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Abstract

Background
Human bocavirus (HBoV) is an established cause of pediatric lower respiratory tract infection, but the
clinical relevance of chest CT findings in HBoV mono-infection remains uncertain.

Methods
We retrospectively studied hospitalized children (< 18 years) with PCR-confirmed HBoV mono-infection
and LRTI between September 2022 and December 2023. Disease severity was classified as moderate,
severe, or critical. Chest CT images were independently reviewed by two blinded pediatric radiologists.
Associations between imaging findings and critical disease were evaluated using logistic regression.
Viral genomic analysis was performed in a subset of patients.

Results
A total of 194 children were included, including 124 (63.9%) moderate, 46 (23.7%) severe, and 24 (12.4%)
critical cases. GGO was the most common CT finding across all severity groups (> 90%) and showed no
association with critical disease. In contrast, uneven lung inflation increased stepwise with severity
(moderate, 24.2%; severe, 54.3%; critical, 66.7%; P < 0.001). Both uneven lung inflation and atelectasis
were independently associated with critical illness after adjustment for age and sex (uneven lung
inflation: adjusted OR, 3.74; 95% CI, 1.53–9.82; P = 0.005; atelectasis: adjusted OR, 3.51; 95% CI, 0.99–
11.08; P = 0.038). Kaplan–Meier analysis further showed that uneven lung inflation was associated with
longer hospitalization (log-rank P = 0.048), while atelectasis showed a similar but non-significant trend.

Conclusion
In children with PCR-confirmed HBoV mono-infection, GGO was consistently observed across all severity
groups and showed no association with critical disease. In contrast, imaging features reflecting
ventilation heterogeneity, particularly uneven lung inflation and atelectasis, were independently
associated with critical illness after adjustment for age and sex. Kaplan–Meier analysis further
demonstrated that uneven lung inflation was associated with prolonged hospitalization, with a similar
but non-significant trend observed for atelectasis.

Introduction
Human bocavirus (HBoV), a member of the Parvoviridae family identified in 2005, is increasingly
detected in young children with lower respiratory tract infection (LRTI), with reported prevalence ranging
from 0.8% to 23% in pediatric cohorts [1, 2]. Although it was initially regarded as a bystander virus, more
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recent studies using quantitative PCR and exclusion of co-infections support its role as a true respiratory
pathogen capable of causing disease ranging from mild upper respiratory illness to severe pneumonia
requiring intensive care [3, 4].

HBoV shows clear tropism for airway epithelial cells. Experimental models of human airway epithelium
have demonstrated that infection disrupts epithelial integrity and induces airway-centered injury with
associated inflammatory responses [5, 6]. These findings provide a biological basis for airway-
predominant clinical manifestations, including wheezing, small airway obstruction, and ventilation
heterogeneity. HBoV infection has also been associated with plastic bronchitis, in which endobronchial
casts lead to acute airway obstruction and secondary atelectasis [7].

Despite these observations, CT manifestations of HBoV infection remain incompletely characterized.
Previous imaging studies have mainly reported nonspecific findings such as ground-glass opacities
(GGO) and consolidation, but are limited by small sample sizes, mixed infections, and lack of severity
stratification [8]. As a result, imaging features that truly reflect clinically meaningful disease severity
remain uncertain, particularly in immunocompetent children with confirmed mono-infection.

We therefore hypothesized that CT features reflecting ventilation heterogeneity and airway dysfunction
would be more closely associated with disease severity than diffuse parenchymal abnormalities such as
GGO. To test this, we analyzed chest CT findings in hospitalized children with PCR-confirmed HBoV
mono-infection and assessed their association with clinical severity.

Methods

Study Design and Patient Cohort
This retrospective study included hospitalized children (< 18 years of age) with lower respiratory tract
infection (LRTI) attributed to PCR-confirmed Human bocavirus mono-infection who were admitted to the
Children’s Hospital, Zhejiang University School of Medicine between September 2022 and December
2023.

