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Purpose: To evaluate the efficacy of intravenous methylprednisolone plus nebulized budesonide (IV-NEB CS) versus nebulized
budesonide alone (NEB CS) in infants with RSV pneumonia, and to assess the influence of bacterial co-infection.

Methods: This retrospective study included 303 patients (<36 months) with RSV pneumonia. Patients were divided into IV+NEB CS
(n=140) and NEB CS (n=163) groups, then stratified by bacterial co-infection and antibiotic use. Primary outcomes were time to
cough/fever/wheezing relief, disappearance of pulmonary signs, hospital stay, and glucocorticoid-related adverse events.

Results: (1) Wheezing relief was faster in the IV+NEB CS group [2.0 (1.5,4.0) vs 3.0 (2.0,4.0) days, P=0.010], but other outcomes did not
differ. (2) Subgroup B (IV+NEB CS without bacterial infection) had the shortest median wheezing relief [2.0 (1.0,3.0) days], pulmonary
sign resolution [4.0 (3.0,5.0) days], and hospital stay [4.0 (3.0,5.0) days]. (3) Antibiotic use was independently associated with shorter
symptom relief and discharge (all P<0.001); after adjusting for antibiotics, the main effect of IV-NEB CS was no longer significant for most
outcomes. (4) Antibiotics also reduced CRP levels (P=0.002). (5) Adverse event rates did not differ between groups.

Conclusion: In non-severe RSV pneumonia, adding intravenous methylprednisolone to nebulized budesonide provides no consistent
independent benefit after accounting for antibiotic use. The apparent faster recovery with combination therapy was largely explained
by antibiotics. Routine intravenous corticosteroids are not recommended. When bacterial co-infection is suspected, antibiotics should
be prioritized.
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Introduction

Respiratory syncytial virus (RSV) is the primary cause of lower respiratory tract infections in infants and young children
globally. In 2019, epidemiological data indicated that RSV-associated acute lower respiratory tract infections resulted in
3.6 million hospitalizations worldwide among this population. The mortality rate for children under 60 months was
1.6-2.4%, with more than 95% of these deaths occurring in low- and middle-income countries." Mortality statistics
indicate that respiratory syncytial virus (RSV) is a leading cause of death from acute lower respiratory tract infections in
children, surpassed only by pneumococcal pneumonia and Haemophilus influenzae type B.?

Current clinical management of RSV pneumonia is primarily supportive, as specific antiviral agents are
unavailable.>* As potent anti-inflammatory agents, nebulized glucocorticoids can shorten the duration of clinical
symptoms in children with mild to moderate disease, as demonstrated in some studies. This benefit arises from their
strong local effects and reduced systemic adverse reactions.”® However, research indicates that RSV infection can inhibit
glucocorticoid receptor regulatory gene expression in small airway epithelial cells,” which may constrain the efficacy of
locally administered glucocorticoids. Furthermore, respiratory viral infections can exacerbate host immunopathological
damage and foster secondary bacterial infections through the excessive production of inflammatory cytokines.®’ For
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children with rapidly progressing disease or severe symptoms, nebulized glucocorticoids alone may be insufficient to
rapidly control systemic inflammation. Combining intravenous and nebulized administration offers a dual-route anti-
inflammatory strategy. This approach may theoretically enhance efficacy through synergistic effects.

In clinical practice, intravenous methylprednisolone is occasionally administered to children with prominent wheez-
ing or a suspected hyperinflammatory response, particularly when nebulized therapy alone fails to control symptoms.'’
Methylprednisolone is selected for its potent systemic anti-inflammatory effect and rapid onset of action. Conversely,
budesonide is preferred for nebulization owing to its high topical potency and favorable safety profile in infants.''

Currently, no consensus exists on employing combination therapy for RSV pneumonia. While intravenous gluco-

1213 their mechanism of action, appropriate

corticoids demonstrate clear benefits in conditions like acute pediatric asthma,
patient populations, and optimal dosing for RSV pneumonia require further study. Specifically for non-severe infants and
young children, high-quality clinical evidence supporting the efficacy and safety advantages of combination therapy
remains lacking, which constrains clinical decision-making.

