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RESUMEN

La epidemia de COVID-19 ha causado miles de muertes en todo el mundo. Se sabe
que este virus produce una neumonia atipica que puede ser mortal. Existen pocos
estudios sobre el examen patoldgico de tejidos de pacientes con COVID-19.
Objetivo: Describir los hallazgos patoldgicos en tejidos de pacientes fallecidos con
infeccion por COVID-19.

Diseiio: Se realizé un estudio de serie de casos con biopsias post mortem de
pulmén, corazén e higado de 18 pacientes con COVID-19 y se compar6 los
hallazgos con casos previamente reportados.

Resultados: Los principales hallazgos respaldan el cuadro histologico de fases
exudativas y proliferativas coexistentes, de dafio alveolar difuso (DAD), y la
presencia de cambios de tipo citopatico en los pulmones. También se encontré un
aumento en el nimero de macrofagos alveolares en pacientes con valores elevados
de ferritina, algo no descrito previamente. Diecisiete de los 18 casos mostraron
depositos de lipofuscina en el miocardio; la hipotesis es que esto podria estar
relacionado con el tratamiento con hidroxicloroquina recibido en todos los
pacientes. Ninguno de ellos presentd evidencia clinica documentada de
cardiotoxicidad. Los hallazgos hepéticos se consideraron inespecificos y se
relacionaron con enfermedad preexistente, efecto terapéutico o falla sistémica.
Conclusiones: Los hallazgos del presente trabajo coincidieron con informes
previos; ademas, se encontré6 un mayor numero de macrofagos alveolares en
pacientes con niveles mas altos de ferritina y depdsitos de lipofuscina en todos los

corazones examinados, algo no reportado previamente.
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ABSTRACT

The COVID-19 epidemic has caused thousands of deaths all over the world. This
virus is known to produce an atypical pneumonia that can lead to death. There are
few studies concerning pathological examination of tissues from COVID-19
patients.

Objective: To describe the pathological findings in tissues from deceased patients
with COVID-19 infection.

Design: A case series study was conducted, with postmortem biopsies of lung,
hearth and liver from 18 patients with COVID-19 and compared findings with
previously reported cases.

Results: The main findings support the histologic picture of coexisting exudative
and proliferative phases of diffuse alveolar damage (DAD), and the presence of
cytopathic-like changes in the lungs. An increased number of alveolar macrophages
in patients with high ferritin values was also found, which has not been previously
described. 17/18 cases showed deposits of lipofuscin in the myocardium; which, is
hypothesized that could be related to treatment with hydroxychloroquine, received
in all patients. None of them had documented clinical evidence of cardiotoxicity.
Findings in the liver were considered not specific and related to preexisting disease,
therapeutic effect and/or systemic failure.

Conclusions: The findings were congruent with previous reports; additionally, it
was found higher number of alveolar macrophages in patients with highest levels
of ferritin and deposits of lipofuscin in all the hearts examined, a finding not

previously reported.
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Abstract Keywords

The COVID-18 epidemic has caused thowsands of deaths COVID-18, SARS-CoV-2. Pnewmonia, Autopsy, Diffuse
all over the word. This vines is known to produce an alveclar damage, Acute lung injury. Acute respiratory
atypical pneumonia that can lead to death. There are few distress syndrome, Heart, Liver, Coronavirus

studies conceming pathological examination of tissues from
COVID-18 patients.

Objective: To describe the pathological findings in tissues
from deceased patients with COVID-18 infection. The coronavirus-1%9 (COVID-13) pandemic has
Design: We conducted a case series study with postmertem imposed a tremendous pressure on the medical
biopsies of lung, hearth and lver from 18 patients with community, who faces the challenge of treating
COVID-18 and compared our findings with previously critically ill patients while at the same time developing
reported cases. new knowledge about the pathogenesis, dinical
Results: Cur main findings support the histologic picture presentation, treatment and prognostic factors of this
of cosxsting exudative and proliferative phases of difuse disease. Since the beginning of the pandemic there has

alveolar damage (DAD), and the presence of cytopathic-like - -
oh in the lungs. We also found an incre number been a call to perform pathological studies for a better

of alveolar macrophages in paents with high farritn vakues, understanding of the disease [1] and recommendations

which has not been previously described. 1718 cases for handling and processing the biclogical specimens

showed deposits of lipofuscin in the myocardium; which, [2]-

we hypothesize that could be related to the treatment with

hydroxychloroguine received in all patients. Mone of them From the first publication of pathological findings

had documented clinical evidence of cardiotoxicity. Findings in COVID-19 tissues in March 23 [3] until June 2021,

o the fwer were considersd not specific and related 0 e eathered 36 papers including case reports, case

Pf;i:f""ﬂ disease, therapeutic effect andior systemic series and letters to the editor from different electronic
databases. Thereis urgency tointroduce new knowledge

among the scientific community to provide supportive

Introduction

Conelusions: Our findings were congruent with previous

ports; additionally, found high mier of alveolar . . .. .
:mph;gﬁ?r-ll pr:ue::_‘ with hig'l":e;r;:els e evidence for clinical decisions; However, it has also been
deposits of lipofuscin in all the hearts examined, most kely argued that safety precautions and overload of work in
associated with hydnosychloroquine therapy. care units hamper the efforts to collect tissues for more

pathological studies [2].
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We present a case series of postmortem biopsies
from COVID-1% patients and a literature review of the
pathelogical changes described in previous reports.

