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Abstract

Background: Adenovirus infection in children is frequently accompanied by marked
systemic inflammation that may overlap with laboratory features traditionally associated
with bacterial infection, potentially contributing to antibiotic prescribing. We aimed to
characterize the clinical and inflammatory phenotype of hospitalized pediatric adenovirus
infection and to investigate the association between inflammatory markers and antibiotic
prescribing. Methods: We conducted a retrospective observational study of 111 consecu-
tive children hospitalized with polymerase chain reaction (PCR)-confirmed adenovirus
infection between 10 February 2024 and 31 December 2025. Clinical characteristics were
described in a detailed 2025 subcohort (n = 60). The 2025 adenovirus cohort was compared
with a contemporaneous cohort of children hospitalized with other PCR-confirmed respi-
ratory viral infections (n = 93) and with a previously published Italian cohort (n = 100).
Multivariable logistic regression analyses were performed to identify factors indepen-
dently associated with overall and parenteral antibiotic therapy. Results: The overall
cohort had a median age of 22 months (interquartile range [IQR], 14.0–35.5), a median CRP
concentration of 63.0 mg/L (IQR, 32.8–117.4), and an antibiotic prescribing rate of 52.3%.
Compared with children hospitalized for other respiratory viral infections, those with
adenovirus exhibited significantly higher white blood cell counts, absolute neutrophil
counts, and CRP concentrations (all p ≤ 0.006), whereas overall antibiotic prescribing was
similar (48.3% vs. 51.6%; p = 0.690). Increasing CRP concentrations were independently
associated with antibiotic therapy: for each doubling of CRP + 1, the adjusted odds of
receiving any antibiotic increased by 58% (adjusted odds ratio [aOR], 1.58; 95% confidence
interval [CI], 1.23–2.03; p < 0.001), whereas the odds of receiving parenteral antibiotic
therapy increased by 43% (aOR, 1.43; 95% CI, 1.13–1.82; p = 0.003). After adjustment for
CRP concentration, age, and sex, adenovirus detection was associated with lower odds of
receiving any antibiotic therapy compared with other respiratory viral infections (aOR,
0.31; 95% CI, 0.13–0.75; p = 0.010), whereas no statistically significant association was
observed with parenteral antibiotic therapy. Conclusions: Hospitalized children with
adenovirus detection exhibited a pronounced inflammatory response compared with
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children hospitalized with other respiratory viral infections, despite less frequent oxygen
therapy and a shorter median hospital stay. Higher CRP concentrations were associated
with increased adjusted odds of antibiotic prescribing, whereas adenovirus detection was
associated with lower adjusted odds of receiving any antibiotic therapy. These findings
underscore the importance of interpreting inflammatory biomarkers within the broader
clinical context and support careful antimicrobial prescribing without compromising
vigilance for bacterial infection.

Keywords: adenovirus; children; C-reactive protein; respiratory viral infections; antibiotic
stewardship; antibiotic prescribing

1. Introduction
Human adenoviruses (HAdVs) are non-enveloped double-stranded DNA viruses

belonging to the Adenoviridae family and are among the leading viral pathogens causing
hospitalization in infants and young children. They are responsible for a broad spectrum of
clinical syndromes, including upper and lower respiratory tract infections, gastroenteritis,
conjunctivitis and, less frequently, disseminated disease in immunocompromised hosts.
Although most infections are self-limiting, HAdVs account for a substantial proportion of
pediatric emergency department visits and hospital admissions worldwide. Their clinical
presentation is highly heterogeneous, and prolonged fever often raises concern for serious
bacterial infection [1–6].

A distinctive feature of adenovirus infection is its ability to elicit a marked systemic
inflammatory response. Hospitalized children frequently present with leukocytosis, neu-
trophilia and markedly elevated C-reactive protein (CRP) concentrations despite the ab-
sence of confirmed bacterial infection. Consequently, adenovirus infection may closely
resemble invasive bacterial disease during the initial clinical assessment, particularly before
microbiological results become available [7–9].

This overlap may contribute to empirical antibiotic prescribing in routine pediatric
practice and represents a challenge for antimicrobial stewardship. At the same time, the
widespread implementation of rapid multiplex molecular diagnostics has substantially
improved the recognition of adenovirus infection and offers the opportunity to better
interpret inflammatory markers within their appropriate etiological context [10].

Although several studies have described inflammatory markers in children with aden-
ovirus infection, relatively few have simultaneously characterized the clinical presentation,
inflammatory response and management of hospitalized patients. Contemporary Italian
data remain limited, and direct comparisons with other respiratory viral infections are
scarce. Furthermore, the relationship between the inflammatory phenotype of adenovirus
infection and antibiotic prescribing has not been comprehensively explored in routine
clinical practice. In the only previous Italian cohort of hospitalized children with aden-
ovirus infection, Mariani and colleagues described a comparable inflammatory profile and
reported antibiotic use in approximately two thirds of patients [11].

The primary objective of this study was to characterize the demographic, clini-
cal, laboratory, and therapeutic features of children hospitalized with PCR-confirmed
adenovirus infection.

Secondary objectives were to compare the cohort with a previously published Ital-
ian series and with children hospitalized with other respiratory viral infections, and to
investigate the association between inflammatory markers and antibiotic prescribing.

https://doi.org/10.3390/idr18060125

https://doi.org/10.3390/idr18060125


Infect. Dis. Rep. 2026, 18, 125 3 of 16

2. Materials and Methods
2.1. Study Design

We conducted a retrospective observational study of children hospitalized with poly-
merase chain reaction (PCR)-confirmed adenovirus infection at Giovanni XXIII Children’s
Hospital, Bari, Italy, between 10 February 2024 and 31 December 2025. The study was
designed to characterize the clinical and inflammatory phenotype of hospitalized aden-
ovirus infection and to investigate the association between inflammatory markers and
antibiotic prescribing.

