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The exact role of viral replication in patients with severe COVID-19 has not been
extensively studied, and it has only been possible to demonstrate the presence of
replicative virus for more than 3 months in a few cases using different techniques. Our
objective was to study the presence of RNA SARS-CoV-2 in autopsy samples of patients
who died from COVID-19 long after the onset of symptoms. Secondary superimposed
pulmonary infections present in these patients were also studied. We present an autopsy
series of 27 COVID-19 patients with long disease duration, where pulmonary and
extrapulmonary samples were obtained. In addition to histopathological analysis, viral
genomic RNA (gRNA) and viral subgenomic RNA (sgRNA) were detected using RT-PCR
and in situ hybridization, and viral protein was detected using immunohistochemistry.
This series includes 26 adults with a median duration of 39 days from onset of
symptoms to death (ranging 9–108 days), 92% of them subjected to immunomodulatory
therapy, and an infant patient. We detected gRNA in the lung of all but one patient,
including those with longer disease duration. SgRNA was detected in 11 out of 17
patients (64.7%) with illness duration up to 6 weeks and in 3 out of 9 patients (33.3%)
with more than 6 weeks of disease progression. Viral protein was detected using
immunohistochemistry and viral mRNA was detected using in situ hybridization in 3 out
of 4 adult patients with illness duration of <2 weeks, but in none of the 23 adult patients
with an illness duration of >2 weeks. A remarkable result was the detection of viral
protein, gRNA and sgRNA in the lung cells of the pediatric patient after 95 days of illness.
Additional pulmonary infections included: 9 acute bronchopneumonia, 2 aspergillosis,
2 cytomegalovirus, and 1 BK virus infection. These results suggest that in severe
COVID-19, SARS-CoV-2 could persist for longer periods than expected, especially
in immunocompromised populations, contributing to the persistence of chronic lung
lesions. Additional infections contribute to the fatal course of the disease.
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INTRODUCTION

COVID-19 is described as a disease with a biphasic course and
three stages (early infection, pulmonary, and hyperinflammatory
stage) (Siddiqi and Mehra, 2020). The initial phase is
characterized by intense viral replication and high viral
load, followed by a strong and dysregulated inflammatory
response. Nonetheless, it is difficult to specify the duration
of each phase. Over the first week, in those patients with
mild or moderate COVID-19 disease, the viral load decreases;
Conversely, in critical patients, high viral loads have been
quantified up to 2 weeks using real-time RT-PCR, and detected
by immunohistochemistry (IHC) and in situ hybridization
(ISH; Schaefer et al., 2020). Several studies showed that viral
RNA could be detected using RT-PCR for periods longer than
2 months (Avanzato et al., 2020; Reuken et al., 2021), but the
presence of viral RNA and protein was difficult to demonstrate
using ISH and IHC, respectively, after 2 weeks (Evert et al.,
2021). Most autopsy studies have been performed in patients
with <30 days of illness; and therefore, the exact duration
of viral RNA presence in lung tissue has not been described
comprehensively.

In addition to SARS-CoV-2 infection, patients with
severe COVID-19, especially the immunocompromised and
those with longer ICU stays are prone to develop other
pulmonary infections (Evert et al., 2021), including acute
bronchopneumonia, reactivation of herpesviruses such as
cytomegalovirus (CMV) and fungal infections, whose frequencies
vary among different autopsy series.

Here, we study the presence of RNA SARS-CoV-2
after long periods of illness, using a collection of post-
mortem specimens from lungs and extra-respiratory organs.
We detected genomic SARS-CoV-2 RNA (gRNA) and
subgenomic RNA (sgRNA) in 27 patients with a median
time to death of 39 days. In addition, we evaluated the
presence of other pulmonary infections in these patients with
severe COVID-19.

MATERIALS AND METHODS

Autopsies
The Research Ethics Committee approved the study (reference:
Necropsias_Covid19; 355_20). It included all consecutive
autopsies of COVID-19 patients performed at Hospital
Universitario Ramón y Cajal (Madrid, Spain) from April 2020
to March 2021 (n = 26). The autopsies corresponded to patients
with severe respiratory disease and were requested by the
medical staff according to clinical interest and represented about
3% of all COVID-19 deaths during this period. Consequently,
the series does not represent the complete spectrum of
causes of death attributable to COVID-19. All autopsies were
performed under the consent of the patients’ relatives and
carried out following safety protocols, in a negative pressure
autopsy room, using personal protection equipment, as
previously reported (The COVID-19 Autopsy Project, 2020).
All autopsies were performed in less than 24 h after the patient’s

TABLE 1 | Clinical characteristics of adult patients.

