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n INTRODUCTION

It is proved that Influenza virus is a serious hu-
man pathogen that causes significant morbidity 

and mortality. Overall, it is annually reported that 
winter epidemics caused by these viruses affect 
the whole population worldwide. Consequently, 
they lead to some economic crises and to severe 

The main aim of this research is to investigate the trend 
of influenza infection among children under 5 years 
with severe acute respiratory infections (SARI) as well 
as those who suffer from a high burden of disease. 
This research is based on a survey conducted from 
September 2017 to March 2019. During this period na-
sopharyngeal swabs were collected in a group of 942 
children under 5 years with SARI, admitted in pediat-
ric services of 8 sentinel hospitals. 
The virological surveillance of influenza was carried 
out at the National influenza Center, located in the Na-
tional Institute of Hygiene, using a Reverse transcrip-
tion polymerase chain reaction (qRt-PCR) monoplex 
assay developed by the Centers for Disease Control 
and Prevention (CDC; Atlanta, GA).
The median age of participants was 11 months, and 40% 
of them were female. A total of 112 samples were report-
ed positive yielding a frequency of 11.88% (112/942). 

SUMMARY

Among all the influenza confirmed cases, 68.75% 
(77/112), 15.17% (17/112), 16.04% (18/112) were sub-
typed as influenza AH1N1pdm09, AH3N2 and influen-
za B respectively. Meanwhile, the proportion of patients 
admitted at the intensive care unit was 5,35% (6/112). 
Out of which 83.33% (5/6) were AH1N1pdm09 and it 
was reported that just 1.78% (2/112) of the positive cases 
were vaccinated.
The study confirms that influenza affects greatly chil-
dren with SARI. Thus, the need for influenza vaccines 
is highly recommended for children under 5 years. 
Moreover, our findings highlight that influenza virus 
is not the only cause of SARI among this group of chil-
dren. Accordingly, special attention should be paid to 
the non-flu respiratory viruses.

Ke words: influenza, SARI, children.
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diseases and mortality [1]. It is further estimated 
that about 9% of the world population is subject 
to these seasonal epidemics each year, which are 
reported to be responsible for about 3 to 5 million 
cases of serious diseases and 650,000 deaths year-
ly. Noticeably, it is detected that these cases are as-
sociated with respiratory illnesses due to seasonal 
influenza [2, 3].
The World Health Organization (WHO) estimates 
that 20 to 30% of children are infected with the in-
fluenza virus each year, causing 1 to 2 million cas-
es of SARI and up to 100,000 deaths per year [4]. 
Although several studies conducted in Morocco 
suggest that the burden of influenza is significant, 
there is still uncertainty about the etiology of hos-
pitalizations associated with respiratory diseases 
in children under 5 years old [5].
Children are likely to be infected twice to three 
times more frequently than adults [6]. In addition, 
young children, especially those under the age of 
six months, are at a higher risk of serious illness-
es, hospitalization and death caused by influenza 
virus than older children [7]. Furthermore, chil-
dren under 5 years old play a critical role in the 
transmission of influenza in the community [8]. 
The most prevalent consequences of pediatric in-
fluenza are bronchitis, bronchiolitis, pneumonia, 
acute otitis media and seizures or febrile convul-
sions [9, 10]. Clinical features are non-specific as 
they are commonly reported also for other res-
piratory pathogen infections which may have a 
potential impact on patient management in case 
of a large co-circulation of all these viruses [11]. 
On the other hand, the lack of sufficient virolog-
ical and epidemiological surveillance lead to a 
wide spread of antibiotic resistance because of the 
abuse and inappropriate use of antibiotics, with 
negative impacts on the health of individuals as 
well as on the economy [12].
Accordingly, it is estimated that influenza surveil-
lance is essential to monitor and control influenza 
infections, to assess the effectiveness of influenza 
vaccine and to guide clinicians to employ the ap-
propriate therapeutic management of patients [13].