2.2. Study Population and Data Collection

Three analytical cohorts were defined (Figure 1). The primary study cohort com-
prised all 111 hospitalized children with PCR-confirmed adenovirus detection between
10 February 2024 and 31 December 2025 and was used for overall descriptive analyses. A
detailed clinical dataset was available for the 60 children hospitalized during 2025 and
was used to characterize their clinical phenotype. During the same year, these patients
were compared with 93 hospitalized children with PCR-confirmed respiratory viral infec-
tions other than adenovirus, whose distribution by primary viral diagnosis is presented in
Supplementary Table S1.

 

Figure 1. Study design and analytical framework. Respiratory viruses were identified by multiplex
polymerase chain reaction (PCR). The overall adenovirus cohort (n = 111) was used for descriptive
analyses and sensitivity analyses. The 2025 respiratory viral cohort (n = 153) comprised children
hospitalized with adenovirus infection (n = 60) and children hospitalized with other PCR-confirmed
respiratory viral infections (n = 93). This cohort was used for the primary comparative analyses,
while multivariable logistic regression models included 150 patients with complete data. The external
comparator cohort reported by Mariani et al. [11] (n = 100) was used for historical comparison. The
figure illustrates the study populations and analytical framework rather than the complete screening
and exclusion process.

None of the 93 comparator patients had a positive adenovirus PCR result. Molec-
ular testing was requested according to clinical indications, including suspected viral
infection, fever of undetermined origin, and respiratory distress; it was not performed as
universal screening of pediatric admissions. All identified hospitalized patients with aden-
ovirus PCR positivity were included; no patients were excluded on the basis of presumed
incidental detection.
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Clinical, laboratory and management data were retrieved from institutional electronic
medical records and the hospital respiratory viral infection registry. Variables available for
the entire study cohort included demographic characteristics, laboratory findings, antibiotic
exposure and hospital length of stay.

More detailed characterization of clinical presentation, microbiological investigations,
imaging findings, and associated clinical conditions was available for children hospitalized
during 2025 following implementation of the institutional respiratory viral infection registry.
Accordingly, analyses describing the detailed clinical phenotype were restricted to this
subcohort (n = 60), whereas overall descriptive analyses were based on the complete
adenovirus cohort (n = 111).

2.3. Virological Testing

Respiratory viral detection was performed on nasopharyngeal swab specimens us-
ing commercially available multiplex real-time PCR assays (Allplex Respiratory Panel
Assays, Seegene, Seoul, Republic of Korea). Viral nucleic acids were extracted using the
STARMag Universal Cartridge Kit on the automated Nimbus IV platform (Seegene). The
respiratory panel included adenovirus among the targeted respiratory viruses. The same
molecular diagnostic methodology was used throughout the 2024–2025 study period and
for both adenovirus-positive patients and the contemporaneous respiratory-virus com-
parator cohort. The exact intervals between sample collection, laboratory processing, and
availability of PCR results to the treating clinicians were not systematically retrievable from
the retrospective records.

2.4. Comparator Cohorts

Two comparator populations were used. The first consisted of the previously pub-
lished Italian cohort reported by Mariani et al. [11], for which anonymized individual-level
data were available, allowing direct statistical comparison. The second consisted of the
contemporaneous 2025 institutional cohort of children hospitalized with PCR-confirmed
respiratory viral infections other than adenovirus.

2.5. Definitions

Respiratory, gastrointestinal, and neurological syndromes were classified according to
the clinical diagnoses documented in the medical records. Respiratory viral coinfection
was defined as detection of one or more additional respiratory viruses during the same
hospitalization. Bacterial and fungal findings, and atypical bacterial pathogens, were not
classified as respiratory viral coinfections.

For patients with multiple respiratory viral detections, the primary viral diagnosis
recorded in the institutional database was used for descriptive classification. No retrospec-
tive algorithm based on viral load, clinical severity, or presumed etiological predominance
was applied to establish the causative pathogen. Additional viral detections were recorded
separately when supported by the available microbiological documentation. Consequently,
the designation of a primary viral diagnosis should be interpreted as a database classifica-
tion rather than definitive attribution of the presenting illness to a single pathogen.

Chronic underlying diseases were defined as previously diagnosed medical conditions
requiring regular specialist follow-up. Associated clinical conditions were additional
diagnoses or clinically relevant manifestations recorded by the treating physicians in the
institutional database, without predefined complication criteria. Their timing relative to
admission was not systematically recorded, and they could therefore represent conditions
present at admission or events identified later during hospitalization. They were not
interpreted as incident in-hospital complications. Antibiotic treatment was classified
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by recorded route; patients receiving both oral and parenteral therapy were considered
exposed to any antibiotic therapy and to parenteral therapy.

2.6. Statistical Analysis

Continuous variables are presented as medians with interquartile ranges (IQRs),
whereas categorical variables are presented as numbers and percentages. Comparisons
between two independent groups were performed using the Mann–Whitney U test for
continuous variables and Pearson’s chi-square test or Fisher’s exact test for categorical
variables, as appropriate. Comparisons across CRP categories were performed using the
Kruskal–Wallis test for continuous variables and Pearson’s chi-square test or Fisher’s exact
test for categorical variables, as appropriate.

