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Abstract
World is in mid of dreaded pandemic – Covid-19 caused by SARS-CoV-2. To curb it tremendous efforts has been put
worldwide to enhance scienti�c knowledge related to SARS-CoV-2. In this study, we collected postmortem samples of
tracheal swab, vitreous humor, pleural �uid, CSF and pericardial �uid by conducting complete autopsy on 24 patients
with known SARS-CoV-2 infection at department of forensic medicine, P.D.U. Government College, Rajkot (India). RT-
PCR was used to detect SARS-CoV-2 from these samples. SARS-CoV-2 was detected from tracheal swab in 54.55%
cases and from pleural �uid in 13.34% cases. SARS-CoV-2 wasn’t detected from any sample of CSF, vitreous humor
and pericardial �uid. Positive and negative cases for postmortem tracheal swabs were analyzed to �nd out of its
relationship with duration of Covid-19 illness. No signi�cant relationship was found between detectability of SARS-
CoV-2 in postmortem samples of tracheal swab and duration of Covid-19 illness.

Introduction
On 31st Dec. 2019, Wuhan municipal health commission, China reported cluster of cases of pneumonia in Wuhan,
Hubei province. Eventually it was found that cases of pneumonia were caused by severe acute respiratory syndrome
corona virus-2 (SARS-CoV-2), a novel corona virus. [1] Since then world has faced dreaded pandemic – Corona Virus
Disease-19 (Covid-19), which has taken so many lives. To curb the disease, tremendous efforts have been put
worldwide to enhance scienti�c knowledge regarding SARS-CoV-2 as well as disease caused by it. So far many
studies have been conducted for SARS-CoV-2 to understand its virology, epidemiology, pathogenesis, effect on
different organs of the body, diagnosis, treatment, vaccine etc. [2-5]

Many researcher highlighted need of autopsies to understand effects of SARS-CoV-2 in the body. [6-8] Many such
autopsy based studies have been conducted worldwide so far, which has thrown light on effect of SARS-CoV-2 in
body. [4,5,9,10] However, no such autopsy based research data is available for India. To �ll this lacuna, we conducted
complete autopsies on 24 patients with known SARS-CoV-2 infection in department of forensic medicine, P. D. U.
Government medical college, Rajkot (India). We were second only to All India Institute of Medical Science (AIIMS),
Bhopal to conduct such research autopsies in India.

               So far it is known that SARS-CoV-2 transmits from human to human predominantly via respiratory droplet
and through personal contact. Possibility of fecal-oral transmission of virus is also there. [2, 11] Once inside the body,
SARS-CoV-2 uses ACE2 receptors of host cells for entry and the serine protease TMPRSS2 for S protein priming. [12]
Wang K et al. found novel route of entry of SARS-CoV-2 in host cell in form of CD147-spike protein. [13] Few other
receptors like DPP4, also known as CD26 and GRP78 are also found to play role in viral entry into the cell. [14] So, it
can be said that tissues expressing ACE2 receptors, TMPRESS2, CD147-spike protein, DPP4, GRP78 etc. are potential
targets of SARS-CoV-2. DPP4 receptor has been detected in mononuclear leukocytes, serous cells of submucosal
glands, on the surfaces of non-ciliated bronchial epithelial cells, type I and II pneumocyte, alveolar macrophages,
vascular endothelial cells, lymphatics and pleural mesothelia. [14] GRP78 is a regulator of endoplasmic reticulum
stress due to its role in the unfolded protein response pathway, and it has also been detected in the mitochondria,
nucleus, cytosol, and plasma membrane. [14] In study done by Li MY et al., ACE2 expression levels were found to be
highest in the small intestine, testis, kidneys, heart, thyroid, and adipose tissue, and were the lowest in the blood,
spleen, bone marrow, brain, blood vessels, and muscle. ACE2 showed medium expression levels in the lungs, colon,
liver, bladder, and adrenal gland. [15] ACE2 receptors are also expressed in ocular tissues like cornea, conjunctiva,
aqueous humor and retina. [16] CD147 is expressed in cornea, conjunctiva, aqueous humor, retina, tear and vitreous
humor. [16] All these organs and �uids are potential targets for SARS-Cov-2. So there is need of studies to �nd out
presence of SARS-CoV-2 in these organs and body �uids.
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               Very few studies have focused on detection of SARS-CoV-2 in vitreous humor, CSF, pleural �uid and
pericardial �uid. [17-30] Number of cases were also less in most such studies. In our study, we have collected
postmortem samples of vitreous humor, CSF, pleural �uid and pericardial �uid in 24 cases and analyzed them to
detect SARS-CoV-2 by RT-PCR. We have also tried to detect presence of SARS-CoV-2 in respiratory tract after death, as
one of the objective of our study was to �nd out relationship between detectability of virus from respiratory tract and
duration of Covid-19 illness in fatal cases. As studies have suggested that lower respiratory tract samples provide
more positive result than upper respiratory tract samples, we have taken lower tracheal swabs for detection of SARS-
CoV-2. [31,32] We have conducted complete autopsies in 24 cases, however, we are discussing only detection of
SARS-CoV-2 in body �uids in this research article due to length of study.

