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Abstract
Introduction: Several viruses are accused in the severe acute respiratory infections and their diagnosis profits from the assets of the multiplex PCR (polymerase chain 
reaction).

The aim of this study was to describe the general epidemiology of these infections in hospitalized children and adults and to compare the diagnostic performances of 
the multiplex to an uniplex PCR.

Methodology: Our study included 147 patients hospitalized for severe acute respiratory infections in the IBN SINA University Hospital Center in Rabat between 
October 2015 and August 2016. The samples were analyzed by multiplex PCR using FTD respiratory pathogens 21 plus and by uniplex PCR.

Results: We diagnosed a viral infection in 65% patients and the frequency was significantly higher in the pediatric population (73 vs 46%, p= 0,002). Influenza virus, 
respiratory syncytial virus (RSV), and human metapneumovirus showed a seasonal peak during the winter season, while enterovirus, adenovirus, parainfluenza virus 
3 and rhinovirus do not have marked seasonal variation. Multiple viral infections were identified in 22% of positive cases and were detected only in the pediatric 
samples and exclusively for the age 0 to 2 years old (p=0.001).  The comparison of the multiplex versus the uniplex technique found a perfect technical agreement for 
the detection of AH1N1 (k = 0.83) and satisfactory agreement for the detection of A / B VRS (k = 0.68).

Conclusion: we observed significant differences in viral infection rates and virus types among age groups and seasons and supported the contribution of the multiplex 
PCR in the diagnosis of severe acute respiratory infections.
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Introduction
The acute respiratory infections remain the major cause of 

morbidity and mortality worldwide particularly among children, the 
elderly, the immunocompromised persons and those suffering of a 
subjacent lung or cardiac disease [1]. They represent as a consequence, 
a public health problem. Establishing a rapid etiological diagnosis of 
severe acute respiratory illness may improve treatment decisions and 
patient outcomes.

Worldwide, the viruses are the principal etiologic agents of these 
respiratory infections [2-4].

The major viral agents of acute respiratory infections include 
influenza A, B viruses (Flu), respiratory syncytial virus (RSV), 
human metapneumovirus (hMPV), parainfluenza (1-4) virus (PIV), 
adenovirus (ADV), rhinovirus, enterovirus , human coronavirus 
(HCoV), and the human bocavirus (HBoV) [5-8].

The clinical secondary symptoms with these various viruses 
can overlap and thus increase the risks of errors during the clinical 
diagnosis [9]. This requires a precise and fast laboratory diagnosis 
in order to improve the therapeutic decisions and the outcome of 
the patients.

Classically, the virological diagnosis of the respiratory infections 
rested on antigen detection and viral culture. However, the diversity of 
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the implied viruses and the number of different viral strains make this 
diagnosis long and difficult [10]. 

In recent years, multiplex PCR methods have been developed, with 
the aim of detecting a large panel of respiratory pathogens in a single 
sample [11]. These techniques have been shown to be the least costly 
strategy, generating significant savings for hospitals [12]. It aids in the 
design of diagnostic strategies and can help to reduce unwarranted 
antimicrobial consumption [13-15]. 

Most of the available literature describing the epidemiology of 
respiratory viruses is focused on the pediatric population [16], a 
particular population [4], specific viral agents [10] or studies frequently 
limited to a fixed season. Two preliminary studies were conducted 
in Morocco and have already shown prevalence of the viruses in the 
respiratory infections at the child [17,18]. At the adult except for the flu 
virus, no other virus of the respiratory infections was studied, and the 
PCR multiplex is little used for the surveillance (supervision) of severe 
acute respiratory infections (SARI). 

Our study aims to describe the general molecular epidemiology of 
viral respiratory infections in pediatric and adult hospitalized  at Ibn 
Sina University hospital of Rabat, Morocco. 

In addition we compare the diagnostic efficacies of a multiplex PCR 
assay (Kit FTD respiratory pathogens 21 plus) and an uniplex PCR.

