1

TJ ;Furkilsr}

ournal o 9 o .

[o]p) [Pediatric Original Article
Disease

Clinical characteristics of immunocompetent children with
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ABSTRACT

Objective: Cytomegalovirus (CMV) pneumonia in immunocompetent children remains underrecognized, and standardized
diagnostic criteria are lacking. We aimed to describe the clinical characteristics of immunocompetent children with CMV
pneumonia and to evaluate the relationship between bronchoalveolar lavage (BAL) fluid and serum CMV DNA loads and
laboratory results.

Materials and Methods: In this retrospective cohort study, medical records of 62 immunocompetent children who underwent
flexible bronchoscopy for recurrent pneumonia or persistent wheezing between November 2023 and January 2025 were
reviewed. CMV pneumonia was defined by detection of CMV DNA in BAL using real-time polymerase chain reaction (PCR).
Quantitative CMV DNA load in BAL and serum were expressed as international units per milliliter (IU/mL). Demographic, clinical,
laboratory, and radiological findings were recorded. Correlations between CMV DNA load in BAL and serum and blood indices
were analyzed.

Results: Twenty patients (32.2%) were diagnosed with CMV pneumonia. The median age was six years (1.5-9.7), and 55%
were male. The most common presenting symptom was chronic cough (85%). Patchy consolidation was the most frequent
radiographic finding (45%), while chest computed tomography most commonly demonstrated consolidation (55%), often with
bilateral (70%) and multilobar involvement (70%). Serum CMV PCR was positive in six patients (30%). No significant correlation
was observed between BAL CMV DNA load (median; 2650 IU/mL; IQR; 311-16874) and serum CMV DNA load (median; 700
IU/mL; IQR; 443-2650) (p > 0.963). BAL CMV DNA load showed a strong positive correlation with serum monocyte count (r =
0.861, p<0.001) and mean platelet volume (MPV) (r = 0.759, p < 0.001). Eleven patients (55%) received intravenous ganciclovir
at 5 mg/kg/per dose twice daily for 21 days, and demonstrated clinical and radiological improvement without documented
significant adverse effects.

Conclusion: BAL CMV PCR demonstrated a higher detection rate than serum CMV PCR in immunocompetent children with
recurrent pneumonia or persistent wheezing. Elevated monocyte count and MPV may reflect CMV-related pulmonary inflammation.
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Introduction

Cytomegalovirus (CMV) is a ubiquitous B-herpesvirus that
infects a large proportion of the global population (1,2). In
immunocompromised individuals, CMV is well recognized as
a cause of severe pulmonary disease (3). However, the clinical
significance of CMV pneumoniainimmunocompetent children
remains poorly understood (4). In children presenting with
recurrent pneumonia, persistent wheezing, or unexplained

radiological abnormalities, the differential diagnosis is often
broad and includes infectious, inflammatory, and structural
lung diseases. Increasing evidence suggests that CMV
pneumonia may be an underrecognized contributor to such
cases, and it is essential for clinicians to remain vigilant
and include it in the differential diagnosis (5-7). The current
literature underscores the lack of standardized diagnostic
and therapeutic protocols for CMV pneumonia in otherwise
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healthy pediatric populations, and randomized controlled
trials are lacking to guide clinical practice (2,7,8). The
diagnosis relies on a combination of respiratory symptoms,
radiological findings consistent with infection, and virological
confirmation of CMV infection.

Polymerase chain reaction (PCR) assays detecting CMV
DNA in bronchoalveolar lavage (BAL) fluid or serum are
frequently employed as diagnostic molecular methods, yet the
interpretation of positive results in immunocompetent hosts
remains challenging. Previous studies have suggested that CMV
DNA detection in BAL fluid is considered the most sensitive
and reliable specimen for detecting CMV DNA in the lungs,
and may provide diagnostic value in wheezy infants or children
with unexplained respiratory symptoms (5,6,9,10). However, the
correlation between viral load and clinical severity, radiological
manifestations, or treatment outcomes is still uncertain.
Additionally, the role of serum CMV PCR remains controversial,
as many children with CMV pneumonia may test negative in
peripheral blood despite having positive BAL results (5,6).

The cornerstone of treatment for severe CMV infections
is intravenous ganciclovir (8,11). Data on its use in
immunocompetent children with CMV pneumonia are limited,
and potential benefits must be weighed against the risk of
toxicity (12). Understanding whether CMV viral load in BAL or
serum predicts response to ganciclovir may help guide treatment
decisions in this context.

In this retrospective study, we aimed to examine the clinical
characteristics of immunocompetent children with CMV
pneumonia and identify the relationship between BAL and
serum CMV DNA loads.

Materials and Methods

This retrospective cohort study was conducted at the
Departments of Pediatric Pulmonology and Pediatric Infectious
Diseases at Izmir City Hospital between November 2023 and
January 2025.During the study period, a total of 62 children (aged
<18 years) underwent flexible bronchoscopy due to recurrent
pneumonia or persistent wheezing. Among them, 25 patients
were found to have CMV DNA positivity in bronchoalveolar lavage
(BAL) fluid by PCR and were considered eligible for the study.
Five patients were excluded due to immunodeficiency (n=2),
congenital CMV infection (n=1), and malignancy (n=2). Thus,
the final study population consisted of 20 patients. The study
flowchart is presented in Figure 1. Patients were eligible if CMV
DNA was detected in BAL fluid by PCR. Children with known
primary or secondary immunodeficiency, malignancy, congenital
CMV infection, and those receiving immunosuppressive therapy
were excluded.

Clinical data were extracted from the institutional electronic
medical system and compared between patients with positive
and negative serum CMV DNA results.