To complement hypothesis testing, unadjusted between-group differences with 95%
confidence intervals were estimated for selected continuous and categorical variables.
Confidence intervals for differences in proportions were calculated using the Newcombe
method based on Wilson score intervals. For continuous variables, differences between
sample medians and their 95% confidence intervals were estimated using the percentile
bootstrap method with 20,000 resamples. These analyses were exploratory and intended
to describe the magnitude and precision of observed differences, rather than to support
causal inference. To evaluate factors associated with antibiotic prescribing after adjustment
for selected covariates, multivariable logistic regression models were constructed using
any antibiotic therapy and parenteral antibiotic therapy as separate dependent variables.
To account for the right-skewed distribution of CRP concentrations, CRP was transformed
as log2(CRP + 1). Accordingly, the corresponding odds ratios represent the change in odds
associated with a doubling of CRP + 1, approximating a doubling of CRP concentration at
higher values. The linearity-in-the-logit assumption for log2(CRP + 1) and age was assessed
for both antibiotic outcomes by comparing the original linear specifications with flexible
quadratic B-spline specifications using likelihood-ratio tests.

For descriptive analyses, CRP concentrations were also categorized as <40, 40–100, and
>100 mg/L. These thresholds were selected pragmatically to represent increasing degrees
of inflammatory response commonly encountered in pediatric clinical practice. They were
used only for descriptive subgroup analyses, whereas all primary multivariable analyses
treated CRP as a continuous variable.

CRP was selected as the principal inflammatory biomarker for the multivariable
analyses because of its widespread use in the clinical evaluation of febrile children and
its relevance to decisions regarding empirical antibiotic treatment. WBC and ANC were
evaluated in the descriptive and comparative analyses but were not included as additional
inflammatory predictors in the primary regression models, to maintain a focused and
parsimonious analytical approach.

In the overall 2024–2025 adenovirus cohort (n = 111), six CRP measurements were
missing and seven additional results from 2024 were reported as <4 mg/L without an exact
numeric value. The latter were considered left-censored observations rather than missing
measurements. Primary analyses requiring exact numeric CRP values were therefore
restricted to 98 patients. To evaluate the robustness of the findings, sensitivity analyses
were performed by assigning hypothetical CRP values of 2 mg/L and 4 mg/L to the seven
left-censored observations (Supplementary Table S2).

These substitutions were used exclusively for sensitivity analyses and were not con-
sidered actual laboratory measurements. The six patients with missing CRP measurements
remained excluded. In contrast, all 60 children in the 2025 adenovirus subcohort had numeric
CRP measurements and were included in the descriptive CRP-stratified analyses.
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In the 2025 contemporaneous comparator cohort, data availability varied across vari-
ables. Among the 93 children with respiratory viral infections other than adenovirus, age
and sex were available for 92 patients, WBC, ANC, and CRP for 90 patients, antibiotic
treatment information for 91 patients, and length of hospital stay for 89 patients. De-
scriptive comparisons were based on available observations for each variable, whereas
multivariable regression models used complete cases for the corresponding outcome and co-
variates. Variable-specific denominators are provided in the comparative results presented
in Section 3.4, and overall data availability is summarized in Supplementary Table S3.

The primary multivariable analyses were performed in the 2025 cohort of children
hospitalized with PCR-confirmed respiratory viral infections (adenovirus and other res-
piratory viruses), using a complete-case approach without imputation of missing values.
Models included adenovirus detection, log2-transformed CRP concentration, age, and sex
as covariates. Of the 153 patients in the contemporaneous cohort, 150 had complete data
for these models. An additional sensitivity analysis restricted to the overall adenovirus
cohort was performed. Because this analysis included children hospitalized in both 2024
and 2025, calendar year (2025 versus 2024) was included as an additional covariate.

Model discrimination was assessed using the area under the receiver operating char-
acteristic curve (AUC), whereas calibration was evaluated using the Hosmer–Lemeshow
goodness-of-fit test. The Brier score was used as an additional measure of overall predictive
accuracy, representing the mean squared difference between predicted probabilities and
observed binary outcomes, with lower values indicating better predictive performance.
Two-sided p values < 0.05 were considered statistically significant.

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 31
(IBM Corp., Armonk, NY, USA), and Python (Python Software Foundation, Wilmington,
DE, USA; https://www.python.org, accessed on 20 October 2026) with the statsmodels
statistical library (https://www.statsmodels.org/, accessed on 20 October 2026).

Multivariable logistic regression models and sensitivity analyses were independently
reproduced and updated using Python/statsmodels.

3. Results
3.1. Study Population

The study included 111 hospitalized children with PCR-confirmed adenovirus de-
tection between 10 February 2024 and 31 December 2025 (Figure 1). Testing had been
requested for clinical indications, and no adenovirus PCR-positive hospitalized patients
identified in the study period were excluded. Viral detection was not taken as definitive
evidence of a causal role in the presenting illness. The overall cohort had a median age
of 22.0 months (interquartile range [IQR], 14.0–35.5), and 72 children (64.9%) were male.
The median white blood cell (WBC) count was 12,950/µL (IQR, 9180–17,880), the median
absolute neutrophil count (ANC) was 6970/µL (IQR, 4100–9100), and the median C-reactive
protein (CRP) concentration was 63.0 mg/L (IQR, 32.8–117.4). Overall, 58 children (52.3%)
received antibiotic therapy, including 49 (44.1%) treated with parenteral antibiotics. The
median length of hospital stay was 5 days (IQR, 4–6) (Table 1).

Table 1. Baseline demographic, laboratory and management characteristics of 111 children hospital-
ized with laboratory-confirmed adenovirus infection.

