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Background.  Although much has been learned about the pathophysiology of coronavirus disease 2019 (COVID-19) infections,
pathology data from patients who have died of COVID-19 in low- and middle-income country settings remain sparse. We integrated
minimally invasive tissue sampling (MITS) into an ongoing postmortem surveillance study of COVID-19 in deceased individuals
of all ages in Lusaka, Zambia.

Methods. 'We enrolled deceased subjects from the University Teaching Hospital Morgue in Lusaka, Zambia within 48 hours of
death. We collected clinical and demographic information, a nasopharyngeal swab, and core tissue biopsies from the lung, liver, and
kidneys for pathologic analysis. Individuals were considered eligible for MITS if they had a respiratory syndrome prior to death or
a COVID-19+ polymerase chain reaction (PCR) nasopharyngeal swab specimen. Samples were retested using quantitative reverse
transcriptase PCR.

Results. From June to September 2020 we performed MITS on 29 deceased individuals. PCR results were available for 28/29
(96.5%) cases. Three had a COVID-19+ diagnosis antemortem, and 5 more were identified postmortem using the recommended
cycle threshold cut-point <40. When expanding the PCR threshold to 40 < cycle threshold (Ct) < 45, we identified 1 additional case.
Most cases were male and occurred in the community The median age at death was 47 years (range 40-64). Human immunodefi-
ciency virus (HIV)/AIDS, tuberculosis, and diabetes were more common among the COVID-19+ cases. Diffuse alveolar damage and
interstitial pneumonitis were common among COVID-19+ cases; nonspecific findings of hepatic steatosis and acute kidney injury
were also prevalent in the COVID-19+ group. Vascular thrombi were rarely detected.

Conclusions. Lung abnormalities typical of viral pneumonias were common among deceased COVID-19+ individuals, as were
nonspecific findings in the liver and kidneys. Pulmonary vascular thrombi were rarely detected, which could be a limitation of the
MITS technique. Nonetheless, MITS offers a valuable alternative to open autopsy for understanding pathological changes due to
COVID-19.
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Since the first reported cases of the 2019 novel severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) in Wuhan,
China, coronavirus disease-19 (COVID-19) has spread glob-
ally with devastating consequences [1, 2]. The World Health
Organization currently estimates that there have been ~150
million COVID-19 cases and ~3 million COVID-19-related
deaths globally [3]. The first cases of COVID-19 in Zambia
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were detected in March 2020 [4]. The COVID-19 surveillance
and testing efforts in Zambia remain ongoing [5]. Recently, our
team reported that between 15% and 19% of deceased individ-
uals tested positive for COVID-19 when tested postmortem,
and the majority of these individuals had typical symptoms of
COVID-19 prior to death [6].

The clinical presentation of patients with COVID-19 varies
widely, with syndromes affecting respiratory, cardiac, neurolog-
ical, renal, and hepatic systems. In most cases acute respiratory
distress appears to be the main debilitating disorder, but there
have been reports of metabolic derangement, thrombotic events
and shock as complications [7, 8]. Diagnostic autopsies provide
an understanding of the pathological and pathophysiological
mechanisms of COVID-19, and yet very few studies from African
sites have reported on these findings in laboratory-confirmed
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COVID-19 deaths [9]. Over the last several years, clinician and
family attitudes toward autopsies, lack of resources, and cost has
led to a decline in autopsy rates. At the onset of the COVID-
19 pandemic, these barriers were further compounded by the
fear of contracting COVID-19 while conducting an autopsy, re-
sulting in a scarcity of valuable, postmortem data [10].

An alternative to standard open autopsy is minimally inva-
sive tissue sampling (MITS), a technique that uses core biopsy
needles to sample different organs [11]. A theoretical advantage
to MITS is that it may be more acceptable to family members
than open autopsies [12]. Emerging data support the accuracy
and validity of MITS for investigations of infectious etiologies
[13-15]. An early report of 4 patients in South Africa suggests
that MITS may also be valuable for studying the pathology of
COVID-19 infections [16].

In order to link COVID-19 polymerase chain reaction (PCR)
status with pathologic evidence for COVID-19 disease, we in-
tegrated MITS into an ongoing, postmortem COVID-19 sur-
veillance study. As previously reported by our team, COVID-19
occurred in nearly 20% of deceased individuals in our cohort
and occurred across the age spectrum [6].