Clinical data collection

Demographic and clinical data included age, sex, age at onset of
symptoms, presenting symptoms (cough, wheezing, dyspnea,
fever, recurrent pneumonia, and diarrhea), anthropometric
measurements, physical examination findings (tachypnea,
respiratory distress, rhonchi, rales, and hypoxemia), laboratory
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Figure 1: Flowchart of participants included in the study.

results, radiological findings (chest radiographs and computed
tomography (CT) scans), and BAL analyses (microbiological and
cytological).

Weight and height z-scores were calculated according to the
Centers for Disease Control and Prevention (CDC) growth
charts. Body mass index (BMI) was calculated using the weight
(kg)/height (m?) formula for children older than 2 years, and BMI
z-scores were also determined using the CDC growth charts (13).

Chest radiographs obtained at admission were retrospectively
reviewed for the presence of interstitial infiltrates, consolidation,
atelectasis, hyperinflation, and pleural effusion.

Chest CT findings, as previously reported by a pediatric
radiologist, were retrospectively extracted from the patients’
medical files. Lobar involvement was recorded separately for
each pulmonary lobe (right upper, right middle, right lower, left
upper, and left lower lobes). The number of involved lobes
was documented for each patient. Bilateral involvement
was defined as the presence of parenchymal abnormalities
affecting both lungs. Multilobar involvement was defined as
involvement of two or more lobes. In addition to distribution,
specific radiological patterns—including consolidation,
atelectasis, mosaic perfusion, ground-glass opacities,
bronchiectasis, pleural effusion, centrilobular small nodules,
interlobular septal thickening, and tree-in-bud pattern, were
noted.

Laboratory Data

Complete blood count (CBC) parameters, including leukocyte
count (x10%/pL), neutrophil count (x103%/uL), lymphocyte
count (x10%pL), monocyte count (x10%/uL), eosinophil count
(x10%/pL), platelet count (x10%/uL), mean platelet volume
(MPV, fL), plateletcrit (PCT, %), and platelet distribution width
(PDW, %), were retrospectively extracted from the electronic
medical record system. The neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) were calculated
by dividing the absolute neutrophil and platelet counts,
respectively, by the absolute lymphocyte count.
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Inflammatory markers, including C-reactive protein (CRP, mg/L)
and serum immunoglobulin G (IgG, g/L), were also retrieved
from the same database.

Quantitative CMV DNA levels from both serum and BAL samples
(hereafter referred to as CMV DNA load) were recorded from
the hospital’'s microbiology laboratory database, which
had been analyzed by real-time PCR assay. Results were
expressed as international units per milliliter (IU/mL). The
lower limit of detection was 150 IU/mL, with a quantification
range of 150-1x10” IU/mL. No predefined viral-load cut-off
was used for the diagnosis of CMV pneumonia (5,7,8). CMV
DNA results were interpreted in conjunction with clinical
presentation and radiological findings.

All laboratory analyses were performed in the hospital’s
central laboratory according to standardized operating
procedures and internal quality control protocols.

Bronchoscopy and BAL procedure

Flexible bronchoscopy was performed under general
anesthesiausing an appropriately sized flexible bronchoscope
(EB-530P, Fujifilm Corporation, Tokyo, Japan). The procedure
was conducted in a dedicated operating room by the same
pediatric pulmonologist (14). After airway inspection, BAL
was performed by instilling sterile 0.9% saline solution (1
mL/kg, with a maximum of 20 mL per aliquot) into the most
affected segment, as determined radiologically, or the right
middle lobe/lingula in cases of diffuse disease. The instilled
fluid was immediately aspirated with gentle suction and
collected into sterile mucus traps.

The first aliquot was sent for bacterial, fungal, and
mycobacterial cultures. The remaining pooled aliquots were
divided as follows: one portion for cytological examination
(differential cell count and cytopathology) and one for viral
PCR analysis (including CMV and other respiratory viruses).
Samples were transported to the laboratory within 30 minutes
of collection and processed immediately under sterile
conditions, following standardized operating protocols.
BAL differential cell counts were interpreted according to
established pediatric reference values. Neutrophilia was
defined as neutrophils >5% of total cells, and eosinophilia as
eosinophils >1%, based on previously published reference
ranges (15).

Treatment protocol

Intravenous ganciclovir was initiated in patients with high
BAL CMV DNA load and/or positive serum CMV PCR results,
particularly in the presence of severe or persistent respiratory
symptoms and significant radiological abnormalities. It was
administered at a dose of 5 mg/kg/per dose twice daily.
The planned treatment duration was 21 days. Treatment
decisions were made by a multidisciplinary team including
pediatric pulmonology and infectious diseases specialists.

After the initial 14 days of therapy, patients were reassessed
for clinical response and potential adverse effects. Clinical
response was defined as improvement in baseline respiratory
symptoms (wheezing, cough, or dyspnea) and/or radiological
stabilization or improvement on chest imaging. In the
absence of drug-related toxicity, treatment was continued
and completed for a total duration of 21 days.

Statistical analysis

Descriptive data are presented as numbers for categorical
variables and as mean and standard deviation (SD) or median
and interquartile range (IQR) for continuous variables, depending
on the data distribution, as assessed by the Shapiro-Wilk test.
Group comparisons were conducted using the Pearson x2 test
or Fisher’s exact test for categorical variables, and the Student’s
t-test or Mann-Whitney U test for continuous variables, as
appropriate. Correlations between viral load and clinical
characteristics were assessed with Spearman’s correlation
coefficient. A p-value <0.050 was considered statistically
significant. Statistical analyses were performed using SPSS
version 26.0 (IBM, Armonk, NY).