Inclusion criteria were: (1) age < 18 years with clinical diagnosis of LRTI requiring hospitalization; (2)
PCR-confirmed HBoV mono-infection; and (3) a final diagnosis of HBoV-associated LRTI established by
attending pediatricians based on comprehensive clinical evaluation, with cases of sole HBoV detection
further confirmed by expert consensus. Patients were excluded if they had (1) incomplete clinical or
imaging data; (2) documented co-detection of other respiratory pathogens; or (3) repeated admission for
the same infectious episode.

Disease severity was classified as moderate, severe, or critical according to institutional pediatric
pneumonia criteria [9, 10]. Severe disease was defined by the presence of at least one of the following:
cyanosis or hypoxemia; or radiological evidence of complications including pleural effusion, atelectasis,
pneumothorax, emphysema, mediastinal emphysema, or pneumomediastinum; or extrapulmonary
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involvement such as hepatic injury, myocardial injury, or seizures. Critical disease was defined by any of
the following: pediatric Sequential Organ Failure Assessment (pSOFA) score ≥ 2, acute respiratory
distress syndrome (ARDS), Glasgow Coma Scale (GCS) score ≤ 12, or oxygen saturation ≤ 90% despite
oxygen therapy. Patients not meeting severe or critical criteria were classified as moderate.

The study protocol was conducted in accordance with the Declaration of Helsinki and was approved by
the Ethics Committee of the Children’s Hospital, Zhejiang University School of Medicine (IRB No. 2024-
IRB-0384-P-01). Written informed consent was obtained from the guardians of all participants.

Clinical Data and Laboratory Measurements
Demographic characteristics, clinical features, treatment information, and outcomes were obtained from
electronic medical records. Laboratory assessments included inflammatory and coagulation markers,
including white blood cell count, C-reactive protein, and D-dimer, as well as cytokines, including
interleukin (IL)-2, IL-4, IL-6, IL-10, tumor necrosis factor α (TNF-α), and interferon γ (IFN-γ). Chest
computed tomography (CT) examinations performed during hospitalization were reviewed as part of the
imaging analysis.

Chest CT Image Evaluation
Chest CT images were independently reviewed by 2 experienced pediatric radiologists who were blinded
to clinical severity. Discrepancies were resolved by consensus review. Imaging findings were evaluated
using predefined radiological criteria and included ground-glass opacity (GGO), consolidation,
atelectasis, emphysema, mediastinal emphysema, uneven lung inflation, tracheobronchial stenosis, air
bronchogram sign, pleural effusion, pleural thickening, cavity formation, and lobar involvement. In
patients with uneven lung inflation, the lobar distribution of abnormalities was additionally recorded.

Viral Mutation Analysis
Whole-genome sequencing was performed on DNA from selected mono-infection samples using the
Illumina NovaSeq 6000 platform. Sequencing reads were quality-filtered and assembled with CLC
Genomics Workbench (version 23.0.3, Qiagen). Non-synonymous amino acid substitutions were
identified, and mutation burden was defined as the total number of mutations per sample.

Statistical Analysis
Continuous variables are presented as median (interquartile range [IQR]), and categorical variables as
number (%). Comparisons between groups were performed using the Kruskal–Wallis test, χ² test, or
Fisher’s exact test, as appropriate. Logistic regression analysis was used to estimate odds ratios (ORs)
and 95% confidence intervals (CIs) for associations between CT imaging findings and critical disease.
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Kaplan–Meier analysis with log-rank testing was performed to evaluate the association between
imaging findings and duration of hospitalization. A two-sided P value 0 < 0.05 was considered
statistically significant.

Results

Cohort Overview and Baseline Clinical Characteristics
A total of 194 immunocompetent children with PCR-confirmed HBoV mono-infection were included,
comprising 124 moderate (63.9%), 46 severe (23.7%), and 24 critical cases (12.4%). The cohort was
predominantly male (61.3%), with similar age and sex distributions among the three severity groups
(Table 1). Cough was almost universal. Clinical manifestations associated with respiratory distress,
including wheezing, cyanosis, shortness of breath, dyspnea, and three concave signs, became
increasingly frequent as disease severity worsened (all P < 0.01). By comparison, the prevalence of
rhonchi, rhinorrhea, fever, and fever duration did not differ significantly across groups. Escalation of
treatment paralleled disease severity. Steroid use was substantially more common in critical illness than
in moderate disease (87.5% vs. 33.9%, P < 0.001), and γ-globulin use also varied significantly among
groups (P = 0.049). All ICU admissions were confined to the critical group. Length of hospital stay and
viral DNA load were not significantly associated with disease severity. In addition, HBoV gene mutation
frequency differed marginally between groups (P = 0.050). Baseline laboratory parameters are
summarized in Supplementary Table 1.
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Table 1
Clinical Characteristics of Hospitalized Children with HBoV Mono-Infection, Stratified by Disease Severity