In this substudy, we collected lung, liver, and kidney biopsies
on a subset of participants who were clinically suspected to have
COVID-19 based on presenting respiratory symptoms or who
were known to be COVID-19 infected based on antemortem
testing. The current analysis describes the observed pathology
in this subset. These results are contrasted against a group of in-
dividuals who had also died of a respiratory syndrome but were
determined to be COVID-19- by PCR.

METHODS

Enrollment of Cases

From August 2017 to August 2020, our team enrolled deceased
infants aged 4 days to 6 months into the Zambian Pertussis
RSV Infant Mortality Estimation (ZPRIME) study in order to
measure the fatal impact of respiratory syncytial virus (RSV)
and Bordetella pertussis in young infants. In June 2020, and in
direct response to the COVID-19 pandemic, our team amended
our ZPRIME study protocol to enroll deceased people of all
ages and to test for SARS-CoV-2 infection by PCR.

All cases were enrolled from the University Teaching Hospital
(UTH) in Lusaka, Zambia, within 48 hours of death. Consent
was obtained from the deceased’s next of kin when they came
to the morgue to claim the body. Participants who died while
receiving care from UTH were classified as “facility deaths” All
other deaths were classified as “community deaths” For each
participant we collected demographic and clinical data and a
nasopharyngeal swab. Antemortem COVID-19 test results were
recorded (when applicable).

After these data were recorded, a ZPRIME study team
member assessed if the deceased person met the eligibility

criteria for the MITS substudy. The deceased was considered
eligible for MITS if she/he experienced cough, fever, shortness
of breath, and/or difficulty breathing prior to death or if there
was a positive COVID-19 test antemortem. After obtaining in-
formed consent, a trained ZPRIME study member conducted
MITS, recording the date and time of the procedure and sam-
ples collected.

Sample Collection, Testing, and Storage

Nasopharyngeal Samples

Nasopharyngeal samples were collected from each nares using
flocked tipped nylon swabs. Immediately after collection, all
swabs were placed into 3-mL universal transport media and
stored at 4-8°C until they could be transported to our on-site
PCR testing lab. All samples received at the lab were aliquoted
and stored at —80°C.

Total nucleic acid was extracted from the samples using the
NucliSense EASYMAG system [17, 18]. We used the kit devel-
oped by the US Centers for Disease Control to perform reverse
transcriptase quantitative PCR to identify SARS-CoV-2. We
included positive and negative controls and the constitutive
human enzyme, RNase P, on each assay plates to validate the ad-
equacy of sample collection and the absence of PCR inhibitors.

Tissue Biopsies

Following the next of kin’s consent to the MITS substudy, a
ZPRIME staff member scanned the unique MITS kit subject ID
into the REDCap data collection system. This subject ID was
then linked to the ZPRIME enrollment ID so that the demo-
graphic, clinical, and nasopharyngeal sample data could be
electronically linked across the 2 studies.

The body and MITS kit were then transported to the autopsy
theatre within the UTH Morgue where the team could collect
the tissue samples.

Team members wore N95 masks, gowns, single use boo-
ties, and surgical gloves during all sampling procedures. After
disinfecting the surface of the body with ethanol and iodine,
core tissue biopsies from the lungs, liver, and kidneys were col-
lected using 16-gauge biopsy needles. Two biopsies from the
upper, middle, and lower left and right lungs were collected, for
a total of 12 lung samples for each case. Two biopsies were at-
tempted each from the liver and right and left kidneys. Half of
the samples were put into universal transport media and sent to
our molecular lab for frozen storage and later PCR testing (data
not presented in this article). The other half of the samples were
fixed in 10% buffered formalin and transported to our pathology
lab. Tissues were kept in formalin for a minimum of 24 hours
before routine processing and paraffin embedding. The paraffin
blocks were then cut and stained with hematoxylin and eosin.

Interpretation of the histologic samples was conducted
by 2 pathologists (C.M. and V.M.) working independently
and blinded to the PCR results. Discrepancies were resolved
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by internal discussion yielding a final interpretation of each
blinded set of participant specimens.

RESULTS

Between June and September 2020 we collected core tissue
samples from 29 deceased persons using MITS. PCR results
were available for 28/29 (96.5%) subjects. SARS-CoV-2 was
detected in 9/28 (32%) individuals, leaving 19 (68%), where
COVID-19 was neither identified antemortem nor post-
mortem. Three cases had a positive COVID-19 diagnosis an-
temortem, and 5 more were identified by postmortem PCR
testing using kit manufacturer’s recommended cycle threshold
(Ct) cut-point of <40. When expanding the PCR threshold to
any detection (ie, 40 < Ct < 45), we identified one additional
case. We elected to include all 9 of these cases under the as-
sumption that a low intensity PCR signal was more likely a
true positive in a patient with a low or declining viral load
than a false positive.