This retrospective cohort study evaluated the clinical efficacy of intravenous methylprednisolone combined with
nebulized budesonide for treating RSV pneumonia in infants and young children. We specifically assessed its effects on
the time to relief of key symptoms, the recovery of pulmonary signs, and the length of hospital stay. The findings provide

evidence to help optimize anti-inflammatory treatment strategies for this population.

Subjects and Methods
Study Subjects

A retrospective analysis was conducted on pediatric patients hospitalized for RSV pneumonia at Fuqing City Hospital of
Fujian between September 2021 and April 2025. Patients were categorized into two groups based on the treatment
regimen actually received during hospitalization, as documented in electronic medical records: an exposed group
receiving intravenous methylprednisolone combined with nebulized budesonide (IV+NEB CS) and an unexposed
group receiving nebulized budesonide alone (NEB CS). Those diagnosed with bacterial co-infection via positive sputum
culture received intravenous ceftriaxone or ceftazidime as anti-infective therapy. To evaluate the potential influence of
antibiotic use, each treatment group was further stratified by antibiotic administration, yielding four subgroups: Group
A (IV+NEB CS with bacterial infection), Group B (IV+NEB CS without bacterial infection), Group C (NEB CS with
bacterial infection), and Group D (NEB CS without bacterial infection).

Inclusion Criteria
(1) Age <36 months; (2) Diagnosis of RSV pneumonia confirmed by etiological and radiological examinations; (3)
Fulfilling the diagnostic criteria for community-acquired pneumonia.'*

Exclusion Criteria

1) Severe neurnonia;15 2) Concomitant infection with other viruses or atypical pathogens; (3) Coexisting airwa
p yp pathog g y

foreign body, asthma, pulmonary tuberculosis, bronchopulmonary dysplasia, or other respiratory diseases; (4)

Dysfunction of other organs such as heart, liver, or kidney; (5) Presence of other systemic diseases; (6) Discharge

before completion of treatment or inability to collect complete clinical data for other reasons.

Medication Administration
Both groups received nebulized budesonide at 1 mg twice daily. The exposed group also received a daily intravenous
infusion of methylprednisolone at 1-2 mg/kg body weight, whereas the unexposed group did not.

Patients with suspected bacterial co-infection (based on positive sputum culture or clinical criteria) received
intravenous ceftriaxone (50-80 mg/kg/day) or ceftazidime (30-50 mg/kg/day) as anti-infective therapy, administered
for 5-7 days according to standard pediatric protocols. Details of antibiotic administration were extracted from medica-

tion records.
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Data Collection
General information and clinical characteristics included gender, age in months, height in centimeters, weight in kilograms,
body mass index (BMI, kg/m?), the interval from symptom onset to admission in days, and prior antibiotic use.

Clinical efficacy was assessed by recording the time in days to cough relief, fever resolution, wheezing relief,
disappearance of pulmonary signs, and the total hospital stay.

Laboratory indicators comprised the pre- to post-treatment differences in serum white blood cell (WBC, x10%/L)
count and serum C-reactive protein (CRP, g/L) levels.

Glucocorticoid-related adverse reactions, including hyperglycemia, gastrointestinal reactions, gastrointestinal bleed-
ing, and neuropsychiatric behavioral abnormalities, were documented.

Statistical Methods

Statistical analyses were conducted with IBM SPSS Statistics 27. Normally distributed continuous variables are
expressed as mean =+ standard (mean + SD) deviation and were compared across groups using one-way ANOVA;
when ANOVA indicated significant differences, post hoc pairwise comparisons were performed with the least significant
difference method. Non-normally distributed data are reported as median (interquartile range)[M (IQR)] and were
compared using the Kruskal-Wallis H-test, followed by Mann—Whitney U-tests with adjusted significance levels for
post hoc analysis. Categorical variables were compared using the chi-square test or Fisher’s exact test, as appropriate. For
time-to-event outcomes (eg, time to symptom relief), we assumed that all hospitalized patients achieved resolution before
discharge, as severe pneumonia cases were excluded and no loss to follow-up occurred. A generalized linear model
(GLM) with gamma distribution and log link function was employed to analyze the effects of treatment regimen (IV
+NEB CS vs NEB CS), antibiotic use (yes vs no), and their interaction on clinical efficacy outcomes. This approach is
appropriate for right-skewed continuous outcomes such as duration days. Main effects and interaction effects were
estimated with adjustment for potential confounders (age, sex, BMI, time from onset to admission). Adjusted differences
among the four subgroups (A/B/C/D) were evaluated. A P-value of less than 0.05 was considered statistically significant.