Demographics
and clinical
characteristics

Total number of
observations

Age, years Median (IQR) 69.50 (14.75) 26

Min, max 52, 91

Gender, n (%) Male 21 (80.77) 26

Weight, kg Median (IQR) 80 (20) 25

Min, max 53, 109

DM, n (%) 2 (7.69) 26

Hypertension, n (%) 11 (42.30) 26

Patients admitted
to ICU, n (%)

22 (84.61) 26

Total days Median (IQR) 39 (13.25) 26

Min, max 9, 108

Hospitalization days Median (IQR) 30.5 (11.75) 26

Min, max 3, 69

ICU days Median (IQR) 25.50 (16) 22

Min, max 12, 95

Mechanical
ventilation, n (%)

22 (84.62) 26

Corticosteroids
use, n (%)

24 (92.31) 26

Immunomodulatory
therapy*, n (%)

23 (88.46) 26

*Including tocilizumab and/or interferon β1a.

death and included both gross and histologic examination
of the organs.

In the first 14 consecutive decedents, because of biosecurity
concerns, we took in-corpore representative sections from
the heart, lungs, liver, kidney, pancreas, and bone marrow.
Due to improved technical training regarding handling of
instruments and sampling collection while wearing personal
protection equipment, in the rest of the patients we extracted the
complete heart and lung block, left kidney, spleen, and sections
from the liver, pancreas, and bone marrow. One autopsy was
limited to the lungs, as requested under the consent of the
patient’s relatives.

Histopathological Evaluation
After fixation in 10% buffered formalin for 24–48 h,
samples from the five pulmonary lobes were taken in
all patients. All histological evaluations were blinded to
clinical data. The histopathological classification of the
diffuse alveolar damage (DAD) lesions was performed
according to Li et al. (2021), as previously reported
(Pérez-Mies et al., 2021).

In addition to hematoxylin and eosin stain, PAS and
Grocott stains were performed in suspicious cases to highlight
fungal infections. Immunohistochemistry for Herpesvirus (clone
10A3, Roche), CMV (clone CCH2 + DDG2, Agilent) and
polyomavirus BK (anti-SV40, clone Pab416, Gennova) were
performed on a Dako Omnis platform and the staining
was visualized with the EnVision system FLEX/HRP (Agilent,
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FIGURE 1 | (A) Hematoxylin and eosin. Diffuse alveolar damage (DAD), exudative phase with hyaline membranes formation. Scale bar: 100 µm. (B) Hematoxylin
and eosin. DAD, organizing phase. Scale bar: 100 µm. (C) Hematoxylin and eosin. DAD, fibrotic phase. Scale bar: 100 µm. (D) Hematoxylin and eosin. Numerous
filamentous fungi are seen in the lung. Scale bar: 100 µm. Inset: Periodic acid–Schiff staining, highlighting the fungi. (E) Hematoxylin and eosin. Filamentous fungi
invading the arteriolar wall in angioinvasive aspergillosis. Septate hyphae with dichotomous branching at acute angles of around 45◦ are apparent. Scale bar:
100 µm. (F) Hematoxylin and eosin. Endothelial pulmonary cells with viral cytopathic changes. Scale bar: 100 µm. Inset: Immunohistochemistry for cytomegalovirus,
showing positive staining.

TABLE 2 | Lung pathological findings.

Total number of
observations

Patients with
predominant
pattern, n (%)

Normal lung 1 (3.85) 26

Exudative DAD 6 (23.07) 26

Proliferative/organizing
DAD

15 (57.69) 26

Fibrotic DAD 4 (15.38) 26

Vascular thrombi, n
(%)

18 (69.23) 26

Endothelialitis, n (%) 11 (42.31) 26

Infections, n (%)

Acute
bronchopneumonia

11 (42.31) 26

Aspergillosis 2 (7.69) 26

Cytomegalovirus 2 (7.69) 26

Subpleural abscess 1 (3.85) 26

Santa Clara, CA, United States). These cases were selected
by morphological features in lung samples suspicious of
those infections.

