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Abstract

Human adenovirus (HAdV) is a common pathogen causing respiratory infections with outbreaks reported in the military and
community. However, little information is available on the shedding kinetics. We performed a prospective study of immuno-
competent adults confirmed with HAdV respiratory infection by multiplex real-time PCR during an outbreak of HAdV-55.
Consecutive respiratory specimens of sputum or nasopharyngeal swab were collected from each patient every 2 days. Viral load
was measured by real-time quantitative PCR. Of 32 enrolled patients, 27 (84.4%) had pneumonia. Five patients (15.6%) received
cidofovir. Viral load was highest in the earliest samples at 8.69 log; copies/mL. In a linear regression model, viral load declined
consistently in a log-linear fashion at the rate of —0.15 log;, copies/mL per day (95% confidence interval (CI): —0.18, —0.12;
R*=0.32). However, the regression model estimated the viral shedding duration to be 55 days. The rate of decline in viral load
did not differ between patients who received cidofovir and who did not. Patients with prominent respiratory symptoms or
extensive involvement on chest radiograph had higher volume of viral excretion. Prolonged viral shedding was observed in
otherwise healthy adults with HAdV-55 respiratory infection. This finding should be considered in the establishment of infection
control and prevention strategies.
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! Introduction

Division of Infectious Diseases, Department of Medicine, Samsung
Medical Center, Sungkyunkwan University School of Medicine,

Seoul, Republic of Korea Human adenovirus (HAdV) is a common cause of respiratory
infections, ranging from uncomplicated upper respiratory tract
infections to life-threatening pneumonia [1]. Since the clinical

application of molecular diagnostic methods, the importance
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of HAdV along with other viruses is increasingly recognized
in adult respiratory infections [2, 3]. Although HAdV infec-
tions are usually mild and self-limiting in healthy adults, se-
vere pneumonia or even mortalities have been reported [4—6].
While military personnel are well known to be vulnerable to
respiratory infections caused by HAdV [7-9], the mechanism
underlying the particularly higher transmissibility of HAdV
compared to other respiratory viruses more common in the
community remains unclear.
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Despite the clinical characteristics are well-established,
studies on the kinetics of viral shedding in patients with
HAGJV respiratory infections are scarce. Although previous
reports suggested that HAdV could be detected from body
fluids in a prolonged duration, the generalizability and reli-
ability are limited by their small sample sizes and heteroge-
neous methodologies [5, 10, 11]. Lack of evidence on this
issue resulted in the establishment of unclear guidelines on
the necessary duration of respiratory precaution in healthcare
settings, which has critical importance in infection control
[12].

Furthermore, the emergence of novel type of HAdV has
been implicated in outbreaks in both military and community
settings, in which high number of severe manifestations and
poorer outcome have been observed [13—15]. HAdV type 55
(HAdV-55) is another emerging type reported in China,
Turkey, Spain, Singapore, and Israel [7, 16—-19]. We also ob-
served an outbreak of febrile respiratory infections caused by
HAAJdV-55 in the Republic of Korea military, which has been
previously reported [8].

Thus, we examined the kinetics of viral shedding in immu-
nocompetent adults with HAdV respiratory infections by real-
time quantitative polymerase chain reaction (PCR) during an
HAdV-55 outbreak. Additionally, we sought to determine the
factors associated with the larger amount of viral shedding and
the effect of cidofovir on viral load.

Materials and methods
Study design

Armed Forces Capital Hospital is a 660-bed acute care med-
ical facility that serves as a referral center of the Korean mil-
itary healthcare system. Patients who were admitted for acute
febrile respiratory infection were screened daily from
February to April 2016. The inclusion criteria were as follows:
(1) body temperature > 38 °C accompanied by either cough or
sore throat, (2) identification of HAdV in respiratory speci-
mens by multiplex real-time PCR, and (3) willingness to par-
ticipate in the study and ability to provide informed consent.
Patients meeting any of the following criteria were excluded:
(1) presence of any immunocompromising conditions, includ-
ing the use of corticosteroids with dose equivalent of prednis-
olone 20 mg/day or higher, immunosuppressants, or bio-
logics; (2) unwillingness to participate; and (3) inability to
maintain hospitalization or return to outpatient clinic for fol-
low-up.

