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Abstract 

Purpose: To evaluate viral loads in children with human adenovirus (HAdV) pneumonia at different stages of disease 
and compare the viral load between upper and lower respiratory tract samples.

Methods: We prospectively enrolled children who required invasive ventilation for HAdV pneumonia. Nasopharyn‑
geal aspirate (NPA) and tracheal aspirate (TA) samples were collected throughout the entire period of invasive ventila‑
tion. Viral detection and quantification were performed using quantitative real‑time polymerase chain reaction.

Results: Ninety‑four children were enrolled. The median age of the children was 12.0 months (IQR: 11.0–24.0), 
and > ninety percent of patients were aged between 6 and 59 months. Seven hundred and nine paired NPA‑TA 
samples were collected. The median viral loads of the NPA and TA samples were 7.31 log10 and 7.50 log10 copies/
mL, respectively. Viral loads generally decreased steadily over time. The median viral load after 1, 2, 3, and > 3 weeks 
of the disease course was 8.65, 7.70, 6.69, and 5.09 log10 copies/mL, respectively, in NPA samples and 8.67, 7.79, 7.08, 
and 5.53 log10 copies/mL, respectively, in TA samples. Viral load showed a significant negative correlation with time 
since symptom onset in both NPA samples (Spearman r =  − 0.607, P = 0.000) and TA samples (Spearman r =  − 0.544, 
P = 0.000). The predicted duration of HAdV shedding was 60.17 days in the NPA group and 65.81 days in the TA group. 
Viral loads in NPA and TA from the same subjects correlated well with each other  (R2 = 0.694). HAdV loads in NPA and 
TA were most comparable during the early phase of infection (95% limits of agreement, − 1.36 to 1.30 log10 cop‑
ies/mL,  R2 = 0.746). Variation increased during the late phase of infection (i.e., in follow‑up samples), with viral loads 
remaining significantly higher in TA than NPA.

Conclusions: In children with HAdV pneumonia, viral loads in both NPA and TA steadily decreased during the course 
of the disease, and the predicted duration of viral shedding was more than 2 months. The HAdV DNA load of NPA is 
highly correlated with that of TA, especially in the initial phase of infection.
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Background
Human adenoviruses (HAdVs) are important pathogens 
in paediatric pneumonia [1, 2]. Although the preva-
lence of adenovirus-associated pneumonia (10–20%) is 
lower than that of respiratory syncytial virus, this type of 
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infection can induce severe and fatal necrotizing pneu-
monia (especially HAdV-3 and 7) [3–7]. It is currently 
unclear why most immunocompetent children experi-
ence relatively mild respiratory symptoms, whereas a 
small subgroup of children develops respiratory fail-
ure necessitating mechanical ventilation in paediatric 
intensive care units (PICUs) [8–10]. Quantitative HAdV 
detection is critical for elucidating the relationship 
between HAdV infection and the severity of lower res-
piratory tract infection [7, 11]. In addition, the trend of 
viral loads over time provides insight into  the risk of dis-
ease—persistent or rising viral replication is suggestive of 
progressive or disseminated disease [12]. Monitoring the 
kinetics of viral shedding can reveal disease and infection 
status and provide a basis for adjusting treatment and 
infection-control strategies.

One of the most important initial steps in measuring 
the HAdV DNA load consists of selecting the appropri-
ate sample for quantification. According to studies, secre-
tions from the lower respiratory tract of children with 
pneumonia are preferred over upper respiratory tract 
samples for detection of HAdV by real-time PCR because 
they come from the site of infection [13]. However, the 
collection of lower respiratory tract samples from chil-
dren remains a challenge and is sometimes considered 
unethical. Nasopharyngeal aspirate (NPA) samples are 
often used in place of lower respiratory tract samples for 
virus detection in patients with acute lower respiratory 
tract infection [14, 15]. However, HAdV can be detected 
by PCR in the NPA of healthy, asymptomatic children 
[16, 17]. In addition, adenovirus nucleic acid has been 
found in the tonsil and adenoid tissues of young children 
undergoing routine tonsillectomies [18]. These studies 
suggest that confirming a positive result for HAdV from 
an NPA specimen is challenging. Consistency between 
results from NPA and bronchoalveolar lavage fluid has 
been reported [19] and HAdV positivity in nasopharyn-
geal swabs were associated with lower respiratory tract 
infection [20]. No studies have compared the viral loads 
in NPA and tracheal aspirate (TA) samples in children 
with HAdV pneumonia. Therefore, we enrolled chil-
dren diagnosed with HAdV pneumonia who required 
mechanical ventilation and observed the viral load 
dynamics of NPA and TA over the course of the disease 
to explore the correlation between viral load and clinical 
progress.

