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Abstract: Respiratory viral infections are frequent causes of
morbidity in transplant patients. We screened symptomatic adult
transplant recipients for respiratory viruses in a cohort of patients
attending a referral medical center in Brazil. The duration of viral
shedding and the prevalence of viral codetections were also
determined. During a 1-year period (2011-2012), swabs were
obtained from 50 patients. An in-house polymerase chain reaction
panel designed to detect 10 viruses was used. Viruses were
identified in 19 (38%) patients, particularly parainfluenza III (32%)
and the respiratory syncytial virus (20%); multiple viruses were
identified in 26% of patients. Prolonged viral shedding was observed
with 60% of individuals excreting viruses for >10 days. The clinical
and epidemiologic relevance of prolonged viral shedding remains to
be determined.

Respiratory viral infections are usually associated with
significant morbidity following organ transplantation
(1). Transplant patients could be infected by the same
respiratory viruses that affect the overall population,
including adenovirus (ADV), human bocavirus (hBOV),
coronavirus, human metapneumovirus (hMPV), para-
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drome in transplant patients, to determine the outcome
of these infections and the duration of viral excretion.

influenza viruses (PIV), and respiratory syncytial virus
(RSV) (2). However, because of the state of immuno-
suppression, the rate of disease complication may be
increased in the transplant population. The duration of
viral shedding is an important determinant of viral
infectivity and transmissibility; factors that provide vital
information for effective infection control (3-8). In the
transplant population, limited data are available regard-
ing the duration of viral shedding following a respira-
tory tract infection. Here, we investigated the
distribution of viruses causing acute respiratory syn-

This was a prospective cohort study conducted
between August 2011 and August 2012. The study
was performed at Santa Casa de Misericordia de Porto
Alegre, a reference transplant center located in South-
ern Brazil. Patients were included in or excluded from
this research based on the Center for Disease Control
and Prevention recommendations. Patients were stud-
ied if they presented fever, cough, and headache, plus
at least 1 of the following symptoms: rhinorrhea,
coryza, arthralgia, myalgia, prostration, sore throat,
chest pain, abdominal pain, or nasal congestion (9).
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Individuals were excluded in the presence of signs/
symptoms lasting >14 days. Informed written consent
was obtained from all patients, and the study was
approved by the local Ethics Committee (542/09).

Respiratory samples were obtained as recommended
by the World Health Organization (10). Briefly, rayon
swabs were used to collect samples from nasopharyn-
geal and oropharyngeal sites. Swabs were transported
in saline solution to the laboratory. Samples were
stored at 4°C for a few hours until processing.

Total nucleic acids were extracted with PureLink®
Viral RNA/DNA Mini Kit (Invitrogen™; Life Technol-
ogies, Grand Island, New York, USA) and stored at
—80°C. The cDNAs of influenza A H3N2 (FluA),
pandemic influenza A/HIN1 (pHIN1), influenza B
(FluB), RSV, PIV I, II and III), and hMPV were
synthesized by SuperScriptllI® First-Strand Synthesis
SuperMix (Invitrogen™) with the following conditions:
10 min at 25°C, 50 min at 50°C, and 5 min at 85°C.
Table 1 shows a list of the primers used in the study.

Real-time polymerase chain reaction (PCR) assay was
performed using Platinum® SYBR® Green qPCR Su-
perMix-UDG (Invitrogen™).

The realtime PCR conditions for all RNA viruses
except for RSV were as follows: 2 min at 50°C, 5 min at
95°C, 45 cycles of 15 s at 95°C, and 30 s at 64°C,
followed by 15 s at 95°, 1 min at 60°C, and 30 s at 95°C.
For RSV, the condition was 2 min at 50°C, 5 min at
95°C, 45 cycles of 15 s at 95°C, 30 s at 56°C, and 15 s at
72°C. ADV and hBOV were detected by conventional
PCR with Platinum Taq DNA Polymerase (Invitro-
gen™). The conditions used to amplify ADV and hBOV
were 10 min at 95°C, 38 cycles of 30 s at 95°C, 30 s at
56°C, and 30 s at 72°C.

To determine the duration of viral shedding, patients
with positive PCR tests were retested every 3-5 days,
until a negative PCR test was obtained.

