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Summary

INTRODUCTION: Long-term survival in lung transplant re-
cipients is limited by chronic lung allograft dysfunction,
which can be triggered by respiratory tract infections.

STUDY AIMS: We investigated the incidence of chronic
lung allograft dysfunction in a cohort of lung transplant re-
cipients over 10 years, focusing on its association with hu-
man coronavirus (HCoV) respiratory tract infections and
all-cause mortality.

METHODS: This 10-year retrospective cohort included
259 lung transplant recipients between 2010 and 2020.
Nasopharyngeal swab samples were analysed during reg-
ular outpatient visits and when symptoms indicated respi-
ratory tract infections using a multiplex polymerase chain
reaction panel to test for HCoV subtypes 229E, HKU1,
NL63, and OC43. Data regarding chronic lung allograft
dysfunction, clinical characteristics, infectious parameters,
and lung function tests were recorded. An adjusted Cox
proportional hazards regression model was applied.

RESULTS: 166 lung transplant recipients survived the ear-
ly postoperative period. Over a cumulative observation
period of 711.4 patient-years, 57.8% (96/166) of patients
were confirmed to have had at least one HCoV infection.
On average, the incidence of HCoV respiratory tract infec-
tions (n = 380) was 0.53+0.33 per patient-year, and 32.9%
(125/380) of respiratory tract infections were in asympto-
matic patients. In routine follow-up visits, patients were
tested for HCoV infections based on unclear inflammatory
responses. Chronic lung allograft dysfunction developed
in 45.8% (76/166) of lung transplant recipients. HCoV in-
fections were associated with a higher subsequent like-
lihood of chronic lung allograft dysfunction (hazard ratio
[HR] adjusted = 2.52, 95% CI 1.32-4.80, p = 0.005). After
contracting HCoV infections, lung transplant recipients ex-
perienced higher C-reactive protein levels on days 4 and
5 after the infection, but there were no immediate changes
in lung function parameters.

CONCLUSION: While HCoV infections may not always
show symptoms, they may increase the likelihood of sub-
sequent chronic lung allograft dysfunction in lung trans-
plant recipients.

Introduction

Lung transplantation is a life-saving procedure for patients
suffering from end-stage lung diseases. Unfortunately, the
survival of transplanted organs is limited by acute and
chronic allograft rejection, resulting in a median survival
rate of slightly more than 6 years [1].

Improvements in managing patients in the early postopera-
tive phase has led to reduced 1-year mortality. Regrettably,
the mortality rate remains high beyond the first year, with
roughly half of all patients developing chronic lung allo-
graft dysfunction (CLAD) within 5 years, and thus allo-
graft rejection is a significant obstacle to long-term success
[2].

Lung transplant recipients require extensive immunosup-
pressive therapy and thus are more prone to infections
in contrast to other solid organ transplant recipients [3].
Therefore, respiratory tract infections potentially have a
larger impact on long-term outcomes [3]. Major underlying
factors include the graft’s continuous contact with the envi-
ronment, impaired cough reflex, and reduced mucociliary
clearance [4, 5]. In addition to causing direct illness, a re-
lationship between respiratory viral infection and the sub-
sequent development of bronchiolitis obliterans syndrome
has been established by several studies [6]. Bronchiolitis
obliterans syndrome (BOS) is a major factor limiting long-
term survival.

Infections can also result in restrictive allograft syndrome
(RAS). Both are part of the umbrella term “chronic lung
allograft dysfunction” (CLAD) [7].

The causes of chronic lung allograft dysfunction are still
unknown, but it is believed that a combination of internal
and external factors, immune processes, and adaptive im-
munity contribute to the development of alloimmune re-
sponses against the lung’s structural proteins [8]. Thus,
identifying modifiable epidemiological risk factors that
lead to chronic lung allograft dysfunction in lung trans-
plant recipients is crucial for efforts to extend their life ex-
pectancy.

Human coronavirus (HCoV) is one of the most frequent
causes of respiratory tract infections in humans [9]. HCoV,
including the subtypes 229E, NL63, OC43, and HKU1,
usually cause mild upper respiratory infections but may de-
velop into lower respiratory tract infections in lung trans-
plant recipients because of their compromised immune re-
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action [9]. A nasopharyngeal swab is taken to diagnose an
infection, and a polymerase chain reaction (PCR) analysis
is performed [10, 11]. Currently, no specific treatments are
available to alter the course of HCoV infections in humans.
Therefore, it is crucial to focus on preventive measures.
HCoV infections are predominantly transmitted from hu-
mans to humans but may be able to cross the genetic bar-
rier between animal reservoirs and humans because of the
genetic variability of the viruses [23]. Therefore, the risk
of infection can potentially be reduced through behaviour-
al interventions.