Methods
Patients
The patient’s parents or guardians provided written 
informed consent for participation. Children admitted 
to PICU of Hunan Provincial People’s Hospital (Chang-
sha, Hunan Province, China) from September 2017 to 

September 2019 were eligible to participate in this study. 
The inclusion criteria were as follows: (1) Patients with 
a diagnosis of severe community-acquired pneumonia. 
Severe community-acquired pneumonia is defined as a 
diagnosis of community- acquired pneumonia with one 
of the following conditions [21]: poor general condition, 
refusal to eat, or dehydration, impaired consciousness, 
increased respiratory rate (≥ 70 times/min in infants, > 50 
times/min in older children), cyanosis, dyspnea (moan-
ing, nasal stirring, chest indrawing), ≥ 2/3 pulmonary 
infiltration or involvement of multiple lobes, pleural 
effusion, pulse oxygen saturation ≤ 0.92, extrapulmonary 
complications. (2) HAdV load of > 1 ×  102 copies/mL in 
NPA at admission. (3) Invasive mechanical ventilation. 
(4) No history of immunodeficiency, organ or stem cell 
transplantation, treatment with systemic glucocorticoids 
over 12 weeks, or treatment with other immunosuppres-
sants. The exclusion criteria were as follows: (1) HAdV 
load of ≤ 1 ×  102 copies/mL in NPA. (2) Duration of inva-
sive ventilation < 3  days. (3) Withdrawal from the study 
on guardian request. (4) Unknown HAdV type.

Specimen collection
NPA and TA samples were taken simultaneously after 
invasive ventilation. The samples were routinely collected 
at 8.00–10.00 am daily until the day of extubation. When 
paired sampling of NPA and TA specimens was not pos-
sible due to insufficient mucus in the nasopharynx or the 
trachea, a second attempt to obtain the sample was made 
shortly after the first attempt (usually within 2 h). If the 
second attempt was also unsuccessful, the pairing was 
considered “failed”.

Respiratory secretions were aspirated by a standardized 
protocol directly from the nasopharynx and trachea in 
a sterile manner by a specialist PICU staff and were not 
diluted [15, 22]. NPA was collected first, using a dispos-
able catheter connected to a mucous trap. The specimens 
were transported under controlled temperature condi-
tions, as stipulated in the standard operating procedure 
[15]. The samples were placed on ice within 1 h of collec-
tion and stored at − 80 °C within 24 h. Prior to extraction, 
samples were digested in 1:1 dithiothreitol and incubated 
at ambient temperature to degrade mucus. After pro-
cessing, NPA/TA specimens were subsequently stored 
at − 80  °C for real-time PCR testing; a portion (0.2 mL) 
was shipped in batches on dry ice to the China Center for 
Disease Control and Prevention for adenovirus typing.

Laboratory experiments
Magnetic beads (Multi-Type Sample DNA/RNA Extrac-
tion-Purification Kit; Sansure Biotech Inc., Chang-
sha, China) were used to extract DNA from 200 μL 
of NPA and TA samples following the protocol of the 
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manufacturer. The extracted DNA was eluted in 50 μL 
of elution buffer and the eluted solution was stored 
at − 80 °C until required.