Methods
Cases

Eighteen deceased patients diagnosed with
COWVID-19 and treated at the Naval Medical Center, in
Lima, Peru were included in the study. In all cases, a
percutaneous biopsy without ultrasound guidance was
performed within 2 hours post-mortem, between April
22™ and May 7=, 2020.

Jur main goal was to obtain tissue from lungs, heart
and liver; however, in cbese patients the procedure
was limited. Information corresponding to age, sex,
duration of symptoms, test used for diagnosis, length
of hospitalization, pulmonary CT scan, values of Ferritin
and D-Dimer, and comoerbidities was extracted from
the medical records. In cases with more than one value
of Ferritin and/or D-dimer, we chose the highest value
(Table 1).

Ancillary studies

Tissues were studied with H & E stsin and
immunohistochemistry with CD3 (Bio SB, clone RET),
CD20 (Bio 5B, clone L26), CD6S (Bios 5B, clone KP-1],
Cytokeratin 7 (Bio SE, clone OY-TL12/20), TTF-1 (Bio-

SB, done 83G7G3/1), and CDEL [Bio SB, Clone F2F).
Immunchistochemistry was performed in 5 um sections
embedded in paraffin, with antigen retrieval solution at
95 *C for 307, and using the BID 5B Mouse/Rabbit DAB
HRP Brown Polydetector system®.

Ethical considerations

The biopsies were collected during the first wave
of COVID-19 and wers aimed to obtain relevant
information with clinical application in moments when
little data was available. According to two documents
published by the WHQ, informed consent can be waived
for research in the setring of a pandemic [5,6]. Based on
these documents, the Ethical Committes of the Mawval
Medical Center approved the study.

Literature review

We collected all the papers describing the
pathological findings in organ damage by COVID-15
published untl June 2021. The sources were PubMed
and Google Scholar. Some papers were not induded in
the review since they did not contain histopathological
images and/or detailed pathological descriptions and
others due to being published in Chinese language.

Results

Eighteen patients [17 males and 1 female] with a
mean age of 65 years were included. The youngest

Table 1: Clinical and laboratory data.

DIAGNOSIS Symptoms' | Hosp® | Femitin® | D-dimer
N* | Age | Sex COMORBIDITY
MT RT® OTHER” | (days) | (days} | (ngiml) | (mgidL}

1] 72 m| Pos NEG P a 5 1542 0.85 NO
25 [ m | pos NEG X 2 2 217 0 NO
3= [ m | Pos ND X 1 12 44D 287 RI
431 [ m| nD POS IgM X 2 2 ND 078 Bcell leukemia
572 m| Pos ND X 7 2 B42.4 =45 DM
6|72 | M| ND POS IgG X s 5 1433 Y HT
7%= | m| Pos ND X 5 18 338 T, Obesity
a|78 | M| ND ND X 5 5 870 078 NO
26 [ M| ND ND X s s 11500 152 NO
w8 | M| ND |POSIgSigM P 10 4 1132.1 431 T, Obesity
1|5 | M| Pos NEG x NR a 218 024 NO
1285 | M | ND |POS IgGigM x 13 s 2328 13 Asma
178 | M| no |POSIgGIgM X NR g 05 125 DM
4|72 [ M| ND NEG X g 19 10140 252 HT
1551 | F | POS ND x g 16 818.2 08 NO
685 | M | PoS NEG x 10 18 1228 0.18 HT, Dbesity, Ml
17 91 | M | POS | POS IgGigM X 3 a 7 319 NO
1663 | M | ND |POSIgGigM X 15 10 042 747 NO

Diays of symptomatology, before admission; *Days in hespital, before decease; *Maximum value of Femtin: *Maximum value of
D-Dimer; *Molecular test, *Rapid Test; "Computed tormography and'or chest X-ray of atypical pneumnonia; MD: Mot Done; POS:
Positive; NEG: Megative; NR: Mot Refemed; RI: Renal Insufficiency; DM: Diabetes Mellitus; HT: Hypertension; MI: Myocardial
Infarction. Mormal values of Femitin: 12 - 300 ngimL {men); 12 - 150 ng/mL {women). Mormal values of D-dimer: < 0.5 mg/dL.
Rapid Test COVID-18 lgM/lgG Combao SO Biocensor®. Molecular test.

Leon-Guamann et al. Int J Paihol Clin Res 2022, 5140
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was a 3l-year-old man with a previous diagnosis of
B-cell leukemia and the oldest was a 91-year-old. Nine
patients had a positive molecular test, five were positive
for lgM and |gG with the rapid test, one was only IgG
positive and another was only |gM positive. In three
patients the diagnosis was stablished on the basis of
a computed tomography andfor chest X-ray showing
atypical pneumonia, after excluding differential
diagnoses (Table 1).

All the patients had diffuse alveclar damage
(DAD). The microscopic findings associated to DAD
were divided by exudative and proliferative phase. 17
patients presented with hyaline membranes and 15 had
neutrophilic infiltrates inside alveoli, consistent with the
exudative phase of DAD [Table 2).

