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Histological and Ultrastructural Changes in Lungs One
Year Post Asymptomatic or Mild SARS-CoV-2 Infection:
Evaluating the Potential for Active Virus Presence

Cambios Histolégicos y Ultraestructurales en los Pulmones un Aifio Después de una Infecciéon
Asintomatica o Leve por SARS-CoV-2: Evaluacion del Potencial de Presencia Activa del Virus
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SUMMARY: Prior research on post-COVID-19 or long COVID primarily focused on the presence of SARS-CoV-2 mostly in
symptomatic patients. This study aimed to investigate the persistence of SARS-CoV-2 after 1 year of asymptomatic or mild COVID-
19. SARS-CoV-2 infected and control K18-hACE2 transgenic mice (n=25) were studied. Moderate and severe symptomatic subjects
were sacrificed after eight days, while mild or asymptomatic mice were kept in BSL-III for twelve months.Analyses included general
condition, histochemistry, immunohistochemistry, transmission electron microscopy, and qRT-PCR. Lungs from the twelve-month
group showed thickening of alveolar walls, with some lungs exhibiting the recruitment of inflammatory cells, the presence of SARS-
CoV-2 mRNA, immunopositivity for the SARS-CoV-2 spike protein, and TEM showed viruses (60-125 nm) within vesicles, indicating
continued replication. Certain lung samples showed persistent SARS-CoV-2 presence in Club cells, endothelial cells, and macrophages.
The eight-day group exhibited viral interstitial pneumonitis, SARS-CoV-2 immunopositivity,and mRNA. The eight-day hearts displayed
viral mMRNA, while the twelve-month hearts tested negative. Some asymptomatic twelve-month subjects presented reduced surfactant,
basal membrane thickening, fibrosis, and mild autonomic nerve degeneration. In this study conducted on mice, findings indicate the
potential for chronic persistence of SARS-CoV-2 in the lungs one year post initial mild or asymptomatic infection, which could
suggest the possibility of recurrent episodes in similar human conditions. The observed thickening of alveolar walls and potential
fibrotic areas in these mice may imply an increased risk of post-COVID fibrosis in humans. Furthermore, the presence of SARS-CoV-
2-positive inflammatory cells in some asymptomatic murine cases could herald a progression toward ongoing inflammation and
chronic lung disease in humans. Therefore, the necessity for further studies in human subjects and vigilant monitoring of high-risk
human populations is underscored.
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INTRODUCTION

A series of researchers have highlighted the presence
of Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) during the convalescent phase of infection. While
some studies have shown the persistence of the virus for a
few months after recovery, no study has reported the presence
of viral antigens in the lungs at twelve months following
mild and asymptomatic Coronavirus disease 2019 (COVID-
19) infection (Cheung et al., 2022; Goh et al., 2022;
Kervancioglu Demirci et al., 2023).

The long-term effects of asymptomatic SARS-CoV-
2 are still not fully understood, including the possibility of
viral persistence, relapse, transmission, reinfection, and
chronic damage such as post-viral fibrosis or chronic lung
disease.

SARS-CoV-2 enters cells through the angiotensin-
converting enzyme-2 (ACE2) receptor, triggering the renin-
angiotensin system and causing increased angiotensin II
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levels, leading to severe vasculopathy, coagulopathy, and
inflammation with increased monocyte activity is a
significant contributor to inflammation in severe SARS-CoV-
2 cases (Merad & Martin, 2020; Miesbach, 2020). Utilizing
human ACE2 expressing K18-hACE2 transgenic mice,
originally developed for studying SARS-CoV infection,
allows for the isolated examination of the virus's effects,
independent of comorbidities and drug influences,
throughout the study period (Moreau et al., 2020).

This study aimed to assess lung morphology and viral
status in mild symptomatic or asymptomatic K18-hACE2
transgenic mice exposed to single dose SARS-CoV-2
inhalation after one year, comparing the results with control
subjects and mice with acute infection.