Ethics

This study received approval from the Ethics Committee of Fuqing City Hospital of Fujian (approval number: K(2025)15).
The committee waived the requirement for informed consent because the research involved only the anonymized collection
and retrospective analysis of existing data. All procedures strictly adhered to the principles of the Declaration of Helsinki
and relevant ethical guidelines.

Results

From September 2021 to April 2025, 335 pediatric patients hospitalized with respiratory syncytial virus (RSV)
pneumonia at Fuqing City Hospital of Fujian met the inclusion criteria. After excluding 32 cases based on the exclusion
criteria, 303 patients were enrolled, comprising 140 in the exposed group and 163 in the unexposed group. Based on the
presence of bacterial infection and antibiotic use, these patients were further categorized into four subgroups: Group
A (n=40), Group B (n=100), Group C (n=37), and Group D (n=126).

Baseline Comparison

Status of Antibiotic Use

Antibiotics were administered for concomitant pulmonary bacterial infection to 40 children (28.6%) in the exposed group
and 37 children (22.7%) in the unexposed group. The rate of antibiotic use did not differ significantly between the groups
(P=0.242), which confirms a balanced distribution of this treatment (Table 1).

General Demographic and Clinical Features
Gender: The male proportion was 65.0% in group A, 54.8% in group B, 43.2% in group C, and 55.6% in group
D. Gender distribution did not differ significantly among the four subgroups (P=0.292) (Table 2).
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Table | Comparison of Antibiotic Usage Between the Exposed and
Unexposed Group

Antibiotic Usage (n,%) | Exposed Group | Unexposed Group | P-value

Used 40(28.6) 37(22.7) 0.242
Not Used 100(71.4) 126(77.3)

Table 2 Comparison of General Demographic and Clinical Features

Group A Group B Group C Group D P-value

Gender (n,%)

Male 26(65.0) 54(54.8) 16(43.2) 70(55.6) 0292
Female 14(35.0) 46(45.2) 21(56.8) 56(44.4)
Age (months) [M (IQR)] 6.0(4.0,12.0) | 8.0(4.0,16.0) | 8.0(4.5,17.5) | 10.5(2.0,21.0) | 0.686
BMI (kg/m?) (mean * SD) 17234236 | 16.86£2.13 | 16674215 | 1674+248 | 066l

Time from onset to admission (days) [M (IQR)] | 5.0(3.0,60) | 40(3.060) | 40(2050) | 503.050) | 0315

Age: The median age was 6.0 (4.0, 12.0) months in group A, 8.0 (4.0, 16.0) months in group B, 8.0 (4.5, 17.5) months
in group C, and 10.5 (2.0, 21.0) months in group D. No statistically significant difference in age was observed among the
four subgroups (P=0.686) (Table 2).

BMI: The mean BMI was 17.23 + 2.36 kg/m? in group A, 16.86 = 2.13 kg/m? in group B, 16.67 + 2.15 kg/m® in
group C, and 16.74 + 2.48 kg/m? in group D. No statistically significant difference in BMI was observed among the four
subgroups (P=0.661) (Table 2).

Time from onset to admission: The median time from onset to admission was 5.0 (3.0, 6.0) days in group A, 4.0 (3.0,
6.0) days in group B, 4.0 (2.0, 5.0) days in group C, and 5.0 (3.0, 5.0) days in group D. No statistically significant
difference was observed among the four subgroups (P=0.315) (Table 2).

Clinical Efficacy

Exposed Group vs Unexposed Group

No significant differences were observed between the two groups in the time to cough relief, time to fever resolution,
disappearance of pulmonary signs, or total hospitalization duration (P>0.05). The time to wheezing relief was significantly
shorter in the exposed group than in the unexposed group [2.0 (1.5, 4.0) days vs 3.0 (2.0, 4.0) days, P=0.010] (Table 3).