Variable Moderate(n = 
124)

Severe(n = 
46)

Critical(n = 
24)

Total (n = 
194)

P

Age         0.305

< 1 year, n (%) 20 (16.1) 11 (23.9) 6 (25.0) 37 (19.1)  

1–2 years, n (%) 38 (30.7) 16 (34.8) 10 (41.7) 64 (33.0)  

> 2 years, n (%) 66 (53.2) 19 (41.3) 8 (33.3) 93 (47.9)  

Male, n (%) 75 (60.5) 29 (63.0) 15 (62.5) 119 (61.3) 0.947

Symptoms          

Cough, n (%) 122 (98.4) 46 (100.0) 24 (100.0) 192 (99.0) 1.000

Wheezing, n (%) 60 (48.4) 30 (65.2) 20 (83.3) 110 (56.7) 0.003

Rhonchi, n (%) 6 (4.8) 4 (8.7) 2 (8.3) 12 (6.2) 0.548

Rhinorrhea, n (%) 39 (31.5) 11 (23.9) 3 (12.5) 53 (27.3) 0.136

Fever, n (%) 104 (83.9) 40 (87.0) 20 (83.3) 164 (84.5) 0.872

Fever days, median
(IQR)

3.0 (2.0–4.0) 3.0 (2.0–3.0) 2.5 (2.0-3.3) 3.0 (2.0–
4.0)

0.951

Cyanosis, n (%) 0 (0.0) 3 (6.5) 3 (12.5) 6 (3.09) < 
0.001

Shortness of breath, n
(%)

33 (26.6) 23 (50.0) 19 (79.2) 75 (38.7) < 
0.001

Dyspnea, n (%) 7 (5.7) 5 (10.9) 11 (45.8) 23 (11.9) < 
0.001

Three concave signs, n
(%)

23 (18.6) 16 (34.8) 15 (62.5) 54 (27.8) < 
0.001

Treatment          

Steroid use, n (%) 42 (33.9) 22 (47.8) 21 (87.5) 85 (43.8) < 
0.001

γ-globulin use, n (%) 3 (2.4) 3 (6.5) 3 (12.5) 9 (4.6) 0.049

ICU treatment, n (%) 0 (0.0) 0 (0.0) 9 (37.5) 9 (4.6) < 
0.001

Days of
hospitalization, day,
median (IQR)

5.0 (3.0–6.0) 5.0 (4.0–7.0) 6.0 (4.0–6.0) 5.0 (4.0–
6.0)

0.161
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Variable Moderate(n = 
124)

Severe(n = 
46)

Critical(n = 
24)

Total (n = 
194)

P

Gene mutation rate,
n/N (%)

33/124 (26.6) 5/46 (10.9) 8/24 (33.3) 46/194
(23.7)

0.050

Viral DNA load, median
(IQR)

22100 (1107-
262500)

71200
(2380-
410000)

106850
(5542-
820750)

27700
(1920-
363000)

0.326

Data are presented as median (IQR) or n (%). Group comparisons across disease severity were
performed using the Kruskal–Wallis test for continuous variables and the chi-square test or Fisher’s
exact test for categorical variables.

Chest CT Imaging Spectrum and Its Association with Disease
Severity
Chest CT findings varied widely, and several imaging patterns were identified in HBoV infection (Fig. 1a).
Ground-glass opacity (GGO) was the most common finding, seen in over 90% of cases. Uneven lung
inflation was the second most frequent feature and the most distinctive abnormality apart from diffuse
GGO. Lobar involvement was less common overall and most frequently involved the right middle, left
upper, and right lower lobes. Tracheobronchial stenosis was observed in a small proportion of patients.
Consolidation, atelectasis, air bronchogram sign, pleural effusion, and pleural thickening were less
frequent overall, whereas emphysema, cavity formation, and mediastinal emphysema were uncommon.
Representative CT findings in HBoV infection, including consolidation with air bronchogram sign,
bilateral GGO, uneven lung inflation, pleural thickening, and pleural effusion, are shown in Fig. 2.