The hexon gene of HAdV was amplified by quanti-
tative real-time PCR (SLAN 96S Real-Time PCR Sys-
tem, Shanghai Hongshi Medical Technology Co. Ltd., 
Shanghai, China) using a Respiratory Adenovirus DNA 
Diagnostic Kit (Sansure Biotech Inc., Changsha, China) 
according to the manufacturer’s instructions. The PCR 
reaction comprised 43 μL of a buffer, 2 μL of Taq enzyme 
(5 U), 0.2 μL each of four primers (50 M), 0.2 μL each of 
two probes (50 M), and 5 μL of DNA. The kit also con-
tained plasmid DNA of a defined HAdV copy number 
as a standard. The target-sequence copy number was 
inversely proportional to the cycle threshold. For posi-
tive samples, adjusted Ct values were calculated by cor-
recting the Ct values for the initial sample dilution, and 
the corrected Ct values were converted to copies/mL 
using standard curves. An HAdV DNA load of < 1 ×  102 
copies/mL was considered negative. Glyceraldehyde 
3-phosphate dehydrogenase was used as the internal 
control. Intrasample variation was assessed by divid-
ing material from 10 NPA samples and 10 TA samples 
into three aliquots, followed by DNA isolation and real-
time PCR separately for each aliquot. The precision test 
showed excellent within -NPA and -TA reproducibil-
ity; the coefficient of variation of the detection result Ct 
value was ≤ 5%. According to Lu and Erdman, the hyper-
variable region (1–6) of loop 1 of the hexon protein was 
sequenced for HAdV typing [23].

Statistical analysis
Statistical tests were performed using R software (version 
3.6.2; R Development Core Team, Vienna, Austria). A P 
value of < 0.05 was considered indicative of significance. 
The quantitative PCR data were log10 transformed. 
Median values are reported with interquartile range 
(IQR). Statistical comparisons between the NPA and TA 
groups were evaluated by two-tailed paired Mann–Whit-
ney U tests. Correlations were assessed by two-tailed 
Spearman test. Scatter plots and Bland–Altman plots 
with 95% limits of agreement were constructed.

Results
Patients and general information
A total of 105 patients were enrolled. Eleven patients 
were excluded, including four with an HAdV DNA 
load < 1 ×  102 copies/mL in TA samples for 4 con-
secutive days after invasive ventilation (6.34 ×  102, 
2.59 ×  102, 1.31 ×  102, and 2.05 ×  102 copies/mL, 
respectively, in initial NPA testing); one with < 3  days 
of invasive ventilation (deceased); two whose guardians 

refused continued sampling; and four with an unknown 
HAdV type. Thus, 94 patients were enrolled in the 
study (Fig.  1) and provided 736 simultaneously 
obtained paired NPA-TA samples. Twenty-seven pairs 
of NPA-TA samples were excluded. Thus, 709 pairs of 
positive samples were included in the study.

Of the 94 children studied, the ratio of boys to girls 
was 2.13:1. Male preponderance was most promi-
nent with regard to infection with HAdV. The median 
age of the children was 12.0  months (IQR: 11.0–
24.0), and > 90% of patients were aged between 6 and 
59  months. The common genotypes in 94 cases were 
HAdV-7 (78/94, 82.98%) and HAdV-3 (12/94, 12.77%). 
Among 94 HAdV-infected patients, 72 were infected 
with HAdV alone and 22 (23.40%) had coinfections. 
Four patients were positive for both HAdV and parain-
fluenza 3, and one patient was positive for HAdV 
and influenza A. Three children were infected with 
HAdV, parainfluenza 3, and Mycoplasma pneumoniae. 
Fourteen children were infected with HAdV and M. 
pneumoniae. The median interval from onset to hos-
pitalization was 6  days (IQR, 4.00–8.25). All patients 
had fever and cough (rectal temperature ≥ 38  °C or 
axillary temperature ≥ 37.5  °C). The median peak 
temperature was 39.8  °C, and the median duration of 
fever was 18  days. Together with fever and cough, 
wheezing (32.98%) was a common respiratory symp-
tom. Gastrointestinal symptoms included diarrhoea (8 
[8.51%]) and vomiting (10 [10.64%]). The median dura-
tion of mechanical ventilation and length of stay in the 
PICU were 10 and 17.0  days, respectively. We used a 
Kaplan–Meier plot to assess the cohort size over time 
as patients were extubated (Fig. 2). All patients received 
glucocorticoids and gamma-globulin therapy, and none 
received antiviral treatment. All five children who 
died were infected with HAdV-7, and one patient had 
underlying diseases (Table 1).

