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Introduction. Acute respiratory infections remain an important public health problem, while data describing the 

combined spectrum of viral and bacterial respiratory pathogens in Kazakhstan remain limited. Multiplex real-time PCR 
enables simultaneous detection of a broad range of respiratory targets and may improve epidemiological characterization 
during seasonal increases in respiratory morbidity. 

Objective. To investigate the distribution of viral and bacterial respiratory pathogens among patients with acute 
respiratory infections in Almaty, Kazakhstan, during the 2023–2024 epidemic season using multiplex real-time PCR, and 

to assess age-specific positivity patterns and the frequency of multiple pathogen detections. 
Materials and Methods. Respiratory specimens obtained from 374 patients with clinically diagnosed acute respiratory 
infections between November 2023 and January 2024 were analyzed using multiplex real-time PCR assays targeting 30 

respiratory pathogens, including 19 viral and 11 bacterial targets. Detection frequencies, age-specific positivity patterns, 
and combinations of simultaneously positive assay targets were analyzed descriptively. 
Results. Viral targets were detected in 195 of 374 patients (52.1%). Rhinovirus (24.3%) and influenza A virus (14.7%) 

were the most frequently detected viral pathogens. Bacterial targets were detected in 240 patients (64.2%), predominantly 
Haemophilus influenzae, Streptococcus pneumoniae, and Moraxella catarrhalis. Multiple positive assay targets were 

recorded in 202 patients (54.0%); among these, 94 patients had two positive targets, 67 had three, and 41 had four or 
more. Distinct age-related patterns of viral and bacterial positivity were also observed. 
Discussion. The findings demonstrate a heterogeneous respiratory pathogen profile during the epidemic season, with 

frequent simultaneous detection of multiple molecular targets. However, bacterial PCR positivity does not necessarily 
distinguish colonization from active infection, and simultaneous positivity for a generic influenza A target and a subtype-
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specific target should not automatically be interpreted as infection with two distinct viruses. Accordingly, the observed 
multiple-target positivity should be interpreted as molecular co-detection rather than confirmed clinical co-infection 

unless supported by additional clinical and microbiological information. 
Conclusion. Multiplex real-time PCR provided broad characterization of respiratory pathogens circulating among 

patients with acute respiratory infections in Almaty during the 2023–2024 season. Rhinovirus and influenza A 
predominated among viral detections, whereas H. influenzae, S. pneumoniae, and M. catarrhalis were the most frequently 
detected bacterial targets. The results support the potential value of multiplex molecular diagnostics for respiratory 

surveillance and clinical decision support, while emphasizing the need for careful interpretation of bacterial and multiple-
target PCR positivity. 
Keywords: acute respiratory infections; multiplex real-time PCR; respiratory pa thogens; viral pathogens; bacterial 

pathogens; molecular co-detection. 
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Кіріспе. Жедел респираторлық инфекциялар қоғамдық денсаулық сақтаудың маңызды мәселелерінің бірі болып 

қала береді, ал Қазақстандағы вирустық және бактериялық респираторлық қоздырғыштардың бір мезгілде таралу 
спектрін сипаттайтын кешенді деректер шектеулі. Нақты уақыттағы мультиплексті ПТР көптеген респираторлық 
нысананы бір уақытта анықтауға және маусымдық сырқаттанушылық кезеңіндегі эпидемиологиялық жағдайды 

жан-жақты бағалауға мүмкіндік береді. 
Мақсаты. 2023–2024 жылдардағы эпидемиялық маусымда Алматы қаласында жедел респираторлық 
инфекциясы бар пациенттер арасында вирустық және бактериялық респираторлық қоздырғыштардың таралуын 

нақты уақыттағы мультиплексті ПТР әдісімен зерттеу, сондай-ақ жас ерекшеліктеріне байланысты анықталу 
жиілігін және бірнеше нысананың бір мезгілде оң болу жиілігін бағалау. 