16 cases presented fibroblastic proliferation with
dilated interstitial capillaries in the proliferative phase.
Squamous metaplasia was found in 7 patients and
epithelial hyperplasia in 5 (Table 2).

The most commeon finding in the heart was
perinuclear lipofuscin granules inside myocytes. The
centent of these granules was confirmed with a positive
PAS (Periodic Acid-Schiff) and negative Perls staining
[Figure 1).

On liver tissue, our patients had dilated sinusoids and
erythrocyte congestion. Hepatic steatosis was found in
all cases, except one.

Literature Review

36 papers, incduding as case reports, case series and

Table 2: Pathological changes

PATHOLOGICAL CHANGES 1(2|3(4|5(8|7(8(8|10(11|12|13 |14 15 |18|17| 18| TOTAL
Dilated ¥|x|%|E|x|x|x|x|x| x| % |x|x|x|x 15
w | ALvEOU Dedema . : :
= Hyaline membranes X Xlx[x|x|x|x| x|x X x| x |x|x 17
E Neutrophils X |x|x|x|x|x| x| x x X | x 15
g Expansion and distortion | x | x| x| % |x|x|x|x|x| & | % X || x x| x 18
1 Capiary congestion x x 2
E INTERSTITIUM |Cedema X 1
Thrombi x x x(x|x|x|x|x|x|x|x|x x X 14
Lymphocytic infilration X X ® 3
Dilated and rigid x|x x|x|x 5
8 E ALVEOLI  |Epithefial nyperplasia x| x % x| 5
§ %g Sgquamous metaplasia x x X x X T
i Dilated capllary X (X[(®|x|x|x|®|x|(x|x | x| % |x|x|x|x|x|=x 18
E INTERSTITIUM :::mzamn of wvesssl x|x x X 4
Fibroblastic prolferation | x |x|x x|x (x| x (K| x| x| X|x|x x| x| x 16
Hyaline globules x x 2
Cytopathic-ike changes | x |x|x|x|x|x (x| x|x|x |x | x| x |x | x |x|x|x 18
Macrophages Xlm(x|(x|x|x| % | ¥ |x|x|x|x|[x|x|x 18
OTHER Multinucleated giantcells | x |x | x| x|xfx|x|x |%| x [ | x| =% [x | x | x| x| x 18
Red cell extravasation ® X 2
Intraalvenlar abcesses x x| x x| x x ;]
Intersticial abcesses x x| x 3
Lipofuscin |x|x|x|x|x|x|x|x|x |x|x|x|x|x|x|x|x 18
HEART Inflammatory infiltrates ® XK x| x ¥| X |x|x 11
MWicroaboesses x 1
PARENCHYMA Steatosis X X|f|¥|x(x (x| x| ®|%|x|®|x|x|x|x 17
Dilated x| |x|x|x|x|x|x| x| x| x|x|x|x|x|x|x 18
SINUSOIDS Red cell congestion x X (x(x|(x|x|x| % | ¥ |x|x|x|x|[x|x|x 18
& Neutrophis x 1
E Thrombi x ® 2
PORTAL TRIAD Red cell congestion x 1
Periparial lymphocytic X X x| x 4
infilirates

Leon-Guamern at al. Int J Pathol Clin Res 2
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Figure 1: S

ing peri

letters to the editor, described pathological findings from
autopsies, postmortem and in vivo biopsies in different
organs. They revised in total 615 cases {367 males,
171 females, and 77 cases with no genre specified). 36
studies included lung biopsies and the others described
findings in the spleen, kidney and heart.

The most common pathology in the lung was DAD,
which was reported in 26 studies. Hyaline membranes
and pneumocyte hyperplasia were associated to DAD
in many cases [7-11]. Interstitial inflammation with
predominant T lymphocytes and bronchial squamous
metaplasia were also described [2,12].

Viral particles inside pneumocytes and renal cells
were found in electron microscopy, however, only Yao,
et al. and Borczuk, et al. confirmed SARS-CoV-2 origin of
the particles using IHC [13,14].

Several studies reported thrombotic events in lungs,
heart, kidney and spleen. In the lung, 14 studies found
microthrombi in alveolar capillaries and arterioles.
Other findings were intra-alveolar fibrin and fibrinous
exudates.

Only two studies performed biopsies in living
patients. Tian, et al. reported incidental findings in two
pat with pul y resections for lung cancer
who, inadvertently, contracted COVID-19 infection just
before lung surgery [15]). The other study was performed
on kidney biopsies by Ferlicot, et al., who described
coliapsing glomerulopathy and immunoglobin deposits,
acute tubular injury (ATl) and interstitial lymphocytic
inflammation [16-18].

The renal findings described by Ferlicot, et al. were

Leon-Guemero &t al. int J Pathol Cin Res 2022, 5:140 =Page 4 0f 12 «

similar with the reported in postmortem studies. The
most frequent pathologies in the kidneys were ATl with
tubular cell atrophy and collapsing gl lopathy
associated with loss of podocyte foot processes [17-20].

Table 3 summarizes the information from the papers
included in this review.