There were 19 cases of coinfection in the children in 
the HAdV-7-infected group and 3 cases in the other 
HAdV-type-infected group. The age distribution and 
clinical symptoms were generally similar among the 
groups (Table  1). Compared with children infected 
with other HAdV types, those with HAdV-7 had longer 
duration of fever and mechanical ventilation and 
longer stays in the PICU and hospital. All of the deaths 
occurred in type-7 infections. After excluding the influ-
ence of coinfection, patients infected by HAdV-7 alone 
had a longer interval from onset to intubation, longer 
duration of fever, and longer length of stay in the 
PICU and hospitals than patients infected by the other 
HAdV-type alone. However, there was no difference in 
the duration of mechanical ventilation between the two 
groups.
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Correlation of viral load between TA and NPA samples
We studied 709 pairs of respiratory samples collected 
from 94 individuals at different stages of infection. The 
viral loads ranged from 2.37 to 11.08 log10 copies/mL; 
the median values for the NPA and TA samples were 
7.31 log10 and 7.50 log10 copies/mL, respectively. The 
median viral loads after 1, 2, 3 and > 3 weeks of the dis-
ease course was 8.65, 7.70, 6.69, and 5.09 log10 copies/
mL, respectively, in NPA samples and 8.67, 7.79, 7.08, 
and 5.53 log10 copies/mL, respectively, in TA samples. 
Viral load was significantly higher in TA than NPA 
samples (Wilcoxon, Z =  − 2.281, P = 0.023).

We monitored the kinetics of HAdV viral loads 
in upper and lower respiratory specimens from 94 
patients. We analysed 709 NPA (Fig.  3A) and 709 TA 
(Fig. 3B) samples; there were > 3 sequential paired sam-
ples for each patient. There was a significant negative 
correlation between viral load and time since onset in 
both NPA samples (Spearman r =  − 0.607, P = 0.000) 
and TA samples (Spearman r =  − 0.544, P = 0.000). 
The viral load reduction rate and predicted dura-
tion of shedding were − 0.157 log10 copies/mL per 
day (95% confidence interval [CI]: − 0.143 to − 0.171; 
 R2 = 0.397) and 60.17  days (y = 9.447 − 0.157x), 

Fig. 1 Flow‑chart of patient enrolment. a: One patient had undergone invasive ventilation for less than 3 days (patient deceased); four patients 
were unsuccessfully typed; and two children’s guardians refused to provide paired TA specimens. Four patients had positive NPA samples, but four 
consecutive negative TA samples. b: Among specimens from 94 patients, phylogenetic analysis classified 78 as HAdV‑7, 12 as HAdV‑3, 2 as HAdV‑2, 1 
as HAdV‑4, and 1 as HAdV‑14. c: Reasons for samples included patients being unsuitable for sampling due to a critical condition, insufficient mucus 
in the nasopharynx or trachea, and sample not collected. d: Twenty‑seven pairs of NPA‑TA samples were excluded, including eight that were both 
negative and nineteen that consisted of a positive and negative sample (positive sample viral load range: 2.64–8.67 log10 copies/mL; median = 5.07 
log10 copies/mL). In 12 of the latter 19 sample pairs, the TA sample was positive, and the NPA sample was negative. The paired samples collected 
before and after each of the 27 excluded paired samples were positive for HAdV DNA, indicating that the negative results were due to experimental 
error. Abbreviations: N, number of patients; n, number of samples; NPA, nasopharyngeal aspirate; TA, tracheal aspirate
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respectively, for NPA and − 0.144 log10 copies/mL 
per day (95% CI: − 0.13 to − 0.158;  R2 = 0.368) and 
65.81  days (y = 9.476 − 0.144x), respectively, for TA. 
Pre-extubation viral loads (i.e., the last paired samples 
for each patient) were also similar in the same patients. 
The median viral loads of NPA and TA were 5.55 log10 
copies/mL (IQR: 5.01–5.95) and 5.74 log10 copies/mL 
(IQR: 5.06–6.37), respectively. Furthermore, all patients 
remained virus-positive in the invasive ventilation 
stages of infection. Severe cases had prolonged viral 
shedding in respiratory secretions, i.e., viral DNA was 
still detected in five patients > 30 days after the onset of 
symptoms.