MATERIAL AND METHOD

Animals. A SARS-CoV-2 alpha strain (Vial no. 31242/
12.05.2020), originally isolated from bronchoalveolar lavage
specimens and throat swabs from a hospitalized patient and
provided by the Turkish Ministry of Health, was
subsequently cultured using Vero CCL-81 cells and amplified
for the virus bank (Alp Onen et al., 2022). All experimental
protocols were conducted in BSL-III cabinets in accordance
with the Guide for the Care and Use of Laboratory Animals
published by the Ministry of Science and Technology. The
study received approval from the appropriate ethics
committee (Ethical Review Board Name: KODEHAL
Animal Care and Use Committee Date: 05.11.2021 Number:
KOHADYEK 2021-10). All surgeries were conducted using
ketamine-xylazine anesthesia, with utmost care taken to
minimize any suffering.

Twenty-five 8-9-week-old male K18-hACE2 on
BALB/cJ mice (the Jackson Laboratory, Maine, USA), were
divided randomly into control (n=5, without viral exposure)
and infected groups (n=20). And were kept in IVC cages
(22°C,55-65 % relative humidity). After a dose of intranasal
104 TCIDS50 live viruses SARS-CoV-2 was administered
into both nasal passages using a micropipette in an isolator
cabinet (220 Pa negative pressures), severe and moderately
symptomatic mice were euthanized by or until the 8th day
(n=10, eight-day group), while the remaining mild and
asymptomatic mice were kept for a duration of 12 months
(n=10, twelve-month group) (Alp Onen et al., 2022)
(Supplementary file, S1).

Control mice showed no symptoms during the
experiment. Six mice were sacrificed at the fourth, fifth,
sixth, and seventh days due to severe infection and symptoms
of lethargy. Additionally, four mice that had lost weight due
to moderate or severe infection were sacrificed at the eighth

day. This group of ten mice was considered as eight-day
group. The remaining ten infected mice of little or no weight
loss, mild or no symptoms recovered and were fed ad libitum
for twelve months.

To assess the clinical condition, daily activity scores
and weight loss were recorded. For weight loss, the difference
between day zero and day eight was calculated as the
percentage of change with the formula: % of change = -
(Initial weight—Weight at 8th day or the last day alive) / Initial
weight x 100. For clinical progression, daily monitoring was
performed by blinded investigators and recorded using a
grading system modified from the literature (van Griensven
et al., 2002; Moreau et al., 2020) (Supplementary file, S1).

Histopathological examinations of lungs. Tissues were
fixed in neutral buffered formalin for at least 24 hours.
Manual processing included washing in tap water and graded
series of ethanol (70 %, 90 %, 96 %, 100 %), toluene, and
paraffin. Lung sections of five um thickness (Leica
RM22555, Wetzlar, Germany) were stained with
Hematoxylin and Eosin, as well as Masson's trichrome stain.
Histological examination and fibrosis assessment were
performed using the Modified Ashcroft scale
(Supplementary file, S2) (Hiibner er al., 2008). Two
histologists, blinded to the study groups, made the
observations with a light microscope (Leica DMLB, Wetzlar,
Germany). The whole section area was observed at x20
magnification, and mean grade scores of all visible areas
were recorded. Grade ranged from zero to eight, representing
normal lung to total obliteration.

SARS-CoV-2 detection by immunohistochemistry
of lungs. The tissue sections were treated with 3 % hydrogen
peroxidase to prevent endogenous peroxidase activity.
Antigenic structures were released using citrate buffer (pH:
6.0) with heat. Overnight incubation at 4°C was done with
anti-SARS-CoV-2 Spike Glycoprotein antibody (ab275759,
ABCAM, Cambridge, UK) at a 1:500 dilution. HRP anti-
polyvalent kit (Ultravision, ThermoFischer Scientific,
Massachusetts, USA) was used for secondary antibody and
peroxidase applications. AEC (Labvision, ThermoFischer
Scientific, Massachusetts, USA) was selected as the
chromogen. Counterstaining with Hematoxylin was
performed. Immunohistochemical stainings were validated
using positive and negative controls (Supplementary file, S3).

