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Abstract

Background: Coronavirus disease 2019 (COVID-19) is a global health problem. How-

ever, the course of this disease in immunosuppressed patients remains unknown. This

study aimed to describe the course ofCOVID-19 infection and its effects on lung trans-

plant recipients.

Methods: This was a single-center, retrospective, observational study. The recipients

with suspicious symptoms and/or a contact historywith infected individualswere diag-

nosed with COVID-19 by performing a reverse transcription-polymerase chain reac-

tion (RT-PCR) test using samples obtained from the nasopharynx swabs or bronchial

lavage.We classified the patients intomild,moderate, and high severity groups accord-

ing to their clinical conditions. In patients with positive RT-PCR results, cell cycle

inhibitor drugs were withdrawn, while steroids were maintained at the same level as

in patients without clinical deterioration.

Results:Of the seven recipients diagnosed with COVID-19 infection, one experienced

a re-infection. Each recipient had at least one comorbidity. Smell disorder (12.5%),

cough/dyspnea (37%), and fever/chills/shivering (37%) were the most frequent symp-

toms. Themean follow-up time after infectionwas 108 days. No deaths were recorded

due to COVID-19; however, the pulmonary function test values of two recipients were

decreased during subsequent follow-ups.

Conclusion: In our small group of transplant recipients with COVID-19, there were

two cases of pulmonary function deterioration and a case of re-infection, and no recip-

ient died. It is suggested that steroid therapy should be initiated in the early period in

patients with pulmonary opacities.
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1 INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic caused by the

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has

spread worldwide within a short time.1 The course of COVID-19 in

immunosuppressed patients remains unknown. Previous studies have

reported that COVID-19 has high morbidity and mortality rates in

solid organ transplant (SOT) recipients.2 Available data on COVID-

19 regarding lung transplant recipients are limited compared to liver

and kidney transplant recipients. Therefore, we sought to describe the

course and short- to long-term COVID-19 outcomes in lung transplant

recipients.

2 MATERIALS AND METHODS

2.1 Patient selection and examination

Thiswas a single-center, retrospective, observational study to evaluate

the effects of COVID-19 in lung transplant recipients. A positive SARS-

CoV-2 reverse transcription-polymerase chain reaction (RT-PCR) test

was required for diagnosis. The test was performed using nasopharyn-

geal swab or bronchial lavage samples obtained from recipients pre-

senting with suspicious symptoms and/or a contact history with indi-

viduals infected with SARS-CoV-2.

Inpatient treatment was recommended for all recipients with pos-

itive RT-PCR. Individuals presenting with symptoms of cough, fever,

dyspnea, generalized muscle pain, and/or radiological findings were

hospitalized while waiting for the RT-PCR results. Outpatients with

mild symptoms or negative RT-PCR results were advised to visit the

hospital in case of symptoms such as fever, cough, dyspnea, and dif-

fuse pain. Coagulation parameters, including D-dimer, fibrinogen, tro-

ponin, interleukin-6 (IL-6), ferritin, as well as routine hemogram, bio-

chemistry, C-reactive protein (CRP), and procalcitonin tests were per-

formed. Posteroanterior (PA) chest radiography and thoracic com-

puted tomography (CT) were also performed. Respiratory virus PCR

panel and influenza rapid test were performed using oropharyngeal

swabs obtained from each hospitalized patient. COVID-19-specific

imaging findings (infiltration, consolidation, and ground-glass opaci-

ties) were examined using PA radiography and CT.

2.2 Patient classification

Weclassified thepatients intomild,moderate, andhigh severity groups

according to their clinical conditions. Patients who were followed up

as outpatients or those who did not need supplemental oxygen were

classified in the mild severity group. Patients who were admitted in

the ward requiring supplemental nasal oxygen at any time during their

follow-upwere included in themoderate severity group,whereas those

requiring noninvasive ventilation, high-flow oxygen (HFO) treatment,

or invasive mechanical ventilation were included in the high severity

group.

2.3 Immunosuppressive therapy

In patients with positive RT-PCR results, cell cycle inhibitor drugs

were withdrawn. The target blood levels of calcineurin inhibitor (CNI)

and mammalian target of rapamycin (mTOR) inhibitor did not change.

Steroids weremaintained at the same level as in patients without clini-

cal deterioration.