We further plotted viral loads (median [IQR]) for 
NPA and TA samples collected from 94 patients at 
different disease stages. There was no significant dif-
ference in viral loads between NPA and TA samples 
at days 6–13 after onset, but variation increased dur-
ing the late phase of infection (days 14, 16, 18, 21, 23, 
and 24), with loads remaining significantly higher in 
TA than NPA samples (Fig.  4). The viral loads were 
significantly correlated between NPA and TA samples 
 (R2 = 0.694, P = 0.000) (Fig. 5). Cooccurring viral loads 
from NPA and TA samples of the same subjects also 
correlated well with each other. Viral loads of TA and 
NPA samples from the 321 pairs available from days 
6–13 correlated significantly  (R2 = 0.746, P = 0.000) 
(Fig. 4). The 95% limits of agreement for paired samples 
from days 6–13 were − 1.36 and 1.30 log10 copies/mL 
(Fig. 6).

Discussion
We found that fever and cough were common clini-
cal presentations in 94 mechanically ventilated chil-
dren (median age = 12 months) with HAdV pneumonia. 
HAdV-7 was the main infection genotype, and all of the 
deaths were in HAdV-7-infected patients. We observed 
that HAdV-7 infection has a worse outcome than other 
HAdV types of infection, as others have reported [5, 7, 
24–26]. In the present series, outcome measures were 
similar for the mixed group compared to the pure human 
adenovirus group (data not shown). Interestingly, we 
found that children with single HAdV-7 infections had 
a longer duration of fever, PICU stays, and hospitaliza-
tion than the other HAdV-type alone infections group. 
However, there was no significant difference in the inter-
val of mechanical ventilation between the two groups, 
suggesting that mixed infection may influence the dura-
tion of mechanical ventilation. In general, polymicro-
bial infections in community-acquired pneumonia have 
been considered to cause more severe inflammation and 
clinical disease than single microbial infections [27–29]. 
In some previous studies, the presence of viruses or 
atypical bacterial pathogens also did not appear to affect 
outcomes [30, 31]. The small number of patients in the 
present study prevents robust conclusions, considering 
the importance of coinfections on the outcome.

We found that the variation in viral loads in NPA and 
TA samples was similar and presented relatively high at 
the early stages of the disease and gradually decreased 
thereafter. Similar results were observed in adult patients 

Fig. 2 Kaplan–Meier curve showing the proportion of invasive ventilation
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with HAdV-55, where the viral loads were highest in the 
earliest sputum or nasopharyngeal swab samples (8.69 
log10 copies/mL) [32]. In the present study, the median 
viral loads were highest in the first week of disease (8.65 
and 8.67 log10 copies/mL, respectively, in NPA and TA 
samples). This prompted antiviral therapy to be initi-
ated as early as possible. In addition, HAdV shedding 

in respiratory specimens persisted for > 2  months, and 
the predicted shedding durations were similar between 
NPA and TA samples. Ganime et al. reported that HAdV 
has a long survival time and can contaminate the hos-
pital environment [33]. Increased monitoring of viral 
shedding may help reduce the spread of infection, espe-
cially for children in intensive care units undergoing 

Table 1 Clinical characteristics of invasively ventilated hospitalized children with human adenovirus pneumonia

Other HAdV types of children, 12 were HAdV-3, 2 were HAdV-2, 1 was HAdV-4, and 1 was HAdV-14. n indicates the patient’s number. LOS indicates the length of stay. 
PICU indicates pediatric intensive care unit. BPD indicates bronchopulmonary dysplasia

HAdV-7 infected group is the children infected by HAdV-7. Other types infected group is the children infected by adenovirus types 2, 3, 4, 14. Single HAdV-7 infections 
and single other types infections group are the children only infected by HAdV-7 or other HAdV types. Continuous variables were described by median and 25th and 
75th interquartile range (IQR). Comparisons between types of infection, as defined by these groups, were made using χ2 tests or the Fisher exact test as appropriate 
for categorical variables and the Wilcoxon rank-sum test as appropriate for continuous variables
a P < 0 .05, for comparison of HAdV-7 infected to other HAdV types infected
b P < 0.05, for comparison of single HAdV-7 infected to single other HAdV types infected

Characteristics All patients HAdV-7 infected Other HAdV types infected Single HAdV-7 infected Single other HAdV 
types infected

(n = 94) (n = 78) (n = 16) (n = 59) (n = 13)

No. (%) No. (%) No. (%) No. (%) No. (%)

