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ABSTRACT

Adenovirus infection is a common cause of pediatric respiratory disease, often misdiagnosed as
a bacterial infection. This study compared immune-inflaimmatory markers in children with
adenovirus- vs bacterial-induced suppurative tonsillitis and evaluated their correlation with
adenovirus pneumonia.

A retrospective study of 275 children (145 with adenovirus, 130 with bacterial infections)
admitted to The First People’s Hospital of Changde, China (January—June 2019), was conducted.
Laboratory markers (white blood cell [WBC] count, C-reactive protein [CRP], serum amyloid A
[SAA], procalcitonin [PCT], heparin-binding protein [HBP], tumor necrosis factor-alpha [TNF-«],
and interleukin 6 [IL-6]) were analyzed. Adenovirus cases were stratified by pneumonia status (58
with pneumonia, 87 without pneumonia) via chest computed tomography.

Compared with the bacterial group, the adenovirus group had lower WBC counts (14.97 [1.37] vs
18.86 [2.65] x10°/L), CRP levels (15.26 [3.44] vs 26.36 [3.18] mg/L), and PCT levels (15.06 [2.12] vs
42.53 [4.58] ng/L) but higher SAA levels (216.75 [39.23] vs 136.55 [28.66] mg/L). Among children
with adenovirus, those with pneumonia had elevated SAA (236.39 [38.67] vs 203.65 [33.95] mg/L),
HBP (44.30 [8.93] vs 35.62 [6.77] ng/mL), TNF- (731.52 [99.21] vs 604.21 [95.53] ng/L), and IL-6
(96.86 [17.63] vs 76.55 [15.50] ng/L) levels. A combination of SAA, HBP, TNF-a, and IL-6 predicted
pneumonia with an area under the curve of 0.927 (sensitivity, 87.93%; specificity, 88.51%0).

SAA, HBP, TNF-«, and IL-6 are strongly associated with adenovirus pneumonia, and their
combined measurement improves diagnostic accuracy.

Keywords: Adenovirus infections; Cytokines; Inflammatory; Pediatrics; Suppurative tonsillitis;
Viral pneumonia

INTRODUCTION respiratory disease caused by a nonenveloped, double-

stranded DNA virus with an icosahedral capsid (70-90

Adenovirus infection is a common childhood nm in diameter) from the Adenoviridae family.! Human
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adenoviruses are categorized into 7 subgroups (A-QG)
with more than 100 serotypes; subgroups B, C, and E are
primarily associated with respiratory illnesses.? The
virus is highly contagious, spreading via respiratory
droplets, direct contact, and the fecal-oral route.?
Children are particularly susceptible because of their
immature immune systems.* Adenovirus infections can
cause various symptoms, including suppurative
tonsillitis and pneumonia.® In China, adenovirus
infections occur year-round, with outbreaks in winter
and spring in the north and spring and summer in the
south.’

Suppurative tonsillitis is a common childhood
condition caused by both bacterial and viral infections.”
Bacteria such as group B B-hemolytic streptococcus,
Staphylococcus aureus, Streptococcus pneumoniae, and
Haemophilus influenzae are major culprits, spreading
via droplets or contact and causing inflammation when
the immune system is weakened.® Viruses such as
adenovirus, rhinovirus, herpes simplex virus, and
Epstein-Barr virus also play a significant role.’
Adenovirus, in particular, can cause severe
inflammation that mimics bacterial infections, leading to
the misuse of antibiotics.'® It can also trigger systemic
inflammation by disrupting immune function and
cytokine balance, especially in young infants and
immunocompromised patients.!! Detecting changes in
serum immune inflammatory factors can help diagnose
adenovirus-induced tonsillitis, assess severity, and guide
treatment.