Materials And Methods
We have conducted complete autopsy on 24 patients with known SARS-CoV-2 infection from 7th September, 2020 to
3rd November 2020 in department of Forensic Medicine, P. D. U. Government medical college, Rajkot (India). All
patients had SARS-CoV-2 infection con�rmed either by RT-PCR of nasopharyngeal and oropharyngeal swabs or rapid
antigen test of nasopharyngeal swab during hospital admission. Study was started after approval of Institutional
Ethics Committee of P. D. U. Government medical college, Rajkot (India). 

Written informed consent was obtained from next of kin for all 24 deceased. Demographic, clinical and other relevant
data of all patients were evaluated from hospital treatment papers.

To reduce the risk of transmission of infectious pathogens before, during and after postmortem examination, all
autopsies were performed according to covid-19 guidelines on dead body management issued by Ministry of Health
and Family Welfare, Government of India as well as guidelines by Indian Council of Medical Research (ICMR). [33, 34]
Autopsies were performed in a speci�c covid-19 designated autopsy room with air�ow control and airborne infection
control procedures including use of appropriated PPE. Neither of researchers involved in autopsy developed any
symptom of covid-19.  None of the researchers became positive for SARS-CoV-2 on RT-PCR. 

Complete autopsy was conducted using routine standard dissection techniques with precaution to avoid aerosol
generation. Before starting dissection procedure, vitreous humor was aspirated from posterior chamber of eye using
standard 5 ml sterile syringe with 22 gauge needle. Cranial cavity was opened next with chisel and hammer instead
of oscillating saw to avoid aerosol generation. After removal of dura, CSF was aspirated from lateral ventricles of
brain by standard 5 ml sterile syringe with 22 gauge needle. Neck tissues, thoracic and abdominal cavities were
exposed by ‘I’ shaped incision. Trachea was opened next by putting vertical incision over it from the thyroid cartilage
up to the space above the suprasternal notch. Two lower tracheal swabs were obtained through this opening from
just above bifurcation of trachea. Pericardial and pleural �uid were collected using standard 5 ml sterile syringe from
their respective space after opening of thoracic cavity. All samples were collected with utmost care to avoid
contamination. All samples were transferred to viral transport media and were immediately sent to microbiology
laboratory of P. D. U. Government medical college, Rajkot (India). 

To detect SARS-CoV-2 in postmortem samples of tracheal swab, vitreous humor, CSF, pleural �uid and pericardial
�uid, RT-PCR was performed. RT-PCR was done using kit approved by Indian Council of Medical Research (ICMR).
Assay detects target genes for SARS-CoV-2 namely RdRp, ORF and N gene. Cycle threshold value of 40 was
interpreted as positive for SARS-CoV-2.
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Duration of covid-19 illness of patient was calculated from onset of symptom related to covid-19 to death. Duration
of illness in positive and negative tracheal swab samples were compared by independent sample t test. Duration of
antemortem and postmortem test to detect SARS-CoV-2 was calculated, and such duration for positive and negative
swab samples was also compared by independent sample t test. 

Data were statistically analyzed using Microsoft excel and SPSS software and presented as means, ranges and
percentage. 

Result
As shown is table no.1, autopsies were conducted on 24 patients with age ranging from 30 years to 90 years
(66.25±14.58).  Out of which, 22 were male (91.67%) and 2 were female (8.33%). Duration of covid-19 illness was
ranging from 3 days to 21 days (11.13±4.73). Duration between antemortem and postmortem test for detection of
SARS-CoV-2 was ranging from 1 day to 18 days (7.54±4.76). Duration between death and preservation of
postmortem samples was ranging between 1 hours to 5 hours (Mean duration – 02:55 hours).