Previous studies suggest that there is a biological link be-
tween respiratory tract infections and the development of
chronic lung allograft dysfunction in lung transplant recip-
ients [12]. A recent cohort study indicates that there may
be a time-dependent connection between the development
of HCoV infection and chronic lung allograft dysfunction
[13]. Preventing respiratory tract infections may reduce the
risk of chronic lung allograft dysfunction in this popula-
tion.

Additionally, since HCoV infections tend to occur during
certain seasons in the general population, it may be possi-
ble to implement more specific interventions. This 10-year
retrospective cohort study examines the association be-
tween HCoV infections and the development of chronic
lung allograft dysfunction in our single-centre cohort and
describes the typical symptoms, seasonal patterns, labora-
tory findings, and the link between HCoV infections and
their effect on respiratory function.

Methods

Study population and study design

The study population comprised adults who underwent
lung transplantation between January 1%, 2010, and Jan-
uary 1%, 2020 (follow-up until November 30%, 2020) at
the University Hospital in Zurich (USZ), Switzerland, and
survived the initial postoperative period in the intensive
care unit. The USZ lung transplantation centre provides
lung transplantations for selected patients with advanced
lung disease due to cystic fibrosis, interstitial lung dis-
eases, chronic obstructive pulmonary disease, pulmonary
arterial hypertension, and terminal lung diseases of other
causes.

We conducted a retrospective cohort study by gathering
data from the clinical information system up until Novem-
ber 30%, 2020. The data were extracted by a sorting pro-
gram and manually checked for plausibility from the med-
ical records of the USZ transplant centre by the first author.
The data were then entered into an encrypted study data-
base. The observation period was set at 10 years to encom-
pass the average postoperative survival of lung transplant
recipients, which is typically 5-6 years. This extended du-
ration allows for a larger patient cohort and data collection
from those exceeding the average survival time.

Clinical and laboratory data were recorded during both
outpatient and inpatient visits. We collected information
on symptoms, infectious parameters (CRP), lung function
tests, and viral sampling results from nasopharyngeal
swabs.
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To date, seven HCoVs have been identified, namely
HCoV-229E, HCoV-OC43, HCoV-NL63, HCoV-HKUI,
severe acute respiratory syndrome coronavirus (SARS-
CoV), Middle East respiratory syndrome coronavirus
(MERS-CoV), and the novel coronavirus (2019-nCoV,
a.k.a. SARS-CoV-2) [9]. However, in this study, we did
not investigate SARS-CoV, MERS-CoV, or SARS-CoV-2
because very few infections were detected at our centre
during the observation period. Therefore, we refer to
“HCoVs” in the context of the four viruses, namely
HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-
HKUI. The primary choice of post-transplantation im-
munosuppression consisted of cyclosporine A, mycophe-
nolate mofetil, and prednisone after induction with basilix-
imab [14] Generally, lung transplant recipients were treat-
ed according to the USZ transplantation centre guidelines.
Specialists in infectious diseases or microbiology were
consulted for treatment, if deemed necessary.

There was no specific time scheme for respiratory testing
in lung transplant recipients. Because they were undergo-
ing immunosuppressive therapy, they were encouraged to
present even with very mild symptoms. At each visit, the
treating clinician conducted viral sampling via nasopha-
ryngeal swabs following the internal standard operating
procedures. A viral test was also performed in cases of
emergency room visits at the discretion of the treating
physician. A set of symptoms was assessed: joint and mus-
cle pain, cough and shivering, malaise, shortness of breath,
running nose, throat pain, and increased sputum. Some
patients did not clearly show the aforementioned symp-
toms and were labelled asymptomatic. Every patient in our
study was tested for HCoV as well as co-infections (res-
piratory viruses, bacteria, or fungi), including the patients
of the control group. If there was a co-infection detected,
those periods were excluded from the analysis. Thus, the
clinical diagnosis at the time of our investigation was up-
per respiratory tract infection by HCoV. Nasopharyngeal
swab samples yield the highest virus concentrations [25]
and, during this study, mainly nasopharyngeal swabs were
used. If a person tested positive for a virus, we followed
internal guidelines and performed nasopharyngeal swabs
every 5-8 days (usually every 7 days) as long as genetic
viral material was detectable. The repeated testing of all
patients within short intervals helped mitigate both false-
positive and false-negative results. A new HCoV infection
was detected if a new viral strain was found. Persistent in-
fection was defined by continuous positive PCR tests.

