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Abstract

Background: Community-acquired respiratory viruses (CARV) cause upper and lower
respiratory tract infections (URTI/LRTI) and may be life-threatening for recipients of
an allogeneic stem cell transplantation (allo-SCT).

Methods: In a prospective study encompassing 4 winter-seasons, we collected throat
gargles (TG) at random time points from allo-SCT recipients (patients) and controls
and followed them up for at least 3 weeks including repetitive sampling and documen-
tation of symptoms. A Multiplex-PCR system to identify 20 CARV and Mycoplasma
pneumoniae was used to detect CARV.

Results: One hundred ninety-four patients with 426 TG and 273 controls with 549
TG were included. There were more patients with a positive test result (25% vs 11%
in the controls), and the patients had a higher number of positive TG (70 = 16%)
compared to controls (32 = 6%) (P < .001). Altogether, 115 viruses were detected.
Multiple viruses in one TG (11/48, 34%) and prolonged shedding were only observed
in patients (13/48, 27%). Patients had more RSV (18/83, 26%) and adenovirus (15/83,
21%) than controls (both viruses 2/32, 6%). Independent risk factors for the detec-
tion of CARV included age >40 years (OR 3.38, 95% Cl 1.8-6.4, P < .001) and pres-
ence of URTI-symptoms (OR 3.22, 95% Cl 1.9-5.5, P < .001). No controls developed
a LRTI or died whereas 4/48 (8%) patients developed a LRTI (coronavirus in 2, RSV in
1 and influenza A HIN1 in 1 patient). One patient died of CARV (influenza A HIN1).
Conclusion: Allo-SCT-recipients have more CARV-infections, exhibit a different epi-
demiology, have more cases of co-infection or prolonged shedding and have a higher

rate of LRTI and mortality.
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1 | INTRODUCTION
Community-acquired respiratory viruses (CARV) are increasingly
recognized as clinically relevant pathogens. They commonly
cause symptoms of upper respiratory tract infection (URTI) such
as cough and running nose. URTI is often harmless, but in some
cases pave the way for bacterial superinfection and cause lower
respiratory tract infection (LRTI) which can be fatal.! Usually,
the term CARV comprises orthomyxoviridae (influenza A, B, and
C), paromyxoviridae (including parainfluenza 1-4 (PIV), respira-
tory syncytial virus A and B (RSV), and human metapneumovirus
(hMPV)), coronaviridae, picornaviridae (including >100 different
serotypes of rhinovirus and enterovirus), adenoviridae, polyoma-
virus type 1, and bocavirus. Some of them like influenza or RSV
follow seasonal patterns whereas others such as rhinovirus and
PIV can be detected throughout the whole year.>* The epidemi-
ology of CARV has attracted growing attention with the broad
use of nuclear-acid amplification techniques. The increased
sensitivity of PCR-based methods created more positive find-
ings than culture-based and serological methods. Commercially
available multiplex-test systems are increasingly used in routine
clinical practice. However, the clinical relevance of the identi-
fication of CARV in samples from the respiratory tract is not
entirely clear. In a patient with symptoms of URTI, the CARV
are assumed to be the cause—if detected. Little is known about
the true pathogenicity of CARV and about the natural course
of the infection. In cancer patients, asymptomatic carriers and
long-term viral shedding have been described,>® whereas this
seems to be rare in healthy persons.” Clinical symptoms caused
by different CARV may vary—for example, influenza is usually
assumed to be the cause of febrile illnesses during the winter
months, whereas rhinoviruses are more associated with common
colds. However, symptoms are not specific for a defined CARV.
All CARV have been reported to cause fatalities in severely im-
munosuppressed patients.8

For patients after allogeneic stem-cell transplantation (allo-SCT),
contact with friends and family carries the risk of attracting CARV
infections. One of the main goals of patient management after

successful allo-SCT is to return to a normal life situation, where the
avoidance of CARV exposure may be difficult to achieve,” particu-
larly as there are only few data on healthy asymptomatic individuals
and the risk they may pose.

This prospective study addresses the question of epidemiology
of CARYV in allo-SCT recipients compared with otherwise non-im-
munocompromised controls. In addition, risk factors for CARV in-
fection, symptoms of CARV infection and the course of the disease
were analyzed. We hypothesize that allo-SCT recipients and non-im-
munocompromised controls have different incidences and a differ-

ent clinical course of CARV infections.