Материалдар мен әдістер. 2023 жылғы қараша мен 2024 жылғы қаңтар аралығында клиникалық тұрғыдан жедел 
респираторлық инфекция диагнозы қойылған 374 пациенттен алынған респираторлық үлгілер 19 вирустық және 
11 бактериялық нысананы қамтитын 30 респираторлық қоздырғышқа арналған нақты уақыттағы мультиплексті 

ПТР тесттерімен зерттелді. Қоздырғыштардың анықталу жиілігі, жас ерекшеліктеріне байланысты оң нәтижелер 
және бір мезгілде анықталған ПТР нысаналарының комбинациялары сипаттамалық түрде бағаланды. 
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Нәтижелер. Вирустық нысаналар 374 пациенттің 195-інде (52,1%) анықталды. Ең жиі риновирус (24,3%) және 
А тұмауы вирусы (14,7%) анықталды. Бактериялық нысаналар 240 пациентте (64,2%) тіркелді; олардың ішінде 

Haemophilus influenzae, Streptococcus pneumoniae және Moraxella catarrhalis басым болды. Бірнеше ПТР 
нысанасының бір мезгілде оң болуы 202 пациентте (54,0%) тіркелді: 94 пациентте екі, 67 пациентте үш, 41 

пациентте төрт және одан да көп оң нысана анықталды. Сонымен қатар жекелеген вирустық және бактериялық 
қоздырғыштардың жасқа байланысты анықталу ерекшеліктері байқалды. 
Талқылау. Нәтижелер эпидемиялық маусымдағы респираторлық қоздырғыштар құрылымының әртектілігін 

және бірнеше молекулалық нысананың бір мезгілде анықталуының жоғары жиілігін көрсетті. Алайда ПТР 
арқылы бактериялық ДНҚ-ның анықталуы колонизацияны белсенді инфекциядан бірмәнді ажыратуға мүмкіндік 
бермейді. Сонымен қатар А тұмауы вирусының жалпы нысанасы мен оның белгілі бір қосалқы типінің бір 

мезгілде оң болуы екі дербес вирустық инфекция ретінде автоматты түрде қарастырылмауы тиіс. Сондықтан 
бірнеше оң нәтижені қосымша клиникалық және микробиологиялық деректер болмаған жағдайда расталған 

клиникалық коинфекция ретінде емес, молекулалық бірлескен анықталу ретінде бағалау дұрысырақ. 
Қорытынды. Нақты уақыттағы мультиплексті ПТР 2023–2024 жылдардағы маусымда Алматы қаласында ЖРИ 
бар пациенттер арасында таралған респираторлық қоздырғыштардың спектрін кешенді сипаттауға мүмкіндік 

берді. Вирустық нысаналар арасында риновирус пен А тұмауы вирусы, ал бактериялық нысаналар арасында H. 
influenzae, S. pneumoniae және M. catarrhalis басым болды. Алынған нәтижелер бактериялық және бірнеше ПТР-
оң нәтижелерді сақтықпен интерпретациялау қажеттілігін ескере отырып, мультиплексті молекулалық 

диагностиканың эпидемиологиялық қадағалау мен клиникалық шешімдерді қолдаудағы әлеуетін көрсетеді. 
Түйінді сөздер: жедел респираторлық инфекциялар; нақты уақыттағы мультиплексті ПТР; респираторлық 

қоздырғыштар; вирустық патогендер; бактериялық патогендер; молекулалық бірлескен анықталу. 
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Введение. Острые респираторные инфекции остаются значимой проблемой общественного здравоохранения, 
при этом комплексные данные о спектре одновременно циркулирующих вирусных и бактериальных 

респираторных возбудителей в Казахстане ограничены. Мультиплексная ПЦР в режиме реального времени 
позволяет одновременно выявлять широкий спектр респираторных мишеней и расширяет возможности 
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эпидемиологической оценки в период сезонного подъёма заболеваемости. 
Цель. Изучить распределение вирусных и бактериальных респираторных возбудителей среди пациентов с 

острыми респираторными инфекциями в Алматы в эпидемический сезон 2023 –2024 гг. с использованием 
мультиплексной ПЦР в режиме реального времени, а также оценить возрастные особенности выявляемости и 

частоту множественных положительных результатов. 
Материалы и методы. Респираторные образцы от 374 пациентов с клинически диагностированными острыми 
респираторными инфекциями, обследованных с ноября 2023 г. по январь 2024 г., анализировали с 

использованием мультиплексных ПЦР-тестов в режиме реального времени, включавших 30 респираторных 
мишеней — 19 вирусных и 11 бактериальных. Описательно оценивали частоту выявления возбудителей, 
возрастные особенности положительных результатов и комбинации одновременно выявленных ПЦР-мишеней. 