Medical records on bronchoalveolar lavages (BAL) during
bronchoscopy were not within the scope of this study.
Bronchoalveolar lavages may be performed if there is clin-
ical concern about a lower respiratory tract infection, but
it is not routinely employed since it was not expected to
change the management. Consequently, bronchoalveolar
lavage results were available only at irregular intervals for
a few patients compared to the numerous HCoV swab sam-
ples. Positive PCR tests (even without symptoms) were
recorded. With current molecular diagnostic tests, it is pos-
sible to rapidly detect various viruses through multiplex
PCR, which was performed by the Institute of Medical Vi-
rology at the University of Zurich. A viral swab analysis
named “PCR respiratory block analysis” consisted of In-
fluenza, respiratory syncytial virus, adenovirus, coron-
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avirus (four types, namely N63, 229E, OC43, and HKU1),
entero/rhinovirus, metapneumovirus, parainfluenza virus
(1-4). The aforementioned laboratory tests did not routine-
ly include cycle threshold (CT) or procalcitonin values. All
patients who did not provide signed written consent for re-
search (general informed consent) were excluded from the
registry of this study.

Ethical approval

The Ethics Committee of Zurich, Switzerland, approved
the study (BASEC-ID 2020-02797).

Primary and secondary outcomes

Primary outcome

The primary outcome was the association between any
HCoV infection subtype and subsequent chronic lung allo-
graft dysfunction occurrence in lung transplant recipients.
The early postoperative period (first 4 weeks posttrans-
plant) was not investigated because lung transplant recipi-
ents typically experience acute rejection reactions and oth-
er postoperative complications during this time. According
to Thabut et al. [2], “Improvements (...) in the early post-
operative period led to a reduction (...) in 1-year mortali-
ty (...). However, the attrition rate after the first year (...)
is mainly attributable to chronic lung allograft dysfunction
(CLAD).” Additionally, neither the type nor the duration
of hospital stay was analysed in our study, as these factors
are not strictly relevant to chronic lung allograft dysfunc-
tion development; mild infections can still lead to chronic
lung allograft dysfunction over time.

Secondary outcome

The secondary outcome comprised changes in forced expi-
ratory volume in 1 second (FEV1) before and after HCoV
infection, seasonal patterns, and laboratory and clinical pa-
rameters associated with HCoV infections in lung trans-
plant recipients, as well as all-cause mortality. Our findings
cannot be interpreted as confirmatory evidence; rather,
they support a hypothesis that requires further research.

Definition of chronic lung allograft dysfunction

Chronic lung allograft dysfunction was defined as a signif-
icant and constant decline (>20%) in the measured FEV1
value from the baseline value, following the current In-
ternational Society for Heart and Lung Transplantation
(ISHLT) recommendations. The baseline value is defined
as the mean of the best two postoperative FEV1 measure-
ments (taken >3 weeks apart) [7]. This reference value
was calculated based on the mean of the two best post-
transplant FEV1 values within the first two post-transplant
years [7]. Chronic lung allograft dysfunction may be sub-
categorised into an obstructive ventilatory pattern, a re-
strictive pattern, or a mixed obstructive and restrictive pat-
tern. Other potential pathologies may also cause a chronic
loss of allograft function, including mechanical factors
such as airway stenosis, persistent pleural effusion, or
weight gain, as well as persistent oedema due to heart
failure or infections. These factors are not components of
chronic lung allograft dysfunction and were ruled out prior
to a chronic lung allograft dysfunction diagnosis [8].

Swiss Med WKkly. 2025;155:3568

To detect heart failure, clinicians evaluated echocardio-
graphic results and serum brain natriuretic peptide levels,
monitored weight gain, and assessed lung infections by
analysing weight data and C-reactive protein levels in the
blood 3 months before and after the suspected onset of
chronic lung allograft dysfunction. Viral infections were
identified through laboratory results compiled by the med-
ical virology department, while bacterial infections were
diagnosed based on bacteriology results, including blood
and urine cultures. Available lung histology data from
transbronchial biopsies, bronchoscopy data, and CT scan
changes were checked over a period of 3 months before
and after the onset of chronic lung allograft dysfunction.
The biopsies were evaluated by a skilled pulmonary
pathologist, whereas chest CT scans were assessed by a
qualified chest radiologist to classify chronic lung allograft
dysfunction changes.

