoD is unknown in 67% of the deaths [13].
Majority (67%) deaths occur at home, not reported to
government death registration and health system due to
quick burial practices as culturally prescribed. Common
causes for rejection of MITS by parents are social and
old style doubts in India and burial delays in Pakistan. All
parents from India and Pakistan were interested to know
the cause of children’s deaths [14].

The objective of the study is to know the causes of
deaths by using purpose modified ambulance in difficult
to access, hilly forest tribal areas of Melghat.

We piloted a novel approach of reaching the unreach-
able to carry out MITS in community (cMITS) using pur-
pose modified ambulance, trained team of technicians
and doctors to carry out cMITS to track community
mortality and ascertain cause of death.

We have established a system of real-time tracking of
community mortality (deaths at home in community)
since last 15 years through a network of trained village
health workers (VHWSs) who live in villages establishing
trust with community [15]. This system facilitated MITS
pilot project. In rural Melghat, full autopsy is culturally
unacceptable.

In many of the LMICs with difficult to reach areas lack-
ing healthcare access and significant number of home
deaths, community-MITS in ambulance approach will
be helpful to understand cause of deaths, obtain data on
population-based burden of mortality to frame appro-
priate policies for reduction of high mortality in under-
served communities.

Hence one of the objectives is to develop replicable
model for other similar geographies.

In any case, the difficult to access terrain, precludes
taking the dead body to a hospital for full autopsy to
ensure a timely post-mortem evaluation.

In the CHAMP sites, MITS studies are usually car-
ried out in tertiary care hospitals [16]. In many low and
middle-income countries (LMICs) with difficult to reach
areas lacking healthcare access and significant num-
ber of home deaths, a community-MITS in ambulance
approach could help to understand CoD, and thus obtain
data on population-based burden of mortality to frame
appropriate policies for reduction of high mortality in
these underserved communities.

Thus, we document our experience in this paper so that
our innovative approach could be piloted in other similar
geographies.
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Fig. 1 (Photo 1): Map of Melghat

Fig. 2 (Photo 2): Melghat Tribal village

Methods and 16-60 years age group) in 93 villages (with popu-
This pilot study aims to assess feasibility of a novel lation of 101,792), four government hospitals and the
approach of cMITS to identify accurately, the causes of MAHAN (Meditation, AIDS, Health, De-Addiction,
stillbirths, neonatal deaths, and deaths in (1-60 months  Nutrition) hospital in Melghat, Central India over one
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year from January 1% 2020 to December 31%, 2020.
MAHAN is a charitable trust providing medical services
to highly impoverished, difficult to access, hilly, forest,
tribal area of Melghat in central India for 25 years.

Eligibility criteria

Inclusion criteria

Still births and all deaths amongst Age 0 to 5 years,
16—60 years, in usual resident population of 93 villages
of Melghat and MAHAN base- hospital, after obtaining
informed consent from parents/guardians or next of kin
of deceased person.

Exclusion criteria

Deaths in families, planning to migrate from the study
area within next three months, prisoners, acciden-
tal deaths and where informed consent could not be
obtained from decisionally-challenged parents, unwilling
caretaker/ family member.

Approvals were obtained from Institutional independ-
ent review board of MAHAN trust; Ethical, technical,
and administrative committees of state government of
Maharashtra and Health Ministry Screening committee
of Government of India for piloting community MITS
project using a purpose-built ambulance in a rural area
of Melghat.

Obtaining community and individual consent

Community participation and acceptance is critical in
community-based studies. The study team, after seeking
permission from the traditional panchayat (village elders
with at least 60% of all adults in the village in attend-
ance), approached the whole village to explain the study
and obtained verbal and written community consent to
the study before starting the study. After that, we selected
local trained semiliterate female VHW, accepted by the
community, for each village. A health supervisor was
also identified to supervise 8—10 of the VHWs and their
assigned villages. The VHWSs used a baseline census to
identify all children under five years of age and adults in
age group of 16—60 years in the villages. After obtaining
a signed, written informed consent from the caretaker,
near relatives, parent or guardian, a socio-economic and
demographic questionnaire was administered.

Mortality monitoring & Strategies for MITS

For the last 15 years, we have established a real-time
community mortality tracking system through our
VHWs and counsellors, who are local tribal working in
villages and in government hospitals respectively. As our
VHWs live in the same village and have been providing
medical services for several years, they have good com-
munity rapport, are informed of most community deaths
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within 4 h, which they report back to MAHAN. We have
conducted 2000 verbal autopsies since 2004. Our coun-
sellors also working round the clock, in all public hospi-
tals, have been helping tribal people for the last 14 years,
strengthening hospital services and have good rapport
with the local people and hence pick up most of the hos-
pital deaths within 2 h as well [17].