Adenovirus targets respiratory epithelial cells,
initially colonizing the upper respiratory tract, including
the tonsils, and causing suppurative tonsillitis with
symptoms such as redness and suppuration.'? If the
immune system is weak, the virus can spread to the
lungs, causing adenovirus pneumonia, a severe
condition in infants and young children, especially those
aged 6 months to 2 years.!? Severe adenovirus infection
can lead to cell lysis, tissue damage, and a systemic
inflammatory potentially causing
disseminated intravascular coagulation and respiratory
failure.' It can be fatal, particularly because of acute
respiratory distress syndrome and severe coagulation
disorders, placing a significant burden on families and
society.’® A study from the Children's Hospital of
Chongqing Medical University reported that the fatality
rate for severe adenovirus pneumonia can be as high as
28.6%, with cases caused by adenovirus type 7 being
especially critical.' Therefore, early detection of
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adenovirus pneumonia in children, who have relatively
low immunity, is critical for timely intervention. Current
evidence suggests that severe lung injury caused by
severe adenovirus pneumonia is related to disorders of
relevant inflammatory mediators and immune
function.'” Adenovirus infection triggers a series of
immune responses, including the release of
inflammatory factors and the activation of immune
evasion mechanisms. Changes in serological and
immunological indicators are helpful for the early
identification of adenovirus pneumonia. '8

While previous studies have characterized
adenovirus infections, a critical gap remains in
understanding how specific immune-inflammatory
markers  can
suppurative tonsillitis from bacterial infections and
predict progression to pneumonia. This study addresses
this gap through a comprehensive analysis of serum
biomarkers, offering a novel approach for early and
accurate clinical decision-making.

differentiate adenovirus-induced

MATERIALS AND METHODS

This retrospective clinical study was conducted at
the Pediatric Diagnosis and Treatment Center of The
First People’s Hospital of Changde, China, from January
to June 2019. The study design is illustrated in Figure 1.

This study was conducted in accordance with the
ethical principles of the Declaration of Helsinki. Written
informed consent was obtained from the legal guardians
of all pediatric participants, and data were anonymized
to ensure confidentiality. The authors take full
responsibility for the integrity and accuracy of the
research.

Participants were children under 14 years of age
diagnosed with suppurative tonsillitis. Inclusion criteria
required confirmed etiology—either adenovirus
infection (detected via nucleic acid or antigen testing of
nasopharyngeal or oropharyngeal swabs) or bacterial
infection (isolation of pathogens such as group B B-
hemolytic streptococcus or Staphylococcus aureus from
throat cultures)—and clinical features including acute
onset, fever, pharyngeal congestion, purulent tonsillar
exudate, and cervical lymphadenopathy.

Exclusion criteria included co-infections with other
pathogens,  chronic  or recurrent tonsillitis,
immunocompromised status (eg, due to HIV or
chemotherapy), and incomplete clinical or laboratory
data. These criteria ensured a homogeneous, well-
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defined study population and enhanced the reliability of
the findings.

Out of 312 children with suppurative tonsillitis, 275
met the inclusion criteria and were categorized into two
groups: adenovirus infection (n=145) and bacterial

infection (n=130). The adenovirus group was further
divided based on chest CT findings into an adenovirus
pneumonia subgroup (n=58) and a non-adenovirus
pneumonia subgroup (n=87).

i i
i+ The general data of the |
| two groups were H
| compared, including sex, |}
| age, course of disease, |
| temperature and grade of |
| tonsil enlargement. !
1+ The laboratory test !
| parameters of the two |
| groups were compared, |
| including WBC, H
| Lymphocyte Count, !
H NC%, PLT, HB, CRP, H
H SAA, PCT, HBP, ESR, |}
| ALB,IFN-y, TNF-a and |
I IL-6. I
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adenovirus pneumonia.

* The laboratory test parameters of the two groups were compared, including WBC,
Lymphocyte Count, NC%, PLT, HB, CRP, SAA, PCT, HBP, ESR, ALB, IFN-y, TNF-a
and IL-6.
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1+ Pearson correlation coefficient analysis assesses the correlation between changes in H
\  laboratory test indicator levels and the incidence of adenovirus pneumonia. H
i+ Logistic regression analysis identifies independent risk factors for the occurrence of '
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* ROC curve was used to evaluate the predictive power of each index in predicting
adenovirus pneumonia in adenovirus infection group.