Statistical analysis

Descriptive statistics include the mean and standard devi-
ation (SD) for continuous variables, median and interquar-
tile range [IQR] for ordinal and non-normal variables, and
number and percentage of total for categorical variables. A
cause-specific Cox proportional hazards regression mod-
el was applied to assess the association between HCoV
infection (exposure variable) and chronic lung allograft
dysfunction (outcome variable) using the number of days
since lung transplantation as the timescale. The model was
adjusted for sex, age, initial diagnosis, and HCoV infec-
tion, which was treated as a binary variable (yes/no), ir-
respective of the number of infections. Patients were cen-
sored at the time of death, regardless of the cause. Fur-
thermore, a secondary crude Cox regression analysis was
conducted with death as the outcome variable to further in-
vestigate its relationship with chronic lung allograft dys-
function. A log-rank test was applied to assess the associ-
ation between the exposure and the binary outcome. Given
that only one patient was lost to follow-up, we assumed all
censoring events to be non-informative and, therefore, did
not make adjustments for any potential biases in this par-
ticular cohort. In a sensitivity analysis, the choice of statis-
tical test did not alter the observed outcome, as evidenced
by consistent results when employing a Wilcoxon log-rank
test.

The assessment of the proportional-hazards assumption us-
ing the global Schoenfeld residual test yielded a p-value
of 0.375, indicating no significant violation of the assump-
tion.

The observation period was from January 1%, 2010 to Jan-
uary 1%, 2020. Time zero was the date of lung transplan-
tation for each patient. The observation ended either with
the development of chronic lung allograft dysfunction (ir-
respective of its severity or subcategory), the death of the
patient, or the end of the follow-up period (November 30,
2020). Reasons for censoring over the 10-year observation
period are provided for all patients. No missing data were
imputed. If any variable was missing, we report it in the
analysis. To analyse how outcomes change over time, we
used a difference-in-difference estimation method. Specif-
ically, we used lung function (FEV1 in ml and %predicted)
and laboratory values (CRP) as the outcome and analysed
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it in a 21-day period before and after the HCoV infection
without any further adjustments.

Independent hypothesis tests (t-test) and 95% confidence
intervals were calculated for each day, with day O (time of
infection) as the reference. The selection of a 21-day time-
frame was carefully considered by the distribution of lung
function tests centred on the time of infection with the ma-
jority of data clustered within this 21-day window and it
effectively captured the critical phase following infection
and encompassed over 95% of the corresponding laborato-
ry values.

To account for multiple infections in some patients, we di-
vided the longitudinal analysis into distinct observation pe-
riods, allowing a single individual to contribute multiple
observations. These repeated observations within the same
patient were modelled as random effects using the STATA
“mixed” command to appropriately capture within-subject
variability. An observation was limited by the study-obser-
vation time or another observation in the same patient. We
made sure that there were no overlapping days between
observations. If there was a conflict, we divided the lung
function tests at the median point between the two HCoV
infections. Day zero was assigned to all observations, de-
noting the first day of a recorded HCoV infection (day of
positive PCR result).

An epidemiologist conducted all analyses using either R
v4.3 (R Core Team, Austria) or STATA™ v18 (StataCorp
LP, College Station, TX, USA), along with dynamic re-
porting. A two-tailed p-value of less than 0.05 was deemed
statistically significant for all the reported tests. The results
were reported according to the STROBE guideline [15].
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Results

Patients and baseline characteristics

Between January 1%, 2010, and January 1%, 2020, 259 pa-
tients underwent lung transplantation at the USZ. The main
cohort consisted of 166 lung transplant recipients who sur-
vived the early postoperative period, provided general con-
sent, and performed regular follow-up visits at our centre
(USZ). The median time to the first HCoV infection was
381 days after transplantation [IQR 178-933], with a me-
dian of three HCoV infections [IQR 2-5] per patient (fig-
ure 1).

One patient (always HCoV negative results) was lost to
follow-up. The mean age of all patients at lung transplanta-
tion was 46 years and 72 (43.4%) patients were female and
94 (56.6%) were male. The underlying disease was COPD
in 36% (n = 60) of cases, followed by cystic fibrosis in
33.7% (n = 56), and pulmonary fibrosis in 16.9% (n = 28).
The total number of patient days, including multiple ob-
servation periods within the same patient due to multiple
infections, was 259,833 patient days and medical records
from 29,726 days (including inpatient days) were analysed.