Methodology
Material

This study included 147 patients hospitalized for severe acute 
infection at Ibn Sina University Hospital, in the capital of Morocco 
between October 2015 and August 2016.

For each patient, a CRF was filled in. The data collected was: the 
age, sex, the ward, date of hospitalization, date of the symptom´s onset, 
the town of residence. The co-morbidities were also documented and 
concerned the medical antecedents (chronic cardiovascular diseases, 
lung diseases, diabetes, pregnancy, chronic respiratory insufficiency, 
hematologic diseases, and chronic neurological diseases). The vaccine 
statute against influenza of the patient at the time of the season autumn 
winter 2015-2016 with respect to the influenza was also indicated. In 
order to see whether the case fullfiled the WHO defination of clinically 
severe pneumonia, the precise clinical characteristics of the episode in 
progress were collected, including the existence of general signs (fever, 
asthenia, anorexia, hypotension, confusion, convulsion, myalgias, 
digestive signs), the existence of high respiratory signs (rhinitis, 
pharyngitis, dysphonia) and of low respiratory signs (breathing 
difficulty, cough, bronchial obstruction, wheezing, hearth ausculatoire) 
were also well informed: The lent of stay ,the nature of the sample 
obtained from the patient  and the outcome of the patients (cured or 
deceased).

Further, specimens were considered ‘pediatric’ if they were from 
patients under 16 years of age, ‘adult’ if from patients more than 16.

Nasopharyngeal specimens carried out using the Copan 
CLASSIQSwabsTM and FLOQSwabsTM © provided by the laboratory.

The specimens were conveyed in a specific medium transport 
(universal transport medium [UTM-RT]) to Central Laboratory of 
virology where a Multiplex real-time PCR was carried out.

The data was collected anonymously.

Laboratory methods

The samples received at the central laboratory of virology 
were analyzed by the Multiplex real-time PCR (one step reverse 
transcription) by using Kit FTD Respiratory Pathogens 21 plus (Fast 
Track Diagnostics Luxembourg©) which allows the detection of 21 
pathogens (viruses and bacteria).

It is about a qualitative test of search for viral nucleic acid allowing 
simultaneous detection and the identification of several respiratory 
viruses tropism starting from nasopharyngeal swabs and aspirates, 
bronchial and/or tracheal aspirates and bronchoalveolar lavage (BAL) 
specimens.

The FTD  multiplex real-time RT-PCR assay consists of six separate 
primer/probe mixes: mix 1: influenza A virus (Inf A), rhinovirus (RV), 
influenza A H1N1 pdm09, influenza B virus (Inf B); mix 2: coronavirus 
(CoV) NL63, 229E, OC43  and HKU1, mix 3: parainfluenza virus (PIV) 
2, 3 and 4 and internal control ; mix 4: PIV 1, human metapneumovirus 
(HMPV) A and B, Mycoplasma pneumonia and human bocavirus 
(HBoV); mix 5: respiratory syncytial virus (RSV), adenovirus (AdV), 
enterovirus (EV) and parechovirus (PeV); mix 6: Staphylococcus aureus, 
Chlamydophila pneumonia, Streptococcus pneumonia, Haemophilus 
influenza B. Individual assays within each pool are distinguished by the 
use of different probe fluorophores. Each kit also contains a positive 
plasmid control pool and detailed instructions on test performance. 
The FTD 21 plus assay was performed following the manufacturer’s 
recommendations. 

An RNA EAV  (Equine  arteritis  virus) serves as an internal 
extraction control when spiked into the sample and into the negative 
control during extraction.

DNA or RNA was extracted from 190 µl of samples and eluted into 
60 µl, using the QIAamp viral RNA Minikit Virus Spin kit (Qiagen)

Briefly, 150 µL of 2×RT-PCR buffer was combined with 18,75 µL of 
each primer/probe pool and 12 µL of 25× enzyme mix and 15 µL of each 
mixture was then added to 12 wells of a PCR plate (10 sample reactions 
plus one positive and one negative virus control). Ten µL of sample 
DNA extract or controls were then added to the respective wells of each 
primer/probe pool. The following cycling conditions were performed 
on a thermocycler CFX96 of Biorad: 15 min at 42°C, 3 min at 94°C 
and 45 cycles of 8 s at 94°C and 34 s at 60°C. A positive test result was 
considered a well-defined curve that crossed the threshold cycle within 
40 cycles. One positive control for viral and bacterial multiplex PCR 
reactions and a negative control tube are provided in the kit.