Respiratory samples (sputum or nasopharyngeal swab)
were collected at admission for the detection of HAdV and
measurement of initial viral load. Subsequent respiratory sam-
ples were collected every other day until discharge, then at
each outpatient visit until the end of follow-up. Sputum was
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the preferred specimen, and nasopharyngeal swab was collect-
ed only when the patient was unable to expectorate. All col-
lected samples were stored at 4 °C before weekly transporta-
tion to laboratory for real-time quantitative PCR. This study
was approved by the Institutional Review Board of the Armed
Forces Medical Command (AFMC-16011-IRB-16-008).
Informed consents were obtained from all participating pa-
tients. All methods were performed in accordance with the
relevant guidelines and regulations.

Detection, quantification, and typing of HAdV

HAGJV infection was diagnosed by the detection of HAdV
from respiratory samples using multiplex real-time PCR.
DNA were extracted from the respiratory specimens using
MagNA Pure LC 2.0 (Roche Diagnostics, Mannheim,
Germany), and multiplex real-time PCR for 15 respiratory
viruses including HAdV was conducted using Real-Q RV
Detection Kit (Biosewoom, Inc., Seoul, Korea) on a
LightCycler 480 II (Roche Diagnostics, Mannheim,
Germany) following the manufacturer’s instruction [8]. For
the quantitation of AdV, DNA was extracted from 200 pl of
sputum or viral transport medium in nasopharyngeal swab kit
using Nextractor NX-48 (Genolution Inc., Seoul, Korea) au-
tomated extractor.

Measurement of HAdV viral load was performed by real-
time quantitative PCR in duplicates using LightCycler 480 II
(Roche Diagnostics, Mannheim, Germany). Real-Q AdV
Quantification Kit (Biosewoom, Inc., Seoul, Korea) was used
and 25 ul of reaction medium contained 12.5 ul PCR reaction
mixture (2x), probe and primer mixture, sterile water, and 5 pl
DNA. This kit also contains the plasmid DNA with defined
copy number for HAdV to be used as standards. Viral load
was calculated by multiplication of dilution factor and AdV
concentration in the PCR reaction to show AdV concentration
in the original respiratory samples. The lower limit of viral
load detection was 2820 copies/mL. HAdV type was deter-
mined by the sequencing of hypervariable region 7 of hexon
gene and fiber gene, as described previously [8, 20]. Typing of
HAJdV from 23 patients was conducted as a part of a previ-
ously published study, so nine additional samples were typed
for this study [8].

Clinical characteristics and definitions

Data regarding clinical parameters, laboratory and imaging
findings, and clinical course were obtained from electronic
medical records. For symptomatologic analysis, we counted
the daily number of symptoms among the following: fever,
sore throat, cough, sputum, rhinorrhea, and dyspnea [21].
Hypoxia was defined as oxygen saturation <95% by pulse
oximetry while breathing ambient air or requirement of sup-
plemental oxygen due to dyspnea. Definition of mechanical
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ventilation included not only conventional mechanical venti-
lation but also high flow oxygen therapy. Day of deferves-
cence was defined as the first day of two consecutive days
with body temperature < 38 °C regardless of antipyretics use.

Statistical analysis

Statistical analyses were performed using Stata Release 12
(StataCorp LLC, College Station, TX, USA) and SPSS
Statistics 20 (IBM, Armonk, NY, USA). Viral load was log-
transformed, and linear regression models were constructed to
estimate the rate of viral load decline. The cumulative viral load
(CVL) was calculated as the area under curve of viral loads
during the first 10 days since fever onset using the “pkexamine”
command of Stata. The peak viral load was defined as the
highest measured viral load during the first 10 days since fever
onset. Student’s ¢ test was used to compare viral loads among
different groups of patients. All tests were two-tailed, and
p <0.05 was considered statistically significant.

Results

Patient and virological characteristics

Sixty patients who were admitted with acute febrile respirato-
ry infections were screened for possible inclusion into the

study (Fig. 1). Among these patients, HAdV was not detected
from respiratory samples of 25 patients, and one patient

missed the screening. All 34 eligible patients agreed to partic-
ipate and thus were enrolled. Two patients dropped from the
study after enrollment: one was transferred to other hospital,
and the other withdrew. Finally, 32 patients were included in
the analyses.