Real-Time PCR of Lungs and Hearts. For quantitative
real-time PCR analysis, lung and heart samples were
homogenized with proteinase K (Roche, Germany) in the
control group (n=4), the eight-day group (n=4), and the
twelve-month group (n=5) mice. Viral nucleic acids were
extracted using the Viral Nucleic Acid Kit (Roche, Germany).
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A one-step qRT-PCR kit (Primer Design, USA)
designed for quantitative detection of SARS-CoV-2 RNA-
dependent RNA polymerase (RdRp) was used for reverse
transcriptase polymerase chain reaction (RT-PCR).
Amplification was performed on a LightCycler 480 real-
time PCR instrument (Roche, Germany) following
manufacturer recommendations, with the viral load
automatically calculated based on the standard curve using
the instrument's software.

The one-step real-time RT-PCR technology of the One-
Step RT-PCR Kit (Primer Design, USA) allowed qualitative
determination of specific RNA. This kit can detect the virus
at different loads, ranging from 2 x 10° to 2 x 10° copies per
reaction, covering both low and high viral loads and enabling
detection at various stages of infection.

Transmission Electron Microscopy of Lungs. For
transmission electron microscopy (TEM), Imm sized samples
were fixed for four hours in 2,5 % gluteraldehyde in 0.1 M
phosphate buffer (pH 7.4) and one hour in 2 % osmium
tetroxide in phosphate buffer at room temperature. After a
graded ethanol series (50 %, 75 %, 96 %, 100 %, 100 %) and
propylene oxide, tissues were embedded in epoxy resin (Epon
812, Sigma, USA). Thin sections of 90 nm were contrasted
with uranyl acetate and lead citrate and photographed using a
transmission electron microscope (Jeol, Tokyo, Japan). Two
specialized histologists made the observations.

Weight loss percent of change

Modified Ashcroft Scores

Statistical analysis. The statistical analysis was conducted
with GraphPad Prism 9.4.0 (GraphPad Software, San Diego,
CA, USA). To assess normality, the Shapiro-Wilk test was
used. The percentage change in weight, modified Ashcroft
scores, and qRT-PCR values exhibited normal distribution,
and these data, represented as means + standard error of the
mean (SEM) in column bar graphs, were subjected to
analysis of variance (ANOVA) with subsequent Tukey's
multiple comparison tests. Statistical significance was
defined as a p-value less than 0.05.

RESULTS

Clinical assessment of animals. SARS-CoV-2 infected mice
showed reduced activity and decreased food intake within days
were considered to have severe or moderate illness and were
included in the eight-day group. These subjects exhibited
significant weight loss (5.578 = 1.555 %). The weight percent
change in the eight-day group was significantly different from
that of the control group and the twelve-month group
(P=0.0018 and P<0.0001, respectively) (Fig. 1).

The SARS-CoV-2 infected remaining subjects
without any symptoms and with consistent adequate
responses to the environment, slight interruptions in activity,
slightly decreased food intake, or virus inhaled mice with
no symptoms were considered mildly ill and asymptomatic

subjects. These subjects were chosen for the
twelve-month group. These subjects weight
loss percent changes in the first week were
nonsignificant, and their activity score raised
to five in the following days and weeks
(Supplementary file, S1).

Fig. 1. The clinical assessment and
histopathological scoring of the animals. The
weight loss percent of change and Modified
Ashcroft Scores were drawn in graphs. a. Activity
scores showed the general condition of animals on
the 8th day of the experiment. b. The weight loss
percent of change at the 8th day for all the groups

represented a significant difference between
groups. For early sacrificed animals, the last

measured weight was recorded. Weight loss data
for each animal was listed in this figure with one

decimal and calculated with 6 decimals. c. The
mean + SEM data of the modified Ashcroft scores
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0,3,0,3,2 5,4,4,4,5
b | Weight loss -0.1,-2.5,-0.7,-2.3,-2.4 | 9.9,4,1.9, 10, 8.3, -3.4,-25,0.1,-1.1,-3.7,
percent of 10.4,-0.2,11.2,0.3,-0.4 | -4.3,-2.5,-1.6,-0.5, -3.6
change
¢ | Modified
Ashcroft
Scores 1,646+0.3429 5,990+0,3993 3,81610,2872