Discussion

In this study, we described the microscopic features
found in psies from 18 p who died from
SARS-CoV-2 infection at the beginning of the pandemic
in the Naval Medical Center located in Lima, Peru. All
but one of our cases were males, which is an unusual
finding in a third-level hospital that covers a population
of both men and women at all ages.

In 3 of our cases, the diagnosis was confirmed with a
positive PCR for SARS-CoV-2 and in 7 patients, serologic
testing was used. In 3 patients, the diagnosis was made
based on the clinical symptoms and a CT scan. These
patients could not access to a molecular or rapid testing
due to the scarcity of specific testing for Covid-19 at the
time of diagnosis. In the setting of 3 world pandemic,
the positive predictive value of a CT scan for diagnosing
Covid-19 infection is 69% and the negative predictive
value is 89% [21]. For this reason, the 3 cases were
included in our series.

We performed a literature review and contrasted
our findings with the current literature. The majority
of studies describing pathological changes associated
with COVID-19 infection have focused on the lungs. To
the best of our knowledge, there are 36 postmortem
studies and only 1 study [15] describing the pathological
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Figure 3: The mmunohistochemistry with TTF-1 highlighted the hyperplasia of atypical type Il pneumocytes.

findings in lung tissue from alive patients. The studyon  mononuclear and giant multinucleated cells [7],
fresh tissue presented changes reported in the majority  pneumocyte hyperplasia [7-11,14,15,24 25 28 33-35]
of postmortem studies and not related to death. These  alternating zones of exudative and proliferative phases
changes included: diffuse alveolar damage [10,12,14,22-  of DAD, and suspected viral inclusions [7,20,22,36,37]
26] alveolar proteinacecus exudates, vascular (Table 3). Other pathological changes were thrombosis
congestion [11,12,27] lymphocytic inflammatory of small lung arteries [13,15], squamous metaplasia
infiltrates  [8,11,13,23 24 28] hyaline membranes [12,24], bronchopneumonia [12,20], spherical
[7,9,12,20,24,26,28-33] and intraalveolar fibrin with secretions or globules [7], and megakaryocytes

Leon-Guesmero &t al. int J Pathol Clin Res 2022, 5:140 sPage Sof 12«
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[22,31]. Using immunohistochemistry and electron
microscopy, viral particles of coronavirus were found in
type Il pneumocytes, and cylindrical epithelia from the
bronchioles [13], which correlates with the cytopathic
changes found with H&E.

In our cases, we observed markedly congested
vessels (Figure 1), and prominent DAD with coexistence

(Figure 2 and Figure 3). In the periphery of the
more compromised areas, the presence of alveolar
microthrombi was striking. The immunohistochemistry
with TTF-1 highlighted the hyperplasia of atypical type
Il pneumocytes (Figure 4); and with CK7 collapsed
alveoli were surrounded by a fibroblastic proliferation
(Figure 5). As it was observed by others, we found
scant infl y infiltrates in the majority of cases,

of exudative and proliferative ph in most p
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but those complicated by bronchopneumonia (Figure for COVID-19 p ia. Variable ts of CD68
6). We also found giant multinucleated cells, which positive alveolar macrophages were identified (Figure 8).
were positive to CK7, and had cytopathic-like changes  Interestingly, higher amounts of alveolar macrophages
in the majority of cases (Figure 7). The cytopathic-like were observed in patients with the high lues of
changes consisted of large nuclei, nucleolar inclusions, ferritin (observation not sy ized). This finding
lumpy chromatin, and a large, eosinophilic cytoplasm; correlates with the role of ferritin in macrophage
however, these changes are not specific for Sars-cov-2, activation and the proposal to include COVID-19 within
therefore they cannot be used as diagnostic criteria  the hyperferritinemic syndromes [38].

Leon-Guesmero et al. Int J Pathol Clin Res 2022, 8:140 =Page 70712 «
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The immunohistochemistry with CD61 showed The most common finding in heart tissue our heart
platelets and megakaryocytes forming aggreg: ple~was aggregates of large brown vacuoles filled
within vessels in the alveolar septa (Figure 9), similar to  with lipofuscin, located at the poles of the nuclei in tshe
the findings by DohlInikoff, Carsana and Fox [22,24,31].  cardiomyocytes (Figure 10 and Figure 11). Deposition
We found large megakaryocytes inside vessels, which  of lipofuscin is considered normal as a part of the
was not considered of diagnostic importance, as the aging process [32]; however, it calls to our attention
lungs are a reservoir of these cells [39]. that the ts observed surpass what is expected

Leon-Guermero el al. int J Pathol Ciin Res 2022, 8:140 *»Page 8012 «
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Figure 11: Section of the heart showing deposits of a paranuciear light-brown matenal (HE,40X).

in aging organs, especially in our six pati e fation. of 1y vmh Iip_ofustin_ has been
than 60-years-old. We hypothesize that the ongm previously reported in two patients with cardiac toxicity
of these deposits is related to the cardiotoxicity of due .to hydroxychloroquine, but the dose was not
hydroxychloroquine, as all the patients in our study specified [41].

