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Abstract
COVID-19, the syndrome caused by the novel coronavirus SARS-CoV-2, has spread throughout the world, causing the
death of at least three million people. For the over 81 million who have recovered, however, the long-term effects are
only beginning to manifest. We performed a bilateral lung transplant on a 31-year-old male patient for chronic hypoxic
respiratory failure, severe pulmonary hypertension and radiographically identified pulmonary fibrosis five months after an
acute COVID-19 infection. The explant demonstrated moderate pulmonary vascular remodeling with intimal thickening
and medial hypertrophy throughout, consistent with pulmonary hypertension. The parenchyma demonstrated an orga-
nizing lung injury in the proliferative phase, with severe fibrosis, histiocytic proliferation, type II pneumocyte hyperplasia,
and alveolar loss consistent with known COVID-19 pneumonia complications.

This report highlights a novel histologic finding in severe, chronic COVID-19. Although the findings in acute COVID-
19 pneumonia have been well-examined at autopsy, the chronic course of this complex disease is not yet understood.
The case presented herein suggests that COVID-induced pulmonary hypertension may become more common as more
patients survive severe SARS-CoV-2-related pneumonia. Pulmonologists and pulmonary pathologists should be aware of
this possible association and look for the clinical, radiographic, and histologic criteria in the appropriate clinical setting.
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Introduction

Vaccination for SARS-CoV-2 has significantly reduced the
risk of severe disease from acute infection.1 Despite the
thorough histologic examinations performed on decedents’
tissues performed through the world,2–5 there is a paucity
of histological data on those who do not develop severe
disease, likely driven by a combination of variable post-
infection sequelae and unclear benefit of histopathologic
characterization for these patients. This is particularly rel-
evant because of so-called “breakthrough” cases despite
adequate vaccine protection, as well as the severe world-
wide dearth of vaccine.

Here, a patient developed severe COVID-19 pneumo-
nia, eventually requiring transplantation.

Case Report

The patient is a 31-year-old male resident of the rural
Midwestern United States with a past medical history sig-
nificant only for Grade 3 obesity who was diagnosed with
COVID-19 by two distinct RT-PCR assays under

emergency use authorization. He had not received
COVID-19 vaccination and initially felt well enough to
perform physically rigorous work. Over the next few
days, he worsened, requiring hospital admission for meta-
bolic encephalopathy and hypoxic respiratory failure for
which he received dexamethasone, remdesivir, and conva-
lescent plasma. His chest CT demonstrated typical findings
of acute COVID-19 pneumonia. His condition deteriorated
such that he required mechanical ventilation and prone
positioning for hypoxia. His course was complicated by
acute kidney injury, septic shock, deep venous thrombosis
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and pneumothorax requiring a thoracostomy tube. After
several weeks of mechanical ventilation, weaning proved
unlikely and a tracheostomy was placed. Although he
recovered from the acute phase of multi-organ dysfunction,
he remained ventilator- dependent with persistent, severe
hypoxia; for this he underwent lung transplant evaluation.
A COVID screen on a tracheal aspirate (Cobas e680,
Roche Diagnostics, Mannheim, Germany) was negative
during evaluation. Repeat CT imaging at that time revealed
fibrotic changes and ground glass throughout both lungs.
Right heart catheterization performed for transplant evalu-
ation showed severe pulmonary arterial hypertension of
72/31 mmHg which reduced to 47/16 with nitric oxide.
The patient was initiated on inhaled trepostinil for the pur-
poses of improved V/Q matching in hopes of enabling
physical therapy. At the time of evaluation, the patient’s
BMI precluded lung transplant. In the two months follow-
ing evaluation, the patient’s exertional capacity improved
and BMI declined. At the time of transplant, the patient
was able to walk 728 feet in 6 min while mechanically ven-
tilated on 100% oxygen. Notably, a rapid nasopharyngeal
COVID screen (Xpert Xpress, Cepheid, Sunnyvale, CA)
performed without symptoms four days prior to transplant
demonstrated a positive screen with a cycle threshold value
(Ct) of 43 cycles; a new sample taken the following day
was negative.

The patient received a deceased donor bilateral lung
transplant 140 days after his initial diagnosis with
COVID-19 pneumonia. Intraoperative findings include
no loss of tissue planes and no adhesions. The explanted
lungs were subjected to formalin fixation prior to section-
ing. Transbronchial fixation failed due to poor lung
filling, and formalin injection was necessary. The paren-
chyma in all lobes was mottled, congested, consolidated,
and mahogany to brown in color. No area of normal-
appearing lung was identified. The right upper lobe was
also remarkable for a 0.5 × 0.5 × 0.5 cm well-
encapsulated, sub-pleural, red-brown heterogeneous
lesion.

Histologic examination of the lung parenchyma
revealed organizing diffuse alveolar damage in the prolif-
erative phase with prominent fibrosis, type II pneumocyte
hyperplasia, and near-complete loss of alveolar air spaces
(Figure 1). The remaining intra-alveolar spaces were
filled with chronic inflammatory cells and scattered histio-
cytes. There was no evidence of viral cytopathic effect,
bacteria, acute inflammation, or hyaline membranes.
Parenchymal sections were also remarkable for mild to
moderate arteriolar intimal thickening and medial hyper-
trophy patchily distributed throughout both lungs
(Figure 2). Plexiform lesions were not identified. The
right upper lobe lesion was composed of a necrotizing
granuloma with scattered yeast forms compatible with
Histoplasma (Figure 3), but further microbiological
workup was not performed.