Gender (male) 64 (68.09) 50 (64.10) 14 (87.50) 36 (61.02) 12 (92.31)b

Age (months), median (IQR) 12 (11.00, 24.00) 12 (10.75, 24.00) 12 (11.25, 33.50) 12 (11.00,24.00) 12 (9.00, 25.00)

 < 6 3 (3.19) 2 (2.56) 1 (6.25) 1 (1.69) 1 (7.69)

6–11 26 (27.66) 23 (29.49) 3 (18.75) 17 (28.81) 3 (23.08)

12–35 49 (52.13) 41 (52.56) 8 (50.00) 34 (57.63) 7 (53.85)

36–59 12 (12.77) 9 (11.54) 3 (18.75) 6 (10.17) 2 (15.38)

 ≥ 60 4 (4.26) 3 (3.85) 1 (6.25) 1 (1.69) 0

Clinical features

Duration of onset (days), 
median (IQR)

6.00 (4.00, 8.25) 6.00 (4.00, 10.00) 5.50 (4.00, 8.00) 6.00 (4.00, 7.00) 5.00 (4.00, 7.00)

Fever 94 (100.00) 78 (100.00) 16 (100.00) 59 (100.00) 13 (100.00)

Tmax (°C), median (IQR) 39.8 (39.5, 40.1) 39.8 (39.5, 40.0) 39.8 (39.2, 40.3) 39.80 (39.50,40.00) 39.70 (39.40, 40.30)

Duration of fever (days), 
median (IQR)

17.50 (13.00, 24.00) 19.00 (13.75, 25.00) 15.50 (11.25, 17.00)a 19.00 (14.00,25.00) 15.00 (11.00, 18.50)b

Cough 94 (100.00) 78 (100.00) 16 (100.00) 59 (100.00) 13 (100.00)

Wheezing 31 (32.98) 28 (35.90) 3 (18.75) 24 (40.68) 4 (30.77)

Diarrhea 8 (8.51) 7 (8.97) 1 (6.25) 7 (11.86) 1 (7.69)

Vomiting 10 (10.64) 10 (12.82) 0 9 (15.25) 1 (7.69)

Underlying diseases 3 (3.19) 2 (2.56) 1 (6.25) 3 (5.08) 0

BPD 1 (1.06) 1 (1.28) 0 1 (1.69) 0

Hemodynamically significant 
heart disease

2 (2.13) 1 (1.28) 1 (6.25) 2 (3.39) 0

Clinical outcomes

Duration of onset to intuba‑
tion (days), median (IQR)

8.00 (7.00, 9.00) 8.00 (7.00, 10.00) 7.00 (6.00, 8.00) 8.00 (7.00, 10.00) 7.00 (6.00, 7.50)b

Duration of mechanical venti‑
lation (days), median (IQR)

10.00 (8.00, 14.00) 10.50 (9.00, 14.25) 8.50 (7.00, 11.00)a 11.00 (9.00, 15.00) 9.00 (7.00, 13.00)

LOS in PICU (days), median 
(IQR)

17.00 (13.00, 23.00) 17.00 (14.00, 23.00) 13.00 (10.00, 18.00)a 17.00 (14.00, 23.00) 14.00 (12.00, 18.00)b

LOS in hospital (days), 
median (IQR)

26.00 (20.00, 33.00) 27.00 (21.00, 33.00) 19.50 (17.00, 25.00)a 27.00 (20.00, 33.00) 24.00 (17.50, 25.00)b

Death 5 (5.32) 5 (6.41) 0 4 (6.78) 0

Co‑infected 22 (23.40) 19 (26.39) 3 (13.64)
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Fig. 3 Linear regression showing the variation in viral loads of severe pneumonia after fever onset in NPA and TA samples from 94 children with 
HAdV pneumonia. A, Viral shedding in NPA samples; B, Viral shedding in TA samples. Abbreviations: NPA, nasopharyngeal aspirate; TA, tracheal 
aspirate

Fig. 4 Viral loads (median [IQR]) in NPA and TA samples collected from 94 patients at days 3–30 after disease onset. The data after day 30 of onset 
were not due to small numbers of paired samples. Continuous data for > 10 paired samples were analysed by 2‑tailed paired Mann–Whitney U tests. 
All P values indicate significant differences. Abbreviations: n, number of pairs of samples; NPA, nasopharyngeal aspirate; TA, tracheal aspirate
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high-risk surgery. The pattern of viral shedding in the 
present study was similar to that reported previously in 
adults [32, 34]. Huh et al. reported that the viral loads of 
HAdV-55 declined consistently in a log-linear fashion at 
a rate of − 0.15 log10 copies/mL per day, and a regres-
sion model estimated the viral shedding duration to be 
55 days [32]. The rate of viral load decline was also simi-
lar to our study, but the duration of shedding was slightly 
shorter. However, our estimations were limited by the 
fact that most patients were intubated for < 2 weeks.