Impact of Treatment Regimen and Antibiotic Use
Antibiotic treatment significantly reduced the time to cough relief (P<0.001), the time to resolution of pulmonary signs
(P<0.001), the time to wheezing relief (P<0.001), and the duration of hospitalization (P<0.001) (Table 4).

Table 3 Comparison of Clinical and Laboratory Indicators Efficacy Between Exposed and
Unexposed Group

Clinical Efficacy (Days) [M (IQR)] Exposed Group | Unexposed Group | P-value
Time to cough relief 4.0(3.0,5.0) 4.0(3.0,5.0) 0.220
Time to fever resolution 1.0(1.0,2.0) 2.0(1.0,2.0) 0.114
Time to wheezing relief 2.0(1.5,4.0) 3.0(2.0,4.0) 0.010
Time to disappearance of pulmonary signs 4.0(3.0,5.0) 5.0(3.0,5.0) 0.661
Hospitalization duration 5.0(4.25,6.75) 6.0(5.0,7.0) 0.223
Change in WBC (x10°/L)[M (IQR)] 2.26(0.42,3.52) 1.32(0.04,3.55) 0.175
Change in CRP (mg/L)[M (IQR)] 2.65(1.20,4.92) 2.44(1.06,4.79) 0.311
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Table 4 Impact of Treatment Regimen and

Antibiotics on Clinical Outcomes and Laboratory

Indicators

P(SE) 95% CI Wald x? | P-value
Time to cough relief (days)
Intercept 4.450(0.204) [4.051,4.849] 477.920 | <0.001
Main effect (exposed group vs unexposed group) | 0.496(0.294) [-0.080,1.071] 2.748 0.097
Antibiotics (used vs not used) —0.590(0.241) | [-1.062,-0.118] 22.28I <0.001
Interaction effect (treatment plan x antibiotics) —0.427(0.341) | [-1.095,0.240] 1.575 0.209
Time to fever resolution (days)
Intercept 1.385(0.164) [1.063,1.706] 71.178 <0.001
Main effect (exposed group vs unexposed group) | 0.365(0.237) [-0.099,0.830] 4.040 0.044
Antibiotics (used vs not used) 0.192(0.197) [-0.194,0.578] 0.580 0.446
Interaction effect (treatment plan % antibiotics) —0.171(0.278) | [-0.717,0.374] 0.379 0.538
Time to wheezing relief (days)
Intercept 3.541(0.267) [3.017,4.065] 175.393 <0.001
Main effect (exposed group vs unexposed group) | 0.209(0.407) [-0.589,1.008] 1.955 0.162
Antibiotics (used vs not used) —1.097(0.319) | [-1.722,-0.473] 17.399 <0.001
Interaction effect (treatment plan % antibiotics) 0.237(0.469) [-0.683,1.157] 0.256 0.613
Time to disappearance of pulmonary signs (days)
Intercept 4.975(0.264) [4.458,5.492] 355.066 <0.001
Main effect (exposed group vs unexposed group) | —0.031(0.384) | [-0.782,0.721] 0.003 0.957
Antibiotics (used vs not used) —0.965(0.314) | [-1.580,-0.350] 17.126 <0.001
Interaction effect (treatment plan % antibiotics) 0.085(0.446) [-0.788,0.959] 0.037 0.848
Hospitalization duration (days)
Intercept 6.600(0.257) [6.096,7.104] 658.861 <0.001
Main effect (exposed group vs unexposed group) | 0.616(0.371) [-0.111,1.343] 2.745 0.098
Antibiotics (used vs not used) —1.260(0.304) | [-1.856,-0.664] 49.939 <0.001
Interaction effect (treatment plan x antibiotics) —0.520(0.430) | [-1.363,0.323] 1.460 0.227
Change in WBC (x10%/L)[M (IQR)]
Intercept 2.501(0.554) [1.415,3.586] 20.402 <0.001
Main effect (exposed group vs unexposed group) | 0.472(0.793) [-1.083,2.028] 0.001 0.980
Antibiotics (used vs not used) —0.366(0.653) | [-1.646,0.913] 3.426 0.064
Interaction effect (treatment plan % antibiotics) —0.968(0.919) | [-2.768,0.833] I.110 0.292
Change in CRP (mg/L) [M (IQR)]
Intercept 7.903(1.836) [4.304,11.501] 18.525 <0.001
Main effect (exposed group vs unexposed group) | 2.684(2.631) [-2.473,7.842] 0.908 0.341
Antibiotics (used vs not used) —3.537(2.165) | [-7.780,0.706] 9.803 0.002
Interaction effect (treatment plan X antibiotics) —2.465(3.047) | [8.437,3.506] 0.655 0418