Figure 1. Flow diagram of the study

Data Collection

Clinical parameters (age, sex, fever duration, tonsil
grade) and laboratory indicators were collected. In this
study, the Sysmex Hematology Analyzer was used for
white blood cell (WBC) count, lymphocyte count,
neutrophil count percentage (NC%), platelet (PLT)
count, and hemoglobin (Hb) level. The Roche Cobas
Automated Biochemistry Analyzer with Roche reagent
kits was used for C-reactive protein (CRP) (sensitivity,
0.1 mg/L) and albumin (ALB) levels. The Mindray
Automated Biochemistry Analyzer with Mindray
reagent kits was used for serum amyloid A (SAA) level
(sensitivity, 0.3 mg/L). Procalcitonin (PCT) level
(sensitivity, 0.02 ng/mL) was measured using the
Brahms (Thermo Fisher Scientific) Chemiluminescent
Immunoassay Analyzer with Brahms reagent Kits.
Heparin-binding protein (HBP) level (sensitivity, 0.1
ng/mL) was assessed with the Siemens Healthineers
Specific Protein Analyzer and Siemens reagent Kkits.
Erythrocyte sedimentation rate (ESR) was determined
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using the Helena Laboratories ESR Analyzer. Interferon
v (IFN-y), tumor necrosis factor o (TNF-a), and
interleukin 6 (IL-6) levels were analyzed with the Roche
Cobas Chemiluminescent Immunoassay Analyzer and
Roche reagent kits (sensitivity, 0.1 ng/L).

Imaging

Chest CT scans were performed for children with
adenovirus infection to assess for pneumonia. Children
with suppurative tonsillitis in the adenovirus infection
group were further divided into an adenovirus
pneumonia group and a non-adenovirus pneumonia
group based on chest CT examination results, and
various laboratory test indicators were compared
between the 2 groups.

Statistical Analysis

Data were analyzed with SPSS software, version
25.0. Normally distributed data are presented as mean
(SD) and were compared using the 7 test. Count data are
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presented as n (%) and were compared using the > test
or Fisher’s exact test. Significant variables underwent
Pearson correlation and logistic regression analysis.
Predictive factors for adenovirus pneumonia were
identified, and receiver operating characteristic (ROC)
curve analysis was performed to assess predictive
accuracy. A 2-sided p<0.05 was considered statistically

significant.

RESULTS

General Data Analysis of Adenovirus and Bacterial
Infection Groups

Statistical tests revealed no significant differences
between the 2 groups in terms of sex, age, duration of
illness, body temperature, and tonsil enlargement grade
(»>0.05) (Table 1).

Table 1. Baseline characteristics of children in the adenovirus and bacterial infection groups

Factors

Adenovirus infection
group (n=145)

Bacterial infection w1t y
group (n=130)

Gender, n (%) 0.257 0.61
Male 77 (53.1) 73 (56.2)

Female 68 (46.9) 57 (43.9)

Age, mean (SD), y 7.81 (1.63) 7.95 (1.71) 0.723 0.47
Time of illness, mean (SD), d 2.33 (1.02) 2.41 (1.06) 0.610 0.54
Body temperature, mean 39.86 (2.58) 39.75 (2.55) 0.354 0.72
(SD), °C

Tonsillar enlargement 0.106 0.95
grading, n (%)

1 57 (39.3) 53 (40.8)

1I 54 (37.2) 46 (35.4)

111 34 (23.4) 31 (23.8)

Comparison of Laboratory Examination Indexes
between Adenovirus and Bacterial Infection Groups
This study found significant differences in laboratory
indicators between adenovirus and bacterial infections.
While the prevalent adenovirus types were not explicitly
identified in this cohort, prior evidence suggests that
respiratory adenovirus infections in children are
commonly caused by subgroups B, C, and E. The levels
of WBC, NC%, CRP, PCT, HBP, and IFN-y in the
adenovirus infection group were significantly lower than
those in the bacterial infection group. In comparison,
SAA levels were higher (p<0.05). There were no
statistically significant differences between the 2 groups
in lymphocyte count, PLT count, Hb level, ESR, ALB
level, TNF-a level, and IL-6 level (p>0.05) (Table 2).

Comparison of Laboratory Examination Indexes
between Adenovirus Pneumonia and Non-
Adenovirus Pneumonia Groups

Based on the examination results, 58 cases were
classified as the adenovirus pneumonia group, and 87
cases were classified as the non-adenovirus pneumonia
group. The levels of SAA, HBP, TNF-a, and IL-6 were
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significantly higher in the adenovirus pneumonia group
compared with the non-adenovirus pneumonia group
(»<0.05) (Table 3).