All patients were healthy young male without comorbidi-
ties (Table 1). Majority were current (43.8%) or past smokers
(18.8%). At presentation, all patients had sputum; other com-
mon symptoms were sore throat (87.5%) and rhinorrhea
(68.8%). Twenty-seven (84.4%) patients had radiologic evi-
dence of pneumonia, among which 30% had multilobar in-
volvement. Six patients (18.8%) were admitted to the inten-
sive care unit, but only one patient (3.1%) required high flow
oxygen therapy. No patient was intubated or died. Cidofovir
was administered in 5 patients (15.6%). All 32 HAdV were
determined as type 55 by sequencing of the hexon and fiber
genes.

Viral load kinetics

A total of 188 respiratory samples were collected during the
study period. The median number of samples per patient was
5.5 (range, 2-10), and the median days of the first and last
tests since the fever onset were 4.5 days (range, 2—-8) and
16.0 days (range, 8-52), respectively. Sputum comprised
71.8% of all samples and the rest (28.2%) were nasopharyn-
geal swabs.

Viral load peaked at presentation and declined in log-linear
kinetics (Fig. 2a). The geometric mean viral load (GMVL) at

Fig. 1 STROBE diagram of
study enrollment and analysis

Assessed for eligibility
(n=60)

Excluded (n=26)

* Negative adenoviral PCR (n=25)
* No pathogen identified (n=11)
* Influenza B (n=6)

* Influenza A (n=3)
* Rhinovirus (n=2)
* Others (n=3)

» Missed screening (n=1)

Enrolled (n=34)

Dropped (n=2)

* Transfer to other hospital (n=1)
* Patient withdrawal (n=1)

Included in analysis
(n=32)
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Table 1  Characteristics of 32 patients with acute febrile respiratory
infection by human adenovirus type 55

Characteristic Number (%)
Male sex 32 (100.0)
Age, years (median, range) 20 (18-24)
Comorbidities 0(0.0)
Smoking

Current smoking 14 (43.8)
Previous history of smoking 6 (18.8)
Presence at presentation

Cough 31 (96.9)
Sputum 32 (100.0)
Sore throat 28 (87.5)
Rhinorrhea 22 (68.8)
Dyspnea 6 (18.8)
Confusion 0(0.0)

Clinical, laboratory, and radiologic findings at presentation

Initial body temperature (°C; mean, SD) 38.5(0.7)
Respiratory rate (mean, SD) 18.4 (3.5)
Hypoxia 4 (12.5)
Lowest systolic blood pressure (mean, SD) 112 (11.6)
Lowest diastolic blood pressure (mean, SD) 62 (11.0)
Pneumonia 27 (84.4)
Bilateral involvement 5(18.5)
Multilobar involvement 8 (29.6)
Lower lobe involvement 22 (81.5)
Pleural effusion 6(22.2)
Blood urea nitrogen (mean, SD) 10.2 (2.8)
Monocyte count (mean, SD) 560.6 (296.7)
Clinical course
Duration of fever (days; mean, SD) 6.3 (1.8)
Intensive care 6 (18.8)
Mechanical ventilation 13.1)
Extracorporeal membrane oxygenation 0 (0.0)
Cidofovir use 5(15.6)
Death 0(0.0)

SD, standard deviation

the earliest test (2 days after fever onset) was 8.69 logig
copies/mL. Viral loads at 7 days and 14 days after fever onset
were 6.96 log;, copies/mL and 5.51 log;( copies/mL, respec-
tively. The rate of decline was estimated to be —0.15 log;q
copies/mL per day in a linear regression model (95% confi-
dence interval (CI): —0.18,—0.12; R>= 0.32). Viral loads did
not fall below the detection limit up to the last samples in all
patients, except in one case where it became undetectable
52 days after the fever onset. The regression model estimated
that the viral load will reach zero 55 days after the fever onset.

The examination of the viral load kinetics in relation with
defervescence showed that the viral load started to decrease

@ Springer

early in the course before the fever resolution (Fig. 2b).
GMVL on the day of defervescence was 7.39 log,
copies/mL, and GMVL on 7 days after defervescence were
5.51 log; copies/mL. The rate of decline was comparable
with that of the previous model (aligned at the fever onset)
at —0.18 log;o copies/mL per day (95% CIL: —0.21, —0.14;
R*=0.38). The temporal trend of the body temperature
(Fig. 2¢) and number of symptoms (Fig. 2d) showed that most
patients became afebrile and minimally symptomatic 10 days
after the fever onset.