2 | METHODS

This study was a prospective cohort trial including allo-SCT re-
cipients (patients) and controls. It was approved by the local insti-
tutional review board (Nr 3891-09/13) and is in part registered in
the German Clinical Trials Registry (DRKS00005367, cohort healthy
persons only). The study was initially designed to analyze controls
for 2 consecutive winter seasons and was amended after 1 year to
include patients as well. After 3 years, the recruitment of controls
was extended for a third winter season (Figure 1).

During the winter months from 2013/2014 till 2016/2017, we
collected throat gargles (TG) from patients and controls at random
time points after they had given their written informed consent.
Patients were recruited in the outpatient clinic of the stem cell trans-
plantation program during routine visits. Controls were recruited
among students, among members of a choir and among patients
without any immunosuppression attending preoperative routine
visits prior to elective minor surgical procedures such as cholecys-
tectomy, glaucoma surgery, or orthopedic interventions. TG were
collected at least twice at a 3-week interval independently of symp-
toms. In addition, patients and controls were questioned regard-
ing their lifestyle and possible symptoms at the time of collection
of TG. An additional questionnaire was completed approximately
1-2 weeks after the last TG to account for any symptoms that may
have developed in the meantime.
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LRTI was defined as (a) clinical presentation with typical symp-
toms of a lower respiratory tract infection (like shortness of breath,
weakness, fever, or cough), (b) infiltrates on CT-scans, and (c) a posi-
tive result for virus testing in corresponding TG samples.

For collection of TG, trial participants were advised to perform a
TG by using 10 mL of sterile physiological saline solution. Specimens
were collected and subjected to RNA extraction using QiAmp Viral
RNA Mini Kit according to the manufacturer's instruction (Quiagen).
Samples were then stored at -20°C until blockwise blinded testing.

For detection of viral RNA, the multiplex PCR kit FTD respiratory
pathogens 21-Kit was used according to the manufacturer's instruc-
tions (Fast Track Diagnostics Ltd.). The analysis was performed on
a LightCycler Roche 480 (Roche). The FTD 21 kit allows the simul-
taneous detection of the following 20 viral respiratory pathogens:
influenza A and B viruses, influenza A (HIN1) swl virus, human rhi-
novirus, human coronaviruses 229E, OC43, HKU1 and NL63, human
parainfluenza viruses 1-4, human metapneumoviruses A/B, human
respiratory syncytial virus A/B, human adenovirus, human bocavi-
rus, enterovirus, and human parechovirus. In addition, Mycoplasma
pneumoniae, the only bacterial pathogen, can also be detected. Of
note, the FTD 21 kit is licensed for the detection of these pathogens
in respiratory samples including swabs, bronchoalveolar lavage, and
sputum.

Statistics: Analyses were performed by using IBM® SPSS®
Statistics version 21 or version 22. Descriptive statistics were used
for the description of findings (frequencies, mean/median, range as
appropriate). Differences between groups were assessed by the chi-
square test or Fisher's exact test. To identify risk factors, generalized
estimating equations were used. A P-value < .05 was considered sta-

tistically significant.

3 | RESULTS

During the winter months from 2013 till 2017 (four seasons), we
collected a minimum of two to a maximum of seven TG from 194
patients (426 TG) and 273 controls (549 TG) independently of the
presence or absence of symptoms.

Participants in the patient cohort were older and had more often
children in their household (Table 1 and Figure 1 Supplementary
Material). We collected two TG from most patients (81.4%) and 3 or
more TG from 14.9% of patients. Seven patients (3.6%) had only one
TG and dropped out of the study. Among controls, we collected two
TG from 93.4%, three TG from 2.9%, and 4 TG from 0.4% (1 patient).
Nine controls (3.3%) dropped out after the first TG.

Of the collected 975 TG, 102 (10%) were positive. Patients had
more often positive results (48/194; 25%) than controls (31/273;
11%; P < .001). Furthermore, the number of positive TG was higher
in patients (70/426; 16%) than in controls (32/549; 6%) (P < .001).