2.4 COVID-19 treatment

Recipients with suspected COVID-19 symptoms and/or positive RT-

PCR results were treated in accordance with the recommendations

of the Ministry of Health Scientific Committee. In the early stages of

the pandemic, hydroxychloroquine (HQN) (loading dose, 2 × 600 mg;

maintenance dose, 2 × 200 mg/day for 4 days) and favipiravir (load-

ing dose, 2 × 1600 mg; maintenance dose, 2 × 600 mg/day for 4 days)

were preferred. Subsequently, HQN was removed from the treatment

with the newly released information reported in the literature,3,4 and

remdesivir is preferred in eligible patients as reported by a clinical

study. Steroid augmentation (1 mg/kg methylprednisolone adminis-

tered as 2 doses per day; after 5 days, 1 × 1 mg/kg; and then by reduc-

ing 20 mg/day every 5 days, it was decreased to 10 mg/day) and pulse

steroid therapy were administered (1000 mg/day for 3 days; subse-

quently 1 × 1 mg/kg for 5 days; and by decreasing 20 mg/day every

5 days, it was reduced to 10 mg/day) in case of clinical and/or radio-

logical deterioration. Venous thromboembolism prophylaxis with low-

molecular-weight heparin and, if needed, empirical antibiotic treat-

ment were initiated in inpatient lung transplant recipients. The pul-

monary function test (PFT) and 6-minute walking test were evaluated

after the first month of infection.

3 RESULTS

RT-PCR tests for SARS-CoV-2 infection were performed in 11 lung

transplant recipients. Of the 11 recipients, 6 (54.5%) had suspicious

symptoms/findings, while 5 (45.5%) were in contact with infected indi-

viduals. All the samples of symptomatic patients were positive for

SARS-CoV-2RT-PCR (n=6),while only two samples of thosewhowere

screened with a contact history (2/5 [40%]) revealed positive results

(Figure 1). In total, eight COVID-19 cases, of which, one was a re-

infection that occurred approximately 8 months after the first infec-

tion, were detected in seven patients (two females and five males). Of

these seven recipients, one (12.5%) had an impaired sense of smell,

three (37%) presented with cough and dyspnea, and three (37%) with

fever, chills, and shivering.

The mean age was 48 years (range, 38–56 years). Three patients

underwent lung transplantation for bronchiectasis, two for chronic

obstructive pulmonary disease, one for idiopathic pulmonary fibrosis,

and one for histiocytosis X. The average time after transplantation was

38.5 months (range, 11–82months; median, 28 months), and the aver-

age follow-up period of patients after COVID-19 infection was 108
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F IGURE 1 Diagnosis algorithm of the cases. BAL, bronchoalveolar lavage; COVID-19, coronavirus disease-2019; LuTx, lung transplant; NPS,
nasopharyngeal swab; PCR, polymerase chain reaction

days (range, 20–240 days; median, 96 days). Each patient had at least

one comorbidity (nephropathy, hypertension, diabetes mellitus in 1,

5, and 5 cases, respectively) (Table 2). Four patients received triple

immunosuppressive therapy consisting of tacrolimus, mycophenolate

mofetil (MMF), and corticosteroid. Three patients’ immunosuppres-

sive regimens consisted of an mTOR inhibitor (everolimus) along with

a reduced level of tacrolimus and titrated doses of MMF and corticos-

teroid (Table 1).

Only one patient, who had a re-infection, was administered pulse

steroid therapy in the last 6 months because of acute cellularity rejec-

tion. No other cases were administered induction or rejection therapy

in the last 6months.

At admission, bilateral ground-glass opacities and consolidation in

both lungswere observedon the radiographs/CT scanof three patients

(37%). On days 7 and 8 of admission, the imaging of two more cases

revealed characteristic bilateral lung findings, and cytokine storm find-

ingswere shown inblood tests (total, five cases [62.5%]withpulmonary

disease).

The mean, range, and median laboratory values of patients in

each class are shown in Table 2. Unlike lymphopenia, which further

decreasedwith disease severity, D-dimer, ferritin, and IL-6 valueswere

found to increase with the severity of the disease.

SARS-CoV-2 specific treatment was administered in the seven

recipientswith positiveRT-PCR tests, including the case of re-infection

(Table 1). Remdesivir was only administered to the patient (12.5%)

who had a re-infection. The other seven cases (87.5%) during the ini-

tial infection received favipiravir. Steroid augmentation protocol was

applied to four patients (50%): two patients (25%) with dyspnea and

radiographic findings at the time of hospitalization and two patients

(25%) with new-onset dyspnea and infiltration or ground-glass opaci-

ties during the cytokine storm period that were not previously present

at admission. Pulse steroidwas administered to three patients because
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TABLE 2 Laboratory data of the cases according to disease severity

Parameters

Mild

(n= 3)

Moderate

(n= 2)

High severity

(n= 3)

Total (mean, range,

median)