Results

Patient characteristics

The medical records of 62 pediatric patients who underwent
flexible bronchoscopy for recurrent pneumonia or persistent
wheezing were retrospectively assessed. The median age
was six years (1.5-9.7), and 11 patients (55%) were male.
The median age at onset of symptoms was 2.5 years (0.8-
4.3). The most frequent presenting symptom and physical
examination finding were chronic cough (85%), respectively.
The demographic and clinical characteristics of the study
population are presented in Table .

Hematologic parameters, chest CT findings, and flexible
bronchoscopy results

The median serum leukocyte count was 8.74 x 10%/uL (7.02-
12.04), the monocyte count was 0.74 x 10%uL (0.54-1.11), and
MPV was 9.9 fL (9.4-10.5). The hematologic parameters of the
study population are presented in Table Il

On chest radiography, patchy consolidations were observed in 9
patients (45%), hyperinflation in 7 (35%), atelectasis in 6 (30%),
interstitial infiltrates in 2 (10%), and pleural effusion in 1 (5%).

All patients exhibited pathological abnormalities on chest
CT. The most frequent CT findings were consolidation (55%)

Table I: Demographic characteristics of immunocompetent]

children diagnosed with CMV pneumonia

Symptom*
Cough 17 (85)
Wheezing 13 (65)
Recurrent pneumonia 13 (65)
Dyspnea 8 (40)
Fever 2 (10)
Diarhea 1(5)
Physical examination
Weight (kg)" 18.5 (10.5-30)
Height (cm)* 110.5 (79-134)

BMIf 16.9 (15.2-19.5)

zWeight (kg)" -0.56 (-1.37-0.03)
zHeight (cm)* -0.38 (-1.6-0.22)
zBMIT -0.3 (-1-0.43)
Rhonchi* 10 (50)
Rales* 8 (40)
Tachypnea* 7 (35)
Respiratory distress* 6 (30)
Hypoxemia* 2(10)

* n(%), T: median (IQR), BMI: body mass index, IQR: interquartile range
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Table Il: Hematologic parameters, chest CT findings, and flexible
bronchoscopy results of immunocompetent children diagnosed

with CMV pneumonia

Hematologic parameters*
Leukocytes (10%/uL)
Neutrophil (10%/pL)
Lymphocyte (10%/pL)
Monocytes (10%/uL)
Eosinophil (10%/pL)

8.74 (7.02-12.04)
4.16 (2.87-6.84)
2.95 (2.56-5.72)
0.74 (0.54-1.11)
0.26 (0.07-0.53)

Platelet (10%/pL) 351.5 (272.5-419)
MPV (fL) 9.9 (9.4-10.5)
PCT (%) 0.3 (0.2-0.4)
PDW (%) 11.1 (9.7-12)
CRP (mg/L) 1(0.6-4.5)
19G (g/L) 10.8 (8-13.3)
NLR 1.4 (0.8-2)
PLR 112.5 (66.4-144.2)
Chest CT findings®
Consolidation 11 (55)
Atelectasis 9 (45)
Mosaic perfusion 7 (35)
Ground-glass opacity 6 (30)
Bronchiectasis 4 (20)
Pleural effusion 2 (10)
Centrilobular small nodules 7 (35)
Interlobular septal thickening 5 (25)
Tree-in-bud pattern 3 (15)
Bronchoscopy resultst
Mucosal Appearance
Normal 17 (85)
Pale 1(5)
Pale with nodular changes 2(10)
Secretions, yes 13 (65)
BAL analysis
BAL co-infection® 13 (65)
Haemophilus influenzae 8 (40)
Influenza A 3 (15)
RSV 1(5)
AGBHS 1(5)
BAL leukocytes (mm3)* 375 (112.5-800)
BAL PMNL (%)* 45 (10-78.7)
BAL CMV DNA (IU/mL)* 1416 (311-16874)

* median (IQR), T: n(%), AGBHS: group A B-hemolytic streptococcus,
BAL: bronchoalveolar lavage, CRP: C-reactive protein, CT: computed
tomography, MPV: mean platelet volime, NLR: neutrophil-to-lymphocyte
ratio, PCT: plateletcrit, PDW: platelet distribution width, PLR: platelet-
to-lymphocyte ratio, PMNL: polymorphonuclear leukocytes, RSV:
Respiratory syncytial virus

and atelectasis (45%) (Table Il). Bilateral lung involvement
was present in 14 patients (70%), whereas 6 patients (30%) had
unilateral involvement. Multilobar involvement was observed in 14
patients (70%), with a median of 2 lobes involved (1-5). Regarding
lobar distribution, involvement was detected in the right upper
lobe in 9 patients (45%), right middle lobe in 8 (40%), right lower
lobe in 12 (60%), left upper lobe in 11 (55%), and left lower lobe
in 12 patients (60%).

On flexible bronchoscopy, 17 patients (85%) had normal mucosal
appearance, and 13 (65%) had abundant secretions. BAL
cytology demonstrated neutrophilia in 16 patients (80%), with
eosinophilia in one patient. Co-infections were identified in BAL
samples in 13 patients (65%), including Haemophilus influenzae
(40%), Influenza A (15%), group A B-hemolytic streptococcus,
and Respiratory syncytial virus in each patient.

Table Ill: Comparative analysis of demographic, clinical, and

laboratory findings according to ganciclovir treatment status

yes no p
Number of patients 11 9 -
Age (months)* 6 (1-9) 6 (3.3-11.5) 0.503
Gender (male)’ 8 (72.7) 3(33.3) 0.078
Onset age (months)* 1(0.8-4.5) 3.8 (0.9-6.8) 0.552
Symptom?