Correlation between Laboratory Tests and
Adenovirus Pneumonia

Table 4 presents the correlation analysis between
various laboratory test indicators and the occurrence of
adenovirus pneumonia using the Pearson correlation
coefficient. The results show that SAA (r=0.410;
p<0.001), HBP (r=0.485; p<0.001), TNF-o (r=0.543;
p<0.001), and IL-6 (r=0.522; p<0.001) are all positively
correlated with the occurrence of adenovirus
pneumonia.
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Table 2. Comparison of the levels of laboratory examination indicators

Factors Adenovirus infection Bacterial infection t )4
group (n = 145) group (n=130)

WBC count, x10%/L 14.97 (1.37) 18.86 (2.65) 15.507 <0.001
Lymphocyte count, x10%/L 2.17 (0.24) 2.14 (0.21) 0.939 0.35
NC, % 66.58 (12.59) 82.7 (14.12) 9.807 <0.001
PLT count, x10°/L 298.69 (31.52) 301.67 (32.11) 0.776 0.44
Hb, g/L 132.55 (17.54) 131.65 (18.36) 0.420 0.67
CRP, mg/L 15.26 (3.44) 26.36 (3.18) 27.734 <0.001
SAA, mg/L 216.75 (39.23) 136.55 (28.66) 19.166 <0.001
PCT, ng/L 15.06 (2.12) 42.53 (4.58) 64.807 <0.001
HBP, ng/mL 39.09 (8.79) 46.90 (9.37) 7.123 <0.001
ESR, mm/h 28.56 (4.57) 49.66 (7.47) 28.576 <0.001
ALB, g/L 44.55 (5.14) 44.80 (5.43) 0.376 0.71
IFN-y, ng/L 275.72 (33.28) 468.55 (45.71) 40.270 <0.001
TNF-a, ng/L 655.13 (115.17) 643.65 (102.25) 0.871 0.38
IL-6, ng/L 84.68 (19.14) 81.63 (18.65) 1.331 0.18

ALB: albumin; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; Hb: hemoglobin; HBP: heparin-
binding protein; IFN-y: interferon y; IL-6: interleukin 6; NC: neutrophil count; PCT: procalcitonin; PLT: platelet;
SAA: serum amyloid A; TNF-a: tumor necrosis factor a; WBC: white blood cell. Data are presented as mean (SD).

Table 3. Comparison of the levels of laboratory examination indicators (x=s)

Adenovirus pneumonia

Non-adenovirus pneumonia

Factors group (n=58) group (n=87) ¢ &
WBC count, x10%/L 15.01 (1.35) 14.94 (1.38) 0.323 0.75
Lymphocyte count, x10%/L 2.19(0.25) 2.15(0.23) 0.843 0.40
NC, % 67.34 (12.45) 66.07 (12.72) 0.596 0.55
PLT count, x10°/L 297.02 (35.23) 299.79 (28.94) 0.516 0.61
HB, g/L 132.68 (16.73) 132.47 (18.17) 0.068 0.95
CRP, mg/L 15.85 (3.40) 14.86 (3.42) 1.713 0.09
SAA, mg/L 236.39 (38.67) 203.65 (33.95) 5.3787 <0.001
PCT, ng/L 15.16 (2.33) 15.00 (1.99) 0.432 0.67
HBP, ng/mL 44.30 (8.93) 35.62 (6.77) 6.636 <0.001
ESR, mm/h 27.93 (4.60) 28.97 (4.54) 1.342 0.18
ALB, g/L 45.57 (4.81) 43.88 (5.28) 1.951 0.05
IFN-y, ng/L 274.13 (34.82) 276.77 (32.38) 0.466 0.64
TNF-a, ng/L 731.52(99.21) 604.21 (95.53) 7.742 <0.001
IL-6, ng/L 96.86 (17.63) 76.55 (15.50) 7.311 <0.001

ALB: albumin; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; Hb: hemoglobin; HBP: heparin-binding protein;
IFN-y: interferon y; IL-6: interleukin 6; NC: neutrophil count; PCT: procalcitonin; PLT: platelet; SAA: serum amyloid A; TNF-a:
tumor necrosis factor o; WBC: white blood cell. Data are presented as mean (SD).
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Table 4. Correlation analysis between laboratory test indicators and the occurrence of adenovirus pneumonia

SAA HBP TNF-a. 1L-6
Pearson r 0.410 0.485 0.543 0.522
p value <0.001 <0.001 <0.001 <0.001

HBP: heparin-binding protein; IL-6: interleukin 6; SAA: serum amyloid A; TNF-a: tumor
necrosis factor o.