Leucocytes (x103/ml) 4.7 (4.1–5.7) 3.0 (2.3–3.7) 6.0 (1.7–9.4) 4.8 (1.7–9.4; 4.3)

Lymphocytes (x103/ml) 1.2 (1.0–1.4) 1.4 (1.4–1.4) 1.3 (0.2–2.9) 1.3 (0.2–2.9; 1.3)

% Leucocytes 68.8 (62.7–74.3) 60.5 (55.6–65.5) 80.3 (72.5–86) 71.0 (55.6–86.0; 71.5)

%Lymphocytes 18.7 (12.6–22) 29.8 (25.3–34.4) 13.5 (8.6–22.1) 19.5 (8.6–34.4; 21.7)

Lowest % lymphocytes 16.4 (10.2–22) 8.35 (6.1–10.6) 4.8 (3.2–6.6) 9.1 (3.2–22; 8.3)

Fibrinogen (g/L) 3.82 (2.22–5.16) 2.58 (2.03–3.13) 4.73–4.14 (4.03–6.03) 3.8 (2.0–6.0; 4.1)

D-dimer (mg/L) 0.6–0.6 (0.5–0.7) 0.6 (0.3–0.9) 0.9 (0.6–1.4) 0.7 (0.3–1.4; 0.7)

LDH (U/L) 339 (234–525) 383 (234–532) 374 (300–485) 363 (231–532; 318)

Ferritin (µg/L) 15 (12–18) 21 (10–32) 101.6 (23–146) 53 (10–146; 23)

IL-6 (at admission) (pg/L) 6.26 (5.9–6.9) 9.75 (8.9–10.6) 40.2 (19.9–64.4) 21.9 (6.9–64.4; 15.2)

IL-6 (maximum) (pg/L) 11 (6.9–14.3) 46.6 (38.0–55.3) 112 (36.4–235) 64.3 (6.9–235.0; 38.0)

CRP (g/L) 36.6 (6–91) 20.5 (12–29) 75.3-100 (18–108) 47.1 (6–108; 18)

Procalcitonin (µg/L) 0.033 (0.02–0.05) 0.03 (0.03–0.03) 0.17 (0.03–0.47) 0.08 (0.02–0.47; 0.04)

Initial chest X-ray no no Bilateral infiltration (3)

Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; LDH, lactate dehydrogenase.

they did not show any improvement in symptoms, inflammatory mark-

ers, or radiological findings despite steroid augmentation. Since clini-

cal improvement was achieved with pulse steroid therapy, other man-

agement strategies with convalescent plasma, IL-6, and IL-1 recep-

tor antagonists were not used. Although no bacterial infection was

detected in any of the cases, antibiotic treatment was administered

upon admission or during the follow-up period based on previous

culture and antibiogram results (1 colistimethate, 2 meropenem, 5

tazobactam, and sultamicillin).

The target levels of CNI and mTOR did not change; however, MMF

administration was stopped after detecting positive RT-PCR results.

Seven (87.5%) caseswere followedup as inpatients, andone (12.5%)

was followed up as an outpatient. Two (28.5%) of these hospitalized

cases were admitted to the intensive care unit, whereas five (71.5%)

were admitted to theward. The average intensive care unit staywas 13

days (range: 8–18 days), and the mean hospitalization period for these

two patients was 33.5 days (range: 25–42 days), while the average

hospital stay for the others was 18.6 days (median 17 days, range

15–42 days). Two patients required HFO, noninvasive mechanical

ventilation, and supportive oxygen treatments with reservoir masks.

Supplemental oxygen with a nasal cannula was applied to two patients

hospitalized in the ward. Two (28.5%) cases did not require oxygen

during their hospital stay.

3.1 Treatment results

The patient with smell dysfunction treated as an outpatient improved

within five days of treatment.Only onepatient required long-termoxy-

gen therapy. Decreased PFT values were detected in two cases dur-

ing subsequent follow-ups, while the PFT values of the five remaining

cases were stable. No patient had any co-infection or signs of COVID-

19 complications involving organs other than respiratory. No patient

died due to COVID-19.

4 DISCUSSION

Data regarding COVID-19 infection in lung transplant recipients are

gradually increasing. However, to date, most studies have focused on

management and short-term results.5 In this study, we aimed to inves-

tigate theeffects ofCOVID-19ondemographic, clinical, and laboratory

data of patients and its short- to long-term clinical outcomes in lung

transplant recipients.