Cough 8 (72.7) 9 (100) 0.089
Wheezing 7 (63.6) 6 (66.7) 0.888
Recurrent pneumonia 8 (72.7) 5 (55.6) 0.423
Dyspnea 5 (45.5) 3(33.3) 0.582
Fever 2(18.2) 0 0.178
Diarhea 1(9.1) 0 0.353
Physical examination
zWeight* -0.9 (-1.5-(-0.2)) -0.4 (-0.8-0.5) 0.175
zHeight* -0.5(-2.8-0.2) -0.3(-1.3-0.7) 0.370
zBMI* -1(-1.7-1.1)  -0.1 (-0.8-0.4) 0.336
Rhonchit 5 (45.5) 5 (55.6) 0.653
Ralest 5 (45.5) 3(33.3) 0.582
Tachypnea’ 5 (45.5) 2 (22.2) 0.279
Respiratory distress’ 4 (36.4) 2 (22.2) 0.492
Hypoxemia® 1(9.1) 1(11.1) 0.881
Monocytes (10%/pL)* 1050 (740-1600) 600 (300-730) 0.010
MPV (fL)* 10.3 (10.1-10.8) 9.4 (8.4-9.7) 0.001
Chest CT findings'
Bilateral involvement 8 (72.7) 6 (66.7) 0.769
Multilobar involvement 8 (r2.7) 6(66.7) 0.769
Consolidation 6 (54.5) 5 (55.6) 0.964
Atelectasis 5 (45.5) 4 (44.4) 0.964
Mosaic perfusion 3(27.9) 4 (44.4) 0.423
Ground-glass opacity 3(27.3) 3(33.3) 0.769
Bronchiectasis 1(9.1) 3(33.3) 0.178
Pleural effusion 2(18.2) 0 0.178
Centrilobular small 3(27.3) 4 (44.4) 0.423
nodules
Interlobular septa 1(9.1) 4(44.4)  0.069
thickening
Tree-in-bud pattern 1(9.1) 2 (22.2) 0.413
Serum CMV positivity® 6 (54.5) 0 0.008
Serum CMV DNA (IU/mL)* 212 (0-873) 0 0.038
N 9110 330
BAL CMV DNA (IU/mL) (3137-24744) (247-539) 0.001
BAL PMNL (%)* 45 (10-50) 70 (7.5-80) 0.710

BAL leukocytes (mm?)* 800 (80-800) 340 (115-915) 0.656

* median (IQR), *: n(%), BAL: bronchoalveolar lavage, BMI: body mass
index, IQR: interquartile range, CT: computed tomography, MPV: mean
platelet volime, PMNL: polymorphonuclear leukocytes

The median BAL CMV load was 1416 IU/mL (311-16874). In
contrast, only six patients (30%) had detectable serum CMV
DNA, with a median viral load of 700 (443-2650).

Correlation analysis of laboratory findings with CMV PCR

BAL CMV DNA load showed a strong positive correlation
with serum monocyte count (r=0.861, p<0.001) and MPV (r=
0.759, p<0.001). Scatter plots illustrating these correlations are
presented in Figure 2.

Serum CMV DNA load were not significantly correlated with
serum monocyte count or MPV (p>0.486). Notably, no significant
correlation was observed between BAL and serum CMV loads
(p>0.963).
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Figure 2: Scatter plot graphics and correlation between BAL CMV
DNA (y-axis) and hematologic parameters (x-axis)

Comparison of patients based on treatment

All patients with positive serum CMV PCR results (n=6) received
intravenous ganciclovir treatment. In addition, five patients with
negative serum CMV PCR but high BAL CMV DNA load and
severe clinical or radiological findings were also treated. Eleven
patients (55%) received intravenous ganciclovir (5 mg/kg/per
dose, twice daily) for 21 days. No clinically significant adverse
effects were observed.

During a median follow-up of 1.3 years (1.2-1.5), all treated
patients demonstrated both clinical and radiological resolution
without complications.

Compared with the non-treatment group (n=9), the treatment
group (n=11) had significantly higher serum monocyte count (1.05
vs 0.6x10%/uL, p=0.010), MPV value (10.3 vs 9.4 fL, p =0.001), and
BAL CMV DNA load (9.110 vs 330 IU/mL, p=0.001). No significant
differences were observed between the groups regarding
demographic characteristics, clinical presentation, anthropometric
measurements, physical examination findings, other laboratory
results, chest CT findings, or BAL analyses (Table IlI).

Follow-up chest radiographs demonstrated radiological
improvement in all 11 patients who received antiviral treatment.
Among the nine patients who did not receive antiviral therapy,
persistent atelectasis was observed in one patient and residual
hyperinflation in one patient, while the remaining patients
showed radiological resolution.

Discussion

This study characterises the clinical features of
immunocompetent children with CMV pneumonia and
underscores the potential diagnostic value of BAL CMV PCR.
Among children who underwent flexible bronchoscopy, the
proportion with  CMV pneumonia was 32.2%, suggesting
that CMV pneumonia may not be uncommon in this selected
population. Serum CMV PCR was positive in fewer than one-
third of these cases, supporting BAL as a more sensitive
diagnostic modality than serum testing. Higher monocyte
counts and MPV were significantly associated with BAL CMV
load.