As for the PCR simplex, it was carried out at the National Laboratory 
of Hygiene by using a one step reverse transcription (Super Script III 
Platinum One step q Rt-PCR kit). The viral RNA was extracted from 
the sample on the iPrep Purelink Virus Kit (ThermoFisher Scientific, 
Carlsbad, CA the 92008 USA). The specific probes and primers were 
provided by the CDC. The following cycling conditions were performed 
on a 7500 Fast 96-well (Applied Biosystems, Foster City, CA, the USA) 
according to the protocol of the CDC (US centers for Disease Control).

Statistical analysis 

Statistical analysis was performed using SPSS 13.0 (SPSS Inc., 
Chicago, IL, USA). Quantitative variables were expressed as mean ± SD 
or medians and interquartile range, depending on their distribution. 
For qualitative variables, data were presented as number and proportion 
and were compared using either the Chi-square test or the Fisher exact 
test. The degree of agreement between simplex and multiplex technical 
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was determined by the test kappa of Cohen. A p-value of <0.05 was 
considered statistically significant.

Results
This prospective study enrolled a continuous series of 147 patients 

hospitalized for severe acute infection at Ibn Sina University Hospital, 
in the capital of Morocco between October 2015 and August 2016.

We collected 94 specimens from males and 53 from females. The 
number of children (age ≤16 years) was 103/147 (70%) and their 
median age was 12 [6-22] months, (range: 0 month-14 years). The age 
bracket the most represented was 0-2 years with 83 (84%). The number 
of adults was 44/147 (30%) and their mean age was 49 ± 18 years 
(range: 17-94).

90% of the patients fulfilled the WHO definition of clinically 
severe pneumonia [19] including fever or antecedents of fever ≥38°C, 
cough, beginning of the disease in the last ten days and requiring an 
hospitalization.

None of the patients included in the study was vaccinated against 
influenza.

The median of hospitalization duration was 4 [2-11] days. On the 
whole 84 patients (57%) were hospitalized in the infectious pediatry 
service, 19 (13%) in the pediatric intensive care unit, 37 (25%) in the 
adult medical intensive care and seven (5%) in various adult medical 
departments.

Most of the samples studied were nasopharyngeal swabs, 96% (n= 
116). For some patients, bronchoalveolar lavages, 1% (n= 1), bronchial 
aspiration 1% (n= 1) or PDP 2% (n=3) were obtained.

At least one viral respiratory pathogen was detected by multiplex 
PCR in 95 of the 147 (65%) specimens analyzed. 34 (23%) specimens 
were negative and in 18 (12%) specimens we detected a pure bacterial 
infection without viral coinfection. Multiple infections were observed 
in 41 samples (37 with two pathogens and four with three pathogens). 

The overall positivity rate (PR) for any respiratory virus was 72% in 
children and 45% in adults.

Thus, on the whole, 122 viruses and 78 bacteria were detected: 
34 (28%) cases of rhinovirus infections, 21 (17%) cases flu infections 
including 16 influenza A(H1N1), 2 influenza A not H1N1 and 3 
influenza B, 15 (12 %) cases of  RSV A/B, 14 (11%) cases of human  
metapneumovirus A/B, 11 (9%) cases parainfluenza virus including 
eight parainfluenza 3, two parainfluenza 4, one parainfluenza 1, nine 
(7%) cases of enterovirus, seven (6%) cases of adenovirus, seven (6%) 
cases of coronavirus  including two coronavirus 229E, two coronavirus 
HKU, two coronavirus OC43 and one coronavirus NL63, four (4%) 
cases of bocavirus. Figure 1 describes the respective prevalence of 
different types of viruses according to age group and services.