Incidence rate of chronic lung allograft dysfunction in
lung transplant recipients

Throughout the 10-year observation period, which includ-
ed 259,833 patient days (711.4 patient-years), 76 patients
(45.8%) developed chronic lung allograft dysfunction (all
severities combined). A total of 41 patients (24.7%) died
during the observation period after a median of 1255 days
[IQR 761-1692] after the transplantation. In an unadjusted
Cox regression analysis, patients with at least one docu-
mented HCoV infection experienced a higher likelihood
of chronic lung allograft dysfunction (hazard ratio [HR] =
2.59, 95% CI 1.43-4.72, p = 0.001, figure 2). This hazard
ratio remained stable after adjusting for multiple variables

Figure 1: Study flow. Overall, 64% (n = 166) of lung transplant recipients in the observation period were included in this study. The last follow-
up day was November 30", 2020, and one patient was lost to follow-up. HCoV: human coronavirus.

Registry
259 patients with a lung

transplantation between
Jan 1%t 2010 and Jan 1%t 2020

93 patients excluded:
No informed consent
No regular HCoV tests at our hospital
Death during early postoperative phase

| Main cohort
166 patients with
‘ regular HCoV tests

165 patients
with follow-up data
over 705.5 patient-years

(1 lost to follow-up)
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in a multivariable analysis (HR adjusted = 2.52, 95% CI
1.32-4.80, p = 0.005, n = 166) (table 1).

Association with lung function and laboratory values

During the observation period, 6,738 lung function tests
were analysed for 96 patients with at least one HCoV in-
fection. Each patient had a median of 69 lung function tests
[IQR 46-90] during the observation period. In total, 121
observation periods in 96 patients were recorded (due to
multiple infections in some patients). The 121 observations
with corresponding unique HCoV infections had their me-
dian lung function 29 days after infection [IQR —564-661]
with a range from —2954 days to 2917 days before and
after infection, respectively. To conduct a more precise
analysis, the lung function tests performed within a range
of £21 days before or after the infection were analysed on

a day-to-day basis. In a difference-in-difference estimation
at £21 days, there was no change in lung function after
HCoV infection (Figure 3) and regression analysis indicat-
ed no changes in the slopes of lung function before and af-
ter the HCoV infection (p = 0.863 for FEV1 and p = 0.688
for FEV1 pred.). Only a small elevation in CRP could be
identified when compared to baseline on days 4 and 5 after
diagnosis of HCoV infection (figure 3).

Human coronavirus infections

Throughout the observation period, 4,150 multiplex PCR
tests for viral pathogens were conducted. Of all the tests,
380 (9.2%) showed a positive result for HCoV, and 96 in-
dividual lung transplant recipients (57.8%) were infected
at least once with HCoV virus during the observation pe-
riod. Twenty-one lung transplant recipients (12.7%) were
infected twice, 14 lung transplant recipients (8.4%) were

Figure 2: Kaplan-Meier failure estimate for chronic lung allograft dysfunction with 95% confidence intervals by human coronavirus (HCoV) in-
fection status (irrespective of the total number of HCoV infections) over 10 years. No data were available for one patient without HCoV infec-
tion (lost to follow-up).
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Table 1:

Multivariable Cox proportional hazards model for time to chronic lung allograft dysfunction (CLAD). Continuous variables: sex (male/female); age (per one year increase); initial
diagnosis (before lung transplantation): COPD, cystic fibrosis, idiopathic pulmonary fibrosis, pulmonary arterial hypertension, lymphangioleiomyomatosis, bronchiectasis, and
other; number of HCoV infections (increase binary: yes/no). Total individuals: n = 166. Patients with chronic lung allograft dysfunction also experienced higher all-cause mortality

(hazard ratio crude 2.25, 95% CI 1.29-3.89, p = 0.001).