SARS-CoV-2 RNA Detection by RT-PCR
SARS-CoV-2 detection was done in post-mortem swabs taken
from the nasopharynx (NPS), lungs (LS) (the two superior
lobes), heart, liver, and right kidney. In addition, testing was
done in post-mortem formalin-fixed paraffin-embedded (FFPE)
tissue from the lungs (all lobes), heart, liver and kidney in
all patients, and large intestine in eight patients. RT-PCR was
utilized for detection of genomic SARS-CoV-2 RNA (gRNA) and
subgenomic viral RNA (sgRNA) in all patients.

For gRNA detection, swab samples were sent on the same day
to the Microbiology Department for the detection of genomic
SARS-CoV-2 RNA. RNA extraction and RT-PCR amplification
were performed within 3 h after reception in the laboratory. RNA
extraction was performed using MagmaxTM Core Nucleic Acid
Purification Kit (Thermo Fisher, Waltham, MA, United States)
and gRNA SARS-CoV-2 was detected using TaqmanTM 2019
nCoV assay (Thermo Fisher, Waltham, MA, United States).
Samples with a cycle threshold (Ct) lower than 40 were
considered positive.

For FFPE samples, RNA was extracted from 10 sections
of 5 µm obtained from paraffin blocks using RecoverAll
Total Nucleic Acid Isolation Kit (Invitrogen), following the
manufacturer’s instructions. RNA quantity was measured
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TABLE 3 | Features of patients with a cytomegalovirus (CMV) or aspergillosis diagnosis.

Patient 6 Patient 7 Patient 8 Patient 12

Age (years) 60 68 72 55

Pathological CMV and/or aspergillosis diagnosis CMV Aspergillosis CMV Aspergillosis

Clinical CMV and/or aspergillosis diagnosis No Aspergillus flavus CMV No

Illness duration (days) 32 32 34 37

Hospitalization duration (days) 29 18 26 30

UCI stay (days) 19 12 25 30

Comorbidities None Oropharyngeal squamous cell
carcinoma, former smoker,
stroke

Bladder carcinoma, chronic
heart disease

None

Corticosteroids use Yes Yes Yes Yes

Immunomodulatory therapy (Tozilizumab) Yes Yes Yes Yes

ICU, intensive care unit; CMV, cytomegalovirus.

fluorometrically with Qubit RNA high-sensitivity assay kit
(Invitrogen, Waltham, MA, United States). gRNA SARS-CoV-2
was detected in the same way as the swab samples, using
TaqmanTM 2019 nCoV assay (Thermo Fisher, Waltham,
MA, United States). Samples with a Ct lower than 40 were
considered positive.

sgRNA was detected using RT-PCR. Retrotranscription was
performed with High-Capacity cDNA Reverse Transcription
Kits (Thermo Fisher Scientific), following the manufacturer’s
instructions. Specific primers were designed between the
leader region and the nucleocapsid protein (N) gene (forward
primer sequence: 5′ ACCTTCCCAGGTAACAAACCA 3′;
reverse primer sequence: 5′ GGTCCACCAAACGTAATGCG
3′; amplicon size 129 bp). The PCR was performed at 54◦
annealing temperature for 45 cycles. PCR products were run
with High Sensitivity D1000 ScreenTape kit on the Tape Station
2200 (Agilent, Santa Clara, CA, United States). Confirmation of
positive fragments was performed using Sanger sequencing.

As internal quality controls, RNAseP or MS2 were used. Only
those PCR assays yielding a positive amplification for internal
controls were validated following the manufacture’s guidelines.

SARS-CoV-2 Immunohistochemistry and
in situ Hybridization
In each patient, the FFPE RT-PCR positive lung sample with the
lowest Ct value was also analyzed with IHC and ISH.

For SARS-CoV-2 immunohistochemistry, we used
the monoclonal antibody (1A9, Genetex Inc., Irvine CA,
United States) against the spike protein of SARS-Cov/SARS-
CoV-2 in 1:100 dilution on 3 µm slides obtained from paraffin
blocks. Antigen retrieval was performed with 10 mM citrate
buffer (pH 6.0). The staining was visualized with the EnVision
system FLEX/HRP (Agilent, Santa Clara, CA, United States).