Table 5. Logistic regression analysis of factors affecting the occurrence of adenovirus pneumonia

Factor B SE Wald OR P 95% CI
Lower Upper
SAA 0.020 0.008 6.530 1.021 0.011 1.005 1.037
HBP 0.123 0.035 12.402 1.131 <0.001 1.056 1.211
TNF-a 0.011 0.003 15.023 1.011 <0.001 1.005 1.016
IL-6 0.067 0.018 13.375 1.069 <0.001 1.031 1.108

HBP: heparin-binding protein; IL-6: interleukin 6; OR: odds ratio; SAA: serum amyloid A; TNF-a: tumor

necrosis factor a.

Independent Risk Factors for Adenovirus
Pneumonia

Table 5 wuses the occurrence of adenovirus
pneumonia as the dependent variable and SAA, HBP,
TNF-0, and IL-6 as the independent variables,
incorporated into a binary logistic regression analysis.
The results show that SAA (odds ratio [OR], 1.021; 95%
CI, 1.005-1.037; p=0.011), HBP (OR, 1.131; 95% CI,
1.056-1.211; p<0.001), TNF-a (OR, 1.011; 95% CI,
1.005-1.016; p<0.001), and IL-6 (OR, 1.069; 95% CI,
1.031-1.108; p<0.001) are risk factors for the
development of adenovirus pneumonia in children with
suppurative tonsillitis caused by adenovirus infection.

Predictive Performance of Indicators for Adenovirus
Pneumonia

ROC curve analysis showed that the areas under the
curve (AUCs) for SAA, HBP, TNF-a, and IL-6 in
predicting adenovirus pneumonia were 0.756 (95% CI,
0.678-0.824), 0.799 (95% CI, 0.724-0.861), 0.821 (95%
CI, 0.749-0.880), and 0.818 (95% CI, 0.746-0.878),
respectively, demonstrating predictive accuracy. The
combined use of SAA, HBP, TNF-q, and IL-6 yielded
an AUC of 0.927 (95% CI, 0.872-0.963), showing
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significantly higher predictive accuracy than any single
indicator. This finding indicates that the combination of
SAA, HBP, TNF-0, and IL-6 can more accurately
predict whether children with suppurative tonsillitis
caused by adenovirus infection will develop adenovirus
pneumonia. The optimal cutoff points, determined by
the maximum Youden index, were 229.01 mg/L for
SAA, 39.08 ng/mL for HBP, 674.44 ng/L for TNF-a,
and 85.98 ng/L for IL-6. The sensitivity and specificity
for SAA were 70.69% and 82.76%; for HBP, 77.59%
and 74.71%; for TNF-a, 75.86% and 81.61%; and for
IL-6, 77.59% and 80.46%. The combined use of the 4
indicators yielded a sensitivity and specificity of 87.93%
and 88.51%, respectively, suggesting that the combined
use improves predictive ability compared with
individual indicators (Table 6 and Figure 2).
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Table 6. Predictive value of SAA, HBP, TNF-a, and I1L-6 levels for adenovirus pneumonia

Indicator AUC 95% CI Best cutoff value Sensitivity, % Specificity, % y
Lower  Upper

SAA 0.756 0.678 0.824 229.01 mg/L 70.69 82.76 <0.001

HBP 0.799 0.724 0.861 39.08 ng/mL 77.59 74.71 <0.001

TNF-a 0.821 0.749 0.880 674.44 ng/L 75.86 81.61 <0.001

IL-6 0.818 0.746 0.878 85.98 ng/L 77.59 80.46 <0.001

Joint Application 0.927 0.872 0.963 - 87.93 88.51 <0.001

AUC: area under the curve; HBP: heparin-binding protein; IL-6: interleukin 6; SAA: serum amyloid A; TNF-a: tumor necrosis

factor o.
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Figure 2. ROC Curves for Predicting Adenovirus Pneumonia. ROC indicates receiver operating characteristic; SAA: serum

amyloid A; HBP: heparin-binding protein; TNF-a: tumor necrosis factor a; IL-6: interleukin 6.