The main effect of the treatment regimen significantly reduced the time to fever resolution (P=0.044), though it did
not significantly affect the other efficacy outcomes (Table 4). Notably, after adjusting for antibiotic use in the GLM, the
main effect of IV+HNEB CS on wheezing relief was no longer significant (P=0.162), indicating that the observed
difference between exposed and unexposed groups in the unadjusted comparison (Table 3) was largely driven by
antibiotic use rather than intravenous corticosteroids.

The interaction between treatment regimen and antibiotic use did not significantly affect any efficacy outcome
(P>0.05) (Table 4).

Subgroup Comparison of Clinical Efficacy

Time to cough relief: The time to cough relief was significantly shorter in Group D [4.0 (3.0, 5.0) days] than in Group
C [5.0 (4.0, 6.0) days] (P<0.001) (Table 5). Although the median and interquartile range (IQR) for Group A and Group
B were identical [both 4.0 (3.0, 5.0) days], the difference between Group A and Group B was statistically significant
(P=0.014). As shown in Figure 1, the lower whisker of Group B extended to 1 day, whereas that of Group A extended
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Table 5 Comparison of Clinical Outcomes Between Subgroups

Clinical Outcomes (Days)[M (IQR)] Group A Group B Group C Group D P-value

AxB |CxD | AxC | BxD
Time to cough relief 4.0 (3.05.0) | 40 (3.05.0) | 50 (4.0,6.0) | 40 (3.05.0) | 0.014 | <0.001 | 0.091 0.691
Time to fever resolution 1.0 (1.0,2.0) | 1.0 (1.0,2.0) | 1.5(1.0,2.75) | 2.0 (1.0,2.0) | 0.331I 0918 0.123 0.184
Time to wheezing relief 3.0 (2.0,4.0) | 2.0(1.0,3.0) | 3.5 (2.25,5.0) | 3.0 (2.0,4.0) | <0.001 | 0.013 0.607 | 0.055
Time to disappearance of pulmonary signs | 5.0 (3.0,6.0) | 4.0 (3.0,5.0) | 5.0 (4.0,6.0) | 4.0 (3.0,5.0) | 0.002 0.005 0.937 0.809
Hospitalization duration 6.0 (5.0,7.0) | 4.0 (3.0,5.0) | 7.0 (6.0,8.0) | 5.0 (4.0,7.0) | <0.001 | <0.00l | 0.097 | 0.658

only to 2 days, indicating a more favorable distribution of cough relief times in Group B despite identical median and
IQR. This distributional difference explains the significant result from the Mann—Whitney U-test, which is based on rank
sums rather than direct median comparison.

Time to fever resolution: No statistically significant differences were observed among the subgroups regarding the
time to fever resolution. (P>0.05) (Table 5).

Time to wheezing relief: The median time to wheezing relief in Group B [2.0 (1.0, 3.0) days] was significantly shorter
than that in Group A [3.0 (2.0, 4.0) days] (P < 0.001). The median time in Group D [3.0 (2.0, 4.0) days] was slightly
shorter than that in Group C [3.5 (2.25, 5.0) days] (P = 0.013) (Table 5).

Time to disappearance of pulmonary signs: The time to disappearance of pulmonary signs in Group B [4.0 (3.0, 5.0)
days] was significantly shorter than that in Group A [5.0 (3.0, 6.0) days] (P=0.002). Similarly, the time in Group D [4.0
(3.0, 5.0) days] was significantly shorter than that in Group C [5.0 (4.0, 6.0) days] (P=0.005) (Table 5).