The exact frequency of CMV pneumonia among children
has not been clearly established. Most studies have
focused on CMV pneumonia developing in patients
with immunodeficiency or those who have undergone
hematopoietic stem cell transplantation (5,11,16-18). In a
study evaluating children with primary immunodeficiency,
CMV pneumonia was detected in 6.8% (16). The incidence
of CMV infection among pediatric hematopoietic stem cell
transplantation patients has been reported to range from
8% to 14.5% (17,18). Population-based prevalence data for
CMV pneumonia in immunocompetent children are lacking.
Current knowledge derives largely from studies of flexible
bronchoscopy cohorts—typically children with persistent
symptoms or lower respiratory tract infections. In a study
including 102 infants who underwent flexible bronchoscopy
for persistent wheezing and diffuse interstitial infiltrates on
radiological evaluation, CMV PCR in BAL fluid was positive in
51 patients (5). In a cohort of 49 immunocompetent children
hospitalized for CMV infection, 41% were found to have
CMV pneumonia (11). In our bronchoscopy-based cohort,
CMV pneumonia was identified in 32.2% (20/62) of cases.
This proportion is higher than previously reported, likely
attributable to routine BAL CMV PCR testing in our center.
These findings suggest that CMV should be considered in
the differential diagnosis of recurrent or persistent lower
respiratory disease, and BAL CMV PCR should be obtained
when appropriate.

Previous studies suggest that direct detection of CMV in
the respiratory tract is more indicative of CMV pneumonitis
than detection in serum samples (19,20). Serum CMV DNA
was positive in only one-third of the patients in our study,
and we found no correlation between serum CMV DNA and
BAL CMV DNA. A previous study reported that 33% of BAL
CMV PCR-positive infants had serum CMV PCR positivity
(5). They concluded that BAL CMV PCR was more effective
than serum CMV PCR in diagnosing lower respiratory tract
infections due to CMV in immunocompetent infants. In
another study investigating infants with pertussis, BAL CMV
PCR was found to be positive in 15% of those who were
serum CMV-negative (9). On the other hand, the correlation
between CMV viral loads in serum and BAL samples remains
controversial (5,9,21). While no correlation was found in
immunocompetent infants, another study evaluating serum
and BAL CMV load among adult immunocompromised
patients showed a strong positive correlation (5,21). Our
findings suggest that the presence of CMV DNA in the lower
airways may represent a localized infection independent of
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systemic dissemination observed in immunocompromised
individuals.

The clinical interpretation of CMV DNA detected in BAL fluid is
challenging, as CMV may be present in the lower respiratory tract
due to asymptomatic viral shedding, and no universally accepted
viral-load threshold has been defined. In hematopoietic stem cell
transplant recipients, a pragmatic BAL CMV DNA threshold
of approximately 500 IU/mL has been proposed to help
distinguish CMV pneumonia from asymptomatic shedding,
whereas in lung transplant recipients, higher thresholds around
4500 IU/mL have been suggested for the diagnosis of CMV
pneumonia (22,23). Berengua et al. (24) reported that BAL CMV
load of 1258 IU/mL (6290 copies/mL) in immunosuppressed
adults would be indicative of clinically relevant viral replication
in the lung. Despite these proposed values, all major studies
and consensus discussions consistently underscore that
CMV DNA levels should be interpreted within the clinical and
radiological context rather than relying on a fixed numeric
threshold applicable to all settings. In immunocompetent
children, BAL CMV PCR positivity has been mainly used as
microbiological support within a compatible clinical syndrome
rather than relying on a validated numeric cut-off, and BAL
testing may outperform blood PCR for lower respiratory tract
involvement (5). Therefore, in the present study, BAL CMV
DNA positivity was interpreted as microbiological support in a
compatible clinical and radiological setting rather than based
on a fixed quantitative threshold.

Circulating monocytes have a short half-life (~1.6 days) and
exhibit broad responsiveness to pathogens, facilitating their
activation and the initiation of innate and subsequent adaptive
immune responses (25). Monocytes play a pivotal role in
CMV dissemination to organ tissues during primary infection
and following reactivation from latency (26). Zdziarski et
al. (27) demonstrated that elevated monocyte counts and
percentages are positively correlated with CMV replication
and may even serve as indicators of active CMV replication.
Consistently, in the present study, BAL CMV DNA load was
positively correlated with monocyte counts. An increase
in monocyte count may occur due to prolonged survival,
mobilization from the peripheral pool, or decreased uptake
by tissue macrophages (27,28). We suggest that children with
recurrent wheezing or pneumonia accompanied by elevated
monocyte counts should be evaluated for possible CMV
pneumonia.

Mean platelet volume reflects platelet size and is generally
associated with platelet activation, as larger platelets are
metabolically and enzymatically more active (29). MPV has
been shown to correlate with disease severity, mediated by
pro-inflammatory cytokines (29,30). In a recent study, Guimdis
et al. (31) demonstrated that MPV levels were significantly
higher in asymptomatic children infected with SARS-CoV-2.
In our cohort, BAL CMV DNA load showed a strong positive
correlation with MPV. This finding may reflect platelet activation
in the context of CMV-related inflammation within the lower
respiratory tract. Future studies are warranted to clarify the
specific link between CMV pneumonia and MPV.

Ganciclovir, a guanosine analogue that selectively
inhibits CMV DNA polymerase, is licensed for antiviral

treatment only in severe or life-threatening CMV disease
in immunocompromised patients (32,33). Indications for
use in immunocompetent patients remain less clearly
defined. In our study, patients with higher BAL CMV load,
monocyte count, or MPV value were more likely to receive
ganciclovir therapy. In prior reports of CMV pneumonia in
immunocompetent children, those who received ganciclovir
at 10 mg/kg/day for 14-21 days demonstrated clinical
improvement with normalization of chest radiographs,
and no severe ganciclovir-related toxicities were observed
(5,12,32). Consistent with prior reports, in our cohort, 11
patients (65%) who received intravenous ganciclovir at 5
mg/kg/per dose twice daily for 21 days achieved clinical and
radiological recovery, with no complications observed over
a median follow-up of 1.3 years. These findings suggest
that ganciclovir can be considered a safe therapeutic
option for patients with CMV pneumonia.