RNA ISH for SARS-CoV-2 was performed using the
RNAscope R© SARS-CoV-2 probes for the SARS-CoV-2 S gene
encoding the spike protein (catalog #848561, Advanced Cell
Diagnostics, Inc., Hayward, CA, United States) on a Leica Bond
III automated stainer (Leica Biosystems, Wetzlar, Germanyı),
according to the manufacturer’s instructions. Briefly, 4-µm
formalin-fixed and paraffin-embedded tissue sections were

TABLE 4 | Main pathological findings in other organs.

Total number of
observations

Heart

Coronary artery atherosclerosis, n (%) 4 (16) 25

Left ventricle hypertrophy, n (%) 3 (12) 25

Chronic epicardial inflammation, n (%) 1 (4) 25

Myocarditis, n (%) 1 (4) 25

Senile amyloidosis, n (%) 1 (4) 25

Liver

Centrolobulillar necrosis, n (%) 4 (16) 25

Esteatosis, n (%) 7 (28) 25

Cirrhosis, n (%) 1 (4) 25

Kidney

Ischemic necrosis, n (%) 8 (32) 25

Acute tubular necrosis, n (%) 8 (32) 25

Bone marrow

Haemophagocitosys, n (%) 19 (76) 25

Hyperplasia, n (%) 22 (88) 25

pre-treated with heat and protease prior to hybridization. Tissue
sections were hybridized separately with the target probe to detect
infected cells and with the positive and negative control probes.
Specific staining signals were identified as brown, punctate dots
present in the cytoplasm.

Ultrastructural Study
We performed a transmission electron microscopic
examination of the FFPE tissue from the lung of the
pediatric patient. Thin sections were stained with uranyl
acetate and lead citrate and were examined with an EM-10
Zeiss microscope.

RESULTS

Demographic and Pathological Findings
This series included 26 adults and 1 pediatric patient. The clinical
data of the adult patients are shown in Table 1, including 21 males
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FIGURE 2 | (A) Hematoxylin and eosin. Ciliated bronchial epithelial cells with amphophilic nuclear inclusions (arrowheads). Scale bar: 100 µm. (B) Polyomavirus BK
immunohistochemistry. Same area as panel (A), showing positive staining in the nuclear inclusions (arrowheads). Scale bar: 100 µm. (C) Electron micrograph of an
infected cell containing intranuclear inclusions (between asterisks). Scale bar: 2 µm. (D) Intranuclear icosahedral inclusions. Scale bar: 1 µm. Inset: Note the 40 nm
particles characteristic of the polyoma virus group. Scale bar: 200 nm.

and 5 females, with a median age of 69.5 years (IQR 14.8) and a
median illness duration of 39 days (IQR 13.3).

Histopathological analysis revealed severe diffuse alveolar
damage (DAD) in all but one patient, in whom only occasional
areas of hyaline membranes were found. The predominant lung
pattern was DAD in fibroproliferative stage, but exudative or
fibrotic lesions were also present in different proportions in each
patient (Figures 1A–C and Table 2).

Under histological examination, lesions of acute
bronchopneumonia were observed in 11 patients (42.3%).
Moreover, we observed the presence of hyphae within areas
of mixed inflammatory infiltrates in two patients. These
hyphae were visible under the PAS and Grocott techniques
(Figures 1D,E) and were also present in the parenchyma of
the heart and kidney of one patient. In one case fungi were
identified as Aspergillus flavus using PCR (partial sequencing
of 18S rDNA). The fungal structures of the other case were
not identified by PCR nor culture. We observed intranuclear
and intracytoplasmic inclusions in respiratory epithelial cells,
suggestive of CMV infections, in 2 patients (7.7%). Specific
immunohistochemistry for CMV was performed and rendered
positive results (Figure 1F). We did no detect CMV inclusions

in any other organ. The clinical characteristics of patients with
CMV and aspergillosis diagnosis are specified in Table 3.

Other pathological findings in the lungs, hearts, kidneys,
livers, and bone marrows are enumerated in Table 4.

