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SUMMARY :

The use of multiplex PCR (mPCR) has significantly improved the diagnosis of community-acquired respiratory
infections, enabling the simultaneous detection of several pathogens. This technique offers greater precision and
speed, essential for optimal patient management. mPCR has demonstrated high sensitivity and specificity for the
identification of viral and bacterial pathogens. As well as being fast, it is also cost-effective, making it ideal for
routine clinical use. Studies have shown that mPCR can identify pathogens in patients previously treated with
antibiotics, a capability that conventional cultures often lack. The aim of this project is to analyze the
epidemiological and bacteriological profile of the main bacterial and viral species and their resistance genes
isolated in community-acquired respiratory infections at the Hassan Il University Hospital in Fez from January
2021 to december 2024.
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l. INTRODUCTION :

Multiplex PCR is a molecular biology technique that enables the simultaneous amplification of several
genetic targets in a single sample. It is based on the use of several pairs of specific primers, each targeting a
particular gene of one or more pathogens. This approach enables rapid, simultaneous detection of several
pathogens, optimizing the diagnosis of respiratory infections [1].

Community-acquired respiratory infections represent a major global health problem due to their high
morbidity and mortality[2]. The rapid rise in antimicrobial resistance in these bacteria complicates treatment
options, making effective infection management difficult. This is of particular concern in low-resource settings,
where healthcare professionals often turn to empirical antibiotic therapy while awaiting the results of laboratory
cultures [3,4].

Rapid and accurate diagnostic methods are essential to identify both pathogens and their resistance genes.
These tools would enable healthcare professionals to choose appropriate antibiotic treatments, improving patient
outcomes while reducing antibiotic misuse[2,3].

The aim of this study is to develop the role of multiplex PCR in the simultaneous detection of major
pathogens and their resistance genes from respiratory samples. This approach aims to overcome the limitations of
traditional culture methods, which are often time-consuming and delay appropriate treatment.

1. MATERIALS AND METHODS

This is a retrospective descriptive study conducted over a 04-year period, from January 2021 to decembre
2024. Respiratory samples analyzed in the laboratory included nasopharyngeal swabs, sputum, protected distal
swabs and bronchoalveolar lavage.

Samples were analyzed using the BioFire® FilmArray® multiplex PCR test, enabling simultaneous
detection of respiratory viruses and bacteria.

The BioFire® Respiratory 2.1 plus panel targeted several viruses, including Adenovirus, Coronavirus
(229E, HKU1, NL63, 0C43), MERS-CoV, SARS-CoV-2, Human Metapneumovirus, Human
Rhinovirus/Enterovirus, Influenza A and B viruses, Parainfluenza 1, 2, 3 and 4 viruses, as well as Respiratory
Syncytial Virus. In terms of bacteria, the panel detected Bordetella parapertussis, Bordetella pertussis, Chlamydia
pneumoniae and Mycoplasma pneumoniae.

DOI: 10.35629/076X-12043239 www.questjournals.org 32 | Page


http://www.questjournals.org/

The Contribution of Multiplex PCR in the Diagnosis of Community Respiratory Infections.

In addition, the FilmArray® Pneumonia plus panel test is a semi-quantitative PCR that facilitates the
detection and estimation of microbial load in copies/ml. In addition to identifying respiratory viruses, it also
detects additional bacteria such as Legionella pneumophila, Haemophilus influenzae and Streptococcus
pneumoniae, as well as resistance genes including: CTX-M, IMP, KPC, mecA/C and MREJ, NDM, OXA-48-like,
VIM.

Multiplex PCR is a molecular biology technique that enables the simultaneous amplification of several
genetic targets in a single sample. It is based on use of several pairs of specific primers, each targeting a particular
gene from one or more pathogens (bacterial or viral).

For deep samples, in particular PDP, sputum and BAL, a cytobacteriological study was carried out in parallel to
improve interpretation of results in terms of UFC/ml (table 1).