of lung tissues in the eight-day vs. twelve-month
were statistically different. **, P<0.01; ***,
P<0.001; **** P<0.0001.
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The control group subjects were normal in activity.  group, thickening of alveolar walls was observed in all
They were strong, curious, had quick movements,normal  lungs. In some of the samples, bronchioles showed mild
food intake, and sometimes only occasional interruptions  cellular debris, along with an excess of lymphomonocytic
in activity. They did not lose weight during the period of  cells in vessels and occasional lymphoid infiltrations
the experiment. around them. The connective tissue surrounding
bronchioles appeared thicker, and congestion was noted

Histopathological Examination. In the twelve-month  in some large vessels (Fig. 2).
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Fig. 2. Light microscopic evaluations. A, A inset & B. The control group had normal lung parenchyma, thin alveolar septa (N) (thin to
max <3x thickened), erythrocytes in capillaries, and intact bronchioles (o). C. The control group was negative for SARS-CoV-2 spike
protein. D. Negative control of a sample from the eight-day group with non-immune serum. E & E inset. The eight-day group showed
interstitial pneumonitis (p), and some of the bronchioles were dilated and obstructed (+) with mucus, cellular debris, and inflammatory
cells (short arrow). F. Alveolar walls were filled with exudation (e) and extravasated cells (a), alveolar air spaces were narrowed,
perivascular, alveolar septal, and peribronchial fibrosis (asterisk) were observed. G and H. Club cells and endothelium were positive for
SARS-CoV-2 (arrowhead), and the type II pneumocytes were moderately stained. I, J, M, N. In the 12 months after infection group,
alveolar septa were thickened (t) more than three times normal with patchy small fibrotic masses in some areas. Bronchiolar lumen had
cellular debris. The interstitial area and neighboring blood vessels contained lymphomonocytic cells indicating continuing inflammatory
injury. Some large blood vessels were congested (c). J&N. Peribronchial fibrosis (*) was present. The bronchiolar lumen had cellular
debris (s), and lymphoid infiltration was near a large blood vessel (long arrow). K, L, O, P. SARS-CoV-2 positivity was high in
lymphomonocytic cells in blood vessels, endothelial cells, and macrophages in the alveolar lumen, moderate in Club cells, and low in
Type II pneumocytes. A, E, I, M: Hematoxylin-eosin staining; B, F, J, N left & right: Masson's trichrome staining; C,D, G, H, K, L, O,
P: SARS-CoV-2 spike protein immunostaining. A-C: the control group; D-H: the eight-day group; I-P: the twelve-month group. H, L, O,
and P left & right 40X, B, C,D & N left —4X; all other A-N right are 10X. N right is 10X magnification of N left. H is 40X magnification
of G. Scale bars represent 400 wm for 4X, 200 um for 10X, and 50 um for 40X.
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In the eight-day group, inflammatory cells invaded
alveoli. Some bronchioles exhibited dilation and were
filled with debris, inflammatory cells, and mucus. In the
subjects sacrificed early due to severe illness, the lung
structure was retained, but inflamed alveolar walls,
occluded air spaces due to extravasated inflammatory cells
and erythrocytes, and signs of edema and early fibrosis
around bronchioles, blood vessels, and some alveolar
walls were observed. Interstitial pneumonitis was
commonly observed in this group.

The control group exhibited normal lung
parenchyma and intact bronchioles.

There was a statistically significant difference in
fibrosis between the groups (P<0.0001). The eight-day
group showed variable alveolar morphology with patchy
affected areas (Control group vs. eight-day group,
P<0.0001). The twelve-month group displayed
predominantly contiguous fibrotic walls. Thickened
alveolar septa, measuring more than three times the
normal thickness, were observed in all subjects in this
group, along with small localized fibrotic areas (Control
group vs. twelve-month group, P=0.0012 and eight-day
group vs. twelve-month group, P=0.0007) (Fig. 1).