received cumulative doses from 0.8 to 7.6 g (400 mg/ Other findings associated to chronic toxicity of
day) of hydroxychloroquine. Our dose is similar to the  chloroquine (cytoplasmic vacuolization with inclusions
one used by Lane, et al. who showed an increased risk  of PAS positive granular material), were not identified
of heart disease in hydroxychloroquine users [40]. The in our cases. It is important to point out that none of

Leon-Guemero et al. int J Pathol Clin Res 2022, 5:140 «PageSofi12 =
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Figure 12: Another heart with simiar light-brown aggregate (HE. 100X).

the patients died as a result of cardiac dysfunction. Also, 2. Hanley B, Lucas SB, Youd E, Swift B. Osbom M (2020)
no significant electrocardiographically alterations were Autopsy in suspected COVID-19 cases. J Cln Pathol 73

observed in any of the patients during hospitalization, S ;
even in the patient with myocardial microabcesses. 3. WangY, XieB,ChenY,HuangZ, TanH(2014) Development
of angioimmuncblastic T-cell lymphoma after treatment of
Other possible cause of lipofuscin in the heart is diffuse large B-czll lymphoma: A case report and review of

the oxidative damage caused by SARS-CoV-2 virus in I#erature. int J Clin Exp Pathol 7- 2422-3438.
multiple organs. S protein in the viral capsule induces 4. WHO (2017) Ethical iderations in devek ping a public
the production of reactive oxygen species (ROS) through heaith resp to pand fi

stimulation of NAPDPH oxidase [42]. Neutrophils are 5. Ledford H (2020) Autopsy slowdown hinders quest to
another source of ROS in covid-13 infection, especially d: ine how cor rus kills. Nature.

in earlier stages of the disease [43]. These cells have  §_ WHO (2020) Ethics guidance on issues raised by the novel
been identified in myocardium tissue from infected corenavirus disease (COVID-12) pandemic.

patients [12,23,31], which would suggest that the heart 7 Tjan S, Xiong Y, Liu H. Niu L. Guo J, et al. (2020)

is a target of the viral infection. Pathological study of the 2018 novel coronavirus disease
18) through postmorte biopsies. Mod Path
The findings in the liver, such as steatosis, sinusoidal ggoi‘gg,-%m e ad ol

i d ion {Figun i
e majory of caces, Ml iharmacon was founa © 585 . Hausmamn R 2020) Grussand Hisopaitcogics
S pd'nonxy findings n a COVID-18 associated death during
in some cases and could be associated to pr i Int J Legal Med 134: 1285-1220.
comorbidities, drug effects, andor unspecific systemic 0. Takahashi K, Kajiura K. Nasu M, Nakamura K. Sugata
changes, as it has been pointed out by other authors K, et al. (2021) Post-mortem biopsy of a patient with late
[15,23]. exacerbation of COVID-12 pneumonia. Respirol Case Rep
In summary, our findings corroborate the histological . . i
injuryinthelungsaspveviomlyreportec!.Alargernuml?er 10'::3??2‘:‘2'0';:23‘” R. m[u)n Ln:i';\apa[:enct:ows‘n
of alveolar macrophages were found in the cases with covid-19: A descriptive full autopsy study of cases with and
the highest values of ferritin. We also found aggregates without comorbidities. The Joumal of Infectious Diseases
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IL. DISCUSION

La recoleccion de las muestras para este estudio fue realizada durante la primera
oleada de la epidermia de COVID-19, por iniciativa de uno de los autores del
articulo. La idea original fue documentar el dafio tisular producido en pacientes
victimas de la infeccidon, en un contexto de emergencia sanitaria y falta de
informacion sobre mecanismos y tipo de dafio tisular asociados a la infeccion por
este virus. Finalmente, este resultd ser el unico estudio peruano de serie de casos

documentando la histopatologia de la infecciéon por COVID-19.

El estudio realizado permitié confirmar la severidad del dafio pulmonar asociado a
esta infeccion sistémica, cuyo organo blanco principal es el pulmon. La injuria
pulmonar aguda (IPA) o sindrome de distrés respiratorio agudo del adulto
(SDRAA) fue formalmente descrita por primera vez el afio 1967 por Ashbaugh (1)
como un sindrome caracterizado por disnea, reduccion de la compliance pulmonar,
infitrados difusos en la radiografia de térax e hipoxemia, sin respuesta a
suplementos de oxigeno. Desde su descripcion inicial, ha habido cambios en la
clasificacion de IPA, utilizdndose desde el afio 2012 la clasificacion de Berlin, que

gradua la severidad de la hipoxemia como leve, moderada y severa (2).