Community sensitization and mobilization activi-
ties were carried out from January 1% to December 31%,
2020. Our team explained the importance of MITS to
community elders and requested them for their sup-
port. MITS support groups were developed in villages.
Traditional faith healers and traditional birth attendants
were motivated to be part of the project and help obtain
informed consent from relatives of deceased person.
Focus Group Discussion with stakeholders and target
groups and behaviour change communication through
VHWs were carried out for explaining importance of
MITS. The counsellors tracked every serious patient
in age group of 0-5 years and 16-60 years admitted in
the hospitals and reported the deaths to MITS research
team. Our VHWSs and counsellors are trained in grief
counselling by qualified clinical psychologist [Annexure
1]. There is significant difference between grief counsel-
ling and MITS consent. The grief counselling is offered to
console the relatives of the dead person who are in psy-
chological trauma. It has no objective to coerce the rela-
tive to give consent. Grief counselling was offered to all
families where a death happened irrespective of whether
they consented for MITS or not. Our team is doing grief
counselling since 2016, long time before MITS project as
part of our community work. To know certainly the cause
of death (CoD) to protect their future children was the
major stimulus for involvement and consenting by par-
ents in MITS. Correct pre-consent information of MITS
procedures via suitable grief counselling is vital for deci-
sion-making by parents [18].

MITS pro cedure area

As 67% of the deaths occur in villages, an ambulance
was the main site for MITS. We also developed a special
MITS room at the MAHAN base hospital.

MITS ambulance set-up

A regular ambulance was modified to suit the perfor-
mance of MITS. All surfaces of ambulance were made
airtight and as smooth as possible to prevent dust accu-
mulation, thus reducing chances of contamination.
Adequate light sources and ventilation was maintained
with an air conditioner. Sterilization was carried out as
per standard operation theatre guidelines [Annexure
2]. A MITS table was installed with a wash basin, ade-
quate hand-washing, and drainage area as per guidelines
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(Fig. 3). There are clearly delineated spaces for storing
materials and for donning and doffing of personal protec-
tive equipment [Annexure 3] (Fig. 4). This ambulance was
not used for any other patient transport. It was kept in
a ready to go state 24 x 7 to minimize duration between
time of death and cMITS.

The trained site surveillance team (TSST) which com-
prised of VHW, supervisor or counsellor, was authorized
to seek informed consent from the relatives. If the rela-
tives are not literate, then the procedure was explained
in local tribal dialect in presence of literate witness, who
were not part of the TSST. Literate witness also counter
signed the consent form along with thumb impression
of illiterate parents. The consent form was in Hindi lan-
guage. We also obtained audio consent whenever needed
and is stored.

Community mortality tracking

A child (0-5 years) or adult (16—60 years) death is identi-
fied in the community by VHWs or in hospital by coun-
sellors and reported to MAHAN network. Trained site
surveillance team (TSST) (VHW, supervisor or counsel-
lor) approached families for grief counselling. Our team
offered grief counselling to all families experiencing
deaths. After grief counselling and once the mental status
of the relatives is stabilised, the parents/near relatives/
caregivers were requested by TSST to sign an informed
consent form (in local language) for collecting MITS
samples. TSST informed the death within 30 to 60 min
to MAHAN base hospital by phone or personal visit.
For eligible deaths, notified within the MITS timeframe
(within 24—36 h of death), MAHAN- MITS team reached
to site by MITS ambulance (Fig. 5). On getting informed
consent by TSST, MAHAN MITS-experts and MITS-
assistant conducted MITS in an ambulance or hospital
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[Annexure 4]. Most of the MITS were conducted within
4 h of deaths and the timing needed for actual MITS pro-
cedure were 60—75 min. The doctors and MITS team also
did counselling. Doctors, counsellors and MITS team
must do expert counselling to improve consent for MITS
[19].

Important concept in consenting by persons are the
hope of some assistance for involvement and their
remarkably high levels of faith in the researchers [20].