Multiple viral infections, (defined as the simultaneous detection 
of more than one virus in one clinical specimen), were apparent 
in 23 samples (21 were positive for two viruses and two for three 

Figure 1. Prevalence of the different types of viruses according to age group and ward in admitted patient at University hospital of Rabat for acute severe respiratory infection
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viruses). The most frequent co-infections were enterovirus with 
adenovirus (13%) and rhinovirus with RSV (3%).

With regard to the seasonal distribution of the 122 viruses, a peak 
was observed in winter: 62% (76/122). In spring, we found 15% (18/122) 
of viral infections, in summer 15% (18/122) and autumn 8% (10/122).

Regarding the distribution of respiratory viruses over the year, 
influenza virus, RSV and human metapneumovirus showed a clear 
seasonal pattern, with a marked increase in positivity rate throughout 
the winter months, while enterovirus, adenovirus, rhinovirus and 
parainfluenza 3 prevalence remained relatively stable over the year and 
did not have marked seasonal variation. Seasonal prevalence patterns 
are depicted in Figure 2.

We noted 107 (92%) cases of cure and nine (8%) cases of death 
during this study.

Among the nine cases of death, five presented a viral infection. Two 
were children hospitalized in pediatric intensive care from whom we 
isolated, for one, an enterovirus and an adenovirus, and for the other, a 
human metapneumovirus. The tree other cases of death corresponded 
to adults hospitalized in adults intensive care among them were 
respectively isolated an influenza AH1N1, an influenza A not H1N1 
and a coronavirus 229E.

Analytical results

The highest positivity rate 73% was found in respiratory samples 
collected from pediatric patients, versus 46% in respiratory samples 
from adult patients. Pediatric patients had a significantly higher 
positivity rate (p = 0.002).

The correlation between the presence of the viruses and age group, 
objectified statistically significant differences with regard to the RSV 
and the parainfluenza: indeed we found 14 cases of RSV (93%) at the 
pediatric patients and only one case (7%) in adult patients (p=0.04). 
These 14 cases related to only the age range 0-2 years. Also, the 11 
cases of parainfluenza virus were isolated only in the pediatric patients 
(p=0.034) and were distributed on the various age brackets.

Multiple viral infections were only diagnosed among pediatric 
patients and exclusively the age range 0-2 years. No multiple viral 
infections was noted at the adult patients (p= 0.001).

We also compared the viral distribution according to the seasons 
and we belonged to the statistically significant differences for the RSV 

and the metapneumovirus: indeed, the infections with RSV were 
diagnosed between mid-January and at the end of April with a peak 
in February: 13 cases detected in winter and one case in spring (p= 
0.008). The human metapneumovirus circulated exclusively in winter 
(p=0.002).

Comparative study PCR multiplex/uniplex

We assessed the correlation between the results obtained by 
multiplex real-time PCR and by uniplex PCR (taken as reference) 
for the detection of influenza virus.  On 118 samples: 108 cases were 
negative and 10 positive on the two techniques. We raised one case 
of false-negative and two cases of false-positives.  It results from this 
a sensitivity of 89% and a specificity of 98% of the multiplex real-time 
PCR compared to the uniplex. We founded a k= 0,83 testifying an 
almost perfect agreement between the two techniques with regard to 
the detection of influenza AH1N1.

We also compared the two techniques for the detection of VRS A/B 
on 53 samples: 45 cases were negative and eight positive. We raised 
four cases of false-negatives and one case of false-positive. It results 
from this a sensitivity of 64% and a specificity of 98% for detection of 
the VRS by the multiplex real-time PCR compared to the uniplex. The 
k= 0,681 testifying substantial agreement between the two techniques 
for the detection of RSV A/B.