En la clasificacion etiologica de la IPA, se identifican causas infecciosas, siendo
cualquier patégeno capaz de producir este tipo de dafio en pacientes
inmunocomprometidos; mientras que en pacientes inmunocompetentes, las causas

infecciosas reconocidas con mayor frecuencia, antes de la pandemia de COVID-19
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eran principalmente virales, incluyendo adenovirus, virus de influenza,

citomegalovirus, hantavirus y virus sincitial respiratorio (3)

La patogenia de la injuria pulmonar aguda, independientemente de su etiologia,
incluye dafio endotelial y dafo alveolar, con formacion de depdsitos de material
fibrinoide en la superficie alveolar, que reciben el nombre de membranas hialinas
y que representan el dafio tisular caracteristico de la fase aguda de la IPA y que se
denomina dafio alveolar difuso (DAD). Luego de la fase aguda se describe una fase
intermedia o reparativa y posteriormente una fase tardia u organizativa, cada una

con sus alteraciones patologicas caracteristicas. (3)

En algunos casos de IPA de origen infeccioso se pueden observar cambios
citopaticos caracteristicos, como por ejemplo células multinucleadas, con
inclusiones virales intracitoplasmaticas e intranucleares a nivel intersticial y
alveolar en casos de sarampion. (4) En infeccion por adenovirus se han descrito dos
tipos de inclusiones virales, una inclusion eosinofilica intranuclear, rodeada de un
halo y una célula “manchada”, de tamafio grande, citoplasma basofilico, sin
inclusiones ni halos. (5) Se puede observar multinucleacion y moldeamiento
nuclear con ntcleos en “vidrio esmerilado” en infecciones por herpesvirus y por
virus de varicela zooster; mientras que inclusiones eosinofilicas prominentes y
aumento de tamafio nuclear, caracterizan a la infeccion por citomegalovirus; sin
embargo, estas infecciones son raras en pacientes inmunocompetentes. (2) En [PAs
causadas por otros virus, como virus de influenza o hanta virus no se han descrito

cambios citopaticos caracteristicos. (2)
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Cuando se describieron las primeras alteraciones patologicas en pulmones de
pacientes infectados por COVID-19 hubo un interés por demostrar si existia un
efecto citopatico, que sea distintivo o caracteristico. En todas las publicaciones que
incluyeron una descripcion detallada del dafio histopatologico en pacientes con
COVID-19 se vio que existia coincidencia, en sefialar que no se observaron cambios
citopaticos que sean caracteristicos de dafio pulmonar asociado a COVID-19, (6,7)
sefialandose incluso que el dafio alveolar difuso en COVID-19 es indistinguible del
ocasionado por otros factores etiologicos. (6) En la presente serie de casos, los
pulmones mostraron membranas hialinas (Figura 1), vasos marcadamente
congestivos, microtrombos, hiperplasia de neumocitos, escaso infiltrado
inflamatorio, ocasionales células gigantes multinucleadas y neumocitos con efecto
citopatico, caracterizado por nucleos grandes, inclusiones nucleares (Figura 2),
cromatina grumosa y citoplasma amplio y eosinofilico, aunque se enfatizoé que el
efecto citopatico no podria considerarse distintivo. Casos mas avanzados de dafio
mostraron expansion estromal con alveolos colapsados, mejor demostrados con la
inmunohistoquimica para Citoqueratina 7 (Figura 3), caracteristicos de la fase

proliferativa/organizativa del dafio alveolar difuso.

Los dos hallazgos mas relevantes a nivel pulmonar, en consonancia con la literatura
publicada, fueron la presencia de agregados de plaquetas, resaltados con la
inmunohistoquimica con CD61, en los vasos de los septos alveolar y la presencia
de macrofagos alveolares, positivos a CD68, mas numerosos en los casos de
pacientes con valores mas elevados de ferritina. El curso clinico catastrofico de los

casos de COVID-19 ha sido asociado a un dafio endotelial severo y extenso, no
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limitado a los pulmones, que es responsable de disfuncion generalizada, cuya
traduccion histologica consiste en endotelitis, dilataciones vasculares y fendmenos
microtrombdticos en la mayor parte de casos y trombosis de vasos mas grandes en
unos pocos casos. (7-10) En la patogenia del COVID-19, estos procesos se han
asociado a un concepto denominado Trampas Extracelulares de Neutrofilos
(NETosis), asociado a la activacion de la cascada de la coagulacioén, como parte de
un fenomeno de inmunotrombosis. (8,9) Es interesante resaltar que la presencia de
microtrombos ha sido mas frecuentemente reportada en las series de casos
publicadas en el afio 2020, siendo menos frecuente en las series de casos del 2021,
lo que podria reflejar cambios en la terapia, que incluy6 el uso de anticoagulantes
en los casos mas recientes. (11) Al respecto, cabe mencionar que las muestras que
conforman la presente serie de casos, fueron tomadas entre abril y mayo del afo
2020, en los inicios de la pandemia. Por otro lado, desde los inicios de la pandemia
se reconocid un severo compromiso sistémico en pacientes con COVID-19, con
niveles muy elevados de proteina C reactiva y de ferritina en sangre, coagulopatia,
linfopenia y dafio hepatico, caracteristicos de un sindrome hiperinflamatorio,
previamente descrito en nifios con Enfermedad de Still (artritis reumatoidea
juvenil), bajo la denominacién de sindrome de activacion macrofagica o
linfohistiocitosis  hemofagocitica secundaria. (12) En los sindromes
hiperferritinémicos, se ha sefialado al higado y a los macrofagos activados como
fuente de ferritina, que no solo seria un marcador de la inflamacioén, sino que
también seria un indicador de activacion macrofagica. (13) Desde los primeros
reportes de la relacion entre los niveles séricos elevados de ferritina y la severidad

de COVID-19, (14) todas las publicaciones posteriores confirmaron esta
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observacion. Una contribucion de este estudio es que que se observa que la cantidad
de macréfagos alveolares fue mayor en los pacientes con niveles més elevados de

ferritina.