1. (A) Overall distribution of chest CT abnormalities in the full cohort.
2. (B) Distribution of imaging features stratified by disease severity (moderate, n = 124; severe, n = 46;

critical, n = 24).

Data are expressed as n (%). Comparisons across groups were performed using the chi-square test or
Fisher’s exact test, as appropriate. Statistical significance is indicated as *P < 0.05, **P < 0.01, ***P < 
0.001.

Representative CT images illustrating common radiological patterns of HBoV pneumonia: (A) uneven
lung inflation; (B) consolidation; (C) air bronchogram sign; (D) mediastinal emphysema; (E) pleural
thickening; and (F) pleural effusion. Lesions are indicated by red arrows.

When we broke down the findings by disease severity, clear trends appeared (Fig. 1b). GGO remained
common across all groups (moderate, 92.7%; severe, 97.8%; critical, 87.5%; P = 0.185). In contrast,
uneven lung inflation increased with disease severity, from 24.2% in moderate cases to 54.3% in severe
and 66.7% in critical cases (P < 0.001). Atelectasis was absent in moderate cases but appeared more
often in severe (23.9%) and critical (20.8%) cases (P < 0.001).

Page 7/18



Consolidation (P < 0.001), emphysema (P = 0.002), pleural effusion (P < 0.001), and mediastinal
emphysema were observed mainly in severe and critical cases. The air bronchogram sign was more
common in severe cases (17.4%) but was not observed in critical cases (P = 0.003). Lobar involvement
also tended to occur more frequently in severe and critical disease, particularly in the left upper, right
middle, and right lower lobes. Tracheobronchial stenosis, cavity formation, and pleural thickening
showed no significant differences across severity groups (all P > 0.05). Representative CT images
demonstrate the spectrum of pulmonary abnormalities in HBoV infection (Fig. 2). Uneven lung inflation
is seen as patchy, heterogeneous aeration with alternating areas of reduced and relatively preserved
inflation (Fig. 2a). Consolidation appears as focal or segmental increased attenuation with blurred
vascular margins (Fig. 2b). Air bronchograms are present within consolidated areas, reflecting air-filled
bronchi surrounded by alveolar opacification (Fig. 2c). Mediastinal emphysema is characterized by
streaky low-attenuation air tracking along mediastinal structures (Fig. 2d). Pleural thickening manifests
as localized pleural-based linear or band-like high-density lesions (Fig. 2e), while pleural effusion appears
as dependent fluid accumulation in the pleural space (Fig. 2f). Red arrows denote the corresponding
imaging features in each panel. Uneven lung inflation and atelectasis were the imaging features most
strongly associated with worsening disease severity.

CT Imaging Findings and Risk of Critical Disease
Logistic regression analyses were performed to assess the association between chest CT features and
critical disease in the total cohort (Table 2). After adjustment for age and sex, uneven lung inflation was
independently associated with critical disease (adjusted OR, 3.74; 95% CI, 1.53–9.82; P = 0.005).
Atelectasis also showed a significant association in the adjusted model (adjusted OR, 3.51; 95% CI,
0.99–11.08; P = 0.038). In contrast, GGO, consolidation, emphysema, tracheobronchial stenosis, and
lobar involvement were not significantly associated with critical disease in either univariate or
multivariate analyses. Air bronchogram sign was identified only in non-critical patients. Uneven lung
inflation occurred more frequently in critically ill patients, resulting in complete or quasi-complete
separation that prevented reliable estimation of odds ratios for some comparisons.