DISCUSSION

Respiratory infections in children are frequently
caused by adenovirus, which presents with varied
clinical manifestations, including suppurative tonsillitis.
Both adenovirus and bacterial infections share similar
clinical features, such as fever, sore throat, and tonsillar
enlargement.!” Moreover, adenovirus infection exhibits
serological markers resembling those of bacterial
infections, increasing the risk of misdiagnosis and
inappropriate antibiotic use.?’ Such errors may lead to
adverse drug reactions, inefficient medical resource
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utilization, and increased health care burdens.?! A severe
complication of adenovirus infection is adenovirus
pneumonia, particularly in infants and young children,
which progresses rapidly and can be life-threatening.?
Early identification of adenovirus infection and its
potential progression to pneumonia is therefore critical.
This study compares laboratory indicators between
adenovirus and bacterial infection groups and analyzes
the association between adenovirus-induced suppurative
tonsillitis and pneumonia in children, offering insights
for clinical diagnosis and treatment.
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Adenovirus uses multiple immune evasion strategies
to establish persistent infection and induce severe
inflammation.? It encodes viral proteins that suppress
the host’s interferon pathway, impairing antiviral
immunity,? while also inhibiting apoptosis and
autophagy to prolong survival in host cells.?® These
mechanisms not only facilitate viral persistence but may
also trigger excessive immune activation, leading to
tissue damage.?®?” In this study, children with
adenovirus infection exhibited significantly lower levels
of WBCs, NC%, CRP, PCT, and HBP compared with
those with bacterial infections, highlighting distinct
inflammatory responses despite overlapping clinical
presentations. Bacterial infections typically elevate
WBC and NC% because of neutrophil activation,
whereas adenovirus preferentially stimulates the
monocyte-macrophage system.”® CRP and PCT are
commonly used inflammatory markers that typically rise
significantly during bacterial infections.”* In this
study, the levels of CRP and PCT in the adenovirus
infection group were relatively low, possibly because
the inflammatory response induced by adenovirus
infection primarily occurs through cellular immune
pathways rather than relying on humoral immune
responses as in bacterial infections. Furthermore, PCT is
mainly secreted by thyroid C cells and neuroendocrine
cells, and its elevation during bacterial infections is
closely associated with stimulation by bacterial
endotoxins, whereas this stimulation is relatively minor
during adenovirus infection. Therefore, the relatively
low expression levels of CRP and PCT during
adenovirus infection reflect the differences in
inflammatory response mechanisms between adenovirus
and bacterial infections. Notably, the level of SAA in the
adenovirus infection group was significantly higher than
that in the bacterial infection group. The increase in SAA
during viral infections is usually higher than that during
bacterial infections. This difference may be related to the
more rapid and intense immune response triggered by
viral infections.>' SAA can promote the chemotaxis and
activation of monocytes and enhance the phagocytic
activity of immune cells, thereby further enhancing the
body's immune response.?? Furthermore, the level of
IFN-y in the adenovirus infection group was
significantly lower than that in the bacterial infection
group, which may be related to the inhibitory effect of
adenovirus on the host's immune response. Adenovirus
infection may interfere with IFN-y signaling by
expressing immunomodulatory proteins, thereby

Vol. 24, No. 6, December 2025

inhibiting its production. This mechanism helps
adenovirus evade the host's immune surveillance and
promotes its persistent infection and replication in the
host.*?