From the beginning of the pandemic, several clinicians and

researchers were curious to know the impact of COVID-19 on SOT

recipients and the recipients with the greatest disease severity. We

detected eight cases of COVID-19 (14.3%) among 56 recipients under

follow-up, of which, one was a re-infection. Although our sample of

lung transplant recipients is very small, the 14% incidence of the

disease among recipients suggests that recipients should be vigilant

regarding COVID-19 prevention.

It is awell-known fact that infections in immunosuppressed patients

may present with atypical symptoms and signs, which may lead to

delays in diagnosis and treatment.6 It is also known that COVID-19

intensifies by causing cytokine storms in the following days..7 Since

we had sufficient numbers of negative pressure, isolation, intensive

care, and ward room allocated to our clinic in the hospital, we pre-

ferred treating our patients by hospitalizing them regardless of their

symptoms. Therefore, we detected new-onset fever, dyspnea, and

chest radiography findings in two cases (25%), which were related to

cytokine storms on the 7th to 8th days of hospitalization.
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There are also insufficient data on SARS-CoV-2 re-infection. Only

approximately 30 cases were reported by the end of 2020, and we did

not find a re-infection case of a lung transplant recipient in the English

literature. The most important aspect of this issue is the distinction

between re-infection and reactivation.8 One of the cases was evalu-

ated as a re-infection case, although sequence analysis was not per-

formed. He received remdesivir as part of the study. His first attack led

him to use long-term oxygen therapy, but as expected,8,9 he survived

his second attack withmild symptoms.

Studies are ongoing to access demographic and laboratory data of

patients with progressive disease.10 To date, some predictive mark-

ers have been suggested.11 Although statistical analyses were not per-

formed due to the small number of cases, there are some prominent

findings. Our data, similar to the results of some other studies,12 show

that the elevation in D-dimer, CRP, and IL-6 observed at the time of

application, the highest IL-6, ferritin, and procalcitonin levelswere pro-

portional to the severity of COVID-19. We observed that the low per-

centage of lymphocytes during patient follow-upwas also proportional

to the severityof thedisease (thepercentageof lymphocyteswas lower

in more severe disease), indicating that lymphocyte depletion is a part

of the pathogenesis of COVID-19.13 In addition, the lymphocyte per-

centages of the two patients who required intensive care follow-up

were the lowest in the study, and IL-6 levels were the two highest val-

ues.

Our practice in immunosuppressive drug management has been

stopping antimetabolite drugs and going on the same target levels of

CNI and mTOR inhibitor drugs. Several articles have pointed out the

positive and negative aspects of everolimus and tacrolimus during the

course of COVID-19.14–17 Moreover, many parameters determine the

development and progression of the disease,18 but we believe that one

of the important findings in our study was the presence of everolimus

in the immunosuppressive drug regimens of three patients. This finding

requires clinical and statistical verification inmore patients.

At the beginning of the pandemic, there was insufficient data on

the effects of high-dose steroids on COVID-19 in SOT recipients.

Increasing data on this issue has encouraged clinicians during treat-

ment applications.19 In cases with pulmonary involvement and find-

ings of cytokine storm, high-dose steroid therapies (steroid augmenta-

tion/pulse application)were applied to four of our cases, three ofwhom

were administered pulse steroids. Symptoms and inflammatory mark-

ers improved in all three patients after pulse steroids; thus, we did not

need treatments such as tocilizumab and anakinra or other treatments.

The average follow-up period of COVID-19 cases was 108 days

(median: 101 days), which could provide insight into the effects of

the disease on recipients in the medium to long term. Serious forced

expiratory volume in one-second (FEV1) declines was observed in two

patients after infection. One was in our follow-up for approximately 8

months after infection and was accepted as CLAD stage 4 because of

the 60% decrease in FEV1 values compared to the basal best value.20

However, the other patient was not followed up for a sufficient time

forCLADassessment; henceCLADclassificationwasnotmade for him;

however, a 30% reduction compared to the best FEV1 value was found

in PFT performed in the second month of COVID-19. These two cases

may indicate the importance of COVID-19-induced morbidity in lung

transplant recipients in themid-long term.

The main limitation of our study is that it was single-centered and

covered few cases. Due to the long follow-up period after COVID-19, it

may lighten themedium- to long-term effects of the disease.

In conclusion, the course and long-term effects of COVID-19 on

SOT recipients remain unclear.Our small groupof transplant recipients

with COVID-19 consisted of two cases with loss of pulmonary func-

tion and one case with a re-infection, suggesting that steroid therapy

should be initiated in the early period in patients with pulmonary opac-

ities.Althoughnopatientdiedamongourpatients,moderate-to-severe

COVID-19 with pulmonary signs may cause loss of graft function in

lung transplant recipients.
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