Odds ratios (ORs) and 95% confidence intervals (CIs) were derived from univariate and multivariate
logistic regression models assessing associations between CT imaging features and critical disease.
Multivariate analyses were adjusted for age and sex. “Critical/Absent” and “Critical/Present” indicate the
number of patients who developed critical illness among those without or with the corresponding
imaging feature. NE denotes not estimable due to complete or quasi-complete separation. All statistical
tests were two-sided
Kaplan–Meier analysis showed that uneven lung inflation was associated with longer hospitalization
(log-rank P = 0.048) (Fig. 3a). Median hospital stay was estimated at 14 days in patients with uneven
lung inflation, while the median was not reached in those without uneven lung inflation during the
observation period. Atelectasis showed a similar trend but did not reach statistical significance (log-rank
P = 0.088) (Fig. 3b). Patients with atelectasis had an estimated median hospital stay of 14 days, while
the median duration was not reached in those without atelectasis. These findings were consistent with
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the regression analyses and further supported the association between uneven lung inflation and more
severe clinical outcomes.

Shaded areas represent 95% confidence intervals, and tick marks indicate censored observations.

Discussion
Respiratory viruses remain a major cause of pediatric pneumonia and hospitalization worldwide [11, 12].
HBoV is increasingly recognized as a cause of pediatric lower respiratory tract infection (LRTI) [13–15].
Experimental and in vitro studies have demonstrated that HBoV preferentially infects airway epithelium
and induces epithelial injury with associated inflammatory responses [16]. These observations support
an airway-centered disease mechanism, with potential manifestations ranging from bronchitis and
bronchiolitis to more extensive parenchymal involvement [17, 18]. However, radiological correlates of
these pathogenic processes in clinical cohorts remain insufficiently defined.

In the present study, GGO was observed in the majority of patients regardless of severity status,
indicating that this abnormality likely represents a common feature of viral lung involvement rather than
a marker of critical disease. Uneven lung inflation, by contrast, showed a clear association with disease
severity, increasing progressively from moderate to critical disease. Atelectasis was observed
predominantly in severe and critical cases and remained independently associated with critical illness
after adjustment for age and sex. These findings indicate that imaging abnormalities related to
ventilation heterogeneity and airway dysfunction may be more closely linked to severe clinical
presentation than diffuse parenchymal abnormalities alone.

Compared with previous imaging studies of HBoV infection, our findings show both concordance and
notable differences. Earlier reports have predominantly described bilateral GGO and patchy
consolidation as the most frequent CT abnormalities in children with HBoV-associated LRTI, often
without clear stratification by disease severity or infection status [19, 20]. In several of these studies,
mixed viral infections were common, and imaging findings were interpreted primarily as nonspecific viral
pneumonia patterns [21, 22]. In contrast, our cohort was restricted to PCR-confirmed mono-infection in
immunocompetent children, which reduces confounding from co-pathogens and may better reflect the
intrinsic radiological phenotype of HBoV infection. Under these conditions, we observed that GGO was
highly prevalent across all severity groups and showed limited value in distinguishing severe disease,
whereas airway-related abnormalities such as uneven lung inflation and atelectasis showed stronger and
more consistent associations with clinical severity. These findings raise the possibility that diffuse
parenchymal abnormalities represent shared features of viral pneumonia, whereas airway-related
dysfunction may play a more prominent role in severe HBoV infection.

Mechanistically, uneven lung inflation likely reflects heterogeneous small airway obstruction, whereas
atelectasis may represent more advanced or persistent ventilation impairment [23]. The parallel increase
in dyspnea, shortness of breath, and three concave signs across severity groups further supports the
clinical relevance of airway-centered ventilatory dysfunction in severe HBoV infection. The progressive
increase of these findings across severity strata supports a pathophysiological model in which airway
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injury and obstruction, rather than diffuse alveolar involvement alone, contribute to clinical deterioration.
Consistent with this interpretation, Kaplan–Meier analysis demonstrated prolonged hospitalization in
patients with uneven lung inflation, further supporting its clinical relevance as a marker of disease
burden. Additional imaging abnormalities, including consolidation, emphysema, pleural effusion, and
mediastinal emphysema, were observed mainly in severe and critical cases, suggesting more extensive
pulmonary injury in advanced disease. However, these features were not independently associated with
critical illness after adjustment, possibly reflecting their occurrence as secondary or downstream
manifestations of severe airway disease rather than primary drivers of severity. Air bronchogram sign
was identified only in non-critical patients, although the limited number of cases precludes firm
interpretation.