Variable Present Cohort (N = 111)

Demographic characteristics

Age, months, median (IQR) 22 (14–35.5)

Male sex, n (%) 72 (64.9)

https://doi.org/10.3390/idr18060125
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Table 1. Cont.

Variable Present Cohort (N = 111)

Laboratory findings at admission

White blood cell count (/µL), median (IQR) 12,950 (9180–17,880)

Absolute neutrophil count (/µL), median (IQR) 6970 (4100–9100)

C-reactive protein (mg/L), median (IQR) 63.0 (32.8–117.4)

Clinical management

Any antibiotic therapy, n (%) 58 (52.3)

Parenteral antibiotic therapy, n (%) 49 (44.1)

Length of hospital stay, days, median (IQR) 5 (4–6)

Footnote: Data are presented as median (interquartile range [IQR]) or number (%), as appropriate.

3.2. Clinical Phenotype of Adenovirus Infection

The detailed clinical phenotype was evaluated in the 2025 adenovirus cohort compris-
ing 60 hospitalized children (Table 2). The median age was 24.0 months (IQR, 13.8–55.0),
and 43 patients (71.7%) were male. Eleven children (18.3%) had an underlying chronic
condition, whereas only one patient was immunocompromised.

Table 2. Clinical phenotype of hospitalized children with laboratory-confirmed adenovirus infection
in the 2025 institutional cohort (N = 60).

Variable N = 60

Demographic characteristics

Age, months, median (IQR) 24.0 (13.8–55.0)

Male sex, n (%) 43 (71.7)

Chronic underlying disease, n (%) 11 (18.3)

Immunocompromised status, n (%) 1 (1.7)

Clinical presentation

Fever, n (%) 60 (100)

Maximum temperature, ◦C, median (IQR) 39.5 (39.1–40.0)

Fever duration, days, median (IQR) 5 (4–6)

Prolonged fever (>4 days), n (%) 31 (51.7)

Pharyngeal involvement *, n (%) 50 (83.3)

Cervical lymphadenopathy, n (%) 45 (75.0)

Conjunctivitis, n (%) 13 (21.7)

Coryza, n (%) 35 (58.3)

Cough, n (%) 25 (41.7)

Respiratory distress, n (%) 5 (8.3)

Wheezing, n (%) 3 (5.0)

Vomiting, n (%) 21 (35.0)

Diarrhea, n (%) 26 (43.3)

Rash, n (%) 5 (8.3)

Febrile seizures, n (%) 7 (11.7)
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Table 2. Cont.

Variable N = 60

Laboratory findings

White blood cell count (/µL), median (IQR) 13,085 (9595–16,580)

Absolute neutrophil count (/µL), median (IQR) 7170 (4998–9213)

C-reactive protein (mg/L), median (IQR) 68.0 (32.0–116.2)

Microbiological investigations

Respiratory viral coinfection, n (%) 18 (30.0)

Blood cultures performed, n (%) 30 (50.0)

Positive blood cultures, n/N (%) 0/30 (0)

Positive urine cultures, n ‡ 2

Positive throat cultures, n § 1

Imaging, treatment and outcome

Chest radiograph performed, n (%) 22 (36.7)

Abnormal chest radiograph, n/N (%) ¶ 15/22 (68.2)

Any antibiotic therapy, n (%) 29 (48.3)

Parenteral antibiotic therapy, n (%) 26 (43.3)

Oxygen therapy, n (%) 4 (6.7)

PICU admission, n (%) 0

Length of hospital stay, days, median (IQR) 5 (4–6)

Additional recorded clinical conditions, n (%) 18 (30.0)

Footnotes: * Includes pharyngitis, tonsillitis, or pharyngotonsillitis. ‡ Clinically significant urine cul-
tures. § Positive bacterial throat cultures. ¶ Including consolidation, interstitial infiltrates, atelectasis,
and other lower respiratory tract involvement.

All children presented with fever, with a median maximum body temperature of
39.5 ◦C (IQR, 39.1–40.0) and a median fever duration of 5 days (IQR, 4–6). Prolonged fever
lasting more than four days was observed in 31 patients (51.7%). Upper respiratory tract
involvement predominated, with pharyngeal involvement documented in 83.3% of children
and cervical lymphadenopathy in 75.0%. Coryza and cough were reported in 58.3% and
41.7% of patients, respectively, whereas conjunctivitis occurred in 21.7%. Gastrointestinal
manifestations were also common, including diarrhea in 43.3% and vomiting in 35.0%.
Respiratory distress, wheezing, rash, and febrile seizures were less frequent.

Laboratory investigations demonstrated a pronounced inflammatory response, with
median WBC, ANC, and CRP values of 13,085/µL, 7170/µL, and 68.0 mg/L, respectively.
Respiratory viral coinfection was identified in 18 children (30.0%). Blood cultures were
performed in half of the cohort and were uniformly negative, whereas positive urine and
throat cultures were uncommon.

Chest radiography was performed in 22 children, of whom 15 (68.2%) showed ab-
normalities compatible with lower respiratory tract involvement. Twenty-nine children
(48.3%) received antibiotic therapy, including 26 (43.3%) who received parenteral treatment.
The antibiotics recorded were ampicillin/sulbactam (n = 12), ceftriaxone (n = 11), and
amoxicillin/clavulanate (n = 6).

Four children (6.7%) required supplemental oxygen, no patient required pediatric
intensive care admission, and the median hospital stay was 5 days (IQR, 4–6). Additional
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clinical conditions were recorded in 18 children (30.0%); their timing relative to admission
could not be established systematically.