               Out of 24 cases, SARS-CoV-2 was detected from postmortem samples of tracheal swabs in 14 cases
(58.33%). Duration of covid-19 illness in these positive cases was ranging from 3 days to 19 days (9.71±4.43).
Duration between antemortem and postmortem test for detection of SARS-CoV-2 was ranging from 1 day to 13 days
(6.36±3.92). Duration between death and preservation of postmortem samples was ranging between 1 hours to 4:30
hours (Mean duration – 02:45 hours). Out of 24 cases, postmortem samples of tracheal swabs were negative for
SARS-CoV-2 in 10 cases (41.67%). Duration of covid-19 illness in these negative cases was ranging from 5 days to 21
days (13.10±4.63). Duration between antemortem and postmortem test for detection of SARS-CoV-2 was ranging
from 2 days to 18 days (9.20±5.51). Duration between death and preservation of postmortem samples was ranging
between 1:45 hours to 5 hours (Mean duration – 03:10 hours).

On application of independent sample t-test to compare mean duration of covid-19 illness among positive and
negative postmortem tracheal swab, p value of 0.084 was found. On comparison of mean duration between
antemortem and postmortem test among positive and negative postmortem tracheal swab, p value of 0.153 was
found. As p value is more than 0.05 in both cases, there is no signi�cant statistical difference between duration of
covid-19 illness as well as duration between antemortem and postmortem test among positive and negative
postmortem tracheal swab.

Out of 24 cases, postmortem samples of pleural �uid was positive for SARS-CoV-2 in 3 cases (12.50%).

Postmortem samples of CSF, vitreous humor and pericardial �uid were negative for SARS-CoV-2 in all cases.

Discussion
SARS-CoV-2 is primarily affecting respiratory system. It can be logically said that viral load should decrease from
respiratory tract with time, especially in patients under treatment. However, it needs to be veri�ed scienti�cally and
statistically. For this purpose, we had collected two lower tracheal swabs in each case for detection of SARS-CoV-2 in
respiratory tract. SARS-CoV-2 was found from tracheal swabs in 58.33% of cases, while in 41.67% cases RT-PCR
couldn’t detect presence of virus. Duration of covid-19 illness from onset of symptoms to death was less in cases
where SARS-CoV-2 was found from postmortem tracheal swabs (9.71±4.43 days) in comparison with cases where
SARS-CoV-2 wasn’t found (13.10±4.63). Similarly, duration between antemortem and postmortem test for detection
of SARS-CoV-2 was also less in positive cases (6.36±3.92 days) in comparison with negative cases (9.20±5.51 days).
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So in comparison of mean of both durations, it seems that viral load has decreased and became undetectable by RT-
PCR as duration of covid-19 illness and duration between antemortem and postmortem test for detection of SARS-
CoV-2 has increased. However, duration of covid-19 illness was found to be highly variable in both positive as well as
negative cases for postmortem tracheal swab. Postmortem tracheal swab was positive where duration of illness was
as less as 3 days and as high as 19 days. It was negative where duration was as less as 5 days and as high as 21
days. Similar high variability was observed in duration between antemortem and postmortem swab also. So
independent samples t-test was applied to �nd out statistically signi�cant difference between two. No statistical
signi�cant difference was found between duration of covid-19 illness in positive and negative postmortem tracheal
swab. Similarly, no statistical signi�cant difference was found between duration from antemortem to postmortem
test in positive and negative postmortem tracheal swab. However, as sample size in our study was limited, we
suggest that similar studies should be carried out with large sample size.

For duration between death and RT-PCR test for postmortem tracheal swab, there was no major difference between
positive cases (Mean duration – 02:45 hours) and negative cases (Mean duration – 03:10 hours). So, it can be said
that duration between death and RT-PCR test for postmortem sample hasn’t affected result of the test.