Limitations

This study has several limitations that should be
acknowledged. First, its retrospective design inherently
limits the ability to establish causal relationships between
CMV viral load and clinical or laboratory findings. Second,
the relatively small sample size and single-center setting
may restrict the generalizability of the results. Third,
no standardized viral-load cut-off was applied, and
quantitative CMV PCR results may vary across assay
platforms. The presence of co-infections in a considerable
proportion of patients further complicates interpretation, as
detection of CMV DNA alone does not establish causality.
Finally, treatment decisions were not randomized and were
more frequently made in patients with higher viral loads
introducing potential selection bias.

Conclusion

In conclusion, our study offers valuable insights into the
diagnostic and clinical significance of BAL CMV PCR in
the diagnosis of CMV pneumonia in immunocompetent
children with recurrent wheezing or pneumonia. Elevated
monocyte counts and MPV values were associated with
higher BAL CMV DNA load, suggesting a potential link
between CMV activity and hematologic inflammatory
markers. Intravenous ganciclovir therapy led to favorable
outcomes without complications in immunocompetent
children with CMV pneumonia. We propose that BAL CMV
PCR should be considered in the diagnostic workup of
children with recurrent pneumonia or persistent wheezing.
Larger prospective and randomized studies are required
to establish standardized diagnostic and therapeutic
protocols.

Ethics committee approval

This study was conducted in accordance with the Helsinki Declaration
Principles. The study was approved by izmir City Hospital (22.01.2025,
reference number: 2025/30).

Contribution of the authors

Study conception and design: EO, DY; data collection: UAS, GMD;
analysis and interpretation of results: EO, IAH; draft manuscript
preparation: EO. All authors reviewed the results and approved the
final version of the article.



https://paperpile.com/c/ewxZ29/2Qye+oDyN
https://paperpile.com/c/ewxZ29/2Qye+577k+Bsyc
https://paperpile.com/c/ewxZ29/sGPS
https://paperpile.com/c/ewxZ29/sGPS
https://paperpile.com/c/ewxZ29/sGPS
https://paperpile.com/c/ewxZ29/JFoG
https://paperpile.com/c/ewxZ29/jCwr+OA71
https://paperpile.com/c/ewxZ29/vScK
https://paperpile.com/c/ewxZ29/vScK+6dn5

CMV pneumonia in immunocompetent children 7

Presented or Pre-print or Published as an abstract or as a thesis
This study was previously presented as an oral presentation at the
“Turk Toraks Dernegi 28. Yillik Kongresi, 2025” held on May 2025 in
Antalya, Turkiye.

Source of funding
The authors declare the study received no funding.

Conflict of interest
The authors declare that there is no conflict of interest.

References

1.

10.

11

12.

13.

14.

Britt WJ. Cytomegalovirus. In: Kliegman RM, St Geme Il JW,
Blum NJ, Tasker RC, Shah SS, Wilson KM (eds). Nelson Textbook
of Pediatrics (20" ed) Vol 1. Philadelphia: Elsevier, 2016: 1590-3.

Brito F, Brune L, Stahl W. Cytomegalovirus (CMV) Pneumonitis:
Cell Tropism, Inflammation, and Immunity. Int J Mol Sci.
2019;20(16):3865. https://doi.org/10.3390/ijms20163865

Vora SB, Englund JA. Cytomegalovirus in immunocompromised
children. Curr Opin Infect Dis. 2015;28(4): 323-9. https://doi.
org/10.1097/QC0O.0000000000000174

Rafailidis Pl, Mourtzoukou EG, Varbobitis IC, Falagas ME. Severe
cytomegalovirus infection in apparently immunocompetent patients:
a systematic review. Virol J. 2008;5:47. https://doi.org/10.1186/1743-
422X-5-47

Cinel G, Pekcan S, Ozcelik U, et al. Cytomegalovirus infection in
immunocompetent wheezy infants: the diagnostic value of CMV
PCR in bronchoalveolar lavage fluid. J Clin Pharm Ther. 2014;39:
399-403. https://doi.org/10.1111/jcpt.12169

Sun H, Li S, Yan Y, et al. Associations between patient clinical
characteristics and the presence of cytomegalovirus DNA in the
bronchoalveolar lavage fluid of children with recurrent wheezing.
BMC Infect Dis. 2018;18: 458. https://doi.org/10.1186/s12879-018-
3345-9

Oztirk GK. Cytomegalovirus Lung Infections. in: Giilen F, editor.
Cocukluk Gagi Solunum Yolu Enfeksiyonlar. Ankara: Tirkiye
Klinikleri; 2021. p.87-93.

Pokorska-Spiewak M, Niezgoda A, Gotkowska M, et al.
Recommendations for the diagnosis and treatment of CMV
infections. Polish Society of Epidemiology and Infectious Diseases.
Przegl Epidemiol. 2016;70: 297-310.

Jiang W, Chen S, Xu L, et al. Presence of Cytomegalovirus infection
is associated with an unfavorable outcome in immunocompetent
infants with pertussis. Front Cell Infect Microbiol. 2022;12: 800452.
https://doi.org/10.3389/fcimb.2022.800452

Ozsiirekci Y, Oncel EK, Ceyhan M. Diagnostic approaches and
problems of infections caused by cytomegalovirus. Cocuk Saghgi
ve Hastaliklari Dergisi 2016; 59: 182-7. Available from: https://cshd.
org.tr/article/view/98

. Alfaro W, Avila- Agiiero CR. Ganciclovir therapy in cytomegalovirus

(CmV) infection in im-munocompetent pediatric patients. int
j infect Dis. 2003;7: 278-81. https://doi.org/10.1016/s1201-
9712(03)90107-x

Lin X, Wan Y, Liu Y. Efficacy of ganciclovir in the treatment of
cytomegalovirus (CMV) infection in infants and its effect on
inflammatory reaction and immune function. Am J Transl Res.
2023;15: 6514-6523.