The different types of viruses detected according to health status
and different seasons are depicted in Table 2. Overall, more positive
samples were found in the patient group. Virus detection frequen-

cies between groups were significantly different for corona viruses,

WILEY-2®

TABLE 1 Characteristics of patients and controls

Patients Controls P-

N =194 N =273 value
Age (y; median, range) 56 (21-72) 25 (18-86) <.001
Male (n, %) 115 (59%) 137 (50%) .05
Smoker (n,%) 26 (13%) 37 (14%) n.s.
Lives alone 26 (13%) 51 (19%) n.s.
Children in household 50 (26%) 26 (10%) <.001
Vaccinated against 47 (24%) 68 (25%) n.s.

influenza

Duration since SCT (d;
median, range)

679 (23-9936)

GvHD at time of 72 (37%)
sampling (n, %)
Immunosuppression 119 (61%)

at time of sampling
(n, %)

Abbreviations: GVHD, graft-vs-host disease; SCT, allogeneic stem-cell
transplantation.

RSV, and adenoviruses. We did not detect a positive result for bo-
cavirus, parechovirus, or Mycoplasma pneumoniae. TG from controls
contained 1 CARV at the most, whereas we could detect 2 or 3
CARV in 11 TG from patients. There was a notable influence of age
with negative findings in young participants (median age 32 years,
range 18-86) compared to a positive TG at some point during the
study period in the older participants (median age 53 years, range
18-72; P < .001).

Most participants with a positive TG complained of symptoms
(Table 3). Very few positive TG (6/102, 6%) were not associated with
any symptoms. Except for fever, which was significantly more com-
mon in people suffering from influenza, no other symptom was sig-
nificantly different for any of the viruses. In general, the symptoms
were consistent with an URTI. LRTI was observed in 4/48 (8%) pa-
tients with a positive test for CARV but not in controls. Coronavirus
was found in 2, RSV in 1 and influenza A H1N1 in 1 patient, who died.

To assess risk factors for the detection of CARV, the following
variables were analyzed: health status (patients versus controls), age
>40 years, presence of symptoms typical of URTI, smoking, living
alone versus in a family/community, children in the household, con-
tact to potentially infectious persons and vaccination-status. The
presence of GvHD and the duration after allo-SCT (100, 365 and
1200 days) was also assessed in the patient cohort.

Univariate analysis revealed the following risk factors for the
detection of CARV: health status in patients, age >40, typical symp-
toms and children in the household. In the multi-variate analysis,
only age >40 and typical symptoms could be confirmed, whereas all
other risk factors were not significant (Table 4). When analyzing the
control-cohort, children in the household could not be confirmed
as a risk factor whereas age >40 and typical symptoms remained
independent risk factors for the detection of CARV. In contrast, in

the patient cohort only typical symptoms could be confirmed as risk
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TABLE 2 Results of TG according to season and health status
2013/2014 2014/2015 2015/2016 2016/2017 All seasons
Controls Patients Controls  P-value Patients Patients Controls P-value Patients Controls  P-value
Numberof n=215 n=98 n=228 n =265 n=63 n=2_84 n =426 n =549
tests
Positive 9 (4%) 27 (28%)* 13 (5%) <.001 31(12%)°  12(19%)¢ 10 (12%) .24 70 (16%) 32 (6%) <.001
samples
Numberof 9 34 13 <.001 34 15 10 .06 83 32 <.001
viruses
Viruses
Influenza 0 1(3%) 4 (31%) .03 5 (15%) 0 0 - 6 (9%) 4 (13%) 42
Corona 4 (44%) 6 (18%) 4 (31%) .36 8 (24%) 8 (53%) 8 (80%) 93 22 (31%) 16 (50%) .02
PIV 0 4 (12%) 1(8%) .65 5(15%) 0 0 - 9 (13%) 1(3%) .09
hMPV 1(11%) 0 0 - 1(3%) 0 0 - 1(1%) 1(3%) .56
RV 3(33%) 3 (9%) 2 (15%) .55 7 (21%) 2 (13%) 1(10%) .80 12 (16%) 6 (18%) .59
RSV 0 13 (38%) 1(8%) .06 3(9%) 2 (13%) 1(10%) .80 18 (26%) 2 (6%) .013
Adeno 1(11%) 7 (21%) 7 (21%) .03 5(15%) 3 (20%) 0 - 15 (21%) 2 (6%) .05

Note: Influenza: An =7 and Bn = 3; Corona: 229En=18,0C43 n=11,HKU1 n=4and NL63 n=5; PIV:type 1 n=2,type 2n=2,type 3n = 6;
hMPV: types A/B n = 2; RV: Rhinovirus n = 17, Enterovirus n = 1; RSV: types A/B n = 20; Adeno: n = 17.