Viral loads in paired NPA-TA samples were signifi-
cantly correlated in this study. Normalization of viral 
loads to the level of a housekeeping gene (glyceralde-
hyde-3-phosphate dehydrogenase) did not reduce the 
observed variability (data not shown). We also found that 
viral loads correlated significantly during the initial phase 
of infection (6–13  days after onset), with NPA samples 
explaining nearly 75% of the variance in TA samples. A 
previous study that included all ages found similar con-
sistency between NPA and bronchoalveolar lavage fluid 
using a chemical direct immunofluorescence assay [19]. 
An aetiological study of Australian children with lower 
respiratory tract infection used PCR to show that HAdV 
positivity in nasopharyngeal swabs was associated with 
lower respiratory tract infection [20]. NPA samples can 
be acquired less invasively and used to monitor viral 

shedding trends. The present study showed that for 
children with HAdV pneumonia, the viral loads in NPA 
and TA samples were significantly correlated, especially 
at days 6–13 of the disease course. We recommend that 
patients be sampled, including collecting NPA, as early as 
possible during the course of infection to obtain the most 
reliable measure of HAdV.

We found that the variation in viral loads increased 
during the late phase of infection, with loads being sig-
nificantly higher in TA than NPA samples. Previous stud-
ies have shown that virus replication and inflammatory 
responses differ among various parts of the airways and 
lungs [35, 36]. Therefore, the difference in viral loads 
between TA and NPA samples during the late phase of 
infection may be related to the pathogenesis of adenovi-
ral pneumonia.

We also found that the pre-extubation viral loads (i.e., 
the last paired samples for each patient) were similar 
among all patients. To improve prognosis and disease 
management, the association between viral loads and 
ventilator weaning should be assessed in a randomized 
controlled trial with a process evaluation (such as by an 
ethics committee).

Our study had several limitations. First, it was a sin-
gle-centre cohort study, and we did not enrol patients 
with early-stage or mild HAdV pneumonia or those 

Fig. 5 Correlation of viral loads between NPA samples and TA samples. Solid line represents linear correlation. A Viral loads of 709 pairs of NPA‑TA 
samples over the course of the disease  (R2 = 0.694, P = 0.000). B Viral loads of 321 pairs of NPA‑TA samples 6–13 days after disease onset  (R2 = 0.746, 
P = 0.000). Abbreviations: n, number of pairs of samples; NPA, nasopharyngeal aspirate; TA, tracheal aspirate
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who did not require invasive ventilation or were asymp-
tomatically healthy; this was due to ethical considera-
tions. Thus, there is some uncertainty as to whether 
our results can be extended to mild HAdV pneumonia. 
Additionally, viral loads are influenced by many factors. 
Although the samples in this study were collected by 
experienced nurses and sent for testing by specialized 
laboratory staff, confounding human factors may still 
have affected the sampling process. Viral shedding was 
also affected by factors such as genotype and therapy 
(data not shown). Furthermore, viral cultures from the 
collected samples were not seeded. PCR has high sen-
sitivity, is easy to perform, and is widely used to detect 
viral loads. In our patients, continuous monitoring of 
HAdV load was not consistent with transient shedding 
during latent infection or transient shedding of residual 
virus. Finally, although multiple respiratory tract sam-
ples were collected from each patient for virus testing, 
we did not determine the precise timing of the “turning 
point” (i.e., from positive to negative virus detection).

Conclusions
In conclusion, viral loads in both NPA and TA stead-
ily decreased with the course of the disease, and the 
duration of HAdV shedding in respiratory specimens 
was long. The HAdV DNA load of NPA is highly cor-
related with that of TA, especially in the initial phase of 
infection.
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