Centers for Disease Control and Prevention (CDC) Growth calculator
for 2 to 20 years. (cited 8 Feb 2026). Available at: https:// peditools.
org/growthpedi/index.php

Faro A, Wood RE, Schechter MS, et al. Official American
Thoracic Society technical standards: flexible airway endoscopy

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

in children. Am J Respir Crit Care Med. 2015; 191: 1066-80.
https://doi.org/10.1164/rccm.201503-0474ST.

. de Blic J, Midulla F, Barbato A, et al. Bronchoalveolar lavage in

children. ERS Task Force on bronchoalveolar lavage in children.
European Respiratory Society. Eur Respir J. 2000;15(1):217-31.
https://doi.org/10.1183/09031936.00.15121700

Crooks BN, Taylor CE, Turner AJ, et al. Respiratory viral
infections in primary immune deficiencies: significance and
relevance to clinical outcome in a single BMT unit. Bone Marrow
Transplant. 2000;26: 1097-102.

Wu J-L, Ma H-Y, Lu C-Y, et al. Risk factors and outcomes of
cytomegalovirus viremia in pediatric hematopoietic stem cell
transplantation patients. J Microbiol Immunol Infect. 2017;50:
307-13. https://doi.org/10.1016/j.jmii.2015.07.011

Lau CE, DiTullio DJ, Wilhalme H, Bowles L, Moore TB, De Oliveira
SN. Prevalence of viral infections and serious complications in
pediatric hematopoietic stem cell transplant patients: A ten-
year single-institution retrospective study. J Hematol (Brossard).
2025;14:1-13. https://doi.org/10.14740/jh1376

Restrepo-Gualteros SM, Gutierrez MJ, Villamil-Osorio M,
Arroyo MA, Nino G. Challenges and clinical implications of the
diagnosis of Cytomegalovirus lung infection in children. Curr
Infect Dis Rep. 2019;21(7):24. https://doi.org/10.1007/s11908-
019-0681-x

Govender K, Jeena P, Parboosing R. Clinical utility of
bronchoalveolar lavage cytomegalovirus viral loads in the
diagnosis of cytomegalovirus pneumonitis in infants: Utility of
BAL CMV Viral Load in Infant CMV Pneumonitis. J Med Virol.
2017;89(6): 1080-7. https://doi.org/10.1002/jmv.24730

Saksirisampant G, Kawamatawong T, Promsombat K, et al. A
prospective study of plasma and bronchoalveolar lavage fluid
CMV DNA load quantification for the diagnosis and outcome of
CMV pneumonitis in immunocompromised hosts. J Clin Virol.
2022;155: 105243. https://doi.org/10.1016/j.jcv.2022.105243

Boeckh M, Stevens-Ayers T, Travi G, et al. Cytomegalovirus
(CMV) DNA Quantitation in Bronchoalveolar Lavage Fluid From
Hematopoietic Stem Cell Transplant Recipients With CMV
Pneumonia. J Infect Dis. 2017;215(10):1514-22. https://doi.
org/10.1093/infdis/jix048.

Lodding IP, Schultz HH, Jensen JU, Kirkby N, Perch M,
Andersen C, Lundgren JD, Iversen M. Cytomegalovirus Viral
Load in Bronchoalveolar Lavage to Diagnose Lung Transplant
Associated CMV Pneumonia. Transplantation. 2018;102(2):326-
32. https://doi.org/10.1097/TP.0000000000001927.

Berengua C, Mir6 E, Gutiérrez C, et al. Detection of
cytomegalovirus in  bronchoalveolar lavage fluid from
immunocompromised patients with pneumonitis by viral culture
and DNA quantification. J Virol Methods. 2023;317:114743.
https://doi.org/10.1016/j.jviromet.2023.114743

Patel AA, Zhang Y, Fullerton JN, et al. The fate and lifespan
of human monocyte subsets in steady state and systemic
inflammation. J Exp Med. 2017;214: 1913-23. https://doi.
org/10.1084/jem.20170355

Min C-K, Shakya AK, Lee B-J, Streblow DN, Caposio P,
Yurochko AD. The differentiation of human Cytomegalovirus
infected-monocytes is required for viral replication. Front
Cell Infect Microbiol. 2020;10: 368. https://doi.org/10.3389/
fcimb.2020.00368

Zdziarski P, Gamian A. High monocyte count associated with
human Cytomegalovirus replication in vivo and glucocorticoid
therapy may be a hallmark of disease. Int J Mol Sci. 2022;23:
9595. https://doi.org/10.3390/ijms23179595