Hospitalization duration: Group B [4.0 (3.0, 5.0) days] was significantly shorter than Group A [6.0 (5.0, 7.0) days]
(P<0.001), and Group D [5.0 (4.0, 7.0) days] was significantly shorter than Group C [7.0 (6.0, 8.0) days] (P<0.001) (Table 5).

Laboratory Indicators

Exposed Group vs Unexposed Group

The change in WBC [exposed group: 2.26 (0.42, 3.52) x10°/L vs unexposed group: 1.32 (0.04, 3.55) x10%/L] and CRP
[exposed group: 2.65 (1.20, 4.92) mg/L vs unexposed group: 2.44 (1.06, 4.79) mg/L] from before to after treatment
showed no statistically significant differences between the two groups (£>0.05) (Table 3).

Time to cough relief(days)

Subgroups

Figure | Boxplot of time to cough relief (days) among the four subgroups.
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Table 6 Comparison of Laboratory Indicators Among Subgroups

Group A Group B Group C Group D P-value

AxB [ CxD | AxC | BxD

Change in WBC (x10%L) [M (IQR)] | 2.63 (0.63,3.60) | 2.07 (0.33,3.51) | 3.05 (0.94,4.56) | 1.0l (-0.13,3.35) | 0.575 | 0039 | 0552 | 0285
Change in CRP (mg/L) [M (IQR)] 268 (1.20,5.60) | 2.62 (1.154.46) | 2.90 (2.06,13.75) | 223 (0.51,3.89) | 0.102 | 0005 | 0308 | 0.886

Table 7 Comparison of Glucocorticoid-Related Adverse Reactions Between the Exposed and
Unexposed Group

Exposed Group | Unexposed Group | P-value

Abnormal elevation of blood glucose (n, %) 5(3.6) 2(1.2) 0.255
Gastrointestinal reactions (n, %) 5(3.6) 2(1.2) 0.255
Gastrointestinal bleeding (n, %) 0(0.0) 0(0.0) -

Neuropsychiatric behavioral abnormalities (n, %) 6(4.3) 2(1.2) 0.150

Impact of Treatment Regimen and Antibiotic Use
Antibiotic administration significantly reduced CRP levels (P=0.002), though it did not significantly affect WBC levels
(P=0.064) (Table 4).

Neither the main effect of treatment regimen nor its interaction with antibiotic use significantly influenced changes in
WBC or CRP (P>0.05) (Table 4).

Comparison of Laboratory Indicators Among Subgroups
Change in WBC: The change in WBC was larger in Group C [3.05 (0.94, 4.56) x10°/L] than in Group D [1.01 (—0.13,
3.35) x10°/L, P=0.039] (Table 6).

Change in CRP: The CRP difference was significantly higher in group C [2.90 (2.06, 13.75) mg/L] than in group
D [2.23 (0.51, 3.89) mg/L, P=0.005] (Table 6).

Glucocorticoid-Related Adverse Reactions

No statistically significant difference was observed between the two groups in the incidence of hyperglycemia, gastro-
intestinal reactions, or neuropsychiatric behavioral abnormalities following glucocorticoid treatment (P>0.05).
Gastrointestinal bleeding did not occur in either group (Table 7).