Conduct of MITS

The TSST obtained the informed consent for MITS.
TSST was responsible for getting informed consent. After
obtaining written informed consent, the MAHAN- MITS
team reached the site by MITS ambulance (Fig. 5), where
they conducted MITS in either the ambulance or hospi-
tal if the person died there [Annexure 4]. MITS samples
were collected from the lung, brain, liver, cerebrospinal
fluid (CSF), blood, and nasopharyngeal swabs as well as
from placenta and umbilical cord for stillbirths or early
neonatal deaths.

Sample transportation

Samples were transported to MAHAN laboratory within
1-2 h. PCR samples were preserved in cryo-vials at
-160°C in liquid nitrogen and histopathology samples
in formalin [Annexure 5]. Subsequently when enough
samples are collected, they were transported follow-
ing standard procedures from MAHAN hospital to
National Institute of Pathology- Indian Council of Medi-
cal Research New Delhi for histopathology analysis,
to National Institute of Virology Pune for PCR, and for
routine microbiology and culture to Vishakha Clinical
Microbiology laboratory, Nagpur [Annexure 5].

Fig. 3 (Photo 3): MITS table in MITS ambulance
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Fig. 4 (Photo 4): Arrangement of kits in MITS ambulance

Verbal Autopsy (VA)

A supervisor and VHW verified the deaths and con-
ducted a VA within 2 weeks of deaths. Details regarding
the circumstances surrounding the death was recorded.
The VA consists of a standardized, validated question-
naire with local terminologies. The investigators hav-
ing over 15 years of experience in conducting verbal
autopsies have developed and used standardized proto-
cols modified by combination of Society for Education,
Action and Research in Community Health (SEARCH)
a non-governmental organisation’s instrument, [21] the
WHO-VA forms, [22] the IHME validated protocol,
[23] and the CHAMPS VA forms for under 5 children
[24]. For adults, a separate VA instrument was devel-
oped by MAHAN which is modified WHO VA form.
Standard algorithms were used for determining major
identifiable causes of deaths. We used WHO consen-
sus development techniques to synthesize 2 experts’

opinion on diagnostic criteria for identification of
causes of deaths.

Data collection

Available anthropometric measurements, demographic
data, clinical records, VA data were entered in project
database. Data was collected by field team and data entry
done by a data entry operator on password protected
access databases in the MAHAN office. Data were double
entered (once in access and once in excel sheet) and veri-
fied by a data manager to minimize data errors.

On obtaining the necessary data and determining the
cause, [Annexure 10] parents and relatives were informed
about the cause of death. The cause of death was deter-
mined through verbal autopsy and MITS results in the
form of microscopy, blood culture, malaria and HIV
rapid test, ELISA test, histopathology and PCR of lung,
liver and brain tissues. Cause of death was determined
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Fig. 5 (Photo 5): MITS ambulance Infront of tribal hut in village

by a panel of experts which consisted of onsite physi-
cian with research experience of 25 years, paediatrician,
microbiologist, pathologist, epidemiologist, infectious
disease expert, public health expert and global health
expert. Details have been explained in annexure 10.

It was envisaged to perform MITS in 50 deaths dur-
ing the feasibility assessment period August 2019 to July
2020.

Diagnosis standards are as per CHAMPS data elements [17]

Results
This manuscript is a description of the methodology for
doing MITS in the ambulance and not the results.

During the study period, (1t May 2020 to 30" April
2021) there were 32 deaths which were eligible for MITS,
which the MITS team was informed. Of those, MITS was
not conducted in 16 deaths i.e., 50%. We could approach
27 deaths but our team could not reach in time in 5
deaths as the funeral was done immediately after death.
We could obtain informed written consent for MITS
from relatives of 16 dead persons (59.26%). This might
introduce some bias in ascertaining cause of death as
well as in cause wise distribution of deaths in community.
In a sensitive and very difficult community study, 50%
achievement of the target is reasonable.

We conducted MITS on 16 of 27 deceased persons
(59%) of families approached. The average time between
death and sample collection was 2 h, 29 min. Tables 1
and 2 revealed that, of 16 deaths, there were 2(13%) still
births, 5(31%) neonatal deaths, 2 (13%) post-neonatal
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Table 1 Socio-demographic data on deaths investigated
(h=16) (1 May 2020 to 30™ April 2021) (Dharni Block of
Amaravati district)

Parameter Categories (Number) (%)
Age category Still births 2 12.5
0 - 28 days 5 31.25
29 days - 5 years 2 12.5
16 years— 60 years 7 43.75
Sex Male 9 56.25
Female 7 43.75
Place of death SDH? Dharni (dead bodies 7 4375
were shifted to villages.)
MAHAN hospital 7 43.75
Village 2 125
Place of MITSP Ambulance 9 56.25
MAHAN hospital 7 43.75

@ SDH Sub district hospital
b MITS Minimal invasive tissue sampling

children’s deaths and seven (44%) deaths in 16—60 years
age group. The male to female ratio was 1.3:1.