Результаты. Вирусные мишени были выявлены у 195 из 374 пациентов (52,1%). Наиболее часто определялись 
риновирус (24,3%) и вирус гриппа A (14,7%). Бактериальные мишени выявлены у 240 пациентов (64,2%); 

наиболее часто обнаруживались Haemophilus influenzae, Streptococcus pneumoniae и Moraxella catarrhalis. 
Множественные положительные ПЦР-мишени зарегистрированы у 202 пациентов (54,0%): у 94 выявлены две, у 
67 — три, у 41 — четыре и более мишени. Установлены также возрастные особенности выявляемости отдельных 

вирусных и бактериальных возбудителей. 
Обсуждение. Полученные результаты свидетельствуют о гетерогенной структуре респираторных возбудителей 
в эпидемический сезон и высокой частоте одновременного выявления нескольких молекулярных мишеней. 

Вместе с тем выявление бактериальной ДНК методом ПЦР не позволяет однозначно отличить колонизацию от 
активной инфекции. Кроме того, одновременный положительный результат на общую мишень вируса гриппа A 

и его подтип не следует автоматически трактовать как наличие двух самостоятельных вирусных инфекций. 
Поэтому множественные положительные результаты корректнее интерпретировать как молекулярное 
совместное выявление возбудителей, а не как подтверждённую клиническую коинфекцию без дополнительных 

клинических и микробиологических данных. 
Заключение. Мультиплексная ПЦР в режиме реального времени позволила комплексно охарактеризовать спектр 
респираторных возбудителей у пациентов с ОРИ в Алматы в сезон 2023–2024 гг. Среди вирусных мишеней 

преобладали риновирус и вирус гриппа A, среди бактериальных — H. influenzae, S. pneumoniae и M. catarrhalis. 
Результаты подтверждают потенциальную значимость мультиплексной молекулярной диагностики для 
эпидемиологического надзора и поддержки клинических решений при условии осторожной интерпретации 

бактериальных и множественных ПЦР-положительных результатов. 
Ключевые слова: острые респираторные инфекции; мультиплексная ПЦР в режиме реального времени; 

респираторные возбудители; вирусные патогены; бактериальные патогены; совместное молекулярное 
выявление. 

 

Introduction 
Acute respiratory infections (ARIs) remain one 
of the leading causes of morbidity and mortality 
worldwide, particularly affecting vulnerable 

populations such as children, older adults, and 
individuals with chronic illnesses [1]. 
According to the World Health Organization 
(WHO), ARIs account for a substantial 

proportion of healthcare visits and 
hospitalizations during seasonal peaks, 
especially in winter [2]. Viral pathogens such as 
rhinoviruses, influenza viruses, and respiratory 

syncytial virus (RSV) are frequently detected in 
ARIs. Bacterial pathogens, including 
Streptococcus pneumoniae and Staphylococcus 
aureus, may also be identified as primary 

pathogens or in mixed detections [3]. Rapid and 
accurate identification of respiratory pathogens 
is important for clinical management and 
infection-control strategies [4]. 

In Kazakhstan, ARIs represent a persistent 
public health burden, with seasonal outbreaks 

placing considerable strain on healthcare 
systems [5]. Although ARIs are known to 
impose a substantial disease burden, regional 
epidemiological surveillance studies 

characterizing both viral and bacterial 
detections remain limited. The prevalence and 
clinical implications of simultaneous detection 
of multiple respiratory pathogens are also 

insufficiently characterized in the local context, 
despite evidence that clinically confirmed co-
infections may be associated with increased 
disease severity and prolonged hospitalization 