n PATIENTS AND METHODS

Influenza surveillance system
The National Influenza Center (NIC), which has 
been part of the WHO network since 2000, is the 
one responsible for conducting the virological 

surveillance of influenza and other respiratory vi-
ruses that are the cause of respiratory infections in 
Morocco. Its main concern is to ensure the identifi-
cation of antigenic and genetic characterization of 
influenza viruses responsible for annual epidem-
ics. This is done in order to assess the adequacy of 
the vaccine composition with circulating influen-
za viruses as well as the evolution of natural re-
sistance to antivirals. Since 1996 the laboratory has 
also provided technical support for epidemiolog-
ical surveillance through a network of voluntary 
doctors from the private sector including: general 
practitioners, pediatricians and pneumo-phthisi-
ologists. This surveillance is based on the weekly 
recordings of influenza-like illness (ILI) and SARI 
which are diagnosed by doctors.
The epidemiological surveillance of influenza is 
also carried by a network of health centers and 
hospitals selected from 8 Moroccan regions, name-
ly: Rabat-Sale-Kenitra, Fes-Meknes, Souss-Mas-
sa, Beni Mellal-Khenifra, Tanger-Tetouan, Mar-
rakech-Safi, Laayoune-Saguia Al Hamra and Ori-
ental. This network, headed by the Department 
of Epidemiology and Disease Control since 2004, 
estimates the weekly number of consulting pa-
tients for ILI and SARI as well as the virological 
testing of samples within the platform of the NIC 
throughout the year.

Study population 
The study was conducted at the NIC at the Na-
tional Institute of Hygiene in Morocco. The sam-
ples tested were collected from 8 sentinel sites 
distributed throughout the country. It targeted a 
group of children under 5 years who were admit-
ted to pediatric services during September 2018 
to March 2019 period. The study involved all 
patients fulfilling the WHO definition for SARI : 
acute respiratory infection (ARI) with a history of 
fever, or fever measured ≥38°C, cough with onset 
of symptoms within the last 10 days that requires 
hospitalization [14]. The samples were then stored 
in an appropriate viral transport medium, at +4°C 
and sent to the NIC with a patient investigation 
form filled duly by a clinician, within a period of 
48 hours maximum according to the current bi-
osafety measures.

Extraction of nucleic acids 
Viral nucleic acids were automatically extracted 
from 400ul of respiratory specimens by using a 
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High Pure Viral Nucleic Acid Kit and iPrep in-
strument. This was done in accordance with the 
manufacturer’s recommendation (Lifetechnolo-
gies, Carlsbad, USA). Viral RNA was eluted in a 
volume of 100 μl and processed immediately or 
stored at -80°C before testing.

Detection of Influenza virus by qRT-PCR 
All samples were tested for the presence of in-
fluenza virus. The detection and subtyping of 
Influenza virus was performed by qRt-PCR and 
the SuperScript III Platinum® One-Step qRT-PCR 
System (Invitrogen, Scientific ThermoFisher, 
USA). The samples were first screened for the 
detection of influenza A and B viruses. Positive 
Samples for influenza A virus were then tested 
for AH1N1pdm09 and AH3N2. The genetic line-
age Yamagata and Victoria of detected influenza 
B viruses were also tested by qRt-PCR. Primers, 
probes and positive controls were provided by 
International Reagent Resource (IRR, USA). The 
amplification was performed on the Applied Bi-
osystems 7500 Fast platform using a qRt-PCR ac-
cording to the CDC protocol (CDC; Atlanta, GA) 
[15]: reverse transcription at 50°C for 30 min, in-
activation of the Taq inhibitor at 95°C for 2 min, 
then 45 cycles of denaturation at 95°C for 15 s and 
annealing/amplification at 55°C for 30 s. Positive 
samples had a cycle threshold value (Ct) <38.

Statistical analysis 
To collect data, clinicians duly filled a standard 
surveillance form. Clinical, virological and de-
mographic data were then recorded using the 
laboratory information system (Kalisil) which 
generates an excel file. Analysis of the results 
was performed by Epi-info version 7.1 software 
developed by the CDC (CDC; Atlanta, USA). The 
Pearson Chi-square or Fisher exact test estimated 
group comparisons as appropriate. Meanwhile, 
P-values for interactions below 0.05 were consid-
ered statistically significant. Proportions, means 
and all statistical analyses were performed using 
the same software.

n RESULTS 

Demographic characteristics
During the study period of September 2017 to 
March 2019, 942 nasopharyngeal swabs were col-
lected from children under 5 years old, who were 

admitted in sentinel hospitals from 8 regions dis-
tributed nationwide. The notification forms were 
then reviewed and 81.5% (768/942) of the chil-
dren fulfilled the WHO’s case definition of SARI. 
The sex ratio (male/female) was 1.45 (559/383) 
and the age of the enrolled patients ranged from 
0 days to 5 years (median age 11 months) whereas 
children under 6 months and between 6 and 23 
months represented 42.56% (401/942) and 41.93% 
(395/942) respectively out of the total number of 
SARI cases. On the otherhand, children over 24 
months represented the lowest age group with 
a proportion of 15.49% (146/942). Among the 8 
sentinel hospital regions, the largest number of 
specimens collected was in Rabat-Sale-Kenitra 
(281/942) with a proportion of 29.83%. Specimens 
were collected throughout all study period but 
the largest number was collected during the first 
quarter which corresponds to the cold and wet 
season in Morocco (January to the end of March) 
(638/942) with a frequency of 67.8% (Table 1).