The majority of deaths were community deaths (55%, 16/28)
and male (68%, 19/28). The median age at death was 47 years
old (range 40-64), but cases who were COVID-19+ tended to
be younger (Table 1).

Table 2 summarizes the symptoms that the deceased ex-
perienced leading up to her/his death and underlying risk
factors for severe disease. These were collected from the
deceased’s next of kin and/or the medical chart (for facility
deaths only).

Because MITS eligibility was based on the presence of cough,
fever, shortness of breath, and/or difficulty breathing, all partici-
pants had 1 or more of these symptoms. “Difficulty breathing”
and “Cough” were reported in the majority of cases, 93% and
86%, respectively. All 9 (100%) of the MITS cases that were
COVID-19+ reported “cough” as a symptom preceding death.
By comparison, among the 19 COVID-19- individuals, only
74% (14/19) had cough, 53% (10/19) had fever, and 42% (8/19)
had shortness of breath. These proportions were similar to the
COVID-19+ group, and none of these differences achieved sta-
tistical significance. Other symptoms such as fast breathing,
headaches, myalgia/arthralgia, chest pain, vomiting, diarrhea,
nausea, hemiparesis, anosmia, and sudden abdominal pain had
been reported in 5/9 (56%) COVID-19+ cases and in none of the

Table 1. Demographic and Clinical Characteristics of MITS Cases
COVID-19-  COVID-19+ All
Parameter N =19 N=9 N =28
Females, no. (%) 6 (32%) 3 (33%) 9 (32%)
Median age at death, years (IQR) 54 (36-65) 46 (42-61) 47 (40-64)
Community Deaths®, no. (%) 12 (63%) 4 (44%) 16 (55%)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; MITS, mini-
mally invasive tissue sampling.

2Community deaths were those that occurred outside of a medical facility.

COVID-19- cases (0/19; 0%). What clearly distinguished the 2
groups were the symptoms identified among COVID-19+ cases;
these were more specifically associated with the COVID-19 syn-
drome, notably anosmia, gastrointestinal (GI) pain, and symp-
toms suggestive of acute cardiovascular and neurologic infarcts.

The most common comorbid conditions occurring in at least
25% of the MITS cases, regardless of COVID-19 status were
tuberculosis (57%), human immunodeficiency virus (HIV)/
AIDS (43%), smoking (36%), alcohol misuse (29%), and hyper-
tension (25%). Although our sample size is small, several con-
ditions that appeared to be more common in the COVID-19+
group were HIV/AIDS (PR 2.11, 95% confidence interval [CI]
.94-4.73); tuberculosis (PR 1.27, 95% CI .68-2.38); and diabetes
(PR 6.3, 95% CI 0.76-52.3).

For each MITS participant we successfully collected lung,
liver, and kidney tissue biopsies from 100% (28/28), 96%
(27/28), and 71% (20/28) of participants, respectively. We had
samples from all 3 organs in 20/28 cases. Of the participants
with complete sample sets, 6/20 cases had evidence of ab-
normal pathology across all 3 tissue samples; 3 of these cases
were COVID-19+ cases. The remaining 14 cases for which we
had complete MITS sets showed variable and nondiagnostic pa-
thology. Histological findings from the lung, liver, and kidney
are presented below (Supplementary Table 1).

Lung

Of all the lung tissue samples collected, 7/28 were histologically
normal, regardless of COVID-19 status. Among the COVID-19+
cases, 6/9 had pathological findings. Three cases (no. 2, 3, and 5)
showed diffuse alveolar damage (DAD); 1 was in the acute phase
and the others in the organizing phase (Figure 1). One case (no. 2)
also had an acute bronchopneumonia and a caseating granuloma-
tous inflammation with Langhans type giant cells (Figure 2), con-
sistent with their history of pulmonary tuberculosis. By contrast,
among the COVID-19- participants, only 2 cases showed DAD,
1 in the acute phase and 1 in the organizing phase. There was
histological evidence of pneumonia in 6/19 COVID-19- cases
and evidence of pneumonitis in 4/19 cases. Thus, it appeared that
pulmonary pathology generally, and DAD more specifically, was
more common among the COVID-19+ participants.