Table 1: Culture significance limits for deep breath samples

Type of sampling Significance threshold (CFU/mI)
Sputum > 107 UFC/ml
Tracheal aspirations >10° UFC/ml
BAL (bronchoalveolar lavage) >10* UFC/ml
PDP (Protected distal sampling) > 103 UFC/ml

Figure 1: BioFire® Respiratory 2.1 plus panel
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Figure 2: FilmArray® Pneumonia plus panel

1. RESULTS
A total of 641 samples were received at the bacteriology department of the Hassan Il Hospital in Fez, of which
346 (53.9%) were positive. Positive samples were predominantly from children (59%) and adults (41%). In terms
of gender, males predominated, accounting for 58% of cases, with a sex ratio of 1.3 and an average age of 15.
The breakdown of positive samples by department shows a predominance of mother and child intensive care units
(33.5%), followed by pediatric emergencies (21%), pneumology (12.3%), pediatrics (11%) and adult intensive
care units (9.58%).
In children, 81.28% of infections are viral, while 18.72% are bacterial. In adults, viral infections account for
96.29%, versus 3.71% for bacterial infections.
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In children, 37.02% of cases were positive for Human Rhinovirus/Enterovirus. Influenza B accounted for 18.08%
of infections, followed by respiratory syncytial virus at 10%, Bordetella pertussis at 9.40% and streptococcus
pneumoniae at 7.05%. Coronavirus accounted for 6%, while influenza A infections accounted for 3.50% of cases.
Other germs accounted for 8.95% of infections. These data illustrate the distribution of different germs in children,
with a notable prevalence of Human Rhinovirus/Enterovirus and Influenza B.
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Figure 3 : Répartition des germes chez I'’enfant

In adults, viruses were dominant, with Influenza A accounting for 27.94% of cases, followed by respiratory
syncytial virus at 22.05%, adenovirus at 14.7% and coronavirus at 12.6%. Other viruses included Influenza B
(5.8%), human rhinovirus and enterovirus (4.41%), parainfluenza viruses (7.35%) distributed as follows:
parainfluenza 1 (0.65%), 2 (2.5%), 3 (2.7%) and 4 (1.5%), and human metapneumovirus (2.94%). In terms of
bacteria, Streptococcus pneumoniae was present in 1.3% of cases, followed by Mycoplasma pneumoniae (0.5%)
and Haemophilus influenzae (0.41%), while Chlamydia pneumoniae was not detected (0%).
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Figure 4 : Répartition des germes chez l'adulte

Infection frequency varies with the season. Figure 3 shows a noticeable drop in infections in June and July, with

peaks in March and November, indicating a seasonal variation in infections, with periods of high and low
frequency throughout the year.
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Figure 5: Overall frequency of infections by season

Respiratory samples that tested positive for Streptococcus pneumoniae and Haemophilus influenzae in multiplex
PCR were subjected to concomitant culture. After excluding samples that had not been cultured, three were
positive for Streptococcus pneumoniae and five for Haemophilus influenzae (table 2).
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Table 2: Germ distribution by M-PCR and culture

germs Pcr mitiplex culture
Streptococcus pneumonia 8 3
Haemophilus influenzae 14 5

V. DISCUSSION
Benefits of PCR :

Multiplex PCR improves the diagnosis of community-acquired respiratory infections by simultaneously
identifying several pathogens, while improving detection rates:

Rapid diagnosis:Community-acquired respiratory infections (CARI) are a major health burden
worldwide, and a leading cause of morbidity and mortality. Although traditional culture remains the "gold
standard" for pathogen detection, culture results can take up to 48 to 96 hours, forcing providers to treat patients
empirically. Advances in PCR-based diagnostic tests have dramatically improved the speed and accuracy of
detecting respiratory tract infections in patient samples. Accurate and rapid diagnosis of respiratory tract infections
is not only crucial for targeted treatment and patient management, but also for antimicrobial stewardship [3,4].
However, the main challenge in the adoption of PCR-based tests remains the interpretation of PCR versus culture
results. A study by Singh et al. compared and correlated colony-forming unit per milliliter (CFU/mL) of known
culture samples to cycle threshold (Ct) values obtained from a multiplex PCR assay to provide accurate and
actionable results to healthcare providers.The results of this study showed a correlation between Ct values
obtained by PCR and UFC/ml values obtained by the respiratory culture method. At 10"5 CFU/mI, mean Ct was
19.9, with a range of 17.67-21.7 (+ 1.1 SD) for Gram-negative bacteria. For Gram-positive bacteria, Streptococcus
pneumoniae and Staphylococcus aureus, the mean Ct value was 23.9, range 19.8-28 (£ 4.1 SD). The study also
demonstrated a direct correlation between qRT-PCR and traditional respiratory microbial cultures. Its results also
demonstrate the feasibility of quantitative interpretation of molecular results, helping providers to make treatment
decisions based on PCR results. Given the faster turnaround times and superior sensitivity and specificity of PCR
compared with microbial culture[4].