3.3. Comparison with a Previously Reported Italian Cohort

Comparison with the previously published Italian cohort reported by Mariani et al. [11]
is presented in Table 3. The historical comparator cohort was recruited at a general hospital
where pediatric emergency care was provided by the Pediatric Department, whereas the
present study was conducted at a dedicated children’s hospital with an autonomous Pedi-
atric Emergency Department and multiple specialized inpatient units. These differences in
healthcare organization and patient referral pathways, together with the different observa-
tion periods and testing strategies, limit the validity of direct comparisons of hospital-based
incidence or admission rates.

Table 3. Comparison between the present cohort and a previously reported Italian cohort of hospital-
ized children with PCR-confirmed adenovirus infection.

Variable Present Cohort
(N = 111)

Mariani et al. [11]
(N = 100) p Value

Age, months, median (IQR) 22.0 (14.0–35.5) 43.0 (19.9–62.1) <0.001

Male sex, n (%) 72 (64.9) 59 (59.0) 0.381

White blood cell count (/µL), median (IQR) 12,950 (9180–17,880) 14,300 (7500–19,300) 0.598

Absolute neutrophil count (/µL), median (IQR) 6970 (4100–9100) 7900 (3700–12,600) 0.187

C-reactive protein (mg/L), median (IQR) 63.0 (32.8–117.4) 72.5 (34.5–120.0) 0.298

Any antibiotic therapy, n (%) 58 (52.3) 75 (75.0) <0.001

Parenteral antibiotic therapy, n (%) 49 (44.1) Not available —

Length of hospital stay, days, median (IQR) 5.0 (4.0–6.0) 4.0 (3.0–6.0) 0.019

Footnote: The comparator cohort refers to the previously published Italian series by Mariani et al.
Individual-level data from that cohort were available to the investigators, allowing direct statistical
comparisons. Continuous variables were compared using the Mann–Whitney U test and categorical
variables using Pearson’s chi-square test or Fisher’s exact test, as appropriate. Data are presented as
median (interquartile range [IQR]) or number (%), as appropriate.

Anonymized individual-level data from the Mariani et al. [11] cohort were available
for analysis, allowing direct statistical comparisons of clinical, laboratory, and management
characteristics. However, these comparisons were intended to provide external clinical
context rather than to establish epidemiological equivalence or causal differences between
the two populations.

Children in the present series were significantly younger than those in the comparator
cohort (median age, 22.0 vs. 43.0 months; p < 0.001). Median WBC count, ANC, and
CRP concentrations did not differ significantly between cohorts. However, antibiotic
therapy was prescribed less frequently in the present cohort than in the Mariani cohort
(52.3% vs. 75.0%; p < 0.001). The median length of hospital stay was slightly longer in the
present cohort (5 vs. 4 days; p = 0.019), whereas no significant difference was observed in
sex distribution.

3.4. Comparison with Other Respiratory Viral Infections

The comparison with other respiratory viral infections was restricted to children
hospitalized during 2025, when detailed clinical information was consistently avail-
able in the institutional registry (Table 4). Age and sex distribution were comparable
between groups.

https://doi.org/10.3390/idr18060125
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Table 4. Comparison of the inflammatory profile and clinical management of children hospitalized
with adenovirus infection and other respiratory viral infections in the 2025 institutional cohort.

Variable Adenovirus (N = 60) Other Respiratory Viruses
(N = 93) p Value

Age, months, median (IQR) 24.0 (13.8–55.0) 33.0 (18.5–67.3) 1 0.178

Male sex, n/N (%) 43/60 (71.7) 61/92 (66.3) 0.487

White blood cell count (/µL), median (IQR) 13,085 (9595–16,580) 9535 (6393–14,935) 2 <0.001

Absolute neutrophil count (/µL), median (IQR) 7170 (4998–9213) 5270 (2850–8555) 2 0.006

C-reactive protein (mg/L), median (IQR) 68.0 (32.0–116.2) 11.2 (4.8–33.1) 2 <0.001

Any antibiotic therapy, n/N (%) 29/60 (48.3) 47/91 (51.6) 3 0.690

Parenteral antibiotic therapy, n/N (%) 26/60 (43.3) 33/91 (36.3) 3 0.384

Length of hospital stay, days, median (IQR) 5 (4–6) 6 (5–7) 4 0.004

Oxygen therapy, n (%) 4 (6.7) 20 (21.5) 0.014

PICU admission, n (%) 0 4 (4.3) 0.155

Additional recorded clinical conditions, n (%) 18 (30.0) 56 (60.2) <0.001

Footnote: Data are presented as median (interquartile range [IQR]) or number/available number
(%), as appropriate. Continuous variables were compared using the Mann–Whitney U test. Categor-
ical variables were compared using Pearson’s chi-square test or Fisher’s exact test, as appropriate.
Empty fields for oxygen therapy, PICU admission, and additional recorded clinical conditions were
interpreted as absence of the corresponding event, according to the database coding convention.
The comparison of additional clinical conditions is descriptive only because recording criteria and
timing were not standardized. 1 Age was available for 92 of 93 children in the other respiratory
virus group. Text-formatted ages were converted into completed months. 2 White blood cell count,
absolute neutrophil count, and C-reactive protein were available for 90 of 93 children in the other
respiratory virus group. 3 Antibiotic treatment information was available for 91 of 93 children in
the other respiratory virus group. 4 Length of hospital stay was available for 89 of 93 children in the
other respiratory virus group.

Children with adenovirus infection exhibited significantly higher inflammatory mark-
ers than those with other respiratory viral infections, including higher median WBC count
(13,085 vs. 9535/µL; p < 0.001), ANC (7170 vs. 5270/µL; p = 0.006), and CRP concentration
(68.0 vs. 11.2 mg/L; p < 0.001).