[6, 7]. 
Conventional diagnostic approaches, including 
culture-based methods and serology, can be 
time-consuming and may have limited 

sensitivity for some pathogens [8]. Multiplex 
real-time polymerase chain reaction (PCR), in 
contrast, enables simultaneous detection of 
multiple respiratory targets within a short time 

frame. This technology has been widely used 
for clinical diagnostics and epidemiological 
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monitoring of respiratory pathogens, 
particularly during influenza and COVID-19 

epidemics [9-15]. 
The 2023–2024 respiratory season in 
Kazakhstan was marked by increased ARI 
activity [5]. Despite the growing use of 

multiplex PCR in surveillance systems, 
regional data comprehensively describing 
circulating viral and bacterial respiratory 
targets and multi-pathogen detections during 

epidemic periods remain limited. Such data can 
support diagnostic strategies, antimicrobial 
stewardship, and public health responses [7]. 
This study aimed to analyze the distribution of 

viral and bacterial respiratory pathogens among 
patients with ARIs in Almaty during the 2023–
2024 epidemic season using a multiplex real-
time PCR panel capable of detecting 30 

respiratory pathogens. Age-specific detection 
patterns and the frequency of simultaneous 
detection of multiple pathogens were also 
assessed. 
Materials and Methods 

Study design and setting. This descriptive 
laboratory-based study included patients with 
clinically diagnosed ARIs tested in Almaty, 
Kazakhstan, between November 2023 and 

January 2024. A total of 374 patients were 
included. 
Laboratory testing. Respiratory specimens were 
tested at the OHKZ laboratory using Allplex™ 

Respiratory Panel 1–4 kits (Seegene, Republic 
of Korea) together with an OHKZ-developed 

assay for four additional bacterial targets. The 
combined testing scheme comprised 30 

respiratory targets, described in the source 
manuscript as 19 viral and 11 bacterial targets 
(Table 1). 
Variables and definitions. Outcomes included 

detection of at least one viral target, detection 
of at least one bacterial target, age-specific 
pathogen detection rates, and simultaneous 
detection of multiple targets. Multi-pathogen 

detections were categorized as two, three, or 
four or more detected targets per patient. Age 
categories were 0–1, 2–5, 6–10, 11–20, 21–30, 
31–40, 41–50, 51–60, and ≥61 years, consistent 

with Figures 3 and 4. 
Statistical analysis. Data were summarized 
descriptively using absolute counts and 
percentages. No inferential statistical testing is 

reported; therefore, between-month and 
between-age comparisons are interpreted 
descriptively rather than as statistically 
significant differences. 
Reporting completeness. The source 

manuscript does not specify the respiratory 
specimen type(s), sampling and transport 
procedures, nucleic acid extraction method, 
PCR instrument, Ct cut-off/interpretation 

criteria, positive, negative and internal controls, 
or detailed quality-control procedures. These 
parameters were not reconstructed and should 
be supplied from the laboratory protocol by the 

authors before submission to ensure 
reproducibility.

 
 

Table 1 - Respiratory pathogens targeted by Allplex™ Respiratory Panel Kits (Seegene, Republic of Korea) 

Reagents Target category Target pathogen Abbreviations 

AllplexTM Respiratory  
Panel 1 

(Seegene, South Korea) 

7 Viruses, including 

variants of Influenza A 

Respiratory Syncytial Virus A 

Respiratory Syncytial Virus B 
Influenza A virus 
Influenza A (H1) 

Influenza A (H1N1 pdm09) 
Influenza A (H3) 

Influenza B virus 

RSV A 

RSV B 
Flu A 
Flu A (H1) 

Flu A (H1N1) 
Flu A (H3) 

Flu B 

AllplexTM Respiratory  

Panel 2 
(Seegene, South Korea) 

7 Viruses 

Human Adenovirus 
Human Enterovirus 
Parainfluenza virus 1 

Parainfluenza virus 2 
Parainfluenza virus 3 
Parainfluenza virus 4 

Metapneumovirus 

HADV 
HEV 
PIV 1 

PIV 2 
PIV 3 
PIV 4 

MNV 

AllplexTM Respiratory  
Panel 3 

5 Viruses Including 3 
Variants of Coronavirus 

Bocavirus 
Rhinovirus 

BoV 
RhV 
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Reagents Target category Target pathogen Abbreviations 

(Seegene, South Korea) Coronavirus NL63 

Coronavirus 229E 
Coronavirus OC43 

CoV NL63 

CoV 229E 
CoV OC43 

AllplexTM Respiratory  
Panel 4 

(Seegene, South Korea) 