This series also included an 8-year-old boy with primary
immunodeficiency (PI). This patient was subjected to a
haploidentical transplant due to a severe PI characterized by
an almost total absence of naïve T cells and T cell receptor
excision circles (TRECs). A next generation sequencing study
did not identify any pathogenic mutations in the genes related
to the main severe combined immunodeficiencies. The patient
was waiting for a comparative genomic hybridization study to
evaluate the possibility of a 22q11 related syndrome. During
his stay in the hospital for the diagnosis of his primary
disease, SARS-CoV2 was identified in a NPS during a febrile
episode with little respiratory symptoms. The patient recovered
from the clinical symptoms but the NPS stayed positive.
He developed acute respiratory insufficiency 95 days after
the initial diagnosis of COVID-19 and eventually died. In
the autopsy, the main pulmonary finding was an extensive
bilateral pulmonary hemorrhage. Moreover, some bronchial
epithelial cells showed amphophilic nuclear inclusions that
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FIGURE 3 | SARS-CoV-2 cycle threshold values heatmap visualization. Upper blue bar indicates sample type (swab or formalin fixed paraffin embedded
tissue –FFPE) of nasopharyngeal or lung locations. Right red bar indicates the weeks from onset of symptoms and right yellow bar shows the presence of
sub-genomics regions. For antemortem nasopharyngeal swabs, three positive patients did not have the Ct values recorded (NA). One additional patient had a
negative result in our hospital, but a positive result in another center. For post-mortem samples, NA indicates no sample available. The infant corresponds to Patient
26.

were positive for Polyomavirus BK immunohistochemistry.
Electron microscopic examination revealed multiple intranuclear
viral particles arranged in paracrystalline arrays, approximately
40 nm in diameter, with no envelope, typical of Polyomavirus
BK (Figure 2).

SARS-CoV-2 Detection
All patients tested positive for SARS-CoV-2 in NPS during
the development of their disease. Ct values are shown in
Figure 3. Three patients who tested positive did not have
their Ct values recorded, and one additional patient had
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FIGURE 4 | Box plot of SARS-CoV-2 cycle threshold values of the different types of samples. Median is shown as a black line, mean as a green circle and the
outliers as red points. ANOVA: Pr(>F) = 4.04e–12***. Ct, cycle threshold; NPS, nasopharyngeal; RL, right lobe; LL, left lobe; RUL, right upper lobe; RML, right
medium lobe; RIL, right inferior lobe; LUL, left upper lobe; LIL, left inferior lobe; IQR, interquartile range. *Three positive patients did not have the Ct values recorded.
One additional patient had a negative result in our hospital, but a positive result in another Center.

a negative result in our hospital, but a positive one in
another center.

SARS-CoV-2 gRNA was detected in at least one autopsy
sample in all patients (Figure 3). The number of samples obtained
in the respiratory tract, the number of positive samples for each
location, and the median, mean and range Ct values for each
location are presented in Figure 4, as well as the comparison of
Ct values between premortem swabs and post-mortem samples.

Positive post-mortem NPS were obtained in 17 of 23 (73.9%)
patients and positive LS were obtained in 15 of 23 (65.2%)
patients. No positive results were obtained in swab samples from
the heart, kidney, and liver in all patients except one, who showed
a positive result in the heart swab.

Regarding FFPE samples, positive results were obtained in all
but one patient from one or more lung lobes. The frequency of
positive SARS-CoV-2 RT-PCR was significantly higher in FFPE
lung samples (96.3%) than in post-mortem NPS (73.9%) and LS
(65.2%) (p = 0.038 and p = 0.024, respectively). No statistically
significant differences were observed in the Ct values obtained
from post-mortem swabs and FFPE positive samples. Ct values
from FFPE samples showed a statistically significant positive

correlation with illness duration (r = 0.5; p = 0.011) (Figure 5),
indicating lower viral shedding with disease progression.

In adult patients, we detected sgRNA in 11 of 17 (64.7%)
patients with illness duration up to 6 weeks. Moreover, sgRNA
was also detected in 2 of 9 (22.2%) adult patients with more than
6 weeks of disease progression (Figure 3).

Viral protein – using IHC –, and viral mRNA – using
ISH – were detected in 3 out of 4 adult patients with illness
duration of less than 14 days, but in none of the 22 patients
with an illness duration between 15 and 103 days. Signals were
observed in areas with hyaline membranes, in the cytoplasm
of pneumocytes, some of them desquamated into the alveolar
lumen, and more infrequently in the respiratory epithelium of
bronchi or bronchioles. Staining of intraalveolar cells, suggestive
of macrophages, was also observed. Staining of endothelial cells
was inconclusive in our samples.