In our study, the average processing time for the respiratory panel for respiratory samples was around 3
hours, from receipt in the laboratory to transmission of results. In contrast, culture of bacteria from respiratory
samples took 72 hours. These results underline the diagnostic advantage of multiplex PCR, enabling rapid
identification of bacterial pathogens compared with conventional culture methods.

In our study, the dominant pathogens in community-acquired respiratory infections (CARI) varied
according to age group. In children, Rhinovirus/Enterovirus (37.02%) and Influenza B (18.08%) predominated,
followed by Bordetella pertussis (9.4%) and Streptococcus pneumoniae (7.05%). These results correspond well
with general epidemiological data, Rhinovirus/Enterovirus being recognized as the main agent of pediatric CKD,
while Respiratory Syncytial Virus (RSV), although less frequent here, is traditionally associated with winter peaks
(November/March). The presence of Bordetella pertussis underlines its continuing importance in areas with
insufficient vaccination coverage. In adults, Influenza A (27.94%) and RSV (22.05%) dominate, followed by
Adenovirus (14.7%) and Coronavirus (12.6%). These observations are in line with recent studies (Bogdan et al.,
2023) [5] on severe CKD, although this low rate is explained by the use of real-time PCR techniques for the
detection of SARS-CoV. These results reinforce the importance of these key pathogens, while highlighting gaps
requiring further investigation.

Our study reveals a marked seasonal distribution of respiratory infections, with peaks in March and
November, accompanied by a significant drop in summer (June/July). These observations align perfectly with
existing epidemiological data: winter peaks (November to March) are typical for Respiratory Syncytial Virus
(RSV), Influenza and coronaviruses (Bogdan et al., 2023) [5], while the summer decline reflects a common
phenomenon for most respiratory pathogens. A notable exception is Rhinovirus/Enterovirus, which circulates
year-round, a feature consistent with the pediatric data from this study and the general trends described in the
literature. These results reinforce the relevance of seasonal factors in the epidemic dynamics of respiratory
infections.

-Detection of difficult pathogens: multiplex PCR is particularly useful for diagnosing infections caused
by pathogens that are difficult to identify by conventional methods, such as Legionella species. This capability is
crucial in clinical settings, where rapid diagnosis is essential for effective treatment [5,6].

-Sensitivity and specificity: Studies have shown that PCR methods have a sensitivity of 100% and a
specificity of 90% [5]. In our study, the respiratory panel demonstrated 100% sensitivity and high specificity.
These data are in line with the literature and indicate that PCR methods are highly effective in detecting infections
(Table 1).

Our study highlights the increased sensitivity of multiplex PCR (mPCR) compared with conventional
culture methods, as illustrated in Table 1. While cultures showed low sensitivity rates (37.5% for Streptococcus
pneumoniae (3/8 confirmed cases) and 35.7% for Haemophilus influenzae (5/14 confirmed cases)), mPCR
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confirms its diagnostic excellence, consistent with literature data. Indeed, validated studies (Tran et al., 2024) [2]
report sensitivities in excess of 90% for these agents, with 98% for S. pneumoniae and 93% for H. influenzae.

Interpreting Pneumonia Plus panel results for bacterial agents is tricky, as the results obtained are semi-
quantitative (nucleic acid copies/ml), unlike conventional culture methods which provide quantitative data
(CFU/ml as illustrated in Table 1.

Panel Pneumonia Plus multiplex PCR is an extremely sensitive technique, but it cannot distinguish
between colonization and true respiratory infection. Furthermore, although mPCR is more sensitive, it may not
entirely replace culture, as culture remains the gold standard for certain pathogens[4].

-Impact on treatment: The use of multiplex PCR can prevent unnecessary empirical antibiotic treatment.
If PCR results are available within 2 hours, empirical antibiotic treatment would be suspended until results are
obtained. If results are delayed, and if conventional methods and cultures provide results after 48 to 72 hours,
empirical treatment would then be initiated. [7,8]. A study by Paz et al involved the use of multiplex PCR in
parallel with standard cultures. This approach enabled some patients to avoid unnecessary antibiotic therapy for
48 to 72 hours. In this study of COVID patients, 61% avoided empirical treatment, and 71% of those already
taking antibiotics had their treatment de-escalated thanks to PCR results [7,8]. As for our study, it showed that the
initial empirical antibiotic treatment should have been modified in 81.28% of patients with respiratory infections.
This indicates that the use of multiplex PCR can significantly influence clinical decision-making regarding
antibiotic therapy.