Discussion
We described the epidemiological patterns of respiratory viruses 

among hospitalized patients of all ages screened at a University Hospital 
for a 10 months period. We diagnosed a viral infection in 65% and 
it was significantly higher in the pediatric population (73 vs 46%, p= 
0,002). Influenza virus, VRS, and human metapneumovirus showed a 
seasonal peak during the winter season, while enterovirus, adenovirus, 
parainfluenza 3 and rhinovirus do not have marked seasonal variation. 
Multiple viral infections were identified in 22% of positive cases and 
were detected only in the pediatric samples and exclusively for the age 
bracket 0-2 years old (p=0.001). 

Most of the samples studied were nasopharyngeal swabs. Indeed 
according to the studies, the viral bronchopulmonary infection can be 
emphasized by sample not very invasive specimen carried out in an 
easily accessible site in current practice [16].

The introduction of multiplex PCR has revolutionized the 
management of community-acquired acute respiratory illness; the 
increased sensitivity of molecular diagnostic methods provides a more 
faithful depiction of the epidemiology of respiratory viruses at the 
‘front line’ [20,21]. Thus, we studied the viral epidemiology of these 
patients by means of a molecular analysis (PCR) viral multiplex, by 
comparing the distribution of the infections and the viruses according 
to the age, the service and the seasons.

Overall, the positivity rate (PR) for any respiratory virus was 65% 
and it was significantly higher in the pediatric population (72%). 
This could partially be explained by the viral load in children which 
is significantly higher than in adults. Our results are comparable to 
other studies that used swabs and multiplex real time PCR. Bouvet et 
al. reported a PR of 61% [1], Ambrosioni and al. reported a PR of 43.2% 
and a rate of 80% in children [4]. A study conducted in Morocco, four 
years ago, on the same population but only pediatric showed a PR of 
92% [17]. 

Influenza viruses and rhinovirus had the highest prevalence in our 
study at any age confused. The RSV and the parainfluenza viruses were 

Figure 2. Seasonal prevalence patterns of SARI in admitted patient at University hospital 
of Rabat for acute severe respiratory infection
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found primarily in children. Moreover the RSV was insulated only in 
infants. The human metapneumovirus was insulated as well in children 
as in adults. In the study of Ambrosini and al. [4] following pediatric 
and adults patients the most prevalent virus was picornaviruses. The 
study of Jroundi and al. conducted in Morocco, four years ago, only in 
pediatric population, detected rhinovirus and RSV more frequently [17].

The analysis of the seasonal variation of the isolated viruses in the run 
of this study confirmed the seasonal character of the influenza viruses 
and the RSV which were detected starting from January until the end of 
April with a peak in February, and the human metapneumovirus which 
circulated exclusively in winter. Whereas the enterovirus, adenovirus, 
parainfluenza 3 and rhinovirus do not have marked seasonal variation.

Seasonality is well described for several viral respiratory pathogens. 
Existing evidence suggests that the seasonality of some pathogens may 
be driven by enhanced wintertime survival, and also by increased host 
susceptibility resulting from relative ‘wintertime immune suppression’ 
[22]. A cold environment decreases innate defense mechanisms such 
as mucociliary clearance, so increasing susceptibility to viral infections 
[23]. For those viruses showing seasonal patterns, the months in which 
the peaks occur may be determined by local topography and latitude, 
making comparisons among studies performed in different countries 
difficult [24]. However the study of Ambrosioni and al. which was 
held in Geneva, over one year, showed that the picornaviruses had 
the highest prevalence over all seasons although other viruses such as 
influenza virus and RSV increased their prevalence in winter [4].

In our study, multiple viral infections (MVI) were observed in 
22% of positive cases overall. They were detected only in pediatric 
samples and exclusively for the age range 0-2 years. Other studies have 
shown different rates of co-infections. The study of Jroundi and al. 
conducted in the same hospital reported more MVI with a rate of 40, 
4% in children between 2 to 59 months, co-infections with more than 
two virus were relatively uncommon. While two studies conducted in 
industrialized countries shown low rates. Indeed, Ambrosioni and al. 
reported an MVI rate of 12 % and were significantly more frequent in 
children (p<0.001) [4] and for Bouvet and al. [1] , MVI were found in 
15% of cases. 