Static variable Hazard ratio (adjusted) 95% confidence interval p-value
21 infection with HCoV (reference = no HCoV detection at any time) 2.52 1.32-4.80 0.005
Diagnosis (COPD = reference) Cystic fibrosis 0.40 0.13-1.20 0.103
Idiopathic pulmonary fibrosis 0.92 0.43-1.96 0.834
Pulmonary arterial hypertension 0.81 0.27-2.46 0.713
Lymphangioleiomyomatosis 0.92 0.21-3.98 0.909
Bronchiectasis 2.25 0.28-18.05 0.446
Other 1.02 0.38-2.74 0.974
Male sex (reference = female; n = 165) 0.71 0.17-1.33 0.156
Age at lung transplant (years; n = 165) 0.98 0.95-1.01 0.230
Multiple HCoV infections (reference = 1 HCoV Infection; n = 96) 1.25 0.61-5.27 0.549

COPD: Chronic obstructive pulmonary disease; HCoV: Human Coronavirus.
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infected thrice, and two lung transplant recipients (1.2%)
and one lung transplant recipient (0.6%) were infected on
four and five different occasions, respectively. For multi-
ple HCoV infections, the median time between infections
was 5 months [IQR 2-12], and unique HCoV infection
lasted for a median of 9 days [IQR 3-26]. The average
HCoV infection rate during the observation period was
0.53 £ 0.33 infections per patient-year. Patient character-
istics were similar among patients with and without docu-
mented HCoV infections (table 2).
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subtype). Initially, the subtypes of HCoV (N63, 229E,
0C43, and HKU1) were not included in the PCR analysis;
however, they were integrated from December 27, 2017.
Therefore, a more detailed analysis of the individual sub-
types was not possible because of the smaller sample size.
The sensitivity of the PCR test did not change throughout
the years. Twenty-nine (7.6%) tests were positive for
HCoV NL63, 25 (6.6%) were positive for HCoV HKU1,
22 (5.8%) were positive for HCoV 229E, and 12 (3.1%)
were positive for HCoV OC43. Seasonal patterns were ob-

served with a peak of HCoV infection during February
(figure 4).

Distribution of individual coronavirus strains

Of the positive HCoV tests (n = 380), 292 (76.8%) were
positive for coronavirus RNA (not specific for any HCoV

Figure 3: Difference-in-difference estimation for FEV1, FEV1% pred., and C-reactive protein (CRP) levels at +21 days with the day of the in-
fection as the baseline in 128 observation periods from 96 patients. 95% confidence intervals are shown. Significant deviations from baseline
are marked with an asterisk. For some days, no data were available.
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Table 2:
Baseline characteristics of the study cohort.
Patients without |Patients with 21 | All patients p-value
HCoV infection |HCoV infection
N 70 (42.2%) 96 (57.8%) 166 (100.0%)
Age at lung transplantation 49.0 (14.5) 45.4 (14.5) 46.9 (14.6) 0.111
Sex 0.044
Female 24 (34.3%) 48 (50.0%) 72 (43.4%)
Male 46 (65.7%) 48 (50.0%) 94 (56.6%)
Reason for lung transplantation 0.188
COPD (including alpha-1 antitrypsin deficiency) 27 (38.6%) 33 (34.4%) 60 (36.1%)
Cystic fibrosis 20 (28.6%) 36 (37.5%) 56 (33.7%)
Pulmonary fibrosis 13 (18.6%) 15 (15.6%) 28 (16.9%)
Pulmonary hypertension 0 (0.0%) 6 (6.2%) 6 (3.6%)
Lymphangioleiomyomatosis 1(1.4%) 2 (2.1%) 3 (1.8%)
Bronchiectasis 1(1.4%) 0 (0.0%) 1(0.6%)
Other 8 (11.4%) 4 (4.2%) 12 (7.2%)
Lung transplantation method 0.096
Unilateral 2 (2.9%) 0 (0.0%) 2 (1.2%)
Bilateral 68 (97.1%) 96 (100.0%) 164 (98.8%)
COPD = Chronic obstructive pulmonary disease, HCoV = Human coronavirus.
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Characterising symptoms

Of all HCoV infections (n = 380), the following symptoms
were reported at day zero (multiple symptoms possible):
194 (51.1%) cough or shivering, 129 (33.9%) shortness of
breath, 110 (28.9%) increased sputum, 86 (22.6%) malaise,
28 (7.4%) throat pain, 20 (5.3%) running nose, and 16
(4.2%) joint and muscle pain. In 125 (32.9%) patients, an
asymptomatic infection was documented at the time of the
viral sampling.

Discussion

According to the data from this 10-year cohort, viral res-
piratory tract infections caused by HCoV were associated
with a relevant increase in developing chronic lung allo-
graft dysfunction during follow-up. We observed that lung
transplant recipients are symptomless in around one-third
of HCoV infections. Our study shows a clear seasonal
HCoV infection pattern, peaking in February.