Among the enrolled patients, 5 received cidofovir. Since
cidofovir was administered within 2 days after presentation
except in one patient (4 days after presentation), the rates of
decline in viral load before and after cidofovir administration
could not be compared. Instead, the viral load kinetics of
cidofovir-treated patients was compared with cidofovir-
untreated patients (Fig. 3 and Table 2). The rate of decline in
cidofovir-treated patients during 10 days since administration
was — 0.33 log( copies/mL per day (95% CI: —0.49, —0.18,
R*=0.48). There was no statistically significant difference
compared to the rate of viral load decline in cidofovir-
untreated patients during the first 10 days since presentation,
which was — 0.30 log; o copies/mL per day (95% CI: — 0.40, —
0.21, R*=0.28).

Factors associated with viral load

We compared geometric mean cumulative viral load and peak
viral load in patients with various clinical and radiologic fac-
tors (Table 3). The cumulative viral load during the first
10 days since fever onset was significantly high in patients
who had cough (58.53 log;( copies vs. 34.51 log;( copies, p =
0.027) or lower lobe involvement in radiologic imaging
(61.57 logy( copies vs. 44.71 log;o copies, p <0.001). The
peak viral load was also high in those with cough (8.47
log;o copies vs. 5.88 log;, copies, p =0.025), dyspnea (9.39
log;o copies vs. 8.16 log; copies, p=10.016), and bilateral
(9.33 log;o copies vs. 8.17 log;o copies, p =0.020) or
multilobar involvement (9.03 log; copies vs. 8.12 log;o cop-
ies, p=0.032). Prolonged duration of fever (>8 days) or
smoking was not shown to be associated with both the total
and peak viral loads.

Discussion

To the best of our knowledge, this is the first study primarily
purposed to investigate the duration and pattern of viral shed-
ding in immunocompetent adults with HAdV respiratory in-
fection. The most noteworthy finding in our study is the
prolonged duration of HAdV shedding in respiratory speci-
mens. Influenza virus, one of the most common and exten-
sively studied respiratory viruses, was detected for 3—7 days
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Table 2 Slope and correlation (R?) between viral load and day since
fever onset in patients with or without the use of cidofovir in a linear
regression model

Treatment Slope 95% CI R
Cidofovir -0.33 —0.49,-0.18 0.48
No cidofovir -0.30 -0.40,-0.21 0.28

and up to 13-18 days in the respiratory specimens of
community-based patients and those requiring intensive care,
respectively [22]. Also, respiratory syncytial virus and rhino-
virus were shown to be detected for the mean durations of 4
and 11 days, respectively, in previously healthy patients.
Compared to those studies, the estimated shedding duration
of 55 days is considerably longer [23, 24].

Although detailed information on HAdV shedding ki-
netics is scarce in the literature, previous studies support
our findings. Fox et al. reported that 36% of newly infect-
ed patients with HAdV showed viral excretion for more
than 30 days [10]. Nevertheless, the interpretation of re-
sults requires caution since specific information on partic-
ipating individuals is lacking and specimens were obtain-
ed with biweekly interval. Another study revealed that
HAdV was recovered from throat swab for up to 21 days
in 8 adult patients with acute respiratory infection [11].
Our data has its strength compared with those of previous
studies in that a relatively large number of otherwise
healthy patients were enrolled and viral load was mea-
sured in a short interval using real-time PCR.

Another important implication of our results is that all
HAGJV identified in our study was type 55. HAdV-55 is a
novel type previously reported in Turkey, Spain, Singapore,
Israel, and China [7, 16-19]. Outbreaks of severe pneumonia

and even death in healthy, young adults by HAdV-55 have
been reported [25, 26]. Although it is yet unclear why certain
novel HAdV types show higher virulence and transmissibility,
it has been suggested that the lack of immunity to novel types
is an important factor which leads to the increased host sus-
ceptibility [27]. This might explain why the immune system
takes longer time to clear the virus from respiratory system.
However, studies on endemic types of HAdV are required to
determine whether the prolonged shedding observed in our
study is a unique characteristic of HAdV-55 or a general fea-
ture of all HAdV types.