Limits and difficulties Multiplex PCR

Multiplex PCR is a targeted detection method that cannot identify all the pathogens involved in community-
acquired respiratory infections. Consequently, a negative multiplex PCR result does not exclude the presence of
a respiratory infection caused by a micro-organism not included in the detection panel.

Multiplex PCR (mPCR) is a powerful tool for diagnosing a variety of infections, but it has notable limitations that
can affect its effectiveness. Understanding these limitations is essential to optimize its use in the clinical setting.

* Sensitivity and specificity problems

mPCR may ignore clinically relevant species due to the inability to design primers that amplify all targets with
equal efficiency, particularly in complex samples [9]. Detection limits can vary significantly, leading to potential
false negatives, particularly when targeting low-abundance pathogens [10].

* Key efficiency and optimization challenges

It is essential to balance primer concentrations; unequal amplification can skew results, making it difficult to
compare data between different assays [11]. The complexity of optimizing multiple primers increases the risk of
methodological bias, which can compromise diagnostic accuracy [11].

The multiplex PCR (M-PCR) method cannot be used to assess the sensitivity of identified pathogens to available
anti-infective treatments.

* Cost and accessibility

mPCR is often expensive and requires specialized technical expertise, limiting its use mainly to laboratories in
developing countries. In low-incidence areas, routine testing may not be cost-effective, underscoring the need for
economic evaluations in high-burden settings. [12]

* Practical considerations

The careful planning and optimization required can make mPCR more resource-intensive than traditional methods
[13]. In personalized medicine, although mPCR can detect multiple targets, it does not always provide the
specificity required for personalized treatments [13]. Consequently, they must be used alongside traditional
methods such as microscopy and culture for bacterial agents and PCR for viruses. This combined approach
improves diagnostic accuracy, particularly in cases with low pre-test probabilities.

Despite these limitations, mPCR remains a valuable diagnostic tool, but careful consideration of its challenges is
necessary for effective application.

V. CONCLUSION:
multiplex PCR (mPCR) is proving to be an indispensable tool for the diagnosis of community-acquired respiratory
infections, thanks to its ability to detect multiple pathogens simultaneously from a single sample. Its main
advantages include high sensitivity, rapid turnaround and improved therapeutic guidance. However, its limitations,
such as high cost and the need for expertise to interpret results, must be taken into account. All in all, mPCR is a
major asset for the effective management of respiratory infections, despite certain constraints.

DOI: 10.35629/076X-12043239 www.questjournals.org 38 | Page



The Contribution of Multiplex PCR in the Diagnosis of Community Respiratory Infections.

REFERENCES

[1] Khare, V. K. (2023). Multiplex PCR - a diagnostic method for microbial pathogens (pp. 126-131). https://doi.org/10.58532/v2bs26¢ch9
[2] Tran, Thi, Ngoc, Dung, Voong, Vinh, Phat, Chau, Nguyen, Van, Vinh, N., P., H., Lan, Nguyen, Luong, Nha, Phuong.., Le, Thi, Quynh,
Ngan, G., Thwaites, Louise, Thwaites, Maia, A., Rabaa, Anh, T., K., Nguyen, Pham, Thanh, Duy (2024). Development and validation of
multiplex real-time PCR for simultaneous detection of six bacterial pathogens causing lower respiratory tract infections and antimicrobial
resistance genes. BMC Infectious Diseases, 24 doi: 10.1186/s12879-024-09028-2

[3] Doan, Nguyen, Minh, Tran, Vinh, Duc, Chau, Lan, Phu, Huong, Nguyen, Phu, Huong, Lan, Nguyen, Ngan-Thi, Le, Guy, E, Thwaites, L,
Thwaites, Mariam, K.Abd, rabaa, Anh, Tuan, Nguyen, Duy, Thanh, Pham (2023). The development and validation of multiplex real-time
PCRs with fluorescent melting curve analysis for simultaneous detection of six bacterial pathogens of lower respiratory tract infections and
antimicrobial resistance genes.. medRxiv, doi: 10.1101/2023.04.05.23288171

