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of ARI in both adults and children. The low sensitivity of 
conventional methods, the high frequency of viruses among 
causative pathogens, and the very short turnaround time of 
current molecular techniques — particularly multiplex PCR 
— have made this technique a powerful solution for improved 
diagnostic and therapeutic management of ARI [3].

Among the infectious agents causing pediatric ARI, 
the respiratory syncytial virus (RSV) has classically been 
considered the primary cause of bronchiolitis. In recent 

Introduction
In Morocco, acute respiratory infections (ARI) are the 

leading reason for antibiotic prescription and represent a 
major public health concern in the pediatric population. 
They remain the leading cause of morbidity and mortality in 
children under ϐive in developing countries [1]. In Morocco, 
ARI accounts for approximately 25 to 30% of hospital 
admissions in children under ϐive [2].

Molecular biology has revolutionized the management 

Abstract 

Background: Acute respiratory infections (ARI) remain a leading cause of morbidity and mortality in children under fi ve. Multiplex 
PCR enables rapid identifi cation of a wide range of respiratory pathogens. This study assessed the role of Rhinovirus in pediatric ARI 
in Morocco.

Methods: A retrospective descriptive study was conducted at the Virology Laboratory of Mohammed V Military Teaching 
Hospital (HMIMV) in Rabat, from September 2021 to September 2025, including 125 children under fi ve years of age hospitalized in 
pediatrics and tested with the FilmArray Respiratory Panel (BioFire®).

Results: The mean age was 3 years, with a male predominance (M/F sex-ratio = 1.36). The PCR positivity rate was 72.0% (n = 90). 
A total of 122 pathogens were identifi ed (118 viral, 4 bacterial). Rhinovirus/Enterovirus was the most frequent agent (42.4%), followed 
by RSV (15.3%), SARS-CoV-2 (11.9%), and Adenovirus (10.2%). Co-infections accounted for 35.6% of positive samples, mostly virus–virus.

Conclusion: Multiplex respiratory PCR confi rms the leading role of Rhinovirus in pediatric ARI in Morocco in the post-COVID era 
and represents a key tool for diagnostic and therapeutic guidance.
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years, however, Rhinovirus has emerged with increasing 
prominence among agents associated with pediatric ARI.

This study, conducted at the Virology Laboratory of 
Mohammed V Military Teaching Hospital (HMIMV) in Rabat, 
aimed to evaluate the contribution of multiplex PCR in 
the etiological diagnosis of Rhinovirus-related respiratory 
infections in a pediatric ward.

Materials and methods
Study design, setting, and period

This was a retrospective descriptive study conducted at 
the Virology Laboratory of Mohammed V Military Teaching 
Hospital in Rabat. The study included all respiratory multiplex 
PCR tests performed in children hospitalized in the pediatric 
ward over four years, from September 2021 to September 
2025.

Inclusion and exclusion criteria

Inclusion criteria were:

• Children hospitalized in the pediatric ward of HMIMV.

• Age below ϐive years at the time of admission.

• Multiplex PCR was performed on a respiratory 
specimen in the presence of suggestive respiratory symptoms.

Exclusion criteria were:

• Age above ϐive years.

• Hospitalization in a ward other than pediatrics.

• Outpatient management only, without hospitalization.

Data collection

Data was extracted from the laboratory information 
system of the virology laboratory using the DX Lab software. 
The variables collected included age, sex, year of sampling, 
multiplex PCR result, type and name of identiϐied pathogens, 
and available biological parameters, particularly C-reactive 
protein (CRP) and leukocyte count.

Specimens and microbiological analysis

Respiratory specimens were obtained by nasopharyngeal 
and/or oropharyngeal swabbing, with nasopharyngeal 
sampling preferred whenever possible. Samples were 
analyzed using the Film Array Respiratory Panel (BioFire®), 
which enables simultaneous detection of 16 viruses and 4 
respiratory bacteria. The system automatically performs 
sample preparation, nucleic acid extraction, nested multiplex 
PCR, and target detection [4].

It should be noted that the Film Array panel does not 
differentiate Rhinovirus from Enterovirus, as these two viruses 
— both belonging to the Picornaviridae family — are jointly 
detected within a single target.

Results
Demographic characteristics

A total of 125 hospitalized children who underwent 
respiratory multiplex PCR were included. Age ranged from 1 
month to 5 years, with a mean of 3 years. The 3–4 years age 
group was the most represented, with 80 patients (64.0%) 
(Figure 1).

The population comprised 72 boys (57.6%) and 53 girls 
(42.4%), with an M/F sex-ratio of 1.36 (Figure 2).