Liver

Liver samples were collected from 9/9 of the COVID-19+ cases
and 18/19 of the COVID-19- cases. Among the COVID-19+
cases, pathological findings were present in 8/9 cases. Steatosis
was observed in 4 cases (no. 2, 3, 7, and 8). An acute hepatitis
was seen in 2 cases (no. 2 and 9) (Figure 3). Other findings ob-
served in 2 or more cases included focal interface hepatitis (no.
1 and 5) and portal tract chronic inflammation (no. 2, 3, and 9).
There was 1 case of non-caseating granulomata (no. 5). In con-
trast, 9/19 liver tissue samples from the COVID-19- cases were
histologically normal.
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Table 2. Demographic Features, Presenting Symptoms, and Underlying Conditions of COVID-19 Positive and Negative Participants

Case Location( Com- Age at Difficulty Shortness
No. munity v. Facility)  Death, Years ~ Sex Cough Breathing ~ Fever  of Breath Other® Underlying conditions present +
COVID-19+
1 Facility 79 Female X X X X HIV/AIDS
2 Facility 38 Female X X HIV/AIDS, TB
3 Facility 65 Male X X X X Alcohol misuse, DM, COPD, smoking
4 Facility 48 Male X X X X Cancer, HIV/AIDS, TB
5 Facility 42 Male X X X Alcohol misuse, CVD, smoking, TB
6 Community 61 Male X X X HIV/AIDS, Malnutrition, TB
7 Community 40 Male X X X X DM, HIV/AIDS, HTN
8 Community 45 Male X X X DM, HIV/AIDS, HTN, TB
9 Community 46 Female X X X X HTN, TB
COVID-19-
10 Facility 67 Male X X HIV/AIDS, HTN, Malaria
1 Facility 55 Male X X X COPD, CVD, HIV/AIDS
12 Facility 56 Male X X X Alcohol misuse, HIV/AIDS, HTN, smoking, TB
13 Facility 21 Male X X X COPD, HIV/AIDS, malnutrition, smoking, TB
14 Community 72 Male X X X COPD, smoking, TB
15 Community 40 Female X HTN
16 Facility 83 Female X X HTN, smoking
17 Facility 66 Male X X Alcohol misuse, COPD, malnutrition, TB,
18 Community 0.13 Female X X X
19 Community 54 Male X X X HIV/AIDS, TB
20 Community 18 Male X X X X
21 Community 64 Female X X
22 Community 40 Male X X X X Alcohol misuse, COPD, TB
23 Community 73 Male X X X Alcohol misuse, smoking, TB
24 Community 58 Female X X B
25 Community 33 Male X X DM
26 Facility 38 Male X X X Alcohol misuse, HIV/AIDS
27 Community 40 Male X X X Smoking, TB
28 Community 33 Female X X X Alcohol misuse, TB

Abbreviations: COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; CVD, cardiovascular disease; DM, diabetes mellitus; HIV/AIDS, human immunodeficiency

virus/acquired immunodeficiency syndrome; HTN, hypertension; TB, tuberculosis.

“Includes fast breathing, headaches, achy joints/muscles, chest pain, vomiting, diarrhea, runny nose, nausea, sore throat, loss of taste/smell, hemiparesis, and sudden onset abdominal pain.

Among the COVID-19 negative cases, the most common
finding was portal tract inflammation, which was present in
5 cases. Steatosis was observed in 2 cases. For 1 case (no. 23)
the liver was not sampled. Although steatosis is a nonspecific
finding present in many individuals with severe disease, the
presence of 1 or more liver abnormalities appeared far more

common among the COVID-19+ group (PR 1.69, 95% CI
1.04-2.74).

Kidneys
We managed to collect kidney tissue from 20/28 cases, with
failed sampling due to difficulty in locating the kidney based

Figure 1. Lung demonstrating diffuse alveolar damage. A, Lung demonstrating the exudative phase, characterized by fluid accumulation in the alveolar spaces (asterisk)
and early membrane formation (arrow). B, Lung demonstrating the organizing phase with interstitial proliferation of fibroblasts (asterisk).
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Figure 2. Four panels showing lung tissue with hematoxylin and eosin staining. A, Lung tissue at x100 magnification. Areas of caseous necrosis (asterisk). B, Lung tissue
at x400 magnification. There is an area of pneumocyte hyperplasia (arrow) with lymphocytic infiltrate in the interstitium (asterisk). C, Lung tissue at x400 magnification. There
is a granuloma (asterisk) with a multinucleated giant cell (arrow). D, Lung tissue at x400 magnification. There is an acute pneumonia with alveolar neutrophils (asterisk).