Detection of Influenza virus
Out of 942 SARI specimens tested among children 
under 5 years old, a total of 112 samples were re-
ported positive yielding a frequency of 11.89% 
(112/942) (Table 2). Among all influenza con-
firmed cases, 68.75% (77/112), 15.17% (17/112), 
16.04% (18/112) were subtyped as influenza AH-
1N1pdm09, AH3N2 and B respectively. Out of 
which 94.44% (17/18) were subtyped as influenza 
B/yamagata (Table 3).
It is reported that the detection rate for influenza 
was higher among the children between 6 and 23 
months (47.32% ; 53/112), followed by those aged 
between 2 and 5 years (30.35% ; 34/112) and then 
children under 6 months (22.32% ; 25/112) (Table 1).

Clinical manifestations
The common clinical manifestations in the positive 
cases among our group of study were the caught 
(98.20%; 109/112). The onset of symptoms in pa-
tients for influenza within 10 days of admission 
was in 98.28% (110/112), and the fever was found 
in 98.20% (109/112). Consequently, 12.5% (14/112) 
of the cases were admitted in the pediatric unit, 
12.5% (14/112) in pediatric emergency unit where-
as 5.35% (6/112) at the intensive care unit of which 
83.33% (5/6) were subtyped as influenza AH1N-
1pdm09 and all of them was unvaccinated. Based 
on the patient data form, only 1.78% (2/112) of 
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Table 1 - Demographic and clinical characteristics of SARI associated with influenza virus in children under 5 years, 
Morocco, September 2017 to March 2019

 

Total Positives Negatives P-value

N = 942 N = 112 N = 830 

Age N (%) N (%) N (%)  

0-6 months 401 (42.56) 25 (22.32) 376 (45.30)

<0.001

6 -23 months 395 (41.93) 53 (47.32) 342 (41.20) 

2-5 years 146 (15.49) 34 (30.35) 112 (13.49) 

Sex      

0.663

Male 559 (59.34) 71 (63.39) 488 (58.79) 

Female 383 (40.66) 41 (36.60) 342 (41.20) 

Clinical symptoms      

Onset of symptoms      

0.12

>10 days   2 (1.80) 43 (5.18)

<10 days   110 (98.28) 778 (93.73)

Fever      

0.102

<37.5   3 (2.68) 90 (11.28)

>37.5   109 (98.20) 708 (88.72)

Caught      

Yes   109 (98.20) 793 (97.18)

0.603No   3 (2.68) 23 (2.82)

Vaccination      

0.064

Yes 9 (0.96) 2 (1.78) 7 (0.84)

No 829 (88) 110 (98.21) 719 (86.62)

Not indicated 104 (11.4) 0 104 (12.53)

Service      

<0.001

Pediatric emergency 31 (3.29) 14 (12.5) 17 (2.04)

Pediatric department 876 (93) 92 (82.14) 784 (94.45)

ICU 35 (3.71) 6 (5.35) 29 (25.89)

Regions      

0.015

Rabat- Sale-Kenitra 281 (29.83) 31 (27.68) 250 (30.12)

Fes-Meknes 140 (14.86) 25 (22.32) 115 (13.85)

Souss-Massa 140 (14.86) 17 (21.43) 123 (14.82)

Beni Mellal-Khenifra 69 (7.32) 3 (2.68%) 66 (7.95)

Tanger-Tetouan 159 (16.88) 15 (13.39) 144 (17.35)

Marrakech-Safi 101 (10.72) 14 (12.5) 87 (10.48)

Laayoune-Saguia Al Hamra 1 (0.11) 1 (0.89) 0

Oriental 51 (5.41) 6 (5.36) 45 (5.42)

Season      

<0.001

First Quarter 638 (67.8) 90 (80.35) 488 (58.79)

Second Quarter 26 (2.7) 9 (8.03) 17 (2.04)

Third Quarter 33 (3.5) 0 (0) 33 (3.97)

Fourth Quarter 254 (26) 13 (11.60) 228 (27.46)
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the positive cases were vaccinated while 89.21% 
(110/112) were unvaccinated (Table 1).