The patient was successfully transplanted, and fully
weaned from mechanical ventilation on post-operative day
5. He is currently doing well and progressing through pul-
monary rehabilitation similarly to non-COVID transplant
recipients.

Discussion

The novel coronavirus SARS-CoV-2, the causative agent
in COVID-19, irrevocably altered human interactions
from its discovery in Wuhan, China in late 2019 and its
subsequent distribution throughout the globe. The pan-
demic has infected over 224 million people worldwide
and is tied to over 4.6 million deaths at the time of
writing.6 Though numerous primary care and autopsy
reports have highlighted the systemic physiological
changes focused on the lungs caused by acute and fatal
COVID-19 cases,2–5 as the pandemic continues, the long-
term histologic sequelae in patients become more apparent.
“Long COVID,” a group of physical, physiological, and
psychological symptoms that follow SARS-CoV-2 infec-
tion for an extended period,7 is a related concept, but this
patient’s rapid and prolonged deterioration does not fit
with the use of this term.

We report here a patient with chronic respiratory failure
secondary to COVID-19 who received a bilateral lung
transplant for post-COVID respiratory failure. He devel-
oped marked pulmonary hypertension in the months
leading up to his transplantation. His explant demonstrated
pulmonary hypertensive changes in addition to end-stage
fibrosis and chronic-phase diffuse alveolar damage / orga-
nizing pneumonia. The obliterative changes that are iden-
tified in this explant are consistent with what we and
others have previously described at autopsy in fatal acute
and subacute COVID-19 pneumonia.3–5 We also report
probable histoplasmosis, a likely incidental finding that is
common in our geographic area. Of note, a recent report
of COVID pneumonia requiring lung transplantation dem-
onstrated a granuloma containing Candida.8 This patient
did not receive any treatment for his Histoplasma but
receives prophylaxis post-transplant due to his now immu-
nocompromised status.

In two case series describing lung transplantation for
COVID-19 pneumonia, pulmonary hypertension was a
common finding.9,10 Other groups as well have found a pos-
sible association between pulmonary hypertension and
COVID,11 including on autopsy specimens.12 To our
knowledge, this case report is unique in demonstrating pic-
torially the histologic changes of pulmonary hypertension in
a patient on maximal pre-transplant prostaglandin therapy,
as well as the longest reported ventilatory requirement
(128 days). Further work is needed to describe the preva-
lence of pulmonary hypertension and the associated patho-
logic changes in patients who develop chronic symptoms
after COVID-19. Given the large number of people who
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Figure 1. Representative lung explant. A: The lung parenchyma demonstrates the organizing phase of diffuse alveolar damage (DAD),
with prominent fibrosis (H&E,× 200). B: Type II pneumocyte hyperplasia and collapsed alveoli with interspersed histiocytes are easily
identified (H&E,× 400).

Figure 2. Representative vascular changes in lung explant. A-B: Scattered arterioles demonstrated moderate intimal thickening
(A: H&E, B: Movat pentachrome;× 200). C-D: Scattered arteries had moderate medial hyperplasia (C: H&E, B: Movat pentachrome;
× 200).
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have been infected with the virus, this could have enormous
clinical relevance to patients and the medical community.

Interestingly, the patient’s first positive COVID screen
was three months prior to his negative test during trans-
plant evaluation. However, a nasopharyngeal rapid test
performed shortly prior to transplant had a Ct value of 43
cycles, a detectable but low level of virus. Although we
cannot necessarily exclude reinfection, a high Ct value in
ultrasensitive assays is thought to represent remaining
viral nucleic acid but not transmissible virus and can
persist for months after primary infection.13 His repeat
test the next day was negative.

In contrast to other cases of COVID-related lung trans-
plant in the literature,9,10 in which the majority of the
patients demonstrated severe pulmonary adhesions, the
patient reported here did not have any adhesions. The sig-
nificance of this finding is unclear.

As this is a single case, there are some limitations. We
cannot know what the patient’s baseline pulmonary function
was prior to infection because he had never been tested. He
was obese, but had never presented for any significant
medical workup, including pulmonary or cardiac, prior to
his hospitalization. We also cannot generalize our findings
to all infected individuals without more specimens.

Conclusion

This case report contributes to the growing body of evidence
supporting the development of pulmonary hypertension in

patients with chronic COVID-19 pneumonia. As the
post-COVID population will only increase, pulmonologists
and pulmonary pathologists should be aware of the possibil-
ity of COVID-induced pulmonary arteriolar remodeling and
consider clinical, radiologic, and perhaps histologic correla-
tion when the situation arises.
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Figure 3. Subpleural necrotizing granuloma. A-B: The lesion consisted of a necrotic core surrounded by epithelioid histiocytes (A:
H&E,× 40; B: H&E,× 400). C: The necrotic core contained numerous yeast forms with narrow-based budding consistent with
Histoplasma (Grocott methenamine silver,× 1000).
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