Table 3 shows that the clinical causes of deaths for three
(18.75%) cases were pneumonia, while four (25%) cases
had COVID-19, acute respiratory distress syndrome
(ARDS), hypoxia. The microbiological analysis of CSF
showed five (31.25%) positive cases (three staphylococ-
cus aureus, one klebsiella pneumonia and, one Escheri-
chia coli), while blood culture of one case was positive
for alpha haemolytic streptococci. One case each of HIV,
Malaria and Dengue were confirmed. MITS PCR of nasal
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Table 2 Age distribution of MITS cases (1 May 2020 to 30™ April 2021) (Dharni Block of Amaravati district)

Age group Total deaths Number (No.) of MITS done MITS not  Cause of non-performance
done
(No.)
Total In hospital In
ambulance
Still births 6 2 0 2 4 a) Our team could not reach in time in 1 death as funeral was done
immediately after death
b) Our team could not obtain consent from relatives of 3 deaths
0 - 28 days 11 5 0 5 6 a) Our team could not reach in time in 3 deaths as funeral was done
immediately after death
b) Our team could not obtain consent from relatives of 3 deaths
29days-5years 5 2 0 2 3 a) Our team could not reach in time in 1 death as funeral was done
immediately after death
b) Our team could not obtain consent from relatives of 2 deaths
16 years— 60 years 10 7 7 0 3 a) Our team could not obtain consent from relatives of 3 deaths
Total 32 16 7 9 16 a) Our team could not reach in time in 5 deaths as funeral was done

immediately after death
b) Our team could not obtain consent from relatives of 11 deaths

swab and lung tissue revealed that Klebsiella pneumoniae
is major cause of infant mortality (mostly new-born) seen
in 5 cases and H. Influenzae and Staphylococcus aureus is
seen one case each.

The histopathology, and VA are in progress and will be
presented in a separate manuscript.

Discussion

We could obtain informed written consent for MITS
from relatives of 16 dead persons (59.26%). This might
introduce some bias in ascertaining cause of death as well
as in cause wise distribution of deaths in community. In a
sensitive and very difficult pioneering community study
like MITS, 100% achievement of the target is not possi-
ble. Our study, community MITS in ambulance is done
for the first time in the world. Areas with high commu-
nity mortality where cause of death is not known in most
of the cases, community MITS is the only alternative.

Our MITS experiences

Tribal culture and beliefs did not allow shifting dead bod-
ies to hospital for any investigations. Local tribal prefer
to conduct funeral at the earliest after death. A modi-
fied ambulance was sent in the village, community taken
into confidence, explained the procedures and invited
to watch MITS if parents/relatives were willing. Allow-
ing a relative to observe MITS had enhanced commu-
nity’s confidence and led to increased cooperation for
procedures and allay their fears about the organs being
removed for malicious purposes. Ambulance MITS were
found to be more acceptable than hospital MITS. It was
after conducting 16 MITS in Melghat by MAHAN team.

All of the relatives preferred MITS in ambulance rather
than shifting the body to hospital for MITS.

Challenges encountered

Tribal are usually reluctant for procedure like autopsy or
sample taking post-mortem due to cultural beliefs that
departed souls should not be disturbed on their jour-
ney to another world. Illiteracy, superstitions, and fear
of organs being removed during such procedures also
affected community’s acceptance of MITS. This was
observed in one out of 16 MITS cases done in our study.

Long duration of MITS procedures created problems
and doubts in mind of tribal.

The basis of the descriptive findings is focus group
discussions (FGD). The instrument for the focus group
discussion was developed after a meeting with experts
including a social scientist, paediatrician, physician prac-
tising in Melghat for more than 25 years, program man-
ager/public health expert, local tribal VHW and a local
tribal representative. Community-based focus group dis-
cussions (FGDs) were conducted using this instrument
in 8 representative villages of Melghat, to understand
the causes, places of deaths, their views about rituals and
life after death; and their concepts, inhibitions and chal-
lenges regarding autopsy when it was done for medicole-
gal cases in hospital [13].