Patients’ charts were reviewed in an attempt to obtain
clinical and demographic information. To compare the
distribution of respiratory viruses infecting the overall

Oligonucleotide sequence of respiratory viruses analyzed by real-time polymerase chain reaction

Primer Sequence

FIuA-F TACCCATTGCCTTCYCTTCC
FIuA-R CTGCTTCTCCAAGCGAATCT
FluB-F CTGATGTCCATCAAGCTCCA
FluB-R CCTTTGACATCTGCATCACG
pHIN1-F GGGAAACAAATCGTGGAATG
pHIN1-R GTCAGAAAGGTAGCGCGAAG

PIV I-F GGGAAAACAAWTAGTTCATATTGGTC
PIV I-R TGCATTGTTGTTGCAATCAGT

PIV 1I-F TGATGGAATCAATCGCAAAA

PIV 1I-R GAAAGCAGTCTCAGTTCAGCTA
PIV 11I-F AATCGAGAGTRAACCCAGTCATAA
PIV III-R TGTTATAGTGTGTAATGCAGCTYGT
RSV-F TGGGAGAGGTAGCTCCAGAA
RSV-R CAGATCTRTCCCCTGCTGCT
hMPV-F ATGGCAAAGCATTAGGCTCA
hMPV-R TGTTGGATGACCTGGCAAT

ADV-F ATGACTTTTGAGGTGGATCCCATGGA
ADV-R GCCGAGAAGGGCGTGCGCAGGTA
hBOV-F GTCCAGAAAGAGGGGAGAGG
hBOV-R GCTGATTGGGTGTTCCTGAT

Annealing temperature (°C) Fragment size

60.8 133 bp
63.9

62.4 174 bp
63.2

64.3 95 bp
64.6

66.3 98 bp
63.7

63.8 125 bp
61.2

63.3 122 bp
60.8

63.6 107 bp
62.8

65.2 110 bp
62.4

73.6 133 bp
83.2

64.1 125 bp
63.4

FIuA, influenza A H3N2; F, forward; R, reverse; FluB, influenza B; pH1N1, pandemic influenza A/H1N1, PIV, parainfluenza virus; RSV, respiratory
syncytial virus; hMPV, human metapneumovirus; ADV, adenovirus, hBOV, human bocavirus; bp, base pairs.

Table 1
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population with those in transplant patients, data from
254 non-transplant patients who had positive PCR tests
for respiratory viruses in the same study period were
also reviewed.

Results

A total of 50 transplant patients were studied. They
were predominantly male (62%), with a median age of
50.5 years (range 21-71 years). Most patients have
undergone Kidney transplantation (76%), whereas oth-
ers had received liver (12.0%), lung (8%), and stem cell
transplants (4%). Patients were included after a median
time of 3 years post transplant (6 days—15 years). A
total of 36% of study patients reported recent contact
with individuals with respiratory symptoms, and 42%
had received a conjugated influenza A/H1IN1 vaccine.
The main clinical manifestations were cough (29.2%),
coryza (18.5%), and fever (17.8%). The frequency of
hospitalization was 80%, and the mean length of hospital
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stay was 29.2 days. Four patients died during the study
(8.0%); the median time of death was 38.5 days after
hospitalization (range 25-65 days), and the cause of
death in all patients was disseminated infection.

Respiratory viruses were detected in 19 patients
(38.0%), mostly in fall and winter months. Multiple
viruses were identified in 5 individuals (26.3%), includ-
ing 1 patient who had 3 viruses detected. The most
prevalent virus was PIV III (32%), followed by RSV
(20%), hBOV (12%), hMPV (12%), pHIN1 (8%), ADV
(8%), FluA (4%), and FluB (4%). The viral distribution
differed from what was observed for the overall
population, in which RSV was the predominant agent
(54.5%). The prevalence of viral codetection in the
general population was 35%, with 5 patients in the group
showing concomitantly 4 respiratory viruses.

Table 2 presented the duration of viral shedding per
patient studied. Viral shedding ranged from 6 days
(hBOV; # = 1) to 44 days (hMPV; n = 1). The average
duration of viral shedding was 10 days for pHIN1 (z = 2),
17 days for PIVIII (= = 3), and 13 days for RSV (n = 3).

Viral distribution, viral shedding, and symptoms presented by transplant patients with acute respiratory iliness in Southern Brazil, over a 1-year period

(2011-2012)

Patients Virus Symptoms Viral shedding (days)
1 hMPV Fever, myalgia, runny nose, and cough 0
2 RSV Fever and cough 23
3 PIV 111 Fever, runny nose, cough, and nasal congestion 23
4 hMPV Fever, sore throat, and cough

5, PIV 1l Myalgia, runny nose, sore throat, and cough 0
6 hMPV and FIuA Fever and cough 44
7 PIV 1l Myalgia, runny nose, nasal congestion, and cough 21
8 PIV 1l Cough and runny nose 0
9 ADV Fever, myalgia, runny nose, sore throat, and cough

10 ADV Fever, myalgia, and cough

11 PIV Il Fever and cough

12 RSV and hBOV Runny nose, nasal congestion, and cough 12
13 PIV 1l Runny nose and cough

14 PIV 1l Fever and cough

15 pH1N1, RSV and PIV IlI Fever, myalgia, and cough

16 FluB Fever, myalgia, sore throat, and cough

17 pHAIN1 and hBOV Fever, myalgia, runny nose, and cough 17
18 hBOV and RSV Runny nose and cough

19 RSV Coryza, runny nose, sore throat, and cough

hMPV, human metapneumovirus; RSV, respiratory syncytial virus; PIV I, parainfluenza Il virus; FIuA, influenza A H3N2; ADV, adenovirus; hBOV,

human bocavirus; FluB, influenza B; pH1N1, pandemic influenza A/H1N1.