Como enfermedad sistémica, la infeccion por COVID-19 tiene como uno de sus
organos blanco mas importantes, después del pulmon, al corazon. El espectro de las
manifestaciones cardiacas asociadas a infeccion por COVID-19 incluye: arritmias,
transtornos  isquémicos, disfuncién ventricular, insuficiencia cardiaca
descompensada, shock cardiogénico, miopericarditis y miocarditis. (15) En una
revision sistemdtica de autopsias se ha estimado en un 8% la frecuencia de
miocarditis asociada a COVID-19; sin embargo, el mismo estudio sefiala que, de
aplicarse los criterios de Dallas o de Marbourg para el diagndstico de miocarditis,
solo un 1.4% de los casos publicados cumpliria los requisitos diagnosticos; (16) sin
embargo, hasta en un 47% de autopsias de pacientes fallecidos con COVID-19 se
ha podido observar evidencia histologica de dafio caracterizado por infiltrados
inflamatorios, trombos microvasculares, necrosis focal y dafio aleatorio de

cardiomiocitos, hasta en un 47%. (15,16)

Un metaanalisis que incluyd 177 casos en 23 publicaciones, reportd hipertrofia
miocardica en (51.2%), fibrosis miocardica (50%), alteraciones de pequefios vasos
coronarios (25.9%), infiltrados inflamatorios miocardios (15.9%), amiloidosis
(5.9%) y necrosis (5.3%). (17) En la presente serie de casos no hubo evidencia
clinica documentada de dafo miocérdico; sin embargo, en 11 de los 18 casos se

pudo evidenciar infiltrado inflamatorio a nivel del miocardio, lo que concuerda con
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la literatura revisada. A diferencia de toda la literatura revisada, en los casos que se
presentan, el hallazgo de depdsitos de lipofuscina en todas las muestras evaluadas
(Figura 4), no tiene precedentes y, luego de una revision extensa de la literatura, se
propone que este hallazgo guardaria relacion con el uso combinado de antimaldricos
como cloroquina y macrélidos como azitromicina, ambos con potencial
cardiotoxicidad, al inicio de la pandemia; sin embargo, es muy probable que este
hallazgo no tenga mayor relevancia, debido a que no se llegdé a documentar falla
miocardica, en ninguno de los casos. La lipofucsina es un pigmento que se acumula
en los lisosomas de las células senescentes como consecuencia de la degradacion
de proteinas que sufren dafo oxidativo. (18) Se considera que existe una
considerable variacion en los constituyentes de la lipofucsina en diferentes regiones
corporales; sin embargo, se estima que sus componentes principales son proteinas
y lipidos oxidades con uniones cruzadas, pequefias cantidades de carbohidratos y
algunos metales como hierro, calcio, zinc, cobre y manganeso. (19) En los inicios
de la pandemia se consider6 que, actuando como una base débil, la
hidroxicloroquina incrementaria el pH de las vesiculas endosoémicas intracelulares,
contribuyendo a disminuir la carga viral; (20) sin embargo, un metaanalisis que
incluyo 19 estudios con 5652 pacientes estim6 que la frecuencia de “torsade de
pointes”, taquicardias ventriculares y paros cardiacos fue de 3 por 1000. (21) Un
estudio realizado en ratas que recibieron el equivalente a dosis terapéuticas de
hidroxicloroquina demostr6 ondulacién, desorden, desorganizaciéon y ocasional
necrosis de miofibrillas cardiacas. (22) Finalmente, un estudio mads reciente, evalu6
la relacion entre lipofucsina, envejecimiento de miofibrillas cardiacas y autofagia,

determinando que la lipofucsina ejerce un efecto de declive en la funcién cardiaca,
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que la acumulacion de este pigmento estd directamente relacionado con
mecanismos de autofagia que se activan con la senescencia y que, curiosamente, la
cloroquina funcionaria como un inhibidor de la autofagia, al suprimir la fusiéon de
autofagosomas con lisosomas e incrementar el pH lisosomal. (23) Otro estudio,
realizado antes de la pandemia de COVID-19, evalud la cardiotoxicidad de la
cloroquina, reportd el hallazgo de vacuolas citoplasmaticas con inclusiones de
material granular positivo a la tincion de PAS, que dan la apariencia de
desorganizacion de miofibrillas. El estudio ultraestructural demostré que estas
inclusiones corresponden a cuerpos curvilineos de inclusion, caracteristicos de la
toxicidad por cloriquina. (24) Otras hipdtesis del dafio miocardico en pacientes con
COVID-19 incluyen injuria miocardica directa por parte del virus y compromiso

miocardico, como parte de respuesta inflamatoria sistémica. (9)