AIncluding 3 double-positive and 2 triple-positive samples accounting for 34 detected viruses,

Pincluding 3 double-positive samples accounting for 34 viruses,
‘due to 6 double-positive and 2 triple-positive samples,
dincluding 3 double positive samples.

TABLE 3 Symptoms associated with CARV

n/N? Influenza Corona Adeno

(%) N =10 N =38 PIVN =10 hMPVN=2 RVN=18 RSV N =20 N=18 P
Cough 8/10 (80%) 18/35 (51%) 6/9 (7%) 2/2 (100%) 9/18 (50%) 14/19 (74%) 11/14 (79%) 19
Running nose 7/10 (70%) 23/35 (66%) 5/8 (63%) 2/2 (100%) 13/18 (72%) 12/18 (67%) 9/13 (69%) .98
Sore throat 6/10 (60%) 10/34 (29%) 2/7 (29%) 1/2 (50%) 11/17 (65%) 5/17 (29%) 7/12 (58%) 16
Fever 6/10 (60%) 4/35 (11%) 1/7 (14%) 1/2 (50%) 1/18 (6%) 4/18 (22%) 1/13 (8%) .008
Malaise 8/10 (80%) 17/35 (49%) 3/7 (43%) 0/2 (0%) 5/18 (28%) 9/17 (53%) 5/13 (38%) 19
Asymptomatic 0 3/35 (9%) 1/10 (10%) 0 (0%) 1/18 (6%) 1/17 (6%) 0 (0%) .85

?Not all patients provided answers to all questions, most patients had more than one symptom.

factor whereas GvHD or time after allo-SCT were not associated
with a higher risk (Table 4 and data not shown).

3.1 | Epidemiology of different cohorts

To address the question whether patients and controls have the
same epidemiology of CARV-infections, we analyzed the two sea-
sons with parallel recruitment separately. Also, we included only
the first positive result. There was a marked difference in the CARV
detected in TG from patients versus those from controls with a
predominance of coronavirus and influenza in controls. In contrast,
patients had more frequent detection of RSV, PIV, and adenovirus

(Figure 2, P = .033). As patients and controls in the entire cohort

had a marked age-difference and age appears to be an independ-
ent risk factor, we performed a separate analysis including only TG
from trial participants >42 years of age (64 patients with a median
age of 57 years and 45 controls with a median age of 55 years). In
this smaller cohort, the same pattern could be detected, although
it failed to reach statistical significance (P = .23, Figure 2) probably
due to small sample size. On a closer look, we found an increase
of RSV positive cases in the patient cohort within a close time
frame: Three of altogether 18 patient samples tested positive for
RSV were detected within 1 week in springtime 2015. Because the
samples were frozen after collection and analyzed blockwise later
on, treating clinicians were unaware of the results and no meas-
ures whatsoever were taken. Clinically, there was no suspicion of