7 Bacteria 

Streptococcus pneumoniae 

Mycoplasma pneumoniae 
Haemophilus influenzae 
Legionella pneumophila 

Chlamydophila pneumoniae 
Bordetella pertussis 
Bordetella parapertussis 

S. pneumoniae 

M. pneumoniae 
H. influenzae 
L. pneumophila 

C. pneumoniae 
B. pertussis 
B. parapertussis 

Respiratory Bacteria, 4 types 
(The test was developed in 

the OHKZ Laboratory) 

4 Bacteria 

Klebsiella pneumoniae 
Pseudomonas aeruginosa 
Staphylococcus aureus 

Moraxella catarrhalis 

K. pneumoniae 
P. aeruginosa 
S. aureus 

M. catarrhalis 

 

Results 

I. Respiratory viral detections 

Among 374 examined patients, at least one viral 
pathogen was detected in 195 (52.1%). The 
most frequently detected viruses were 

rhinovirus (24.3%), influenza A virus (14.7%), 

and adenovirus (5.9%). In December 2023, 

relatively high detection rates were observed 
for influenza A virus and respiratory syncytial 
virus A (RSV A), whereas in January 2024 the 
detection rates of rhinovirus, adenovirus, and 

RSV A increased (Figure 1). 
 

 
Figure 1 - Detection rates of respiratory viruses among ARI patients in Almaty, Kazakhstan,  

from November 2023 to January 2024 using multiplex real-time PCR 

 
II. Respiratory bacterial detections 

Respiratory bacterial targets were detected in 

240 of 374 patients (64.2%). The most common 
bacterial detections were Haemophilus 
influenzae (32.9%), Streptococcus pneumoniae 
(24.9%), Moraxella catarrhalis (23.8%), 

Staphylococcus aureus (12.8%), Klebsiella 
pneumoniae (3.5%), and Pseudomonas 

aeruginosa (1.6%). Mycoplasma pneumoniae 
was not detected. Bordetella pertussis was 
detected in 2.4% of cases (Figure 2). 
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Figure 2 - Detection rates of respiratory bacterial pathogens among ARI patients in Almaty, Kazakhstan,  

from November 2023 to January 2024. 

III. Positivity rates of respiratory pathogens 

by age 

Positivity rates of respiratory viruses by age 

Age-specific viral detection rates were 
evaluated descriptively. Most viral targets were 
detected more frequently in children younger 
than 5 years than in adults, with the exception 

of influenza A virus. In the 0–1-year age 
category, adenovirus (14.3%), RSV A (11.4%), 
and RSV B (14.3%) showed higher positivity 

rates than in several older age categories 
(Figure 3). The overall positivity rate for 
influenza A virus was 14.7%, with the highest 

observed rate in the 31–40-year age group; 
among patients aged ≥61 years, the rate was 
15.9%. In children aged ≤10 years, the average 
positivity rate for rhinovirus was 35.2%, the 

highest among the reported viral detections 
(Figure 3). 

 

     
Figure 3 - Positivity rates of respiratory viruses by age 

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

P
o

si
ti

ve
 r

at
e(

%
)

Species

Bacterial infection

0,0

20,0

40,0

60,0

0-1 2-5 6-10 11-20 21-30 31-40 41-50 51-60 61+

P
o

si
ti

ve
 r

at
e

, 
%

Category of age

Adenovirus Bocavirus

Coronavirus 229E Coronavirus NL63

Coronavirus OC43 Enterovirus

Influenza A virus Influenza A virus (H3)

Parainfluenza virus 1 Parainfluenza virus 2

Parainfluenza virus 3 Parainfluenza virus 4

Respiratory syncytial virus A Respiratory syncytial virus B

Rhinovirus



 

 
Д 

ЖҰҚПАЛЫ АУРУЛАР 

ИНФЕКЦИОННЫЕ БОЛЕЗНИ 

INFECTIOUS DISEASES 

          

#2/2025 

 

52 
 

 

Positivity rates of respiratory bacteria by 

age 

In children younger than 10 years, H. 
influenzae, S. pneumoniae, and M. catarrhalis 
were among the most frequently detected 

bacterial targets, whereas H. influenzae and S. 

aureus predominated among adults. B. 
pertussis was detected across several age 
categories (Figure 4). 

