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Abstract
The ongoing Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic has prevailed and 
continues to persist in the country and the world despite all preventive and regulatory measures taken by the 
government, health care and at an individual level. It does beg the question, why? 

It can be safely attributed to the fact that we are still learning about the epidemiological factors, the 
virological characteristics, clinical profile and the transmission dynamics of the disease. The situation is 
particularly challenging when we are coupling research to answer these questions while taking on board, 
precautionary measures to contain the tumultuous morbidities and mortality by rationing the scarce resources 
and manpower. The present study aims to provide an auxiliary insight into the epidemiological, topographic 
and weatherelements influencing COVID-19 from the 34 COVID-19 positive dead bodies sent for autopsy 
to Department of Forensic Medicine at Institute of Medical Sciences, Banaras Hindu University from 1 Feb 
2020 to 31 March 2021. It also examines the counter productiveness for autopsy in certified cases of death 
with COVID-19 positive status in a common mortuary setup in India.
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Introduction

TheCoronavirus Disease (COVID-19) has 
terrorised the world since itsemergence in Wuhan, 
China in December 2019 till date. The inception of the 
name severe acute respiratory syndrome coronavirus 
2 (“SARS-CoV-2”) is attributed to the crown of 
glycoprotein spikes present on the enveloped single 
stranded RNA virus.

SARS-CoV-2 also known as 2019 novel 
coronavirus (2019-nCOV) is one of the seven virulent 
strains & a highly pathogenic beta human CoVwhich 
causes symptoms ranging from none at all (the 
asymptomatic who can still spread the virus(1) to viral 
pneumonia-like features commonly resulting in loss of 
taste, fever, malaise, cough, breathlessness, diarrhea, 
vomiting,coagulopathies, immune dysfunction,ARDS, 
multiorgan failure and even neurological symptoms(2) 

(3) (4). While previously it was believed that co-existing 
medical conditions like asthma, cardiovascular 
disorders, hypertension, diabetes, extremes of age are 
more susceptible to COVID-19 mortality(5), however, 
recent data suggests that even young adults are prone 
to ARDS and multiorgan failure from SARS-CoV-2 (6). 

The SARS-CoV-2 enters into a human host and acts on 
the Angiotensin I-converting enzyme 2 of the alveolar 
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cells which is its binding site. (7)(8)(9)Autopsy pulmonary 
findings in SARS-CoV-2 caseshave demonstrated 
alveoli filled with copious exudative fluid, mucus, WBC 
infiltrate and remnant of the necrosedpneumocytes(10)

However until present times, there is still a lacuna 
in understanding the pathophysiology of this virus, 
its epidemiological parameters and transmission 
characteristics thus resulting in the persistence of the 
pandemic and emergence of newer variants across the 
world. While in India, the initial rampant transmission 
was attributed to travel from countries which were 
already affected however the cases continued to 
rise despite government imposed lockdowns, active 
surveillance systems like Integrated Disease Surveillance 
Programme  supplemented by the AarogyaSetu app , 
rigorous testing, quarantine and travel bans apart from 
individual personal protection steps like hand washing, 
use of alcohol based sanitizers, face masks and other 
personal protection equipment, sanitisation of surfaces, 
social distancing. This had resulted in heavy economic 
losses and crippling of the medical infrastructure(11)(12)

(13)(14).

Amongst the transmission factors studied, weather 
was of significant interest believing that warmer 
temperature may reduce the severity of the pandemic. 
However weather, in particular temperature showed no 
correlation to the disease. Surprisingly humidity was 
found to be a stakeholder in the disease transmissibility 
where 3–9 g/m3 of humidity was found to be associated 
positively as a risk factor (15). 

In India while the transmission rate is found to 
be high unaffected by the tropical climate, a speedy 
recovery (average 11–25 days) has also been noted with 
low mortality. An urban, male predisposition of cases 
has been observed in an age group of 20–59 years (16). 