Influenza seasonal distribution
It was observed that the influenza virus was de-
tected mainly from November to April during 
2017-2018 and 2018-2019 which correspond to 
the cold and wet season in Morocco. However, it 
was noticed that viral activity peaked in January 
2017-2018 (14/35; 40%) and in February (63/77; 
81.81%) 2018-2019. Positivity rate was noticed 
during the 2018-2019 period (77/112; 68.75%) as 
compared to 2017-2018 period (35/112; 31.25%) 
(Figure 1 and Table 2).
The analysis of the influenza virus characteristics, 
based on the seasonal circulation, showed that In-
fluenza B virus was the most frequent source of 
infection during the 2017-2018 influenza season 
(18/35; 51.43%), followed by influenza AH1N-
1pdm09 (10/35; 28.57%) and AH3N2 (7/35; 20%). 
Whereas, the AH1N1pdm09 and AH3N2 subtypes 
co-circulated during the 2018-2019 season, with a 
predominance of the AH1N1pdm09 (67/77; 87.01%) 
followed by the AH3N2 (10/77; 12.99%) (Table 3).

n DISCUSSION 

It is estimated that Influenza remains a major 
cause of illness and death worldwide as well as 
a significant economic burden [6]. While most 

people recover fully from influenza infection, the 
consequences of potential complications in dif-
ferent age groups, especially in children under 5 
years, remain uncertain within the Moroccan con-
text in particular.
On the basis of the data collected from the senti-
nel influenza surveillance within the framework 
of the NIC, it is reported that influenza virus was 
one of the causes of SARI during 2017-2018 and 
2018-2019 seasons in Morocco. This was clearly 
noticed in group of children under 5 years who 
represent a high risk group of influenza compli-
cations, resulting in serious diseases, increased 
hospitalizations, and mortality [16]. The positiv-
ity rate in our study group was 11.88%, where 
in the predominant circulating subtype was the 
influenza B virus (18/35; 51,43%) during 2017-
2018 season. This agrees with overall patterns of 
influenza circulation reported in Northern Africa 
and Western Asia by the WHO in the same period 
in which all subtypes of influenza were detected, 
with the predominant strain varying by country 
[17]. Influenza B viruses were the most common 
in Azerbaijan and Georgia, whereas influenza A 
and B circulated in almost similar quantities in 
Armenia, Cyprus and Israel. It was also observed 
that Influenza AH3N2 viruses were in circulation 
but in lower proportions. The Yamagata lineage 
was found in the majority of influenza B virus in 
circulation during the same period [17].

Figure 1 - Rates of samples tested and proportion of positivity for Influenza of SARI in children under 5 years by 
months, Morocco, September 2017-March 2019.
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However, in accordance with our study, all sub-
types of influenza A viruses co-circulated with a 
predominance of AH1N1pdm09 (67/77; 87,01%) 
during 2018-2019 period. This matches what the 
WHO has reported in Northern Africa and west-
ern Asia in the same period, with a predominance 
of influenza A viruses over all influenza viruses 
detected [18]. The prevalent subtype varied by 
country. In Algeria and Egypt, influenza AH3N2 
viruses predominated, while AH1N1pdm09 was 
reported to be more frequent in Western Asia (es-
pecially in Armenia, Georgia, Kuwait, and Qa-
tar). Influenza AH3N2 spread throughout West-
ern Asia, though in low numbers. In Iraq, Israel, 
and Turkey it was estimated to be in higher pro-
portions in comparison with influenza AH1N-
1pdm09 [18] and were therefore considered as an 
exception. In comparison to some strains of influ-
enza A, influenza B is thought to be a milder virus 
[19]. However, the mortality rates associated with 
influenza B infection is significantly higher com-
pared to influenza A in children under 16 years 
old [20].
During the first quarter of this study period, influ-
enza virus circulation in Morocco among children 
under 5 years with SARI was clearly noticeable 
and it peaked in January of 2017-2018 flu season, 
and in February of 2018-2019 flu season. This is 
similar to the influenza seasonality observed in 
Algeria, Azerbaijan, Cyprus, Kuwait and Tunisia, 
where influenza activity did not increase until 
early or late January. However, in other coun-
tries it increased earlier (Bahrain, Egypt, Kuwait, 
Oman and Qatar) [17, 18].
It is reported that the influenza-associated SARI 