 

    
Figure 4 - Positivity rates of respiratory bacteria by age 

 
IV. Multiple respiratory pathogen detections 

Among the 374 patients tested, a single viral target was detected in 33 patients (8.8%), a single 
bacterial target in 63 patients (16.8%), and no investigated target was detected in 76 patients (20.3%). 
Multiple positive assay targets were recorded in 202 patients (54.0%). Among the 202 patients with 
multiple positive targets, two targets were detected in 94 patients (46.5%), three in 67 patients 

(33.2%), and four or more in 41 patients (20.3%) (Figure 5). 
Among the bacterial targets represented in the multiple-detection profiles, Streptococcus 
pneumoniae, Staphylococcus aureus, Haemophilus influenzae, Moraxella catarrhalis, and Klebsiella 
pneumoniae were among the most frequently detected (Table 2). 

 
 

 
Figure 5 - Distribution of single and multiple respiratory pathogen detections among ARI patients 
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Table 2 - Combinations of multiple respiratory pathogen targets detected by multiplex real-time PCR 

 

Multiple detection (2 targets) Multiple detection (3 targets) 

Category Pathogens 
N. of 
case 

Cate
gory 

Pathogens 
N. of 
case 

Bacteria  
+Bacteria 

H.influenzae+S.pneumoniae 8 
Bact

eria  
only 

H.influenzae+M.catarrhalis+S.pneumoniae 6 

H.influenzae+M.catarrhalis 6 H.influenzae+K.pneumoniae+S.aureus 2 

M.catarrhalis+S.pneumoniae 5 M.catarrhalis+S.aureus+S.pneumoniae 1 

K.pneumoniae+S.aureus 3 

Mixe
d 

(Vir

us 
+Ba

cteri
a) 

H.influenzae+S.pneumoniae+Rhinovirus 8 

H.influenzae+S.aureus 2 
M.catarrhalis+Influenza A virus+Influenza A 
virus H3 

7 

S.aureus+S.pneumoniae 2 
H.influenzae+Influenza A virus+Influenza A 
virus H3 

5 

B.pertussis+H.influenzae 1 H.influenzae+M.catarrhalis+Adenovirus 3 

B.pertussis+S.aureus 1 H.influenzae+M.catarrhalis+Rhinovirus 3 

H.influenzae+K.pneumoniae 1 
S.pneumoniae+Influenza A virus+Influenza A 

virus H3 
3 

H.influenzae+P.aeruginosa 1 
H.influenzae+M.catarrhalis+Respiratory 
syncytial virus A 

2 

K.pneumoniae+M.catarrhalis 1 
H.influenzae+S.pneumoniae+Respiratory 
syncytial virus B 

2 

Virus 
+Bacteria 

M.catarrhalis+Rhinovirus 8 H.influenzae+Adenovirus+Rhinovirus 2 

H.influenzae+Rhinovirus 6 M.catarrhalis+S.pneumoniae+Rhinovirus 2 

S.pneumoniae+Rhinovirus 4 S.aureus+S.pneumoniae+Rhinovirus 2 

M.catarrhalis+Respiratory syncytial 
virus B 

3 
S.aureus+Influenza A virus+Influenza A virus 
H3 

2 

H.influenzae+Respiratory syncytial 
virus A 

2 
H.influenzae+S.aureus+Respiratory syncytial 
virus B 

1 

H.influenzae+Respiratory syncytial 
virus B 

2 H.influenzae+S.aureus+Rhinovirus 1 

M.catarrhalis+Adenovirus 2 H.influenzae+S.pneumoniae+Adenovirus 1 

S.pneumoniae+Respiratory 

syncytial virus A 
2 

H.influenzae+S.pneumoniae+Parainfluenza 

virus 4 
1 

S.pneumoniae+Respiratory 

syncytial virus B 
2 

H.influenzae+S.pneumoniae+Respiratory 

syncytial virus A 
1 

B.pertussis+Adenovirus 1 H.influenzae+Bocavirus+Rhinovirus 1 

B.pertussis+Coronavirus 229E 1 M.catarrhalis+S.aureus+Rhinovirus 1 

B.pertussis+Rhinovirus 1 
M.catarrhalis+S.pneumoniae+Coronavirus 
NL63 

1 

C.pneumoniae+Adenovirus 1 
M.catarrhalis+S.pneumoniae+Respiratory 
syncytial virus A 