Despite these laboratory differences, the proportion of children receiving any antibiotic
therapy was similar in the two groups (48.3% vs. 51.6%; p = 0.690), as was the proportion
treated with parenteral antibiotics (43.3% vs. 36.3%; p = 0.384). Conversely, children hos-
pitalized with other respiratory viral infections more frequently required supplemental
oxygen (21.5% vs. 6.7%; p = 0.014), had a longer hospital stay (median, 6 vs. 5 days;
p = 0.004), and had a higher proportion of additional recorded clinical conditions (60.2%
vs. 30.0%; unstandardized recording, descriptive comparison only). To complement the
hypothesis tests, unadjusted effect estimates with 95% confidence intervals were calculated
for selected between-group comparisons (Supplementary Table S4). These estimates pro-
vide additional information on the magnitude and precision of the observed differences
and should be interpreted descriptively, without implying causal relationships.

3.5. Inflammatory Response According to CRP Categories

Within the 2025 adenovirus subcohort (n = 60), all children had numeric CRP mea-
surements and were stratified into three categories: <40 mg/L (n = 18), 40–100 mg/L
(n = 26), and >100 mg/L (n = 16). Increasing CRP categories were associated with progres-
sively older age (p = 0.010), whereas WBC count, ANC, length of hospital stay, and the
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frequency of additional recorded clinical conditions did not differ significantly across CRP
strata (Table 5).

Table 5. Inflammatory response and clinical management according to C-reactive protein categories
in the 2025 adenovirus subcohort (n = 60).

Variable <40 mg/L (N = 18) 40–100 mg/L (N = 26) >100 mg/L (N = 16) p Value

Age, months, median (IQR) 13.5 (9.75–37.5) 18.5 (15.25–34.0) 46.0 (28.25–68.75) 0.010

White blood cell count (/µL),
median (IQR) 11,550 (8755–15,118) 13,215 (11,040–18,050) 13,765 (10,208–16,673) 0.363

Absolute neutrophil count (/µL),
median (IQR) 5735 (3693–8063) 7360 (6285–9425) 8475 (5135–10,958) 0.213

Any antibiotic therapy, n (%) 6 (33.3) 14 (53.8) 9 (56.3) 0.310

Parenteral antibiotic therapy,
n (%) 5 (27.8) 13 (50.0) 8 (50.0) 0.282

Length of hospital stay, days,
median (IQR) 5.5 (4–6.75) 4.5 (4–6) 5 (4–5) 0.605

Additional recorded clinical
conditions, n (%) 6 (33.3) 9 (34.6) 3 (18.8) 0.516

Footnote: Data are presented as median (interquartile range [IQR]) or number (%), as appropriate.
Continuous variables were compared using the Kruskal–Wallis test. Categorical variables were
compared using Pearson’s chi-square test or Fisher’s exact test, as appropriate.

In contrast, the six missing CRP values and seven results reported as <4 mg/L without
an exact numeric value belonged to the 2024 component of the overall adenovirus cohort
(n = 111). These observations did not affect the 2025 CRP-stratified analyses presented in
Table 5. Their handling in the two-year sensitivity analyses is described separately.

The proportion of children receiving antibiotic therapy increased numerically from
33.3% among those with CRP concentrations below 40 mg/L to approximately 54–56%
among children with CRP concentrations of 40 mg/L or higher. A similar pattern was
observed for parenteral antibiotic therapy. However, neither association reached statistical
significance when CRP was analyzed as a categorical variable.

3.6. Multivariable Analyses

Multivariable logistic regression analyses were performed in the complete 2025 viral
cohort to evaluate factors independently associated with antibiotic prescribing (Table 6).
After adjustment for age, sex, and viral diagnosis, increasing CRP concentration remained
independently associated with both any antibiotic therapy and parenteral antibiotic therapy.
For each doubling of CRP + 1, the adjusted odds of receiving any antibiotic increased by
58% (adjusted odds ratio [aOR], 1.58; 95% confidence interval [CI], 1.23–2.03; p < 0.001),
whereas the odds of receiving parenteral antibiotic therapy increased by 43% (aOR, 1.43;
95% CI, 1.13–1.82; p = 0.003). Diagnostic assessments using flexible spline specifications did
not identify statistically significant departures from linearity in the logit for transformed
CRP (p = 0.236 for any antibiotic therapy and p = 0.358 for parenteral antibiotic therapy) or
age (p = 0.699 and p = 0.792, respectively).

After adjustment for CRP concentration and other covariates, adenovirus infection
itself was associated with lower odds of receiving any antibiotic therapy than other respi-
ratory viral infections (aOR, 0.31; 95% CI, 0.13–0.75; p = 0.010), whereas no independent
association was observed with parenteral antibiotic therapy. Model discrimination was
moderate, and the Hosmer–Lemeshow tests did not detect statistically significant evidence
of lack of fit for either regression model (Table 6).

https://doi.org/10.3390/idr18060125

https://doi.org/10.3390/idr18060125


Infect. Dis. Rep. 2026, 18, 125 12 of 16

Table 6. Multivariable logistic regression analyses of factors associated with antibiotic prescribing
among children hospitalized with viral infections in the 2025 institutional cohort.