Dell'Aquila M et al. [35] had taken 4 postmortem swabs for detection of SARS-CoV-2 – Nasopharyngeal, tracheal and
one from each lung parenchyma. SARS-CoV-2 was found in 9 out of 12 cases (75%) in his study. He collected swabs
from different parts of respiratory tract. This could be reason for better positivity rate in his study. However, sample
size in his study was half of our sample size, so more studies with higher sample size would be necessary to con�rm
role of multiple swabs and positivity rate in postmortem samples.

On comparison of duration from death to collection of postmortem samples,SARS-CoV-2 was detected as late as 5
hours after death in our study, while in study done by Dell'Aquila M et al, SARS-CoV-2 was detected as late as 120
hours after death. [35] So, it can be suggested that utmost care should be taken while handling dead bodies of
persons with SARS-CoV-2 infection, even if they are handled late after the death. However, wider studies would be
necessary in order to define the infectiveness of the virus in postmortem tissues.

In our study, SARS-CoV-2 wasn’t detected in any postmortem samples of vitreous humor out of 24 cases. None of the
patient had any ocular manifestation in our study. SARS-CoV-2 wasn’t detected in study done by List W et al. [17] (16
cases), Lauermann P et al. [18] (1 case) and Bayyoud T et al. [19] (1 case). Recent studies have found SARS-CoV-2 in
tear and conjuctival swabs in even in patients who hadn’t any ocular manifestation. [36, 37] Vitreous humor also
expresses CD144 receptor like tear and conjunctiva, which is potential target for SARS-CoV-2. [16] So possibility of
detection of SARS-CoV-2 cannot be ruled out from vitreous humor. Recent studies has shown evidence of detection of
SARS-CoV-2 in retina. [38] If retinal tissues are inoculated by SARS-CoV-2, possibility of diffusion to vitreous cannot
be ruled out. So more studies will be needed with large sample size are needed to �nd out whether SARS-CoV-2 enters
vitreous humor or not.

In our study, 12.50% cases shown presence of SARS-CoV-2 in pleural �uid. Bennet D et al. [20] described case report
of 61 year old renal transplant patient, who had shown presence of SARS-CoV-2 in plural �uid by RT-PCR. SARS-CoV-2
was also detected from pleural �uid in study done by Malik MI et al. [21] (1 case), Mei F et al. [22] (1 case), Baek MS
et al. [23] (1 case) and Turriziani O et al. [24] (3 out of 8 cases). As pleural mesothelial cell expresses DPP4 (CD26)
receptor, which plays a role for entry of a virus inside the cell, pleura is target for SARS-CoV-2. [14] Moreover, virus can
diffuse to pleural �uid from lung tissues damaged by SARS-CoV-2 infection.
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In our study, SARS-CoV-2 was not found from CSF. None of the patient had shown any neurological symptoms before
death in our study. SARS-CoV-2 wasn’t found in study of Turriziani O et al. [24] (5 cases) and Neumann B et al.  [25]
(30 cases). Destras G et al. [26] tested 578 CSF samples of 555 patients received at Lyon university hospital during
covid-19 epidemic. Out of these 555 patients, only 23 were con�rmed cases of SARS-CoV-2 infection. Two CSF
samples were found to be slightly positive for SARS-CoV-2 (cycle threshold [Ct]=32 and Ct=35) in his study. Out of
this two cases, in one case blood was positive while brain biopsy was negative for SARS-CoV-2, suggesting
possibility of contamination of CSF by blood during lumber puncture. Espíndola OM et al. [27] tested 8 CSF samples
of known cases of SARS-CoV-2 infection, showing neurological symptoms, which were negative in RTPCR. He also
reviewed other similar studies involving total 30 patients, apart from 8 patients of his study. Out of total 38 patient,
one patient suffering from meningoencephalitis had shown presence of SARS-CoV-2 in CSF. Helms J et al. [28] tested
25 CSF samples of known cases of SARS-CoV-2 infection, showing neurological manifestation. SARS-CoV-2 was
detected in only one patient. Blood was negative for SARS-CoV-2 in this patient, which rules out contamination of
sample by blood. So, SARS-CoV-2 can be detected in CSF but in very low number of cases. Brain tissues expresses
ACE2 receptors, which makes brain a potential target for SARS-Cov-2. [15] Virus can diffuse into CSF from affected
nervous tissues. This could be reason for detection of SARS-CoV-2 from CSF. 