https://doi.org/10.1164/rccm.201503-0474ST
http://paperpile.com/b/ewxZ29/pIPu
http://paperpile.com/b/ewxZ29/pIPu
http://paperpile.com/b/ewxZ29/pIPu
http://paperpile.com/b/ewxZ29/pIPu
http://paperpile.com/b/ewxZ29/8tWo
http://paperpile.com/b/ewxZ29/8tWo
http://paperpile.com/b/ewxZ29/8tWo
http://paperpile.com/b/ewxZ29/8tWo
http://paperpile.com/b/ewxZ29/oqfo
http://paperpile.com/b/ewxZ29/oqfo
http://paperpile.com/b/ewxZ29/oqfo
http://paperpile.com/b/ewxZ29/oqfo
http://paperpile.com/b/ewxZ29/oqfo
http://paperpile.com/b/ewxZ29/Zrsj
http://paperpile.com/b/ewxZ29/Zrsj
http://paperpile.com/b/ewxZ29/Zrsj
http://paperpile.com/b/ewxZ29/Zrsj
http://paperpile.com/b/ewxZ29/FyRc
http://paperpile.com/b/ewxZ29/FyRc
http://paperpile.com/b/ewxZ29/FyRc
http://paperpile.com/b/ewxZ29/FyRc
http://paperpile.com/b/ewxZ29/FyRc
http://paperpile.com/b/ewxZ29/7qNM
http://paperpile.com/b/ewxZ29/7qNM
http://paperpile.com/b/ewxZ29/7qNM
http://paperpile.com/b/ewxZ29/7qNM
http://paperpile.com/b/ewxZ29/7qNM
https://doi.org/10.1016/j.jcv.2022.105243
http://paperpile.com/b/ewxZ29/sGPS
http://paperpile.com/b/ewxZ29/sGPS
http://paperpile.com/b/ewxZ29/sGPS
http://paperpile.com/b/ewxZ29/JFoG
http://paperpile.com/b/ewxZ29/JFoG
http://paperpile.com/b/ewxZ29/JFoG
http://paperpile.com/b/ewxZ29/JFoG
http://paperpile.com/b/ewxZ29/OA71
http://paperpile.com/b/ewxZ29/OA71
http://paperpile.com/b/ewxZ29/OA71
http://paperpile.com/b/ewxZ29/OA71
http://paperpile.com/b/ewxZ29/577k
http://paperpile.com/b/ewxZ29/577k
http://paperpile.com/b/ewxZ29/577k
http://paperpile.com/b/ewxZ29/577k
http://paperpile.com/b/ewxZ29/4LWl
http://paperpile.com/b/ewxZ29/4LWl
http://paperpile.com/b/ewxZ29/4LWl
http://paperpile.com/b/ewxZ29/4LWl
http://paperpile.com/b/ewxZ29/J3Nk
http://paperpile.com/b/ewxZ29/J3Nk
http://paperpile.com/b/ewxZ29/J3Nk
http://paperpile.com/b/ewxZ29/MtLI
http://paperpile.com/b/ewxZ29/MtLI
http://paperpile.com/b/ewxZ29/MtLI
http://paperpile.com/b/ewxZ29/MtLI
http://paperpile.com/b/ewxZ29/Q69g
http://paperpile.com/b/ewxZ29/Q69g
http://paperpile.com/b/ewxZ29/Q69g
http://paperpile.com/b/ewxZ29/aNZO
http://paperpile.com/b/ewxZ29/aNZO
http://paperpile.com/b/ewxZ29/aNZO
http://paperpile.com/b/ewxZ29/Bsyc
http://paperpile.com/b/ewxZ29/Bsyc
http://paperpile.com/b/ewxZ29/Bsyc
http://paperpile.com/b/ewxZ29/Bsyc

8

Ocak E et al.

28.

20.

30.

31.

32.

33.

Smith MS, Bentz GL, Alexander JS, Yurochko AD. Human
Cytomegalovirus induces monocyte differentiation and migration
as a strategy for dissemination and persistence. J Virol. 2004;78:
4444-53. https://doi.org/10.1128/jvi.78.9.4444-4453.2004

Beceren NG, Armagan HH, Oguzlar FC, Cesur E, Gurdal O,
Tomruk O. Can mean platelet volume be a prognosis predictor
in viral infections: An example of Covid-19. Heliyon. 2023;9:
€21983. https://doi.org/10.1016/j.heliyon.2023.e21983

Gunluoglu G, Yazar EE, Veske NS, Seyhan EC, Altin S. Mean
platelet volume as an inflammation marker in active pulmonary
tuberculosis. Multidiscip Respir Med. 2014;9: 11.

Gumus H, Demir A, Ylkkaldiran A. Is mean platelet volume a
predictive marker for the diagnosis of COVID-19 in children? Int
J Clin Pract. 2021;75. https://doi.org/10.1186/2049-6958-9-11

Doan TTM, Phung TTB, Pham HV, Pham SH, Nguyen LT. Effect
of ganciclovir for the treatment of severe cytomegalovirus-
associated pneumonia in children without a specific
immunocompromised state. BMC Infect Dis. 2013;13: 424.
https://doi.org/10.1186/1471-2334-13-424

Luck SE, Wieringa JW, Blazquez-Gamero D, et al. Congenital
Cytomegalovirus: A European expert consensus statement on
diagnosis and management. Pediatr Infect Dis J. 2017;36: 1205-
13. https://doi.org/10.1097/INF.0000000000001763



http://paperpile.com/b/ewxZ29/jCwr
http://paperpile.com/b/ewxZ29/jCwr
http://paperpile.com/b/ewxZ29/jCwr
http://paperpile.com/b/ewxZ29/jCwr
http://paperpile.com/b/ewxZ29/vScK
http://paperpile.com/b/ewxZ29/vScK
http://paperpile.com/b/ewxZ29/vScK
http://paperpile.com/b/ewxZ29/vScK
http://paperpile.com/b/ewxZ29/6dn5
http://paperpile.com/b/ewxZ29/6dn5
http://paperpile.com/b/ewxZ29/6dn5
http://paperpile.com/b/ewxZ29/2Qye
http://paperpile.com/b/ewxZ29/2Qye
http://paperpile.com/b/ewxZ29/2Qye
http://paperpile.com/b/ewxZ29/2Qye
http://paperpile.com/b/ewxZ29/oDyN
http://paperpile.com/b/ewxZ29/oDyN
http://paperpile.com/b/ewxZ29/oDyN
http://paperpile.com/b/ewxZ29/oDyN