Each focus group consisted of 5 to 10 tribal males
and females participants. Members conducting FGD
consisted of program manager, specially trained MITS
experts, village health worker, community mobi-
liser and counsellor. The team explained the impor-
tance of autopsy, difference between routine autopsy
and MITS, and advantage of MITS over autopsy. The
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results obtained from focus group discussions regarding
autopsy, MITS, socio-cultural aspects including chal-
lenges, beliefs, cultural practices were compiled [13].

A detailed analysis of the FGD is beyond the scope of
this manuscript, to quantify the statements.

Initially in two instances few community members
instigated parents against us and complained to local
administration. Some political persons misguided com-
munity against MITS.In one still birth, our MITS experts
took placenta for analysis. The mother-in-law became
very angry because of the belief that if placenta is not
buried in home, the woman will not conceive in future.
After such incidences, we conducted serial meetings with
parents and key persons in villages and explained the
facts and removed myths from minds of tribal, invited
parents/relatives/ community leaders to observe perfor-
mance of MITS in ambulance.

MAHAN trust has very strong community network
and community rapport, good relationship with govern-
ment officers and well-trained staff to handle such inci-
dences. Principal investigator and program manager
talked to government officers and local administration,
revealed all the permission granted by government, ethi-
cal committee, consent from parents of dead children
and community for conducting MITS to the officials.
Our team explained importance of community MITS to
the officers and community members. Government offic-
ers, community members and family of the dead persons
were convinced with our good intensions and benefit to
the society and the issues were resolved.

Such education and transparency led to enhanced
confidence about our objectives and subsequent MITS
performances were uneventful. Poor connectivity and
transportation facilities, posed difficulty in getting imme-
diate information of death.

Maharashtra state government did not approve hospi-
tal MITS in government hospital of Dharni. Dharni is the
tahsil/block in Amaravati district of Maharashtra state of
India.

After hospital deaths, dead bodies were handed over to
relatives for further rituals and funeral. Our team could
conduct community-MITS in ambulance in the vil-
lages after due consent. During COVID lockdown, local
administration prohibited us to conduct MITS in com-
munity.Keeping the community motivated for MITS is
great challenge. It remains to be seen if other cultures
would encounter such challenges as we faced. We had
established a good rapport with the community for last
25 years providing free/very affordable medical services
to tribal from our study area. Our network of VHW
working in same area for long time proved to be an asset
for the program, establishing trust with the commu-
nity. Our trained grief counsellors and grief counselling
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procedures immediately after the death added value for
the program. On follow-up discussions with commu-
nity, it was felt that the desire to know the cause of death
led to giving informed consent. Our reporting back to
parents about cause of death helped to enhanced coop-
eration. We have experience of surveys of the tribal com-
munity in Melghat from 1998 to 2020. Impact of our
VHWs and counsellors have been published before this
paper [12, 25-29]. The above statements are after qualita-
tive analysis of our various surveys, multiple FGDs and
key informant interviews, with the community members,
relatives of the deceased persons and relatives of dead
person where MITS have been conducted.

Proper counselling of the parents and family, based
on sociocultural and religious grounds along with the
good care, behaviour and empathetic conversation by
the healthcare providers can improve acceptability of
MITS[30]. Above descriptive findings are not anecdotal.

Advantages of ambulance-MITS

The responses of the community members were quite
positive towards ambulance MITS as ambulance was
reaching to their doorsteps. It avoided cost and efforts of
relatives for travelling to hospital for MITS, it also saved
their lost wages which would have happened for hospi-
tal MITS. They were allowed to see MITS in ambulance
if willing, which built their confidence in our procedure
and intensions. They were happy as they could know the
cause of death free of cost at door step, which will help
them to prevent further death. We understood this after
focus group discussions with relatives of the dead person
after MITS.

Due to ambulance, the response time for MITS after
reports of death at home was short, it was easy in reach-
ing out the remote, inaccessible area. It had reduced
the time interval between deaths and MITS (Average
2 h,29 min). It has overcome the cultural barrier of refusal
of shifting dead body to hospital for MITS. Our MITS
ambulance is secure place for collection and appropri-
ate storage of samples in community e.g., Liquid nitrogen
container for storage of PCR samples in cryovials at less
than minus 160°C.

Transparency imparted by MITS conducted in full
view of relative, yet discretely, removed fear about organ
removal and boosted community acceptance. Our pro-
gram manager and coordinator conducted focus group
discussions with the relatives of the dead person, couple
of days after MITS. Our team also conducted meeting
with various community members after MITS. Our study
team determined it after analysis of above FGD.