Predictor Any Antibiotic Therapy,
Adjusted OR (95% CI) p Value

Parenteral Antibiotic
Therapy, Adjusted OR
(95% CI)

p Value

log2(CRP + 1), per one-unit increase 1.58 (1.23–2.03) <0.001 1.43 (1.13–1.82) 0.003

Adenovirus infection 0.31 (0.13–0.75) 0.010 0.64 (0.28–1.48) 0.297

Age, per year 0.90 (0.79–1.02) 0.085 0.91 (0.81–1.04) 0.166

Male sex 1.03 (0.49–2.17) 0.946 0.82 (0.39–1.71) 0.592

Model characteristics

Characteristic Any Antibiotic Therapy Parenteral Antibiotic Therapy

Complete cases analyzed, n 150 150

Outcome events, n 76 59

Events per predictor 19.0 14.8

Area under the ROC curve 0.686 0.675

Hosmer–Lemeshow p value 0.178 0.959

Brier score 0.221 0.218

Overall model p value 0.001 0.014

Footnote: Adjusted odds ratios were estimated using multivariable logistic regression. Models
included log2-transformed C-reactive protein concentration, adenovirus infection, age, and sex. CRP
was transformed as log2(CRP + 1); therefore, the reported odds ratio represents the change in odds
associated with a doubling of CRP + 1, which approximates a doubling of CRP concentration at higher
values. Age was entered as a continuous variable and expressed per one-year increase. Analyses
were performed using complete cases. Model discrimination was assessed using the area under the
receiver operating characteristic curve and calibration using the Hosmer–Lemeshow test. No relevant
multicollinearity was identified; predictor variance inflation factors were approximately 1.0–1.5.

Sensitivity analyses restricted to the overall adenovirus cohort yielded consistent
results, confirming the independent association between increasing CRP concentration
and antibiotic prescribing (Supplementary Table S2). In a further exploratory analysis,
the seven 2024 CRP measurements reported as <4 mg/L were assigned hypothetical
values of 2 mg/L or 4 mg/L. In both scenarios, the associations of CRP with any an-
tibiotic therapy and parenteral therapy remained statistically significant (all p < 0.001;
Supplementary Table S2).

4. Discussion
In this two-year cohort of children hospitalized with PCR-confirmed adenovirus

detection, we observed a pronounced inflammatory response, with higher inflammatory
marker concentrations than in children hospitalized with other respiratory viral infections.
Increasing CRP concentrations were associated with higher adjusted odds of both overall
and parenteral antibiotic prescribing, whereas adenovirus detection was associated with
lower adjusted odds of receiving any antibiotic therapy. These findings highlight the distinct
associations of inflammatory response and viral diagnosis with antibiotic prescribing, with
implications for antimicrobial stewardship [1,2,10].

The clinical phenotype was consistent with the recognized multisystem manifestations
of pediatric adenovirus infection [1–3,5]. Persistent high fever, pharyngeal involvement,
and cervical lymphadenopathy predominated, while gastrointestinal symptoms and con-
junctivitis were also frequent. This combination of systemic manifestations and pronounced
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inflammation may resemble bacterial disease during the initial clinical assessment, particu-
larly before virological results become available [7–9].

Compared with children hospitalized for other PCR-confirmed respiratory viral infec-
tions, those with adenovirus detection exhibited significantly higher WBC counts, ANC
values, and CRP concentrations, consistent with previous reports of pronounced systemic
inflammation in pediatric adenovirus infection [7–9]. Nevertheless, they required supple-
mental oxygen less frequently and had a shorter median hospital stay. Additional recorded
clinical conditions were also less frequent, although their definitions and timing were not
standardized. These findings suggest that the magnitude of the inflammatory response
did not necessarily parallel the selected indicators of clinical resource use. However, differ-
ences in viral case mix, patient characteristics, admission criteria, and discharge practices
preclude conclusions about relative disease severity.

The contemporaneous comparator cohort was heterogeneous and predominantly com-
prised influenza infections (69/93; 74.2%). Consequently, the observed differences should
not be generalized to comparisons with individual respiratory pathogens. Regional preven-
tive strategies, including RSV immunoprophylaxis with nirsevimab during the 2024–2025
season and seasonal influenza vaccination, may have influenced the composition of hospi-
talized viral infections, although individual immunization histories were unavailable.

The association between inflammatory markers and antibiotic prescribing represents
a principal finding of this study. Although antibiotic use increased numerically across
CRP categories without reaching statistical significance, continuous modelling demon-
strated that higher CRP concentrations were independently associated with both overall
and parenteral antibiotic prescribing. Conversely, after adjustment for CRP, age, and sex,
adenovirus detection was associated with lower odds of receiving any antibiotic ther-
apy, but not significantly associated with parenteral treatment. These findings suggest
that inflammatory burden and viral diagnosis have distinct associations with prescribing
decisions. However, they do not establish whether knowledge of the viral diagnosis influ-
enced treatment or whether unmeasured clinical characteristics contributed to the observed
associations [10,12].

Comparison with the previously published Italian cohort by Mariani et al. [11] showed
similar inflammatory profiles despite differences in age, whereas antibiotic prescribing was
less frequent in the present series. This difference may reflect variations in patient character-
istics, clinical practice, healthcare organization, or observation periods and cannot establish
an improvement in antimicrobial stewardship. In the Pescara cohort, rapid availability of
positive adenovirus PCR results was associated with antibiotic discontinuation and early
discharge [11]. Although this experience illustrates the potential clinical value of timely
virological diagnosis, treatment timelines and subsequent antibiotic modifications were
not systematically available in the present dataset. Consequently, we cannot determine
whether similar management patterns occurred in Bari or contributed to the observed
association between adenovirus detection and antibiotic prescribing. The association be-
tween inflammatory markers and antibiotic use is also consistent with the findings of
Buonsenso et al. [12].