Table 2
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Discussion

This prospective study revealed that 38% (19/50) of
transplant patients who presented with acute respira-
tory syndrome were diagnosed with a viral infection. A
total of 8 viruses were detected in this cohort, and 5
patients (26.3%) were found to harbor >1 virus. The
detection of multiple viruses has been reported in 22%
of Brazilian transplant patients (11). Recent studies
reported a frequency of 21.4% and 10% of dual respira-
tory viral infection in children with bronchiolitis after
molecular assays were added to the diagnostic list of
clinical laboratories (12, 13). Therefore, when using
modern and sensitive methods, such as real-time PCR,
in the diagnosis of respiratory tract infections, even
higher rates of viral codetection are anticipated to be
found in the transplant setting (11). As shown before
(11), the detection of multiple respiratory viruses in
transplant recipients was not associated with a poor
prognosis in these patients.

In our study, PIV IIl was the most frequent virus
detected in transplant patients (31.6%), followed by RSV
(20%), hBOV (12%), hMPV (12%), pHIN1 (8%), and ADV
(8%). In previous investigations, using conventional
diagnostic methods (i.e., direct immunofluorescence
and viral culture), the incidence of PIV III infection
following transplantation varied from 2-9% (4, 14). On the
other hand, studies based on PCR revealed a higher
frequency of PIV III infection, as high as 14.0% (4). In
contrast to transplant patients, in whom PIV III was the
predominant virus, RSV was the main cause of respira-
tory infections in the non-transplant population (54.5%),
referred to the same hospital. The high RSV frequency
detected in non-transplant patients suggests that most of
these patients were probably children, which is in
accordance with the literature that suggests that RSV is
one of the most common causes of severe lower
respiratory disease in young children (15). Human
rhinoviruses and coronaviruses are frequently associ-
ated with the common cold and are generally considered
to replicate principally within the upper respiratory tract
(16). Despite the high frequency of these viruses in the
population, the real importance of these agents in the
transplant population remains to be determined (16).

In this study, hBOV, hMPV, ADV, FluA, and FluB
were detected in 12%, 12%, 8%, 4%, and 4% of transplant
patients, respectively. These frequencies were in agree-
ment with the literature data (17-23). In contrast,
pHIN1 was detected in only 8% of transplant patients.
The low percentage of pHIN1 detection in this study
may be justified by the massive FluA/pHIN1 immuni-
zation campaign that had occurred in Brazil few months
before the study was initiated.

Information about the duration of viral shedding is
important to establish effective infection control mea-
sures in the hospital environment. In this work, we
reported a prolonged shedding in this cohort of
transplant patients, with 60% of individuals excreting
viruses for >10 days. This finding is in agreement with
the literature, in which a prolonged shedding has been
reported for PIV III (6-42 days), RSV (5-39 days), and
hMPV (7-24 days) infections (3-8). Even though a
previous study showed prolonged hBOV shedding in
non-transplant children (7), only 1 patient with hBOV
infection was included in our study, and therefore, we
were not able to properly evaluate hBOV shedding in
our transplant cohort. The current data on pHIN1
shedding are in agreement with a previous report,
which suggested that the presence of pHIN1 was a
significant risk factor for prolonged viral shedding
(median of 27 days) (8).

Limitations of this work included the inability to test
for rhinovirus in this cohort of patients, and the
difficulty to follow these individual for a prolonged
period of time. Another limitation was the small
number of transplant patients studied. We only
included patients who presented with acute respiratory
illness (symptoms lasting for <14 days, as based on the
CDC recommendations). Because viral shedding is
prolonged in these patients (as demonstrated by the
current study), this criterion could have reduced the
number of patients enrolled in our study (9). Further-
more, it is already known that transplant patients have
fewer and milder symptoms. Because of this fact, we
could have missed some patients with mild to no
symptoms, which could affect the estimated duration of
shedding.

This work demonstrated that respiratory viruses are
a significant cause of morbidity in transplant patients.
The use of molecular tools in clinical practice may
facilitate the management of such patients, particularly
when infection control measures are being considered.
Transplant patients have demonstrated prolonged viral
shedding — the clinical relevance of that, and the
potential for intrahospital dissemination of disease
remain to be determined.
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