We detected viral protein using IHC, viral gRNA using ISH
and RT-PCR, and sgRNA in the lung of the pediatric patient
after 95 days of the onset of symptoms (Figure 6). We did not
observe viral particles suggestive of SARS-CoV2 using electron
microscope examination.
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FIGURE 5 | Spearman correlation between days from onset of symptoms and SARS-CoV-2 cycle threshold values of FFPE samples, where regression line is shown
in blue and confident interval in gray.

DISCUSSION

To the best of our knowledge, we report the autopsy series
with the longest illness duration in which viral detection has
been performed in post-mortem lung samples. The availability
of post-mortem specimens has provided a comprehensive insight
into the pathophysiology of COVID-19. Several autopsy series
including 4 to 64 patients (median 16 patients) with a median
duration of illness ranging from 5.7 to 38.5 days (median
14.9 days) have been published (Supplementary Table 1). In
this work, we report a 27-autopsy series with the longest
illness duration (median 39 days, ranging 9–108 days) in
which viral detection has been performed in post-mortem lung
samples, including those with longer disease duration (95 and
108 days). For this reason, this work provides an opportunity
to elucidate RNA SARS-CoV-2 persistence in patients with
critical illness. According to Supplementary Table 1, only 17
patients in previously reported series showed viral RNA in lung
samples after 4 weeks of illness (between 29 and 64 days).
The high rate of positivity in our series could be related
to the fact that we obtained samples from all lung lobes, a
procedure performed in only a few of the previous studies
(Supplementary Table 1).

We detected sgRNA in 14 of 26 (53.8%) adult patients,
including two who died after 49 and 57 days of disease.

These results are in accordance with the observations of
Dorward et al. (2021), who detected sgRNA in a post-mortem
lung sample from one patient who died 42 days after the onset
of illness. Other studies evaluating sgRNA in autopsy samples
were limited to patients with less than 27 days of disease (Desai
et al., 2020; Bhatnagar et al., 2021). The role of sgRNA detection
as a marker of viral replication is a matter of debate. Whereas
different authors have reported sgRNA as a demonstration of
persistent viral replication (Santos Bravo et al., 2021), other
authors have questioned this claim (Alexandersen et al., 2020;
Verma et al., 2021).

We did not detect SARS-Cov-2 mRNA in any organ but the
lung in patients with more than 2 weeks of evolution, and no
other organs presented lesions related with SARS-Cov-2 infection
but the lungs. These facts support the role of persistent lung
viral shedding in lung pathology. Moreover, it might suggest a
rapid and short extrapulmonary spread of SARS-CoV-2 in the
acute phase of the disease, which is generally cleared without
triggering any explosive local inflammatory response in other
organs (Ferrer-Gómez et al., 2021; Skok et al., 2021).

Persistent RNA viral shedding could be related to host
immunity in severe COVID-19 cases, which is supported by the
results observed in our pediatric patient with severe primary
immunodeficiency. This patient is similar to a few previously
reported living patients with secondary immunodeficiency in
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FIGURE 6 | (A) Ciliated bronchial epithelial cells positive for SARS-CoV-2 spike protein in patient 26 (immunohistochemistry). (B) In situ hybridization for
SARS-CoV-2 RNA revealed positivity in the cytoplasm of several alveolar cells. (C) From left to right: Tape Station report of sgRNA amplification in infant patient.
Electropherogram obtained by Sanger sequencing of the amplified product of gRNA where the leader sequence is observed close to the N gene.

whom ongoing viral replication was demonstrated for more than
100 days (Avanzato et al., 2020; Baang et al., 2021; Truong
et al., 2021). In our case, we were able to demonstrate active
viral replication not only by detecting sgRNA with RT-PCR,
but also by detecting viral protein and mRNA using IHC and
ISH, respectively. As far as we know, this is the only patient
reported so far in whom active SARS-CoV-2 viral replication has
been demonstrated in the lung after 3 months from the onset
of disease. This observation could have important implications
for the antiviral treatment of immunocompromised COVID-19
patients with severe lung disease.