SARS-CoV-2 spike protein detection by
Immunohistochemistry. The eight-day group exhibited
immunoreactivity for SARS-CoV-2 in Club cells, type
II pneumocytes, and endothelial cells. The staining
pattern was consistent with the patchy characteristic of
SARS-CoV-2.

In the twelve-month group, most of the lungs
showed positivity for SARS-CoV-2 (7/10).
Immunohistochemistry revealed SARS-CoV-2 positivity
in the alveolar walls and lymphomonocytic cells (7 out
of 10 samples). Lymphomonocytic cells in alveolar air
spaces and vessels displayed a high staining intensity,
similar to endothelial cells. The staining intensity of
fibroblasts and type II pneumocytes in these lungs was
moderate. Three of the lungs also exhibited continued
immunoreactivity in Club cells of bronchioles (Fig. 2).

The lungs of the control group tested negative for
SARS-CoV-2 spike antigen.

SARS-CoV-2 mRNA detection by Quantitative Real-
Time PCR. In the eight-day group, all four lung samples
exhibited a high viral load (Mean 7,10 log 100 number
of copies/ul), while all heart samples from the same
group displayed a moderate viral load (Mean 4,45 log
100 number of copies/ul).
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Lung samples from the twelve-month group
yielded both positive and negative PCR results. Two out
of five samples tested positive for SARS-CoV-2 mRNA
(2,011og 101 and 2,24 log 101 number of copies/ul), while
the remaining three samples were negative (Mean of the
group is 9,15 log 10" number of copies/ul). The heart
samples from the twelve-month group (none out of 5)
tested negative for SARS-CoV-2 (Mean 1,36 log 107!
number of copies/ul).

Both the lungs and hearts of the control group
tested negative for SARS-CoV-2 mRNA (Mean 1,08 log
10" and 3,71 log 10!, respectively).

Ultrastructural Examination and SARS-CoV-2
detection by TEM. TEM revealed viruses ranging in
size from 65-110 nm in various cell types of the eight-
day and twelve-month groups. Both groups exhibited
different and similar ultrastructural pathologies at
different levels.

In the eight-day group, some specimens exhibited
vesicles containing SARS-CoV-2 in Club cells, while
free virus-like particles were detected in endothelial cells.
Apoptotic cells were widespread in bronchioles, and
some cells had desquamated into the lumen.
Macrophages had filled some alveolar spaces. In the
preserved areas, most of the type II pneumocytes were
small and young, with some showing signs of apoptosis.
A significant reduction in surfactant content was
observed in all of the type II pneumocytes. The basal
membrane appeared irregular and thickened in certain
areas. Autonomic nerves showed signs of damage, such
as splitting myelin lamellas (Fig. 3).