an outbreak and no patient developed LRTI or died.
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s
% ] In 13 of our patients, the same respiratory virus was detected in
Sa & 9 g. 8. 82. consecutive samples indicating a prolonged shedding of the virus. In
contrast, no shedding could be observed in controls. Median dura-
5 23 2‘ = By tion of shedding was 28 days (range 13-58 days). Duration of virus
% X g é 3 : detection for each patient and virus is shown in Figure 3. We found
';‘.7:; E— g 5 ?:, g no differences regarding age, gender, time after transplant, smok-
20 2 o « o ing status, or number of children in the household in those patients
with prolonged shedding versus those with rapid clearance (data not
g shown). Of note, most patients, in which viruses could be detected
§ in consecutive TG were symptomatic, suggesting a clinically relevant
§ N - % . :Sr: : infection with the detected virus.
J 2 4 | DISCUSSION
g < S
% § o E o i o In this prospective study of patients after allo-SCT and controls, we
= found a higher rate of positivity for CARV in TG from patients com-
° pared with controls. Interestingly, age was associated with a higher
-§ rate of positivity in controls but not in patients. Also, despite a gen-
z S S erally high rate of symptoms of URTI in individuals with negative
Sa 2 2 Q e 2 TG, positivity for CARV was almost always associated with typical
clinical symptoms. Patients had a different epidemiology of CARV
S ’E ’27 F‘\f; with an increased frequency of RSV, PIV, and adenovirus whereas
g § ﬁ g ; controls had a predominance of coronavirus.
‘g‘ = © ‘N’ ; 8 © We were surprised to find an increased risk of CARV in subjects
B - o N - of higher age. It is known that children exhibit the highest risk,*° but
o the higher risk of elderly people is increasingly recognized.**'*® Of
.E note, the effect of age appears to be unique to the healthy popu-
? o - lation, since it could not be confirmed as independent risk factor in
E o 2 % &f % o our patients, consistent with other studies.** Also, the risk may start
earlier than previously assumed.!® Our data suggest that an age of
s 5 < = 40 years and above was associated with an increased risk whereas
O o 9 o s} = others have only investigated the age over 65.1°
§ 3 3 3 3‘, E Typical symptoms proved to be the most relevant risk factor for
z g E § § § o Té“ the presence of CARYV, consistent with previous findings from other
+ groups.*>* However, similar to others we could not find a specific
@ E pattern of symptoms for a specific virus with the possible excep-
> 'g g tion of fever, which was most common in influenza infection. Thus,
Dé Z § § 0 = ;* in an individual patient potential testing of viruses should not be
% Sa VvV V2 & £ g) guided by specific symptoms. Symptoms of URTI justify testing the
.5 _ g widest available range of CARV. In a hospital setting, adherence to
g ’5 5’; $ I ? E isolation precautions is critical in preventing transmission of infec-
% §° 8’ ;; § 2 g" tious agents. Allo-SCT patients who are in the hospital are placed
qg = no‘ § % ‘i E . g on d.roplet prec.autlons and may benefit frorr.1 wearing masks or N95
% E respirators during the pre-engraftment period when they are out-
R © . S side their hospital rooms. They are advised to minimize the time
g’ % é é spent in crowded areas to avoid exposure to persons with communi-
< g § c 32 ‘é 2 ty-acquired respiratory virus (CRV) infections.”
w E 42 %\ § § % A % In our study cohorts, we could not show an association of CARV
@ % '% g E é E I E detection and contact to children or other lifestyle factors. This
:: X o < U 5> O >

finding questions the necessity of social distancing with families or
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(A)

cohort seasons 2014/2015 and 2016/2017

FIGURE 2 A, Cohort seasons
2014/2015 and 2016/2017. Only first

250 >2 positive results, P = .033. Corona:
§40 5 Coronavirus; PIV: Parainfluenza, hMPV:
2 30 17 24 / 21 human Metapneumovirus; RV: Rhino-
s 20 12 12 13 % : . f
S 9 / and Enterovirus; RSV: Respiratory
10 3 | 4 4
;:f 0 4 . : | | : [ | : A== Syncytial Virus; Adeno: Adenovirus; B,
EL Influenza Corona PIV Rhino RSV Adeno Age-adapted cohort seasons 2014/2015
M atients W controls and 2016/2017 (Age >42 y, TG from
P controls n = 90 with 11 positive, TG from
patients n = 136 with 34 positive). Only
first positive results, P = .23. Corona:
B - ,

(B) age-adapted cof;?rt seasons 2014/2015 and 2016/2017 Coronavirus: PIV: Parainfluenza, hMPV:
260 human Metapneumovirus; RV: Rhino- and
g 50 Enterovirus; RSV: Respiratory Syncytial
£ 40 Virus; Adeno: Adenovirus
g 30 26 18 26 19
v 20 % 13 13 9 9
%10 3 / %

8. O t PZZ77a 0 - / - //A 0 T
§ Influenza Corona PIV Rhino RSV Adeno
patients O controls
days of schedding FIGURE 3 Duration of shedding in
0 10 20 30 40 50 60 patients with repeatedly positive TG in
| | | | I | days
influenza A |43
coronavirus 0C43 |64
coronavirus 229E |20
coronavirus 229E 28
coronavirus 229E 28

,, parainfluenza3 | 20
= RSV A/B | 14
>

RSV A/B | 29
RSV A/B | 56
adenovirus | 22
adenovirus |27
adenovirus | 29
rhinovirus | 13

friends with children in the household and supports the opportunity
to a faster return to normal life after allo-SCT.