However a concerning development has been 
emergence of the SARS-CoV-2 Variants. A variant 
of the virus emerges when the predecessor virus 
undergoes mutation. The recent significant COVID-19 
variants have been the B.1.1.7, the B.1.351 and the 
P.1 in the UK, South Africa and Brazil respectively 

detected inJanuary 2021. A particular mutation 
amongst the many, named D614G is common amongst 
all the aforementioned variant. It allows them to be 
more infectious making even the younger age group 
susceptible.(17)

India began its vaccination drive against the SARS-
CoV-2 with two vaccines Covaxin and Covishield on 
January 16, 2021. The national immunisation programme 
against COVID-19 which began withfocussing on the 
healthcare workers, public frontline workers, age group 
over 50 years, susceptible population with comorbid 
conditions have as of 18 February,2021shown the highest 
cumulative numbers of vaccinated people(18,19).Covaxin 
is a inactivated vaccine, developed by Indian company 
Bharat Biotech, which has two doses to be given with 
an interval of 4 weeks while Oxford-AstraZeneca’s 
‘Covishield, is prepared from chimpanzees adenovirus 
modified to mimic coronavirus, and also has two doses 
to be administered a month to 3 months apart. Pfizer-
BioNTech vaccine which is being used in other countries 
poses a storage problem in India where storing the 
vaccine at -70C is difficult owing to the tropical climate 
(20)

It is believed that while Covaxinand Covishield 
vaccines may be effective against the UK variant, 
however there is no data in favour of their efficacy 
against South African and Brazilian variants of 
SARS-CoV-2 . Consequently, the Indian population 
remains vulnerable to COVID-19 virus (21)

The ICMR had provided a draft in 2020 
recommending standard operating guidelines for 
performing medicolegal autopsy. The SOP was aimed 
at providing practical directions keeping in mind the 
mortuary framework and manpower. It focused on the 
fact that as most COVID-19 cases are known cases 
and would be categorised as natural deaths, hence 
needless autopsies should be avoided. In the event that 
the investigating officer cannot waive off the autopsy, 
post mortem examination should be carried out avoiding 
unnecessary invasive procedures and contact with body 
secretions. Methods and precautions while performing 
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the autopsy, cleaning and disinfecting the mortuary 
premises, handling and handing over of a COVID-19 
positive body, ethical and legal aspects have been 
comprehensively detailed in the draft.(22)

Objectives:

1.	 To study the causes of death in COVID-19 
positive cases which warranted an autopsy

2.	 To determine the sex distribution in the 
COVID-19 positive cases sent for autopsy 

3.	 To determine the age group in whichCOVID-19 
positive deaths were more prevalent.

4.	 To study which months of the year had the 
highest case load.

5.	 To study the geographical distribution of these 
cases.

6.	 To study the difference in the case load post 
commencement of vaccination drives(which was 
initiated on 16 Jan 2021 pan India). 

Material and Methods

The data on the number of COVID 19 deaths sent 
for autopsy, were collected from the mortuary register 
in the Department of Forensic Medicine at Institute of 
Medical Sciences, Banaras Hindu University from 1 
Feb 2020 (first case in India reported on 30 Jan 2020) 
to 31 March 2021. The case information (numbered 
as per autopsy chronology) such as their gender, age, 
residence, causeand month of death was analysed as a 
part of retrospective observational study.RT-PCRtest 
reports done during the course of hospital admission 

which were attached to the autopsy requisition were 
assessed. The datasets used have been made available 
by theDepartment of Forensic Medicine at Institute of 
Medical Sciences, Banaras Hindu University and does 
not include any patient identifying information.

RESULT& DISCUSSION:

Causes of death in COVID-19 positive cases which 
warranted an autopsy

Amongst a total of 34 COVID 19 positive autopsy 
cases studied, deaths recorded were highest in number 
(13cases) due to road traffic accidents (RTA), followed 
by unknown cause of death at the time of certification of 
death in hospital (12 cases). The other causes being head 
injury, burn injury, liver injury, drowning, myocardial 
infarction (MI), chronic kidney disease (CKD), type 2 
Diabetes Mellitus in descending order. 

It is important to discuss here that none of the cases 
fit in the category which warranted an absolute need for 
performing an invasive autopsy as most were certified 
causes of hospital deaths. This, coupled with the fact 
that COVID-19 is a highly infective viruswhich puts the 
mortuary manpower at unnecessary risk. The limited 
availability of PPE kits, overload of cases, limited 
resources and hands makes cleaning and sanitisation of 
mortuary after every case difficult further posing as a 
significant bio hazard. Despite the ICMR 2020 guidelines 
and Sec 174 CrPC which allows the investigating officer 
to forego a needless autopsy there is muchbureaucratic 
reluctance and hesitation on the part of the treating 
doctor to issue the certificate of cause of death (22). This 
is in concurrence with observations made by Parekh, U., 
& Kanchan, T where they have discussed the pitfalls of 
conducting rampant autopsies in the era of COVID-19 
pandemic (23)(Fig. 1)
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Fig.1 : The pie chart depicts that a bulk of the COVID-19 positive cases already had a known cause of death 

Gender distribution in the COVID-19 positive cases 
sent for autopsy.