In this study, the adenovirus-infected group was
further divided into an adenovirus pneumonia group and
a non-adenovirus pneumonia group. The levels of SAA,
HBP, TNF-a, and IL-6 were found to be significantly
higher in the adenovirus pneumonia group than in the
non-adenovirus pneumonia group. This result suggests
that these immune-inflammatory factors may play a
crucial role in the onset and progression of adenovirus
pneumonia. In adenovirus pneumonia, the high
expression of SAA may reflect the severity of
pulmonary inflammation, as it activates immune cells to
release more cytokines, further exacerbating the
inflammatory response in the lungs.>* The elevated HBP
levels may be closely related to the activation and
aggregation of neutrophils.® In addition, HBP can
chemoattract monocytes, neutrophils, and lymphocytes,
enhancing the aggregation and activation of
inflammatory cells in damaged tissues. These effects
collectively promote the inflammatory response and
tissue damage in adenovirus pneumonia.3® The elevation
of TNF-a and IL-6 is closely related to pulmonary
pathological changes. TNF-o and IL-6 can induce
damage to pulmonary vascular endothelial cells and
alveolar epithelial cells, leading to increased pulmonary
vascular permeability, increased alveolar exudation, and
destruction of alveolar structure. These pathological
changes further affect the gas exchange function of the
lungs, resulting in hypoxemia and respiratory failure.*’
Furthermore, TNF-a and IL-6 regulate the activity of
immune cells and influence the body's immune response
to adenovirus. They can promote the activation of
monocytes, macrophages, neutrophils, and T cells;
however, excessively high levels may lead to an
overamplified immune response, causing immune
imbalance, which may further exacerbate pulmonary
inflammation, create a vicious cycle and worsen the
condition of adenovirus pneumonia.’?

Through Pearson correlation coefficient analysis, we
found that SAA, HBP, TNF-a, and IL-6 are positively
correlated with the occurrence of adenovirus
pneumonia. This result further supports the important
role of these immune-inflammatory factors in
adenovirus pneumonia. Binary logistic regression
analysis further confirmed that these indicators are
independent risk factors for adenovirus pneumonia,
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indicating their significant value in predicting the
disease. ROC curve analysis showed that the AUC of the
combined use of SAA, HBP, TNF-o, and IL-6 was
0.927, significantly higher than the predictive accuracy
of any single indicator. This result indicates that the
combined use of multiple immune-inflammatory factors
can significantly improve the predictive ability for
adenovirus pneumonia. The optimal cutoff values were
229.01 mg/L for SAA, 39.08 ng/mL for HBP, 674.44
ng/L for TNF-a, and 85.98 ng/L for IL-6. The sensitivity
and specificity of the combined use of these 4 indicators
were 87.93% and 88.51%, respectively. This result has
important clinical significance, especially in the early
diagnosis and intervention of adenovirus infection. The
combined use of these indicators can help clinicians
more accurately identify high-risk children, thereby
enabling timely and effective treatment measures.

In summary, this study analyzed laboratory
indicators in children with suppurative tonsillitis caused
by adenovirus infection, revealing significant
differences in immune-inflammatory factor expression
between adenovirus and bacterial infections, and further
explored the correlation of these indicators with
adenovirus pneumonia. The innovation of this study lies
in its identification of a combined biomarker panel
(SAA, HBP, TNF-0, and IL-6) that not only
distinguishes adenovirus from bacterial infections but
also predicts pneumonia risk with high accuracy
(AUC=0.927). Such a panel could significantly reduce
misdiagnosis rates and unnecessary antibiotic use in
pediatric practice. The necessity of this study is
underscored by 2 key factors: the high morbidity and
mortality associated with adenovirus pneumonia in
children, particularly those younger than 2 years, and the
current lack of reliable, rapid diagnostic tools to
differentiate viral from bacterial tonsillitis in clinical
settings. By establishing clear biomarker thresholds and
demonstrating their clinical utility, this work provides
actionable insights for improving pediatric respiratory
infection management.

Limitations of the Study

This study has limitations, including a relatively
small sample size and a short duration, as it only
involved children with suppurative tonsillitis
hospitalized in our hospital from January to June 2019,
potentially leading to selection bias. This study only
examined some immune-inflammatory factors and did
not test other cytokines or immune indicators that may
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be involved in the onset and progression of adenovirus
pneumonia, potentially failing to fully reflect the body's
immune status. Future research can expand the sample
size and conduct multicenter, large-scale studies to
improve the reliability and generality of the research
results. In-depth studies can be conducted on the
molecular mechanisms of the body's immune response
after adenovirus infection to identify more biomarkers
and provide more effective means for the diagnosis and
treatment of adenovirus pneumonia. Additionally,
treatment  strategies  targeting these immune-
inflammatory factors can be explored, such as using
cytokine antagonists or modulators, to alleviate
pulmonary inflammatory responses and improve the
prognosis of children.
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