In the twelve-month group, transmission electron
microscopy (TEM) confirmed the presence of viruses
in some of the specimens. Vesicles filled with viruses
were observed in type II pneumocytes and endothelial
cells. Free virus-like particles were found in interstitial
cells. Viruses were observed on both sides of the basal
membrane. Bronchioles exhibited subnormal
morphology, with Club cells displaying increased
exocytotic activity. Some of the type II pneumocytes
showed a reduced amount of surfactant and displayed
damaged morphology. Protrusion of type II
pneumocytes into the lumen was a common
observation. The parenchymal cellularity was elevated,
and airspaces appeared narrowed. More capillaries and
platelets were visible in microscopic fields. The
thickening of the basal membrane was widespread in
this group. Mild damage to myelinated autonomic
nerves was observed (Fig. 4).
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Fig. 3. Transmission electron micrographs of the eight-day group. A&B. Club cells contained approximately 65 nm-sized viruses (black
arrowhead) in vesicles and desquamated (*) into the lumen. C. Virus-like particles of approximately 80 nm in size were seen in endothelial
cells. D. Myelin sheath lamellae of autonomic nerves were split (white arrowhead). E & F. Most of the type II pneumocytes were young
and had a decreased count of surfactant (s). Erythrocytes (e) filled capillaries. G. Basal membrane of the blood-air barrier was thickened
(arrow) in some areas. A: 50,000X; A inset (OM): 50,000X; B: 60,000X; C: 60,000X; C inset (OM): 60,000X; D&G: 15,000X; E&F:
7,500X. OM = optically magnified.
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Fig. 4. Transmission electron micrographs of the twelve-month group. A, A inset & B. A vesicle filled with 60-110 nm viruses (black
arrowhead) was seen in a type 11 pneumocyte, which had reduced surfactant (s). C. The basal membrane of the blood-air barrier was
thickened and irregular (arrow). D. Virus-like particles of 110 nm were seen on both sides of the basal membrane. E. Many endothelial
cells contained 60-125 nm viruses in vesicles and free virus-like particles. F. Alveolar spaces (a) were narrowed, and many erythrocytes
(e) and macrophages (m) were observed. G, G inset & H. Free viruses of 95-105 nm resided in stromal cells and neighboring myocytes
around a blood vessel. The myelin sheath of autonomic nerves was mildly degenerated. A: 5,000X; A inset: 25,000X; B (OM): 50,000X;
C: 15,000X; D: 5,000X; D inset left (OM)&right: 30,000X; E left (OM)&right up (OM): 40,000X; E right down (OM): 30,000X; F:
6,000X; G: 12,000X; G inset: 50,000X; H left (OM)&right (OM): 50,000X; I: 10,000X. OM = optically magnified.

DISCUSSION

"Acute-COVID" refers to symptoms lasting up to four
weeks, while "Long-COVID" persists beyond four weeks.
Long-COVID includes "Subacute-COVID" (>4 to <12
weeks) and "Post-COVID" (>12 weeks without alternative
explanation) (National Institute for Health and Care
Excellence,2020). 10-20 % of individuals experience
Long-COVID, with symptoms lasting up to three months
after SARS-CoV-2 infection (World Health Organization,
2023). Severe COVID-19 cases show significant fibrotic
changes (Mohammadi et al., 2022). SARS and MERS
infections have shown pulmonary damage and fibrosis in
long-term studies (Ngai et al., 2010; Schwensen et al.,
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2021). Likewise, COVID-19 cases can develop pulmonary
fibrosis, posing a high risk of respiratory function loss for
severe infections (Sheng et al., 2020).

In this study, we verified the presence of SARS-
CoV-2 virus particles, replicating viruses in vesicles, viral
RNA, and spike protein in some of the infected subjects
one year after asymptomatic or mild infection. These
findings suggest the ability of SARS-CoV-2 to persist in
the lungs and raise the possibility of relapsing attacks, akin
to tuberculosis. Viruses in vesicles may indicate ongoing
viral replication, while free virus-like particles may
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represent residual remnants. Despite a low viral load, some
long-term lung samples remained positive. The potential
for transmissibility should be taken into account and
discussed.

After one year, all mild or asymptomatic subjects
showed alveolar wall thickening and varying degrees of
mild fibrosis, even in PCR-negative lungs. The twelve-
month group had a higher fibrosis score than the control
group, indicating a potential for post-COVID fibrosis
similar to other postviral infections. Unlike symptomatic
case reports in the literature, postinfectious bronchiolitis
obliterans (PIBO) was not detected in the asymptomatic
long-term lungs in our study (Koletsi ez al., 2021; Lee et
al., 2022; Yaqoob et al., 2022). However, we observed
dilated bronchioles with inflammatory cells and mucus,
surrounded by peribronchial and perivascular fibrosis,
along with interstitial pneumonitis in some short-term
groups” lungs. In some lungs of the twelve-month group,
SARS-CoV-2 was detected in Club cells, which play
critical roles in both acute and chronic infections and
participate in airway epithelium repair (Rokicki et al.,
2016). They also participate in the repair of the airway
epithelium by promoting the development of mesenchymal
fibroblasts in conditions such as pulmonary fibrosis and
emphysema. When damaged, they are destroyed within
24 hours and regenerated within a month (Weiss, 2014).
Despite their regenerative ability, the persistence of SARS-
CoV-2 in Club cells can contribute to pathology. In the
twelve-month group, electron microscopy revealed
alterations in the air-blood barrier components, including
thickened basal membranes and folded endothelial cells,
similar to fibrosis in interstitial pneumonia (Katzenstein,
1985). The endothelial cells are another component of the
air-blood barrier and showed high positivity for SARS-
CoV-2 in our study. Myelinated nerves exhibited mild
degeneration, which could potentially impact respiratory
function.