The immunocompromised populations, including
immunosenescent elderly patients or patients subjected
to immunosuppression treatment – which most of the
patients in this series were (Table 1), were probably unable
to completely eliminate viral particles and the vicious cycle
of viral replication and inflammatory response persisted,
contributing to chronic deterioration of the lung tissues
(Avanzato et al., 2020; Reuken et al., 2021). These observations

about viral persistence could have important implications in the
selection of new intra-host viral variants (Truong et al., 2021) and
consequently the effectiveness of vaccine or antiviral treatment
of immunocompromised COVID-19 patients (Sulaiman et al.,
2021; Tsukada et al., 2021). The different pandemic waves
have been related to the description of new SARS-CoV-2
variants. This raises the question on whether our ISH and
IHQ techniques, based on the detection of the spike RNA and
protein, respectively, could recognize SARS-CoV-2 variants
of concern. However, our study was carried out during the
first three pandemic waves, when the SARS-CoV-2 variants
B.1, B.1.177 and B.1.1.7 were successively dominant (Hodcroft
et al., 2021; López et al., 2021; Martínez-García et al., 2021;
Viedma et al., 2021).

Patients hospitalized with COVID-19 have a high risk
of secondary infections due to intensive care unit (ICU)
admission, prolonged mechanical ventilation, and severe
lymphopenia (Ripa et al., 2021). In our series, 13 patients
showed secondary pulmonary infections. The frequency of acute
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bronchopneumonia in our series (42.31%) was similar to that
found in the largest autopsy series published so far, in which the
authors found superimposed acute bronchopneumonia in 45 out
of 82 patients (55%).

It has been suggested that COVID-19–associated pulmonary
aspergillosis (CAPA) is a contributing factor to mortality in
patients with severe COVID-19 (Salazar et al., 2021). In our
series, 7.69% of the patients showed CAPA. The true incidence
of CAPA has not been well established since its diagnosis is
challenging from a clinical point of view (Koehler et al., 2021).
The frequency of proven CAPA in autopsies varies among
series. Thus, among the 24 reviewed series in Supplementary
Table 1, only 3 series reported cases of CAPA, with a frequency
ranging from 3.8 to 38.1% (Schurink et al., 2020; Berezowska
et al., 2021; Yao et al., 2021). Similarly, whereas (Bryce et al.,
2021) reported only 2 patients with CAPA in their series of
100 patients (2%), (Fortarezza et al., 2021) reported 9 CAPA
cases among 45 autopsies (20%). These authors observed that
CAPA increased mainly in the second wave of the pandemic
(7 out of 17 vs. 2 out of 28 during the first wave), which
was attributed to a higher use of corticosteroids during
the second wave.

Corticosteroid use is a known risk factor for CMV reactivation
and disease. In our series, 2 patients (7.69%) showed CMV
lung infection. Niitsu et al investigated the frequency and
characteristics of CMV infection in 26 critically ill patients
with COVID-19 who required mechanical ventilation for more
than 1 week (Niitsu et al., 2021). They found that one in four
patients developed CMV infection during mechanical ventilation
and one patient died from CMV pneumonia. CMV infection
was associated with lymphopenia on ICU admission, prolonged
mechanical ventilation, and increased mortality. Similar results
have been reported in other clinical series (Yamamoto et al.,
2021). CMV infection was not reported in any of the 24 autopsy
series we reviewed.

In the pediatric patient in this series, we demonstrated
the presence of Polyomavirus BK inclusions in epithelial
cells using IHC and ultrastructural studies. Pulmonary lesions
produced by Polyomavirus BK seem to be very infrequent
(Cubukcu-Dimopulo et al., 2000). As far as we know, this
is the first case of pulmonary infection by Polyomavirus
BK reported in a COVID-19 patient. However, COVID-19
infection has been considered a risk factor for an increasing
number of Polyomavirus BK infections in recipients of kidney
transplantation (Meshram et al., 2021).

Our study has several limitations. The number of patients
is not very high. Moreover, preanalytical issues related with
FFPE samples could have negatively affected RNA detection.
Finally, we could not test virus infectivity in any sample
due to the lack of appropriate biosecure facilities. Despite
these limitations, our results suggest a role of viral prolonged
presence in the persistence of severe lung lesions in COVID-
19 patients and of host immunity in the clearance of
viral infection, given that immunocompromised patients are
more susceptible to prolonged viral infections. Moreover,
pulmonary co-infections may have an impact in the prognosis
of these patients.
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