Yearly distribution of samples

The yearly distribution of samples (Figure 3) showed a 
clear concentration of cases during the 2022/2023 season 
(61.6%).

Figure 1: Distribution of patients by age group (n = 125).

Figure 2: Distribution of patients by sex (n = 125).

Figure 3: Yearly trend of analyzed respiratory samples (n = 125).
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Biological parameters

CRP analysis in the 125 children showed that nearly half 
of the patients had a normal CRP (47.2%). Mild and moderate 
elevations were observed in 19.2% and 23.2% of cases, 
respectively, while very high CRP (> 100 mg/L) concerned 
10.4% of patients (Figure 4).

Interpretation of the leukocyte count, taking into account 
the physiological reference values speciϐic to each pediatric 
age range, showed that most patients had a normal leukocyte 
count (68.0%). Moderate leukocytosis was observed in 
nearly one-third of cases (29.6%), while marked leukocytosis 
remained rare (2.4%) (Figure 5).

Multiplex PCR results

Of the 125 samples analyzed, 90 were positive (72.0%), 32 
were negative (25.6%), and 3 could not be performed (2.4%), 
reϐlecting a majority of positive tests (Figure 6).

Identifi ed pathogens

Although 90 samples were classiϐied as positive, a total of 
122 pathogens were identiϐied. This discrepancy is explained 
by the simultaneous detection of several infectious agents 
within a single sample, reϐlecting the presence of co-infections. 
Overall, 16 distinct organisms were identiϐied, including 13 
viral species and 3 bacterial species (Table 1).

The 118 viral detections were distributed as follows: 
Rhinovirus/Enterovirus was the most frequently identiϐied 
agent (42.4%), followed by RSV (15.3%), SARS-CoV-2 (11.9%), 
and Adenovirus (10.2%). The other viruses were detected at 
more modest frequencies (Figure 7).

Bacterial presence was low (≈ 3% of samples): only four 
samples were positive for a bacterium.

Among these agents, Bordetella pertussis was the most 
frequently detected (n = 2). Mycoplasma pneumoniae and 
Chlamydia pneumoniae were each detected in one sample 
(Table 2).

Mono- and co-infections

Analysis of the 90 positive samples showed a 
predominance of mono-infections (64.4%). Viral co-infections 
accounted for nearly one-third of cases (31.1%), reϐlecting 
the concurrent circulation of several viral agents. Virus–
bacterium co-infections remained rare (4.4%), conϐirming the 
predominance of viral etiologies (Figure 8).

The distribution of mono- and co-infections by pathogen is 
detailed in Table 3 and illustrated in Figure 9.

Figure 4: Distribution of CRP values (n = 125).

Figure 5: Distribution of leukocyte count (n = 125).

Figure 6: Results of the respiratory multiplex PCR (n = 125). Figure 7: Frequency of viruses identifi ed (n = 118 detections)..

Table 1: Total number of pathogens identiϐied.
Category Detections (n) Number of species

Viruses 118 13
Bacteria 4 3

Total 122 16

Table 2: Distribution of identiϐied bacteria (n = 4 detections).
Bacterium Detections (n)

Bordetella pertussis 2
Mycoplasma pneumoniae 1
Chlamydia pneumoniae 1

Total 4
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Note: the “Co-infection (n)” column totals 66 detections from 
32 co-infected samples; each co-infected sample contains ≥ 2 
agents, which is why the total number of detections exceeds the 
number of samples.

Discussion
Demographic characteristics

In our study, the age distribution shows a clear 

predominance of children aged 3 to 4 years (64.0%), followed 
by those aged 1 to 2 years (23.2%), whereas infants under 
one year and children aged 5 years were less represented 
(4.8% and 8.0%, respectively). This proϐile, centered on the 
preschool age, contrasts with the classical descriptions of 
pediatric respiratory infections, which are often dominated 
by infants.

Internationally, viral respiratory infections mainly 
affect children under ϐive, with an incidence peak generally 
observed between 2 and 5 years, linked to increased 
exposure to community settings [5]. In Europe — notably in 
the Netherlands and Spain — multiplex PCR-based studies 
conϐirm strong viral activity in children aged 1 to 5 years, but 
with a more homogeneous distribution across age subgroups 
than in our series, which was marked by a concentration 
of cases between 3 and 4 years [6,7]. In the United States, 
respiratory illnesses requiring hospitalization mainly involve 
children under ϐive, with a median age close to two years, 
reϐlecting a higher proportion of infants than in our cohort [8].