In a recent study, Allyn et al. [16] highlighted that viral
pneumonia, which is characterised by a symptomatic viral
infection and a radiographic infiltrate without an apparent
alternative cause, can accelerate the development of chron-
ic lung allograft dysfunction (p = 0.001). This aligns with
our findings from the Kaplan-Meier failure estimate analy-
sis, which shows that chronic lung allograft dysfunction
was more likely to develop among those who had suffered
from an HCoV infection. In 2018, Magnusson et al. [13]
presented similar data. In addition to nasopharyngeal
swabs, bronchoalveolar lavage samples were included,
which was not within the scope of the present study. There-
fore, we cannot comment on the discovery made by Mag-
nusson et al. [13] regarding the detection of HCoV in the
lower respiratory tract. Magnusson et al. detected CoV in-
fections mostly during winter and spring [13], correspond-
ing to our findings of a seasonal pattern with a peak of in-
fection in February (figure 4).
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In our study, we investigated HCoV solely using nasopha-
ryngeal swabs. In line with this, Peghinet et al. [18] used
PCR testing of nasopharyngeal swabs to diagnose respi-
ratory tract infection in lung transplant recipients [18].
Their results are very similar (HR adjusted 3.00 [95% CI
1.52-5.91]; however, their study investigated HCoV with-
in a larger group of common community-acquired res-
piratory infections. Therefore, we cannot assess whether
HCoV in association with other respiratory viruses has a
different effect on the development of chronic lung allo-
graft dysfunction.

Similarly, Fisher et al. [17] published a retrospective study
in 2015 with a 1-year follow-up, in which tests for viral
respiratory tract infections by PCR, fluorescence mi-
croscopy, and cultures were carried out, but only when
there were clinical signs of infection and without surveil-
lance testing. In contrast, in our study, asymptomatic pa-
tients were retested. Nevertheless, Fisher et al. could corre-
late the development of chronic lung allograft dysfunction
and the length of the post-transplantation period, similar
to our study. However, the presence of HCoV was exam-
ined only within the group of viral respiratory tract infec-
tions and not as a standalone factor and, therefore, the re-
sults of our study differ from the aforementioned results.
There are already several detailed studies on other respira-
tory viruses, e.g. respiratory syncytial virus, human metap-
neumovirus, and parainfluenza virus, by de Zwart [24]. To
our knowledge, the current study is the only one to inves-
tigate HCoV infections in lung transplant recipients exclu-
sively and to identify it as a potential independent risk fac-
tor for chronic lung allograft dysfunction development.

Based on the retrospective design, our findings can only
report on this association and generate the hypothesis that
HCoV may trigger chronic lung allograft dysfunction.
Prospective studies would be required to prove this hy-
pothesis.

Figure 4: Seasonal pattern of human coronavirus (HCoV) infections (n = 380) in lung transplant recipients over 10 years with an overlaid
monthly pattern of chronic lung allograft dysfunction (CLAD).
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We conducted an analysis to track the development of lung
function measurements before, during, and after infections.
Based on our regression analysis, lung function did not
change immediately after infection. In line with our find-
ings, Khalifah et al. [19] presented data in 2004 that sug-
gested respiratory tract infections pose a risk for bron-
chiolitis obliterans syndrome, which is the most frequent
cause of chronic lung allograft dysfunction. For patients
in his study with CARV infections, the average time from
transplant to viral infection was 304 days and the time
from CARV infection to bronchiolitis obliterans syndrome
stage 1 was 479 (median 378) days. In our study, the me-
dian time to the first HCoV infection was 381 days and
the median time to chronic lung allograft dysfunction was
2045 days. The median time from transplantation to infec-
tion was similar. Although the time to chronic lung allo-
graft dysfunction was longer in our study, Khalifah et al.
state that the development of advanced bronchiolitis oblit-
erans syndrome stages and death were greater in the CARV
group, which supports our hypothesis.

A considerable portion of lung transplant recipients
(32.9%) did not display any symptoms at the time of
HCoV infection. Viral respiratory tract infections caused
by HCoV were associated with a statistically relevant in-
crease in developing chronic lung allograft dysfunction in
comparison with patients who did not have HCoV infec-
tion. That means that lung functions changed over time
(as part of the definition of chronic lung allograft dysfunc-
tion), even though the lung function decline was not de-
tected shortly after the initial HCoV infection. Therefore,
in our opinion, it may be valuable to sample patients more
often for HCoVs both for infection control reasons and as a
detection method for a possible chronic lung allograft dys-
function development risk factor, which may be amenable
to preventative strategies.