Macrophages were SARS-CoV-2 positive in some
of the subjects after one year of mild or asymptomatic
infection. Considering the regeneration capacity and
phagocytosis of inflammatory cells, this finding supports
continued replication of SARS-CoV-2. A possible chronic
lung disease can progress from ongoing infection in
asymptomatic patients. In some lungs of the twelve-month
group, type II pneumocytes contained SARS-CoV-2, and
their surfactant amount was decreased. Various
inflammatory pathologies, including interstitial lung
disease, are known to cause alteration of surfactant
composition and function. A well-functioning surfactant
is necessary for normal respiratory function and protection
from future infections (Meyer & Zimmerman, 2002).

Most lungs in the eight-day group were positive for
mRNA. The patchy immunohistochemical staining pattern,
interstitial pneumonia, viruses of sizes ranging from 65 to
110 nm in vesicles and free virus-like particles and the
SARS-CoV-2 positive cell types were consistent with the
literature on acute SARS-CoV-2 (Zhang et al., 2020;
Kervancioglu Demirci ef al., 2023). We observed distinct
ultrastructural alterations in long-term asymptomatic lungs,
differentiating them from short-term symptomatic lungs
(Damiani et al., 2021).

Positive nasopharyngeal and sputum samples after
recovery from COVID-19 were commonly reported in the
literature (Li et al., 2020; Yuan et al., 2020). Other organs
with the potential for viral reservoir, such as residual
antigen and RNA of the SARS-CoV-2 virus, have been
reported in patients with long COVID following
symptomatic initial infection (Goh et al., 2022). Some
gastrointestinal organs have been found to retain SARS-
CoV-2 during the convalescence period (Cheung et al.,
2022). We previously reported that the corpus cavernosum
tested positive one month after recovery from SARS-CoV-
2 infection and turned negative after seven months
(Kervancioglu Demirci et al., 2023). Our heart samples
from the eight-day group tested positive for SARS-CoV-
2, while those from the twelve-month group were negative.
The viral replication in the hearts differed from that in the
lungs. The observed high immunopositivity of endothelial
cells, as well as the reported positivity in the literature,
could be associated with ACE2 receptors present on these
cells. Nonetheless, we suggest that transmission and
recurrence may occur through viral reservoirs in the lungs.

We detected viral load using qRT-PCR and
confirmed the presence of viral particles through electron
microscopy. These findings were further validated using
immunohistochemistry, which allowed us to observe
staining in different cell types. On the other hand, we
analyzed a greater number of immunohistochemical
samples compared to qRT-PCR samples, resulting in more
immunopositive outcomes than qRT-PCR results. In the
long-term group, more lungs were immunopositive than
with qRT-PCR. This was due to a higher degradation rate
of viral RNA. Additionally, we did not provide quantitative
data for electron microscopy due to the limited observation
area available in electron microscopy. One advantage of
our study was the small size of the mice's lungs, allowing
us to comprehensively examine the entire lung area through
morphological and immunohistochemical analyses using
light microscopy. Additionally, this is not a human study,
we utilized K18-hACE2 mice, which possess human ACE2
receptors. The subjects were infected once with the virus,
kept in a BSL-III facility without reinfection, and did not
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have any comorbidities like human subjects. Clinical
assessments were conducted following literature guidelines,
including regular recording of activity scores and monitoring
of weight changes (Moreau et al., 2020). We utilized the
modified Ashcroft scoring system for a quantitative
evaluation of fibrosis, as described in the literature (Hiibner
et al., 2008). However, a limitation of this study was the
lack of a scoring system in the literature to directly compare
acute and chronic infections. Therefore, we primarily used
this scaling for fibrosis scoring in the twelve-month group
and to compare it with the control group, providing
preliminary data for the eight-day group.