Figure 3. Two panels showing liver tissue with hematoxylin and eosin staining at x100 magnification. A, Areas of centrilobar hepatocyte dropout, necrosis (arrow). B,

Steatosis (arrow) and areas of acute hepatitis (asterisk).

on external anatomic landmarks using the biopsy needle. We
were unable to collect kidney samples from 4/19 COVID-
19— cases for this reason. Among the 9 COVID-19+ cases, 4
cases could not be sampled. Among the 5 that were sampled,
4 had abnormal histological findings. The most common
finding was acute kidney injury (AKI). AKI was evident in 3
cases (no. 3, 4 and 5), and all cases were focal. One case (no.
9) showed hyperplastic blood vessels (Figure 4). In contrast
with the majority of kidney samples from the COVID-19+
cases, which had histological abnormalities, most kidney
samples from the COVID-19- cases were normal. Among
the small number of COVID-19- cases with histological
findings, 1 had evidence of AKI, 1 had hyperplastic blood
vessels, and 3 others showed evidence of interstitial chronic
inflammation.

Overall, we detected a higher proportion of kidney ab-
normalities in the COVID-19+ group compared with the

COVID-19- group (PR 2.4, 95% 1.04-5.56). Although these
findings are nonspecific, they suggest that the kidney may be in-
directly harmed during the COVID-19 syndrome, even if such
injuries are not mediated directly by COVID-19 itself.

Figure 4. Kidney tissue with hematoxylin and eosin staining at x100 magnifica-
tion with evidence of hyaline arteriolosclerosis (asterisk).
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Figure 5. Heart tissue with hematoxylin and eosin staining at x100 magnification
showing wavy coagulative necrosis of cardiomyocytes (asterisk).

Other Organs

Because all MITS samples were taken blindly, other tissues were
inadvertently sampled. Some of the tissues sampled included
the heart, spleen, and pancreas. Most of these tissue samples
were nondiagnostic with 1 exception. There was 1 COVID-19+
participant with a sample of heart tissue (no. 8) that showed ev-
idence of a myocardial infarction (Figure 5).

DISCUSSION

In this postmortem analysis of pathological specimens obtained
using MITS from patients who died of a respiratory syndrome,
we observed a constellation of abnormalities from lung, liver,
and kidney samples that distinguished individuals with PCR-
confirmed COVID-19 disease. Although our sample size was
small, precluding precise estimates of differences in the distribu-
tion of abnormalities, several broad differences were observed.
Among the COVID-19+ group, lung pathologies in general, and
DAD more specifically, were more common than in the COVID-
19— group. These findings are consistent with the clinical
COVID-19 syndrome, even though the finding of DAD occurs
in response to a wide range of viral pathogens and some nonin-
fectious etiologies as well and is not unique to COVID-19 [19].
Nonetheless, it appears that diffuse alveolar damage is a common
lung injury pattern that occurs as part of the COVID-19 syn-
drome. For 3 of our COVID-19+ with respiratory symptoms, the
lung biopsies showed no evidence of pathology. This could be a
limitation of the MITS sampling technique. One way to address
this issue would be to increase the number of tissue biopsies har-
vested from the lung. Another possibility is simply that these in-
dividuals could have died from a respiratory pathogen other than
SARS-CoV-2. Immunohistochemistry or in situ hybridization
could also be used to provide further evidence of tissue invasion.

It is worth noting that in many of the COVID-19 negative cases,
there was also evidence of pneumonia and pneumonitis. Because
MITS eligibility was based on the presence of respiratory symp-
toms as part of the illness leading to death, it is quite possible that
these individuals were infected with a respiratory pathogen other
than SARS-CoV-2 at the time of their death. Another poten-
tial explanation for this observation could be the distribution of

underlying risk factors amongst the COVID-19- cases. Consistent
with our prior reports of COVID-19 in this population, hyperten-
sion, HIV/AIDS, and tuberculosis were present more often among
the COVID-19+ than COVID-19- participants [6].