The techniques of multiplex PCR, makes it possible to highlight co-
infections which are not detected by the cellular culture [25]. Indeed, 
the multiplication of a virus can inhibit another virus and a weak viral 
inoculum of each stock can lead to a wrongfully negative result [26]. 
So the sensitivity of the PCR is quite higher than the cellular culture. 
Indeed the PCR makes it possible to identify more of viral respiratory 
infections compared to the culture [20, 21]. Thanks to this sensitivity, 
molecular biology can also be an epidemiologic tool to analyze 
the circulation of the viruses in the general population. However, 
because of this great sensitivity of the PCR, some discussed the value 
of a positive PCR. The capacity to detect the non replicative viruses 
or present of small quantity can be also a disadvantage. Indeed, the 
viruses detected by culture are replicative and infectious; there are 
thus few doubts about their implication. The immunofluorescence (IF) 
brings the proof of the attack of respiratory fabric by the description of 
viral inclusions in the infected cells. Moreover, this technique allows 
a semi quantitative evaluation. It is on the other hand more difficult 
to affirm the pathogenic role of the viruses detected by PCR. It detects 
the presence of the genome of the viruses in specimen, even only of 
fragments of this genome, but is not informative as for its replication 
and with its pathogenic role. However, Liolios and al. [27] recall that 
this pathogenic implication is ensured by the respiratory clinical signs 
having justified the realization of the sample. Other studies showed that 

remotely acute episode (more than one month) the PCR are negative. 
Thus, the detection of virus respiratory genome by PCR is not very 
frequent at the asymptomatic subjects. The detection of the ARN of 
rhinovirus is lower than, 5% in asymptomatic children [28]; and of the 
recent data obtained within population of adults that the frequency 
of detection of influenza virus or the RSV by PCR at asymptomatic 
subjects in periods of influenza epidemics or RSV is weak [29]. In 
addition, a fast etiologic diagnosis of the respiratory infections makes 
it possible to decrease the duration of hospitalization, the regulation of 
antibiotics or complementary examinations [30,31]. Lastly, the relative 
complexity of the technique is compared with culture which imposes 
a logistics and competences booked on specialized laboratories. The 
culture remains however an essential technique for the epidemiologic 
monitoring allowing the development of the composition of the 
influenza vaccines in the following years.

The cost of molecular technique is usually higher than classical 
techniques but the multiplex PCR allows the search for several viruses 
by the same technique, it is thus cheaper [32]. 

The comparison of the sensitivity and specificity of the PCR 
multiplex FTD 21 plus compared to the simplex PCR as reference 
(CDC protocol) found a sensitivity and a specificity of 89% and 98% 
respectively for detection of influenza virus and a perfect agreement 
of the two techniques. These data confirm the results of many studies 
showing a quite higher sensitivity of the multiplex PCR compared to 
the classical techniques for the influenza virus and a perfect agreement 
with the uniplex PCR [10,21,32,33].

Otherwise, the sensitivity and the specificity for detection of the 
RSV were respectively of 64% and 98% confirming results of other 
studies which brought back a sensitivity decreased of FTD 21 plus for 
detection of the RSV [34].

This kit marked IVD, include 6 multiplex which could be adapted to 
the epidemiologic context of the country. Except the price which could 
also be regarded as a disadvantage, this kit presents the disadvantage 
to detect viruses or bacteria with the state of bearing. In addition, it 
is difficult to modify in the event of emergence of a new virus of 
medical interest (MERS coronavirus) and it does not have software of 
interpretation of the results what makes the reading sometimes difficult.

Conclusion
The multiplex PCR, certainly expensive but effective, fast and 

powerful, deserves its use as a matter of routine because it allows 
a diagnosis even faster with, for the influenza and RSV, a sensitivity 
equivalent to that of the uniplex PCR. It aids in the design of diagnostic 
strategies and can help to reduce unwarranted antimicrobial 
consumption. It also allows the diagnosis of the multiple viral infections.
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