The potentially most relevant finding of our study is the differ-
ent epidemiology of CARV in patients after allo-SCT versus healthy
individuals. Especially with regard to the latter group, there is a
general lack of available data. To the best of our knowledge, there
is no study to date comparing these two populations prospectively
in the same regional and seasonal setting. In the literature, RSV
appears to be more common in allo-SCT-recipients than in other-
wise healthy people with a reported incidence of 16%-18%> in
allo-SCT-recipients versus 2%-4%"8 in the general population.
This pattern is reflected in our study population with 26% RSV in
patients versus 6% RSV in controls. Three patients were tested
positive within 1 week which suggests an RSV outbreak in our

outpatient clinic of the stem cell transplantation program. Such

outbreaks are well described in the literature.}’?* However, this
occurred in the middle of the typical season (springtime 2015) and
clinically there was no reason to suspect an outbreak. It is there-
fore unlikely that an undetected outbreak is the sole reason for the
different epidemiology.

In most studies, influenza appears to be the most prominent
CARV in the general population; however, they usually include

symptomatic people only*718:2224

and did not always test for coro-
naviruses.?* Yet, coronaviruses were by far the most common CARV
detected in our controls. It may be that they are often underdiag-
nosed because coronaviruses are often not tested for. Our data sug-
gest that coronaviruses account for a large proportion of common
colds, similar to rhinoviruses. In contrast, adenoviruses which are
also frequently left out in testing panels seem to play a minor role

in healthy adults. In patients on the other hand, they appear to be
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potentially as relevant as RSV since we could detect them in 21% of
positive patients.

In contrast to others, we did not detect any bocaviruses, pare-
choviruses, Mycoplasma, and only very few hMPV in patients or in
controls.?®> This may be a sampling error due to the design of the
study since these pathogens do not exhibit such a strict season-
ality as influenza and RSV and we only sampled during the winter
months.2® Alternatively, they play a minor role in our setting in the
healthy population as well as in patients. Since CARV-infection
requires human contact it seems likely that there are significant
regional variations and it seems prudent to acquire knowledge re-
garding the local epidemiology.

Not surprisingly, our study confirmed the potential of long
viral shedding in cancer patients as described previously.>?” Re-
assuringly, we did not detect any shedding in controls, which sup-
ports the practice of stopping contact isolation after resolution of
symptoms in otherwise healthy people without the need for a neg-
ative test. In cancer patients, however, our study confirms the need
for re-testing to be able to declare a patient free of virus.®

Generally, infections with CARV can be potentially dangerous
even in non-immunosuppressed people.?® However, the higher rate
of complications, especially LRTI, in cancer patients has been well de-
scribed.™? In the literature, the rate of LRTI is assumed to be around
25% with an associated mortality of 30%.8 In the patient group, the
rate of LRTI was 8%, which is lower than expected, but the associ-
ated mortality was 25% which is consistent with published data. In our
study, we did not observe any LRTI or fatal course in controls. The low
rate of LRTI may be due to the fact that patients were assessed at ran-
dom time-points and not only triggered by relevant clinical symptoms
and we therefore detected more CARV-infections (less severe) than
would have been detected in routine clinical practice.

In conclusion, allo-SCT recipients have more CARV-infections
and exhibit a different epidemiology than controls with more RSV
and adenovirus. Although we did not find an association with ob-
vious immunosuppression or GvHD, this may still be a symptom
of a suppressed immune system. In addition, patients have a more
complicated course with more cases of co-infection and prolonged
shedding as well as a higher rate of LRTI and mortality. Prolonged
viral shedding was not observed in non-immuno-suppressed con-
trols. Risk factors for the detection of a CARV are age >40 years and
symptoms typical for URTI.
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