In Morocco, national data indicate a high frequency of 
acute lower respiratory infections in children under ϐive, 
particularly between 6 and 23 months, which differs from 
our series, where this age group represented only about 
one quarter of patients, suggesting a divergence between 
population-based surveys and hospital-based observations 
[9]. These discrepancies could be explained by several factors, 
including variable hospitalization criteria, preferential referral 
of infants with severe forms to specialized centers, and more 
frequent use of respiratory multiplex PCR in preschool-aged 
children with recurrent or prolonged infections [10].

Sex

A male predominance was observed, with 72 boys 
(57.6%) versus 53 girls (42.4%), giving an M/F sex-ratio of 
1.36. This ϐinding is consistent with several international 
reports showing a male overrepresentation in pediatric viral 
respiratory infections: Malaysia (sex-ratio 1.4) [11], Italy 
(≈ 1.3) [12], China (1.2 to 1.5) [13,14], France (1.2) [15], 
and Morocco (male proportion 56–59%) [16]. However, 
this trend is not universal: a study from Cambodia reported 
a female predominance, with an M/F sex-ratio of 0.8 [17]. 
This male predominance could be explained by later immune 
maturation in boys, anatomical differences in the airways, and 
early hormonal inϐluences.

Yearly trend

The strong concentration of samples in 2022/2023 (61.6%) 
likely reϐlects the post-COVID-19 epidemic peak, marked 
by intense viral circulation after the lifting of mitigation 
measures. This temporal dynamic, though variable across 
contexts, is consistent with international literature reporting 
that diagnostic activity related to respiratory multiplex PCR 
is closely dependent on seasonal viral circulation, epidemic 
cycles, and local management practices [11,18].

Figure 8: Distribution of mono- and co-infections (n = 90).

Figure 9: Mono vs. co-infections by viral agent.

Table 3: Mono- and co-infections by pathogens.

Pathogen Type Mono-infection 
(n)

Co-infection 
(n)

Total 
(n)

Rhinovirus / Enterovirus Virus 27 23 50
RSV Virus 9 9 18

SARS-CoV-2 Virus 7 7 14
Adenovirus Virus 3 9 12

Parainϐluenza 3 Virus 3 4 7
Metapneumovirus Virus 2 3 5

Parainϐluenza 2 Virus 1 2 3
Inϐluenza B Virus 2 1 3

Coronavirus OC43 Virus 1 1 2
Coronavirus NL63 Virus 1 1 2

Inϐluenza A Virus 2 0 2
Coronavirus 229E Virus 0 1 1
Coronavirus HKU1 Virus 0 1 1

Bordetella pertussis Bacterium 0 2 2
Chlamydia pneumoniae Bacterium 0 1 1

Mycoplasma pneumoniae Bacterium 0 1 1
Total — 58 66 124

Note: the “Co-infection (n)” column totals 66 detections from 32 co-infected samples; 
each co-infected sample contains ≥ 2 agents, which is why the total number of detections 
exceeds the number of samples.
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Multiplex PCR positivity rate

The 72% positivity rate observed is close to the high rates 
reported in hospital and epidemic contexts: Belgium (83.9%) 
[18], Italy (84.7%) [12], Cairo (93.8%) [19], and China 
(80.8%) [13], suggesting intense viral circulation and targeted 
clinical selection. Conversely, lower rates have been described 
in Turkey (48.2%) and the United States (45.9%), probably 
in connection with broader inclusion criteria or sampling 
outside seasonal peaks [20,21] (Figure 10).

Thus, the 72% positivity rate observed in our series 
occupies an intermediate position between the high values 
reported in contexts of intense viral circulation and the lower 
rates described in populations with more heterogeneous 
recruitment. It reϐlects both an appropriate use of multiplex 
respiratory PCR in our clinical practice and the epidemiological 
and organizational speciϐicities of our study context.

Distribution of pathogens

In our cohort, 122 pathogens were identiϐied among 
90 positive samples, suggesting a notable frequency of co-
infections. Viruses accounted for the majority of detections 
(96.7%; n = 118), versus only 3.3% bacterial detections (n = 
4). This viral predominance is consistent with Moroccan data 
reporting 340 viral detections out of 387 positive samples in 
children hospitalized for severe acute respiratory infection 
[16]. It is also consistent with US data on pediatric community-
acquired pneumonia, where bacteria are identiϐied in only 
about 15% of children [21].