In Sub-Saharan Africa, very few COVID-19 autopsy studies
have been done, despite a high number of COVID-19-related
deaths. To our knowledge, there has been only 1 previous pub-
lished study from an African setting, and that paper described
postmortem autopsy findings in a South African cohort [16]. Our
evaluation of the lung tissue samples showed histologic abnormal-
ities in both COVID-19+ and COVID-19- cases. SARS-CoV-2
infection of the lung can present with various histological appear-
ances depending on the stage of progression of the infection in-
cluding pneumonia, interstitial inflammation with pneumocyte
damage/hyperplasia, and intra alveolar exudate (with or without
organization). Immunohistochemistry and/or in situ hybridiza-
tion could provide further evidence that COVID-19 plays a direct
role in these injuries, as opposed to setting in motion a series of
pathophysiological events that indirectly result from COVID-
19 disease. Histologically the pneumonia/pneumonitis in both
COVID-19+ and COVID-19- cases showed no notable differ-
ences suggesting the same pathway in lung responses. Thus, there
was no evident pathognomonic feature unique to this virus.

Studies have highlighted a common vascular thrombotic re-
sponse in COVID-19 infections [19]. And yet only 1 COVID-19+
case in our sample demonstrated thrombi in pulmonary vessels.
This may reflect a limitation of the MITS approach, because the core
tissue biopsies sample only a small portion of the lung and could
easily miss such infarcts if they are distributed sporadically and/or
at low density. Other teams have also reported on the low rate of
thrombus detection via MITS among victims of COVID-19 [20].

This study also revealed histological involvement of liver and
kidney. The liver sections, regardless of COVID-19 infections
status, showed steatosis and inflammation which was largely
non-specific in nature. It is worth noting that 3/4 COVID-19+
cases with steatosis occurred in individuals who were living
with HIV. Although antiretroviral drugs can cause steatosis,
the treatment status of these individuals was unavailable to us.
Because we did not observe any steatosis among individuals
with HIV who were COVID-19—-, we can infer the observed ste-
atosis was likely due to COVID-19 disease. Other studies have
also reported higher frequencies of steatosis among COVID-
19+ individuals compared to COVID-19- controls [21].

In the kidneys there was evidence of acute tubular changes,
glomerular sclerosis and vascular alterations. These changes
have been described previously and are not specific to COVID-
19+ cases, leading us to attribute the observed alterations to
pre-existing conditions and/or to the severe illnesses that pre-
ceded death, rather than COVID-19 infection [20, 22-24].

Regardless of COVID-19 infection status, there were several
cases in which there was no evidence of pathology. It is known
that inflammation in the lung can be patchy in distribution,
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which could allow areas of pathology to be missed during the
sampling process. As such, obtaining a larger number of core bi-
opsies could be helpful, especially from the lung. In some cases,
we were unable to yield a tissue sample from the target organ.
This was a particular challenge when collecting kidney tissue
via MITS. Ultrasound could be a valuable and complementary
technology when conducting MITS by helping to guide the bi-
opsy needle towards the organ of interest.

LIMITATIONS

There are several limitations to our study. First, our sample size was
small, which precludes firm conclusions about the distribution of
underlying risk factors and pathologic findings. However, the small
number of samples we did collect were of high quality and ade-
quate for diagnosing pathology in nearly all cases. Second, symp-
toms and risk factors were collected from next of kin and medical
chart data (facility deaths only). The accuracy of these data is sub-
ject to recall bias, nonmedical observer status, and limited by the
accuracy of medical charts. Unfortunately, the solid data on these
conditions, including the duration, severity, or treatment was un-
available in our study. Third, we reported high frequencies of res-
piratory symptoms in this cohort. Because these symptoms were
used to screen cases for eligibility, these will be overrepresented
in our sample by definition. Finally, we have not applied addi-
tional diagnostic techniques (PCR, immunohistochemistry, and/
or electron microscopy) to identify SARS-CoV-2 virus in the
tissues sampled. Our team is currently looking to incorporate
immunohistochemistry in a forthcoming analysis.

CONCLUSION

Our current work highlights the utility of MITS for under-
standing pathology associated with COVID-19 postmortem.
In the majority of cases, the tissue samples collected from the
lung were adequate for definitive histological diagnosis. This
analysis strengthens our understanding of the pathology
of COVID-19 and takes us one step closer to determining
if COVID-19 was the cause of death or rather part of the
causal pathway. Additional work needs to be done before a
death can be attributed to COVID-19 with a high degree of
certainty.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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