[4] Singh, V., Upadhyay, P., Vallabhneni, A. and Alexander, B. D. (2024). A-286 Correlation of PCR and culture values in the evaluation of
respiratory tract infection outcomes: a molecular diagnostic laboratory approach to microbial
detection.Chemieclinique,70(Supplement_1).https://doi.org/10.1093/clinchem/hvae106.23

[5] lulia, Bogdan, T., Gadela, Felix, Bratosin, Catalina, Dumitru, Alin, Popescu, Florin, George, Horhat, Rodica, Anamaria, Negrean, Razvan,
Mihai, Horhat, lon, Cristian, Mot, Adrian, Vasile, Bota, Carmen, Nicoleta, Stoica, Bogdan, Feciche, Andrei, Csep, lon, Cristian, Mot, Adrian,
Vasile, Bota, Carmen, Nicoleta, Stoica, Bogdan, Feciche, Andrei, Csep, Roxana, Manuela, Fericean, Gratiana, Chicin, losif, Marincu (2023).
The Assessment of Multiplex PCR in Identifying Bacterial Infections in Patients Hospitalized with SARS-CoV-2 Infection: A Systematic
Review. Antibiotics, 12(3):465-465. doi: 10.3390/antibiotics12030465

[6] Pedro, Garrido, Xavier, Gabaldé-Barrios, Isabel, Pujol-Bajador, Luis, Fernandez, Frederic, Ballester, Raquel, Garrido, P., Cueto, Jordi,
Camps, Immaculada, Vallverdd (2023). Assessing the Utility of Multiplexed Polymerase Chain Reaction in Detecting Microorganisms
Causing Infections in Critically ill Patients. Current Microbiology, 80 doi: 10.1007/s00284-023-03461-3

[7] Verénica, Paz, M., D'Agostino, F., Garibaldi, Rosa, Orellana, Marisa, Paniagua, Analia, Santillan (2022). Multiplex PCR in the empirical
antibiotic treatment of patients with SARS-CoV-2 and bacterial respiratory superinfection. Infection prevention in practice, 4(3):100227-
100227. doi: 10.1016/j.infpip.2022.100227

[8] Naouale, Maataoui, Lotfi, Chemali, Juliette, Patrier, Alexy, Tran, Dinh, Lucie, Le, Fevre, Brice, Lortat-Jacob, Mehdi, Marzouk, Camille,
d'Humiéres, Emilie, Rondinaud, Etienne, Ruppé, Philippe, Montravers, Jean-Francois, Timsit, Laurence, Armand-Lefevre (2021). Impact of
rapid multiplex PCR on management of antibiotic therapy in COVID-19-positive patients hospitalized in intensive care unit... European
Journal of Clinical Microbiology & Infectious Diseases, 40(10):2227-2234. doi: 10.1007/S10096-021-04213-6

[9] Alexandre, Alanio, Alexandre, Alanio, Stéphane, Bretagne, Stéphane, Bretagne (2017). Performance evaluation of multiplex PCR
including Aspergillus-not so simple!. Medical Mycology, 55(1):56-62. doi: 10.1093/MMY/MYW080

[10] Pedro, Emanuel, Fleitas, Paola, VVargas, Nicolas, Caro, M., Cristina, Almazan, Adriana, Echazl, Marisa, Juarez, Pamela, Cajal, Alejandro,
J., Krolewiecki, Julio, R., Nasser, Rubén, O., Cimino (2021). Scope and limitations of a multiplex conventional PCR for the diagnosis of S.
stercoralis and hookworms... Brazilian Journal of Infectious Diseases, 25(6):101649-. doi: 10.1016/J.BJID.2021.101649

[11] Daniela, Sint, Lorna, Raso, Michael, Traugott. (2012). Advances in multiplex PCR: balancing primer efficiencies and improving detection
success. Methods in Ecology and Evolution, 3(5):898-905. doi: 10.1111/J.2041-210X.2012.00215.X

[12] Mohamed, H., Ahmed (2014). Multiplex PCR: a powerful and affordable tool for laboratory and field analysis in developing countries.
Asian pacific Journal of Tropical Biomedicine, 4(11):923-924. doi: 10.12980/APJTB.4.2014APJTB-2014-0439

[13] Jian, Han (2013). Multiplex PCR in Molecular Differential Diagnosis of Microbial Infections: Methods, Utility, and Platforms. 627-646.
doi: 10.1007/978-1-4614-3970-7_34

DOI: 10.35629/076X-12043239 www.questjournals.org 39 | Page