rate in our study population remains lower in 
comparison with other studies which estimated 
that among children under 5 years of age, there 
have been 5 million influenza virus episodes and 
approximately 10 million cases of influenza-asso-
ciated SARI [7]. This low rate in Morocco is prob-
ably not due to the improved influenza vaccine 
management in this age group. In fact, according 
to our study, the vaccination coverage remains 
very low 1.78% (2/112). Therefore, annual in-
fluenza vaccination is recommended for young 
children, especially for those aged ≥6 months to 
reduce the risk of severe complications [21]. It 
is therefore observed that the admission in the 
Intensive Care Unit (ICU) has been reported in 
5.35% of positive cases in children under 5 years 
and all of them were not vaccinated. It follows 
that influenza vaccination remains the best meth-
od of prevention against influenza infection and 
its associated complications [22]. Routine annual 
influenza vaccination for all children older than 6 
months with no contraindications have been also 
recommended by the CDC and the CDC Adviso-
ry Committee on Immunization Practices (ACIP) 
since 2010 [21]. In fact, several factors suggest that 
the influenza vaccine is a possible effective meas-
ure to control antibiotic use and also to reduce an-
tibiotic resistance by reducing significantly outpa-
tient visits for influenza-associated ARI for which 
antibiotics are routinely prescribed [21, 14]. It is 
then reported that improved influenza vaccine 
coverage and effectiveness, diagnosis and recog-
nition along with efforts to limit antibiotic use are 
critical measures for reducing antibiotic prescrip-
tions and thereby mitigating the growth in anti-

Table 2 - Influenza positivity rate of SARI in children under 5 years, Morocco, September 2017 to March 2019.

Period RT-PCR test Results

Negative Positive Total

September 2017 to March 2018 830 (88.11%) 112 (11.88%) 942 (100%)

2017-2018 434 (52.28%) 35 (31.25%) 469 (49.78%)

2018-2019 396 (47.71%) 77 (68.75%) 473 (50.21%)

Table 3 - Influenza subtypes positivity rate of SARI in children under 5 years, Morocco, September 2017 to March 
2019.

Period Influenza A H3N2 Influenza A(H1N1) pdm 09 Influenza B

2017-2018 s 7/35 (20%) 10/35 (28.57%) 18/35 (51.43%)

2018-2019 10/77 (12.99%) 67/77 (87.01%) 0
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biotic resistance [23]. Hence the need for a pub-
lic awareness program is strongly recommended 
in Morocco to increase the vaccination coverage 
each year, especially among the high-risk groups.
The co-circulation of other respiratory viruses 
during influenza seasons, particularly respiratory 
syncytial virus (RSV), is a significant impediment 
to estimating the number of influenza cases asso-
ciated to SARI in children under 5 years in Mo-
rocco [24, 25].
The epidemiology is deeply changed during the 
two years following the present investigation 
due to COVID 19 pandemic [26]. Indeed, some 
authors reported a significant sudden decline in 
the prevalence of all the other respiratory viruses, 
especially those typically isolated during the win-
ter season, such as RSV and Influenza virus com-
pared to the previous years [27]. This decrease can 
be attributable to the public health measures and 
non-pharmacological interventions (NPIs) adopt-
ed such as social distancing, facemask wearing, 
adequate hand hygiene, surface disinfection and 
ventilation of indoor spaces [28].
Overall, this study is not an exhaustive one. It has 
encountered some limitations as far as the una-
vailability of epidemiological and clinical data on 
SARI in Morocco are concerned. Thus, this makes 
difficult to implement evidence-based manage-
ment and prevention strategies. Accordingly 
much effort should be made to develop research 
on all areas to obtain a holistic approach to better 
understand the determinants of SARI in Morocco 
and to establish adequate control measures.
In conclusion, overall, our findings provided ev-
idence that influenza is a significant burden in 
children with SARI. Furthermore, it was shown 
that influenza virus is not the only source of in-
fection of SARI in children under 5 years. In fact, 
much attention and care should be paid to the 
non-flu respiratory virus and bacterial pathogens.
It is also reported that the pandemic invasion of the 
new SARS-CoV-2 virus in 2019 has been accompa-
nied by the disappearance of existing circulating 
strains of Influenza and other respiratory viruses. 
This is due to the wearing of face masks, social 
distancing and hand hygiene [29]. These NPIs has 
positively affected the transmission of Influenza 
viruses and provided a possibility to make better 
choices in the future of adapting a strategy to fight 
the spread of the respiratory viruses.
In order to better understand the epidemiology, 

etiology, antiviral susceptibility patterns, and ef-
fectiveness of the preventive and therapeutic in-
terventions in place against pediatric SARI in Mo-
rocco, more effort should be put into enhancing 
sufficient surveillance programs.
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