Discussion

This retrospective cohort study examines differences in efficacy between intravenous plus nebulized corticosteroids (IV
+NEB CS) and nebulized corticosteroids alone (NEB CS) for treating respiratory syncytial virus (RSV) pneumonia in
infants and young children, particularly regarding coexisting bacterial infection and antibiotic use. Our results indicate
that children without bacterial infection who received IV+NEB corticosteroids (Group B) exhibited shorter wheezing
duration, more rapid resolution of pulmonary signs, and a reduced hospital stay compared to those with bacterial
infection receiving the same regimen (Group A). This comparison, however, does not isolate the effect of intravenous
corticosteroids, as Groups A and B differed in both bacterial infection status and antibiotic use. Comparisons between
groups with similar infection status (B versus D, and A versus C) revealed no statistically significant differences for any
outcome (all P>0.05; Table 5). Consequently, we cannot attribute a “pronounced efficacy” to IV+NEB corticosteroids
independent of bacterial infection control. The data instead imply that the presence of bacterial co-infection and
concomitant antibiotic use are the predominant factors influencing recovery. The faster recovery observed in Group
B relative to Group A is therefore likely attributable to the absence of bacterial infection—and thus no requirement for
antibiotics—rather than to the intravenous corticosteroid component. This interpretation aligns with the non-significant
interaction terms in the GLM (Table 4) and the absence of significant differences between B versus D and A versus C.
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Although prior work has shown that RSV infection induces glucocorticoid receptor phosphorylation in airway
epithelial cells, which diminishes corticosteroid se:nsitivity.l6’17 Dual-route administration regimen, which suppresses
systemic inflammation via the intravenous route while achieving high local drug concentrations in the airways via
nebulization, may provide broader anti-inflammatory coverage.'""'® While Table 3 shows a significant difference in
wheezing relief between the exposed and unexposed groups (P=0.010), the GLM adjusted for antibiotic use reveals that
the main effect of IV*NEB CS is not significant (P=0.162, Table 4). This indicates that the apparent benefit of
combination therapy in the crude comparison is confounded by antibiotic use. The only robust conclusion, therefore,
is that antibiotic use—not intravenous corticosteroids—is consistently associated with improved outcomes across multi-
ple domains. This finding suggests a shift in the underlying pathophysiology, indicating that the therapeutic focus should
move from immunosuppression to anti-infective management.'>*° Importantly, the addition of intravenous methylpred-
nisolone did not increase the incidence of glucocorticoid-related adverse events (Table 7), which supports its short-term
safety profile in this population despite the absence of clinical benefit.

Previous studies confirm that bacterial co-infection exacerbates RSV pneumonia severity and prolongs

2122 3 finding consistent with evidence that RSV impairs mucosal immunity and increases susceptibility

hospitalization,
to Streptococcus pneumoniae and Haemophilus influenzae.”> A large multicenter cohort study by Pefia-Lopez et al
reported that although bacterial co-infection rates in RSV are low, they are associated with worse outcomes, and current
evidence advises against indiscriminate antibiotic usage even in severe cases.”* Our subgroup analysis supports this:
patients with bacterial co-infection (Groups A and C) had longer hospital stays and slower symptom resolution compared
to those without co-infection (Groups B and D). Furthermore, among co-infected patients, the addition of IV+NEB CS
(Group A) provided no additional benefit over NEB CS alone (Group C), suggesting that bacterial clearance outweighs
supplementary anti-inflammatory effects. This suggests that in children with bacterial co-infection, recovery may be
driven primarily by bacterial clearance, which outweighs the supplementary anti-inflammatory effects.'® This under-
scores the need to diagnose bacterial co-infection, through careful clinical evaluation or guided by biomarkers, prior to
escalating immunosuppressive therapy.”>*°

In our GLM analysis, antibiotic treatment significantly reduced time to symptom relief and hospital stay (all
P<0.001). However, as the South African guidelines emphasize, antibiotics should not be used routinely in bronchiolitis
but reserved for cases where bacterial co-infection is strongly suspected.?” This underscores the importance of accurate
diagnosis of bacterial co-infection prior to escalating therapy.

This study has several limitations. First, the retrospective design may retain residual confounding despite statistical
adjustments. Bacterial infection was defined clinically, and stratification could be refined by incorporating procalcitonin
or culture data. Second, the analysis did not stratify patients by methylprednisolone dosage, leaving potential dose-
dependent effects for future investigation. Finally, long-term outcomes such as recurrent wheezing were not system-
atically assessed.”® Future randomized controlled trials should address these limitations and include viral load monitor-
ing, inflammatory biomarker measurement, and predefined subgroup analyses (eg, by bacterial co-infection status) to
better define which children—if any—might benefit from systemic corticosteroids.

Conclusion

In infants and young children with non-severe RSV pneumonia, adding intravenous methylprednisolone to nebulized
budesonide offers no consistent independent benefit after accounting for antibiotic use. The apparent faster recovery with
combination therapy was largely explained by antibiotic treatment. Therefore, routine intravenous corticosteroids are not
recommended. When bacterial co-infection is suspected, antibiotics should be prioritized, as they independently improve
outcomes while corticosteroids provide no additional advantage. Future randomized trials are needed to identify potential
subgroups that might benefit from systemic corticosteroids.
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