CONCLUSION

In conclusion, this study provides the longest
confirmation of SARS-CoV-2 presence in mild and
asymptomatic subjects' lungs, emphasizing the residual
nature of the virus. Respiratory symptoms and pulmonary
function should be monitored for over one year in
asymptomatic or mildly infected patients. Some individuals
may have replicating or dormant virus in their lungs, raising
concerns about unknown severe clinical outcomes. Alveolar
septal thickening was observed in all asymptomatic subjects
after one year, with potential long-term effects. Persistent
viral load, inflammation, and morphological damage can
contribute to recurrent infections, post-COVID fibrosis, and
chronic lung diseases. The studies conducted previously
should be reevaluated in light of our study's findings, and
future studies should be designed taking our results into
consideration. These results should be corroborated through
case reports, clinical studies, and autopsy studies. Patients
should be closely monitored in this regard.
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RESUMEN: Investigaciones anteriores sobre COVID-19 o
COVID prolongado se centraron principalmente en la presencia de
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SARS-CoV-2 principalmente en pacientes sintomaticos. Este estudio
tuvo como objetivo investigar la persistencia del SARS-CoV-2
después de 1 afio de COVID-19 asintomadtico o leve. Se estudiaron
ratones transgénicos K18-hACE2 infectados con SARS-CoV-2 y de
control (n=25). Los animales con sintomas moderados y graves se
sacrificaron después de ocho dias, mientras que los ratones con
sintomas leves o asintomdticos se mantuvieron en BSL-III durante
doce meses. Los andlisis incluyeron estado general, histoquimica,
inmunohistoquimica, microscopia electrénica de transmisioén y qRT-
PCR. Los pulmones del grupo de doce meses mostraron
engrosamiento de las paredes alveolares, y algunos pulmones
exhibieron reclutamiento de células inflamatorias, presencia de
ARNm del SARS-CoV-2, inmunopositividad para la proteina de la
espicula del SARS-CoV-2 y TEM mostré virus (60 -125 nm) dentro
de las vesiculas, lo que indica una replicacién continua. Ciertas
muestras de pulmén mostraron una presencia persistente de SARS-
CoV-2 en exocrinocitos bronquiolares, células endoteliales y
macréfagos. El grupo de ocho dfas presentd neumonitis intersticial
viral, inmunopositividad al SARS-CoV-2 y ARNm. Los corazones
de ocho dias mostraron ARNm viral, mientras que los corazones de
doce meses dieron negativo. Algunos animales asintométicos de doce
meses presentaron disminucion del surfactante, engrosamiento de la
membrana basal, fibrosis y degeneracion leve del nervio auténomo.
En este estudio realizado en ratones, los hallazgos indican la
posibilidad de persistencia cronica del SARS-CoV-2 en los pulmones
un afio después de la infeccion inicial leve o asintomadtica, lo que
podria sugerir la posibilidad de episodios recurrentes en condiciones
humanas similares. El engrosamiento observado de las paredes
alveolares y las posibles dreas fibréticas en estos ratones puede
implicar un mayor riesgo de fibrosis post-COVID en humanos.
Ademds, la presencia de células inflamatorias positivas para SARS-
CoV-2 en algunos casos murinos asintomdticos podria presagiar una
progresion hacia una inflamacién continua y una enfermedad
pulmonar crénica en humanos. Por lo tanto, se subraya la necesidad
de realizar mds estudios en seres humanos y realizar un seguimiento
atento de las poblaciones humanas de alto riesgo.

PALABRAS CLAVE: Asintomatico; Fibrosis;
Microscopia electrénica; Sindrome Post-Agudo de COVID-19;
Tuberculosis.
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