Finalmente, en relacion a la patologia hepatica asociada a COVID-19 en la presente
serie, fueron observados infiltrados linfociticos periportales en 4 de los casos y otros
hallazgos menos frecuentes incluyeron dilataciones sinusoidales (Figura 5) y
microtrombos. En una revision de la patologia hepatica de 21 articulos publicados
que incluian hallazgos en 118 casos, se observo esteatosis (59.3%), fibrosis
(31.1%), congestion vascular (29.6%), infiltrados inflamatorios (27.1%), necrosis
(22.1%), colestasis (4%) y cirrosis (2%). (17) Estos hallazgos, permiten estimar
que, a pesar de ser una fuente importante de moléculas asociadas a la respuesta
inflamatoria en pacientes con COVID-19, el higado parece ser un 6rgano que

evidencia menor frecuencia de injuria celular por esta enfermedad.
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En conclusion, este estudio representa la tnica serie de casos peruana de cambios
patologicos asociados a infeccion por COVID-19, con hallazgos que permiten: 1)
Confirmar la severidad de la injuria pulmonar; 2) Definir la ausencia de cambios
citopaticos que se pudieran considerar caracteristicos de la infeccion; 3) Resaltar el
rol de los macrofagos (activacion macrofagica) y las plaquetas (fendmenos
microtrombdticos) como parte de una respuesta inflamatoria severa; 4) Corroborar
la presencia de injuria cardiaca, con el hallazgo de depdsitos intracelulares de

lipofucsina cuyo origen queda por ser aclarado.
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CONCLUSIONES Y RECOMENDACIONES

Este estudio representa la tinica serie de casos peruana de cambios patoldgicos

asociados a infeccion por COVID-19, con hallazgos que permiten:

1.

2.

Confirmar la severidad de la injuria pulmonar

Definir la ausencia de cambios citopaticos que se pudieran considerar
caracteristicos de la infeccion

Resaltar el rol de los macréfagos (activacion macrofagica) y las plaquetas
(fendmenos microtromboticos) como parte de una respuesta inflamatoria severa
Corroborar la presencia de injuria cardiaca, con el hallazgo de depdsitos

intracelulares de lipofucsina cuyo origen queda por ser aclarado.

La pandemia del COVID-19 represent6 un enorme desafio para los sistemas de

salud a nivel global y constituyd una oportunidad excepcional para el desarrollo de

investigaciones que contribuyeron a conocer mejor la patogenia de la enfermedad,

y que fueron realizadas desde el inicio de la pandemia. No hubo una preparacion

previa para un escenario de esta naturaleza y, en base a la experiencia adquirida, la

recomendacion seria que tanto los equipos asistenciales como los de investigacion

estén mejor preparados para una respuesta mas rapida y efectiva, con el apoyo del

sistema de salud.
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FOTOS MICROSCOPICAS

Figura 2. Una célula multinucleada a nivel intraalveolar, membranas hialinas y
neumocitos de ntcleos grandes con nucléolos visibles. H&E 40X
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Figura 4. HE100X. Depésitos de lipofucsina a nivel paranuclear en el miocardio
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Figura 5. H&E 40x. Tejido hepatico con marcada congestion vascular sinusoidal
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IV.

ANEXOS

LAIAD DE SORIERND ¥ ADMINISTRACON !

—

AL ST A 0
S5 12014 DE ASCGURANENTO DE LA CALILAD MATHIIAR

WAALUAL DPERATIVG DI LAS NOENAS ¥ ESCUELA DE MISGHADD WK "CR
PROCEUMIENTDS DEL TRABAJO 02 ALZAMORA CASTRO
INVESTIGACIIN PARA L OBTENCICH E OS5
LIADUS ACAJEMICCS DF MAFSTRIA Y “3gvaldedd
DOCTORALG

# Cuande el estudinnte no es el primer autor del articuln.
Necumento de respsldo del nvestizudor Principal

Estimades Sres, Ureuela do Posgrado Vietor Alzarios Cestie

Me diiie 2 used en calidad de AUTOR PRINCIPAL &) articulo e investizacion tituledo
"PATHOLOGICAL CHANGES IN POSTMORTEM COVID. 19 BIOPSIES", de 13 anresia del
astudiante César Angusta Chias Gareie

Dzseo expresar mi respaldn de la informacién presentada en L declaracion juradz del esiudiante con
respecto al desarmllo lemétice del anticule de vestigacidn. Cunfinne que of estudiants es . aulor
secundario del articuly de investigacian v su particiracian consis!io en:

*  Realizir una revsion sistzmatice de la literane sobre ¢! tema

*  Orndenur y eveluar 1as pruebas de inmunohistuguimics reulizedas a les muesizas

¢ Temar lus microfotogiafias Je L biopsias

= Llaborar las rablas coz Jus resu tados

Flaburar ¢l primer berrador de & publicacicn

Ademas, pueco e rnar que los datos ¢ informacién incluitas @ ¢l niculo de investizacion wdjunce
se busan en una melovologin rigurasa v uni revisisn eritica de ls llertarn refevarte, Asimisimo,
puedo alestizuar que ¢l estudiznte *a cumplide con todas las onues elices y de irtegridad
avadémica en Iz wealizecion de este artienlo, v gue la iztormacion preseriod es precisa yennfiasle

Apradeaco Ju opormun da:l de sespaldar la infornacion presentady £ la declurcicn jurada del

estudiante, ¥ vie pengo a an disposicion pere cualguicr consulie adicional que pueda Lener,

Alentumentz,

.
Or. Al edirGhemers
Drepartzments de Pitologta
Lntro Médico Naval
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