There seems to be no correlation between the number of
HCoV infections and an increased risk of developing
chronic lung allograft dysfunction, which suggests that
there is no relationship between the two events, i.e. we did
not detect a pattern of increasing risk with an increase in
the number of HCoV infections (table 1).

The process by which HCoV causes chronic lung allograft
dysfunction is not clear. Studies show, for example, that the
strain HCoV-HKUI1 has an affinity for type 2 pneumocytes
[20] and strain 229E for alveolar macrophages [21]. Both
can activate the innate immune system and a T-cell-mediat-
ed adaptive immune response [20, 21], which may lead to
chronic lung allograft dysfunction without directly affect-
ing FEV1 measurements at the time of infection. This may
explain why our study did not observe a significant decline
in FEV1 during or immediately after infection.

Another study [12] supports our hypothesis that HCoV in-
fections can eventually lead to chronic lung allograft dys-
function development even if there is no immediate effect
on FEV1. Patients with HCoV had significantly higher lev-
els of HCoV antigens and antibodies to non-HLA lung-
associated self-antigens detected in their circulating exo-
somes compared with negative lung transplant recipients.
These antigens and antibodies increase humoral and cellu-
lar immune responses, which ultimately increase the risk
of chronic lung allograft dysfunction over time [12]. Stud-
ies have found that the human respiratory virome, which
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includes various viral species, is present in both healthy
and diseased lungs. Coronavirus has been observed to be
common in this virome [22] and may be a vital constituent
in the immunosuppressed host, but the exact significance
is poorly understood.

Despite the epidemiological evidence and the described
mechanisms at a molecular level, the specific way in which
HCoV infections may lead to chronic lung allograft dys-
function in lung transplant recipients remains unclear. Fur-
ther prospective studies need to be carried out to elucidate
the mechanisms by which HCoV infections potentially
trigger or promote chronic lung allograft dysfunction de-
velopment.

It is important to note that our study has limitations. We
used nasopharyngeal swabs for HCoV diagnosis and did
not perform bronchoalveolar lavage routinely. Our data al-
so lack follow-up information on clinical symptoms after
the initial infection. Additionally, we did not differentiate
between single lung transplantation and bilateral transplant
recipients in our analysis, although in the observational pe-
riod at our centre, we almost exclusively performed bilat-
eral transplantations. The sample size was slightly reduced
as patients who did not sign general consent were exclud-
ed. Owing to our retrospective study design, a detailed
analysis of symptomatic versus asymptomatic HCoV in-
fections was not possible. A prospective clinical study with
pre-planned testing intervals would be necessary to further
clarify this subject.

Due to the complex nature of chronic lung allograft dys-
function development, there were a large number of chron-
ic lung allograft dysfunction cases in the HCoV-negative
group. During the observation period, our statistical model
assumes that all patients were at a steady risk of devel-
oping chronic lung allograft dysfunction, without consid-
ering the recorded variables. However, we examined the
“proportional hazards assumption” with known risk factors
for chronic lung allograft dysfunction and found it to be
valid (the global Schoenfeld residual test suggested a glob-
al p = 0.204). Future studies may require a larger sample
size or more subtype-specific tests, as the number of each
HCoV subtype was too small for subgroup analysis regard-
ing chronic lung allograft dysfunction. The strength of our
study is that patients were followed up and treated accord-
ing to predefined and published guidelines of the USZ, and
guideline adherence is monitored on a regular basis [3, 14].

Due to our study design, we may not have recorded all
of the HCoV infections in the HCoV-negative group, be-
cause some patients may have been asymptomatic and
may not have been tested, although our threshold to obtain
nasopharyngeal swabs for viral pathogens was very low.
Therefore, the actual difference between groups regarding
chronic lung allograft dysfunction development may have
been underestimated, which is a potential bias.

Conclusion

In this 10-year cohort of lung transplant recipients, HCoV
infections were associated with a relevantly higher inci-
dence of subsequent chronic lung allograft dysfunction.
We conclude that infections with HCoV strains, including
229E, HKU1, NL63, and OC43, may potentially be con-
sidered as an independent risk factor for chronic lung allo-
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graft dysfunction and thus may limit long-term survival in
lung transplant recipients.
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