Differences between the two Italian cohorts may also reflect temporal changes in
adenovirus epidemiology or variation in the circulating adenovirus types. However,
adenovirus typing was not routinely performed in the present study, precluding assessment
of this possibility.

The implications of these findings extend beyond adenovirus infection. CRP is widely
used in the initial evaluation of febrile children, and markedly elevated concentrations
frequently raise suspicion of bacterial infection [7–10,12]. Our findings demonstrate that
high CRP values are common in hospitalized children with adenovirus detection and are
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independently associated with antibiotic prescribing. However, the study was not designed
to assess prescribing appropriateness or determine whether individual antibiotic courses
were clinically justified. Empirical treatment decisions depend on the child’s overall clinical
presentation, duration of illness, imaging findings, underlying conditions, and the need to
avoid delayed treatment of serious bacterial infection. Our findings therefore support inter-
preting inflammatory biomarkers within the broader clinical assessment rather than using
CRP alone to guide antimicrobial decisions. Prospective studies incorporating procalcitonin,
clinical severity indicators, systematic microbiological investigations, and treatment time-
lines may help clarify the contribution of adenovirus-associated inflammation to antibiotic
prescribing and improve antimicrobial decision support.

The strengths of this study include a relatively large contemporary Italian cohort of
hospitalized children with PCR-confirmed adenovirus detection, detailed clinical char-
acterization of the 2025 subcohort, and comparisons with both a previously published
Italian series and a contemporaneous cohort of children hospitalized with other respira-
tory viral infections. Multivariable analyses further allowed assessment of associations
between CRP concentrations, viral diagnosis, and antibiotic prescribing after adjustment
for selected covariates.

Several limitations should also be acknowledged. This was a retrospective single-
center study restricted to hospitalized children tested according to clinical indication rather
than universal screening; the findings therefore cannot be extrapolated to all admissions
or to milder infections managed in outpatient settings. Detailed clinical information was
systematically available only for the 2025 adenovirus subcohort, following implementation
of the institutional respiratory viral infection registry. Consequently, the clinical charac-
terization could not be extended with comparable detail to all patients hospitalized in
2024. A positive respiratory PCR result does not necessarily establish that adenovirus
caused the presenting illness, as asymptomatic carriage or prolonged viral shedding may
occur [13]. Furthermore, concurrent detection of other respiratory viruses complicates
etiological attribution, and the relative contribution of individual pathogens could not be
determined in this retrospective study.

Microbiological investigations and chest radiography were performed according to
clinical indications rather than a standardized protocol. Although all 30 blood cultures
obtained in the 2025 adenovirus subcohort were negative, reliable denominators for urine
and throat cultures were unavailable, and the few positive findings from these investi-
gations could only be reported as absolute counts. Similarly, radiographic abnormalities
were documented in a selected subset of patients and could not establish bacterial etiology.
Consequently, bacterial coinfection could not be systematically excluded, and the absence
of microbiological confirmation should not be interpreted as evidence of its absence.

The database recorded additional clinical conditions without predefined complication
criteria or consistent information on their onset; comparisons of these entries between
groups do not measure incident complications. The sequence of CRP sampling, antibiotic
initiation, and availability of PCR results could not be reconstructed reliably.

Although the antibiotic agents prescribed in the 2025 adenovirus subcohort could
be identified, detailed information on antimicrobial regimens, treatment duration,
clinical indications, and subsequent treatment modifications, including discontinua-
tion or de-escalation following PCR results, was not consistently available across the
study population.

Therefore, the study cannot establish that CRP results caused antibiotic prescribing
or that PCR results affected antibiotic continuation, nor can it determine the appropriate-
ness of individual prescriptions. Although the multivariable models adjusted for viral
diagnosis, CRP concentration, age, and sex, antibiotic prescribing may also have been
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influenced by additional clinical factors, including fever duration, clinical appearance,
underlying conditions, radiological findings, oxygen requirement, and suspected bacterial
coinfection. These variables were not consistently available or sufficiently standardized
across the study populations to permit their reliable inclusion in the regression models.
Consequently, the observed associations should be interpreted as adjusted for the selected
covariates rather than independent of all potential clinical confounders. Residual confound-
ing cannot be excluded.

Missing data were handled through complete-case analyses. Additional respira-
tory viruses were documented inconsistently in the comparator database, and pathogen-
specific coinfection frequencies may be underestimated when strict documentation criteria
are applied.

5. Conclusions
In this retrospective cohort, hospitalized children with PCR-confirmed adenovirus

detection exhibited a pronounced inflammatory response, characterized by higher CRP
concentrations, leukocyte counts, and neutrophil counts than children hospitalized with
other respiratory viral infections. Increasing CRP concentrations were associated with
higher adjusted odds of both overall and parenteral antibiotic prescribing. Conversely,
adenovirus detection was associated with lower adjusted odds of receiving any antibiotic
therapy, while no statistically significant association was observed with parenteral antibi-
otic treatment. These findings emphasize that inflammatory biomarker concentrations
and viral diagnosis may show distinct associations with antibiotic prescribing. Given
the observational design and the possibility of residual confounding, these associations
should not be interpreted as causal. Careful integration of laboratory results with clinical
assessment remains essential to support appropriate antimicrobial prescribing without
compromising the recognition and treatment of possible bacterial infection.
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//www.mdpi.com/article/10.3390/idr18060125/s1, Table S1: Composition of the 2025 respiratory
viral comparator cohort; Table S2: Sensitivity analyses of factors associated with antibiotic prescrib-
ing; Table S3: Availability of study variables used in the primary analyses; Table S4: Unadjusted
differences between the 2025 adenovirus and other respiratory viral infection cohorts, with 95%
confidence intervals.
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