Overall, our findings suggest that CT abnormalities related to ventilation heterogeneity and airway
dysfunction may be more informative for assessing disease severity than GGO alone. Chest CT is
unlikely to be necessary in uncomplicated HBoV infection, but may be useful in patients with marked
respiratory distress or worsening clinical status..

Limitations
Several limitations should be considered. First, this was a retrospective single-center study, which may
limit the generalizability of the findings. Second, despite restricting the cohort to children with PCR-
confirmed HBoV mono-infection, the possibility of undetected co-infection cannot be excluded
completely. Third, CT acquisition protocols were not completely standardized, which may have
influenced detection of subtle imaging abnormalities. The number of critical cases was relatively small,
and some imaging findings were uncommon, which reducing statistical power in subgroup analyses.
Laboratory markers were measured only once during hospitalization, precluding assessment of
longitudinal changes.

Strengths and Future Directions
This study focused specifically on immunocompetent hospitalized children with PCR-confirmed HBoV
mono-infection, a population that remains insufficiently characterized in previous imaging studies. The
inclusion of patients across moderate, severe, and critical disease categories enabled assessment of CT
abnormalities across a broad clinical spectrum. In addition, the combined use of logistic regression and
Kaplan–Meier analyses allowed evaluation of both disease severity and hospitalization course in relation
to imaging findings.

Future multicenter studies with standardized imaging protocols are needed to validate these findings in
larger cohorts. Longitudinal studies incorporating serial imaging and repeated biomarker measurements
may further clarify the temporal evolution of airway-centered abnormalities during severe disease.
Additional investigation is also warranted to determine whether specific viral mutations are reproducibly
associated with distinct imaging phenotypes or clinical outcomes.
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Conclusion
In hospitalized children with HBoV mono-infection, GGO was highly prevalent across all severity groups
and was not associated with critical disease. By contrast, uneven lung inflation and atelectasis showed
stronger associations with severe clinical presentation, and uneven lung inflation was additionally
associated with prolonged hospitalization. Other abnormalities, including consolidation, pleural effusion,
emphysema, and mediastinal emphysema, were observed predominantly in severe and critical cases but
were not independently associated with critical illness after adjustment. Overall, these findings suggest
that CT features reflecting airway dysfunction and uneven ventilation may provide greater clinical
relevance for severity assessment than diffuse GGO alone in pediatric HBoV infection.

Abbreviations

HBoV Human bocavirus

LRTI Lower respiratory tract infection

PCR Polymerase chain reaction

CT Computed tomography

GGO Ground-glass opacity

OR Odds ratio

CI Confidence interval

IQR Interquartile range

IL Interleukin

TNF-α Tumor necrosis factor alpha

IFN-γ Interferon gamma

pSOFA Pediatric Sequential Organ Failure Assessment

ARDS Acute respiratory distress syndrome

GCS Glasgow Coma Scale
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Figure 1

Chest CT imaging features in hospitalized children with human bocavirus infection (N = 194).

(A) Overall distribution of chest CT abnormalities in the full cohort.

(B) Distribution of imaging features stratified by disease severity (moderate, n = 124; severe, n = 46;
critical, n = 24).
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Data are expressed as n (%). Comparisons across groups were performed using the chi-square test or
Fisher’s exact test, as appropriate. Statistical significance is indicated as *P < 0.05, **P < 0.01, ***P <
0.001.

Figure 2

Representative chest CT findings in children with human bocavirus infection.

Representative CT images illustrating common radiological patterns of HBoV pneumonia: (A) uneven
lung inflation; (B) consolidation; (C) air bronchogram sign; (D) mediastinal emphysema; (E) pleural
thickening; and (F) pleural effusion. Lesions are indicated by red arrows.
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Figure 3

Kaplan–Meier curves for critical-free survival according to chest CT findings.

(A) Patients with uneven lung inflation (n = 71) showed shorter critical-free survival compared with those
without (n = 123) (log-rank P = 0.048), with an estimated median time to critical illness of 14 days versus
not reached.
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(B) Patients with atelectasis (n = 16) demonstrated a trend toward reduced critical-free survival
compared with those without (n = 177), although this did not reach statistical significance (log-rank P =
0.088).

Shaded areas represent 95% confidence intervals, and tick marks indicate censored observations.
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