The viral distribution was dominated by Rhinovirus/
Enterovirus (42.4%), followed by RSV (15.3%), SARS-CoV-2 
(11.9%), and Adenovirus (10.2%), reϐlecting a characteristic 
pediatric proϐile. This Picornaviridae predominance is 
consistent with African data from Ghana and the Central African 
Republic, where their frequency reached approximately 36% 
and 40%, respectively [22,23]. Conversely, in France, RSV 
remains historically the main virus of winter respiratory 
infections, ahead of Rhinovirus, whereas Chinese data show 
a substantial joint circulation of Rhinovirus/Enterovirus 

and RSV [7,13]. The other viruses show frequencies broadly 
comparable to international data: Adenovirus at 10.2%, 
close to French and Chinese rates; human Metapneumovirus 
at 4.2%, close to French data; and Parainϐluenza viruses at 
8.4%, within the ranges reported internationally. In contrast, 
Inϐluenza A/B (4.2%) and seasonal coronaviruses (3.4%) 
appear less frequent than in pre-pandemic series, likely 
related to post-COVID epidemiological changes, while the 
frequency of SARS-CoV-2 (11.9%) reϐlects the recent study 
period [7,13,22,23] (Figure 11).

Detected bacteria

In our pediatric cohort, atypical bacteria were rarely 
detected, with only four cases: Bordetella pertussis (n = 2), 
Mycoplasma pneumoniae (n = 1), and Chlamydia pneumoniae 
(n = 1). This low frequency is consistent with the literature, 
which reports a generally limited contribution of atypical 
bacteria compared with viruses in pediatric respiratory 
infections. In China, a large pediatric series using the Film 
Array Respiratory Panel reported higher frequencies of 
Mycoplasma pneumoniae and Bordetella pertussis (10.6% 
and 6.3%) [13]. Conversely, a Swiss cohort of 4,460 children 
reported a Mycoplasma pneumoniae prevalence of only 1.6%, 
close to our results [24].

For Chlamydia pneumoniae, a Mexican study in children 
hospitalized for pneumonia reported a higher frequency of 
16.2%, probably related to a targeted selection of documented 
pneumonias [25]. Thus, despite possible underestimation due 
to the limited size of our sample, our results conϐirm the viral 
predominance and the secondary role of atypical bacteria 
in pediatric respiratory infections, particularly outside 
conϐirmed community-acquired pneumonias.

Respiratory co-infections

Co-infections concerned 35.6% of positive samples, with 
a clear predominance of viral co-infections (31.1%) and a 
low proportion of virus–bacterium associations (4.4%). This 
frequency is consistent with international pediatric data: 30 
to 40% in Belgium [26], 25 to 35% in France [7], 33% in China 

Figure 11: Most frequently identifi ed respiratory virus — international 
comparison.Figure 10: International comparison of multiplex PCR positivity rate.
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[13], and about one-third in the United States [27]. The low 
frequency of virus–bacterium co-infections observed in our 
series is also consistent with the literature, which describes 
these associations as less frequent in pediatric respiratory 
infections of predominantly viral etiology [28]. Thus, our 
results ϐit within international trends and could be explained 
by the young age of patients, the seasonality of respiratory 
viruses, and the high sensitivity of the molecular techniques 
used.

Study limitations

Our study has certain methodological limitations that 
must be acknowledged. First, its retrospective design makes 
it susceptible to inherent selection bias and missing data. 
Second, this is a single-center study, which may limit the 
external validity and generalizability of our ϐindings to other 
populations. Therefore, large-scale, prospective, multicenter 
studies are required to validate our conclusions.

Conclusion
This work highlights the value of respiratory multiplex PCR 

in the etiological diagnosis of pediatric respiratory infections 
at Mohammed V Military Teaching Hospital in Rabat. The 
use of the Film Array Respiratory Panel made it possible to 
rapidly identify a broad spectrum of respiratory pathogens — 
mainly viral — and to improve the interpretation of biological 
markers such as CRP and leukocyte count, which are often 
non-speciϐic in children. The dominant role of Rhinovirus/
Enterovirus (42.4%) in our post-COVID Moroccan cohort 
conϐirms the emerging international trend and represents the 
most original ϐinding of our series.

This syndromic approach contributes to earlier and 
better-targeted management by guiding isolation measures, 
facilitating the initiation of appropriate treatment, and limiting 
inappropriate antibiotic use. However, its optimal integration 
into clinical practice requires precise recommendations 
to rationalize its indications, given its high cost. Finally, 
sustained virological surveillance appears essential to better 
understand the dynamics of respiratory pathogens, adapt 
diagnostic strategies, and anticipate epidemic episodes.
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