In our study, SARS-CoV-2 was not found from pericardial �uid. Farina A et al. [29] reported one case of cardiac
tamponade in SARS-CoV-2 infected patient, in whom SARS-CoV-2 was detected from pericardial �uid. François Sauer
et al. [30] reported 3 cases of pericardial effusion, out of which in one case, SARS-CoV-2 was detected from
pericardial �uid. Heart expresses ACE2 receptor. [15] So it is potential target for SARS-CoV-2. Recent studies has
shown presence of SARS-CoV-2 in cardiac tissues. [31,32] Virus can diffuse into pericardial �uid form damaged
cardiac cell. This could be reason behind detectability of SARS-CoV-2 in pericardial �uid. However, more such studies
are needed to get conclusive evidence.

Conclusion
From our study and from comparison with other such studies, it was found that SARS-CoV-2 can be detected from
pleural �uid, CSF as well as pericardial �uid, although in less number of cases. SARS-CoV-2 was not detected from
vitreous humor in our study as well as in 3 other studies. However, as vitreous humor can be potential target for
SARS-CoV-2 due receptors expressed by it and as SARS-CoV-2 has been detected in other ocular tissues like retina,
conjunctiva and tear, possibility of detection of SARS-CoV-2 is there. We suggest that more studies should be
conducted to detect presence of SARS-CoV-2 in CSF, vitreous humor, pericardial �uid and pleural �uid.

We also found that relationship between duration of covid-19 illness and detectability of virus by RT-PCR is
unpredictable, as SARS-CoV-2 was detected from postmortem tracheal swab in cases with long illness and was
undetected in cases with short illness. No statistical signi�cant difference was found in our study between duration
of covid-19 illness of positive and negative postmortem tracheal swab. We suggest that more such studies with large
sample size should be carried out to �nd out relationship between detectability of SARS-CoV-2 from respiratory tract
and duration of illness in fatal cases.

Abbreviations
SARS-CoV-2 – Severe acute respiratory syndrome corona virus-2

Covid-19 – Corona virus disease-19
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RT-PCR – Reverse transcription polymerase chain reaction

CSF - Cerebrospinal �uid (CSF)

PPE – Personal protective equipment

RA – Rapid antigen test
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samples and result of RT-PCR for SARS-CoV-2 in postmortem samples

No. Sex Age Type of
Antemortem

test for
detection of
SARS-CoV-2

RT-PCR /
RA

Duration
of covid-

19
illness 

(in
days)

Duration
between

antemortem
and

postmortem
test

(in days)

Duration
between

death and
preservation

of
postmortem

samples
(in hours

and
minutes)

Result of RT-PCR in postmortem samples

Tracheal
Swab

CSF Vitreous
Humor

Pleural
Fluid

Pericardial
Fluid

1 M 85 RA 11 6 03:00 P N N N N
2 M 67 RT-PCR 5 1 03:00 P N N P N
3 M 59 RA 11 10 04:30 P N N N N
4 M 30 RT-PCR 13 9 04:10 N N N N N
5 F 90 RT-PCR 5 4 02:30 N N N N N
6 M 61 RA 14 12 01:45 N N N N N
7 M 59 RT-PCR 21 18 03:40 N N N N N
8 M 86 RT-PCR 12 2 05:00 N N N N N
9 M 58 RT-PCR 9 2 01:00 P N N N N
10 F 80 RT-PCR 19 12 03:00 P N N N N
11 M 65 RA 10 9 02:25 P N N N N
12 M 66 RT-PCR 6 3 01:45 P N N N N
13 M 65 RA 6 5 03:45 P N N N N
14 M 70 RA 12 11 02:35 N N N N N
15 M 80 RA 16 13 02:30 P N N P N
16 M 65 RA 3 1 03:45 P N N N N
17 M 70 RA 13 5 03:35 N N N N N
18 M 77 RA 12 9 04:05 P N N P N
19 M 76 RA 14 10 03:15 N N N N N
20 M 58 RA 19 17 03:10 N N N N N
21 M 80 RT-PCR 9 7 01:15 P N N N N
22 M 50 RT-PCR 8 4 02:00 N N N N N
23 M 55 RT-PCR 13 7 01:35 P N N N N
24 M 38 RA 6 4 03:00 P N N N N

*RT-PCR = Reverse Transcription Polymerase Chain Reaction, RA = Rapid Antigen Test, M = Male, F = Female, P =
Positive, N = Negative