Modified ambulance is kind of well-resourced mobile
mortuary facility in community. Ambulance can be
used for shifting serious patient from village to hospital
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or dead body from hospital to village. During travel, our
team got enough time to understand the circumstances
causing deaths and emotions of the relatives, developed
good rapport with the relatives of the dead person, could
do grief counselling and explain our intentions of MITS.
Hence it becomes easy to obtain the informed consent
of the relative for ambulance MITS. Our team did not
force the relatives for consent. Our team got permission
from independent ethical committee and health ministry
screening committee of government of India for all of the
procedures mentioned in the manuscript. Proper coun-
selling of the parents and family, based on sociocultural
and religious grounds along with the good care, behav-
iour and empathetic conversation by the healthcare pro-
viders can improve acceptability of MITS [30]. To know
surely the cause of death (CoD) to guard their upcoming
children was the key incentive for participation and con-
senting by parents in MITS. Correct pre-consent infor-
mation of MITS procedures via suitable grief counselling
is vital for decision-making by parents [18].

As per our preliminary cost analysis, Ambulance MITS
has reduced the cost of MITS by avoiding development
of MITS infrastructure in 17government hospitals. There
are 17 government hospitals and one MAHAN hospi-
tal where MITS was supposed to be conducted. Which
required building up of the MITS infrastructure in 18
hospitals which would have increased the cost by USD
42,385. Single MITS ambulance has reduced the cost sig-
nificantly which was USD 12,573 while the cost of devel-
oping MITS infrastructure in 17 hospitals would have
been USD 54,958. This study addressed a significant gap
in addressing causes of community mortality and estab-
lished a novel potential solution of community MITS.
Further experience in other cultures and adopting cMITS
ambulance procedure to the culture will remove the bar-
riers in ascertaining the age specific population-based
mortality data. To our knowledge this is the first study
in world where MITS was conducted in community uti-
lizing ambulance to ascertain the cause of deaths. It will
help policy makers to plan programs to obtain reliable
causes of deaths and frame policies to reduce deaths in
age group of 0—5 years and 16-60 years in most impover-
ished area of world.

There were certain limitations and challenges we
encountered. It was difficult to obtain MITS for deaths
occurring at night, given tribal cultural practices of rapid
burial. Before our MITS study, it never happened that an
ambulance came to a village to escort a dead body except
in medico-legal case. Even if it happened, it never hap-
pened that the dead body was kept in the ambulance for
one hour, some procedure was done on the dead body
inside the ambulance and then the body was handed over
to the relatives. It was felt that we may need to give more
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time to the family and community to be prepared for
such an experience.

All of the challenges or limitations were after qualita-
tive analysis of the FGDs, key informant interviews, mul-
tiple surveys of the communities, multiple discussions
with community members, government service providers
and voluntary organisations, and practical experience of
our research staff who conducted many research studies
in the same tribal communities from 1998 to 2020 and
research publications [12, 13, 31].

Since the ambulance was not custom-built for the pur-
pose but was a modified, converted version of the locally
available vehicle, we felt the space constrains for per-
forming MITS in community setting. We would need
additional, partitioned area for MITS, donning/doffing
area and secluded place for relatives, all in one ambu-
lance. Such partition will act as barrier room for MITS
area, further improving sterilization of working place.
Design considerations will improve the experience across
the geographies and cultures.

At present there is no evidence of conducting post-
mortems in remote inaccessible areas to know the cause
of death. In such areas, post mortems are conducted only
in medico legal cases in LMIC. Hence it is our hypoth-
esis that this MITS approach could perhaps be extended
for post-mortems to know the causes of deaths in remote
inaccessible areas.” This is the first community-based
feasibility/pilot study conducted to know which are the
probable interventions to know the causes of deaths
in case of home deaths in remote inaccessible areas of
LMIC with scarce health services where causes of deaths
are not known in 67% of deaths [13, 29].

Conclusions

We piloted a novel approach for ascertaining cause of
death in remote inaccessible areas. MITS in Ambu-
lance approach can be used worldwide for introduction
of community-MITS for investigations of home deaths,
especially in difficult to reach areas. This approach could
perhaps be extended for general post-mortems in remote
inaccessible areas. More research and more such pilots
would be needed before generalization of this concept
across cultures and geographies.
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