There was male predominance in the autopsy cases 
studied, with a signifi cant 85 percent of the case load 
being men. This is in concurrence with study by Peckham, 
H., de Gruijter, N.M., Raine, C. et al. who cited a male 
bias of COVID-19 mortality. They attributed the same 
to an inferior immune response of males. They noted 
a higher levels of CD4+ Tcells, CD8+ T cell,B- cells 
and type 1 interferon (IFN) in females. The interferon is 
anti-viral in nature which is proportional to the number 
of X chromosomes thus providing added protection 
against COVID-19. Oestradiol has also been considered 
advantageous as it augments production of immune cells 
thus proving as an asset against the SARS-COV 2.

Socio-cultural differences have also been implicated 
as a culprit in the gender prejudice for COVID-19 

mortality. Men are more likely to go out and socialise 
in crowded places, not wash hands as frequently, 
follow unhealthy practices like smoking and alcoholism 
which predispose them to have an increased propensity 
to comorbidities that infl uence the fatality rate in 
COVID-19. (24)

Age group in which COVID-19 positive deaths were 
more prevalent.

The maximum number of cases with a positive 
COVID-19 report were noted in the age groups 21-30 
years (7 cases) and 11-20 years (6 cases) while the lowest 
were reported in the age beyond 71 years ( a total of 3 
cases). However in ten out of the thirteen COVID-19 
positive cases in the age group of 11-30 years, cause of 
death was other than sequelae of SARS-COV2 (road 
traffi c accident, burn injury & drowning) thus pointing 
to the fact that the age distribution data obtained from 
this study may be skewed. (Fig.2)
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Fig.2: The bar graph represents the number of COVID-19 positive autopsy cases in the various age groups. 

A study byAsirvatham E.S, Jones C et al, validates the popular theory of advanced age being more susceptible to 
succumbing to COVID-19 due to pervasiveness of comorbidities and decreased ability to mount an adequate immune 
response.(25)

Months of the yearwhich had the highest case load.

The number of cases(23 cases)peaked in the months of August- October when the absolute humidity range also 
increases in Uttar Pradesh, Bihar and M.P.(Fig.3)

Fig.3: Month-wise distribution of case load from February 1,2020 to March 31,2021 
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The finding is in agreement with study conducted 
by Chanda A where he modelled a study to observe 
the relationship between COVID-19 cases and various 
meteorological parameters like temperature and 
humidity. He noted that while temperature did not 
hold any bearing on the infectivity rate of COVID-19, 
a higher humidity range was positively associated with 
disease transmission and case load. (26)

Geographical distribution 

The maximum number of cases were from the state 
of Uttar Pradesh. This was followed by states which 
shared their borders with Uttar Pradesh like Bihar and 
Madhya Pradesh. 

There was no parallelism noted between state 
population density and the autopsy cases with positive 
RT-PCR report for COVID-19 which is in concurrence 
with Chanda A. In his study he furthermore did not infer 
any state wise rural or urban susceptibility to the virus. 
(26)

Difference in the case load post commencement of 
vaccination drives in India which began on 16 Jan 2021.

There was a significant reduction in the COVID-19 
positive autopsy cases being sent to mortuary since 
January 2021 till March 31st, 2021 with only 2 cases 
in the month of January and none there on. However 
whether this can be attributed to a natural decline of cases 
from herd immunity or the vaccination drive or laxity 
in testing of admitted cases, it cannot be conclusively 
ascertained and needs more extensive study. 

Conclusion

The study attempts to examine the various elements 
like age, gender, regional distribution, weather that can 
have a bearing on the COVID-19 positive cases being 
sent for autopsy in BHU, Varanasi. The results lead us 
to have a better understanding as to why these cases are 
being sent for autopsy and forces us to scrutinise if a 
post mortem examination is truly essential in a certified 
COVID-19 case with known cause of death.

The COVID-19 pandemic is here to stay and may 
possibly evolve for the worse. A relentless and unceasing 
search for causative factors is the only path forwards. 
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