The persistent HAdV shedding implies considerable signif-
icance in infection control and clinical practice. First, our re-
sults necessitate attention in development of infection control
strategies. The knowledge on viral shedding kinetics is neces-
sary to determine the duration of isolation/respiratory precau-
tion, which is the core element of infection control [28].
However, existing guidelines lack specific recommendations
on the minimum duration of precautions for viral infections
owing to the scarcity of data, with an exception for influenza
[12]. Considerably prolonged duration of viral shedding in our
study compared to other common respiratory viruses may
suggest a possibility of prolonged duration of infectivity
which requires an extended period of precaution and isolation.
Second, HAdV detection warrants careful interpretation, es-
pecially in patients with recent history of febrile respiratory
infection. Although HAdAV is detected, it may not be the cul-
prit of the current infection in those patients, considering its
prolonged presence in the respiratory specimens.

In this study, we also examined the factors associated with
higher viral excretion. Cough and extensive lung involvement
as shown on chest radiograph in patients with pneumonia
served as markers for excessive shedding, which is similar
to influenza [29]. Thus, more extensive precaution should be

Table 3 Clinical and radiologic

factors associated with higher Symptoms and signs

Cumulative viral load (AUC ;)

Peak viral load (log;o copies/mL)

viral shedding. Cumulative viral

load was defined by the area No Yes P No Yes p

under curve of viral load during

10 days since fever onset Current or ex-smoking 59.28 56.87 0.552 8.46 8.35 0.797

(AUCo,10)- Viral load was Sore throat 55.09 58.16 0.605 8.78 8.34 0.480

measured by real-time polymer- Cough 3451 58.53 0.027 5.88 8.47 0.025

ase chain reaction of respiratory )

specimens (log;o copies/mL) Rhinorrhea 57.03 58.12 0.797 7.81 8.65 0.055
Dyspnea 56.06 65.23 0.061 8.16 9.39 0.016
Hypoxia 57.62 58.85 0.837 8.39 8.37 0.965
Fever >8 days 57.06 59.61 0.560 8.41 8.34 0.887
Pneumonia 54.14 58.45 0.424 8.41 8.39 0.978
Multilobar involvement* 56.90 62.14 0.211 8.12 9.03 0.032
Bilateral involvement* 57.62 62.10 0.367 8.17 9.33 0.020
Lower lobe involvement* 44.71 61.57 <0.001 7.18 8.66 0.102
Pleural effusion* 56.63 64.81 0.071 8.20 9.05 0.073
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*Only patients with radiologic findings compatible with pneumonia were included (n =27)



Eur J Clin Microbiol Infect Dis (2019) 38:793-800

799

taken when caring for patients with severe involvement on
radiologic imaging.

Only a limited number of antiviral agents are available to treat
HAGJV infection [30]. Among these, cidofovir has the greatest
in vitro activity against HAdV [31]. Successful treatment of
HAGJV infection with cidofovir has been reported in small studies
[32, 33]; however, at this time, there has been no randomized
controlled trial to demonstrate the efficacy of cidofovir. In our
study, no significant difference in the rate of decline in viral load
was observed between patients who received cidofovir and those
who did not. However, the number of patients was too small to
draw conclusion on the effectiveness of cidofovir.

There are some limitations in our study. First, virus cul-
ture was not performed. Thus, some proportion of HAdV
detected in our study may have been fragments of non-
viable viruses. However, if a considerable accumulation
of non-viable viral particles occurred, viral load kinetics
would have shown initial increase before turning to decline
later in the course. Consistent decline in viral load from the
initial presentation observed in our study suggests the ab-
sence of significant effect of non-viable DNA fragments.
Second, negative conversion of viral shedding was not ob-
served except in one patient because the prolonged shed-
ding duration had not been expected. Longer follow-up
duration would have provided more accurate information
on terminal phase of viral load kinetics.

In conclusion, our study has demonstrated that the viral
shedding duration was prolonged in young immunocompetent
patients with respiratory infections by HAdV-55. The amount
of viral excretion was correlated with the degree of respiratory
symptoms or extent of pulmonary involvement.
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