1 

H.influenzae+Adenovirus 1 
S.aureus+S.pneumoniae+Parainfluenza virus 

4 
1 

H.influenzae+Parainfluenza virus 2 1 
S.aureus+S.pneumoniae+Respiratory 

syncytial virus B 
1 

H.influenzae+Parainfluenza virus 3 1 S.aureus+Enterovirus+Parainfluenza virus 4 1 
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K.pneumoniae+Respiratory 
syncytial virus B 

1 S.pneumoniae+Enterovirus+Rhinovirus 1 

M.catarrhalis+Bocavirus 1 
Viru

s 

only 

Influenza A virus+Influenza A virus 

H3+Rhinovirus 
3 

M.catarrhalis+Enterovirus 1 Influenza A virus+Influenza A virus H3 virus 

3 
+Parainfluenza 

1 
P.aeruginosa+Rhinovirus 1 

S.aureus+Parainfluenza virus 1 1 

   

S.aureus+Rhinovirus 1 

Virus+Vir
us 

Influenza A virus+Influenza A virus 

H3 
18 

Coronavirus NL63+Parainfluenza 

virus 4 
1 

 Total 94  Total 67 

Multiple detection (4 or more targets) 

Pathogens 
N. of 
case 

H.influenzae+M.catarrhalis+S.pneumoniae+Rhinovirus 4 

M.catarrhalis+S.pneumoniae+Influenza A virus+Influenza A virus H3 2 

B. pertussis+H.influenzae+M. catarrhalis+S.pneumoniae+Adenovirus+Rhinovirus 1 

B.pertussis+H.influenzae+M.catarrhalis+S.pneumoniae+Respiratory syncytial virus B 1 

B.pertussis+H.influenzae+M.catarrhalis+S.pneumoniae+Rhinovirus 1 

B.pertussis+H.influenzae+S.pneumoniae+Adenovirus 1 

C.pneumoniae+H.influenzae+M. catarrhalis+S.pneumoniae+Adenovirus+Respiratory syncytial virus 
A+Rhinovirus 

1 

H.influenzae+K.pneumoniae+S.aureus+Influenza A virus+Influenza A virus H3 1 

H.influenzae+M.catarrhalis+P.aeruginosa+Adenovirus+Rhinovirus 1 

H.influenzae+M.catarrhalis+S.aureus+S.pneumoniae+Influenza A virus+Influenza A virus H3 1 

H.influenzae+M.catarrhalis+S.aureus+S.pneumoniae+Rhinovirus 1 

H.influenzae+M.catarrhalis+S.aureus+Influenza A virus+Influenza A virus H3+Rhinovirus 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Adenovirus+Respiratory syncytial virus A 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Bocavirus 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Enterovirus 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Parainfluenza virus 3+Rhinovirus 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Parainfluenza virus 4 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Respiratory syncytial virus B 1 

H.influenzae+M.catarrhalis+S.pneumoniae+Respiratory syncytial virus B+Rhinovirus 1 

H.influenzae+M.catarrhalis+Enterovirus+Influenza A virus+Influenza A virus H3+Rhinovirus 1 

H.influenzae+M.catarrhalis+Enterovirus+Parainfluenza virus 3+Rhinovirus 1 

H.influenzae+M.catarrhalis+Influenza A virus+Influenza A virus H3 1 
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H.influenzae+P.aeruginosa+S.pneumoniae+Influenza A virus+Influenza A virus H3 1 

H.influenzae+S.aureus+Influenza A virus+Influenza A virus H3 1 

H.influenzae+S.pneumoniae+Adenovirus+Respiratory syncytial virus A+Rhinovirus 1 

H.influenzae+S.pneumoniae+Influenza A virus+Influenza A virus H3 1 

H.influenzae+S.pneumoniae+Influenza A virus+Influenza A virus H3+Parainfluenza virus 3 1 

H.influenzae+S.pneumoniae+Influenza A virus+Influenza A virus H3+Rhinovirus 1 

H.influenzae+Adenovirus+Bocavirus+Respiratory syncytial virus B+Rhinovirus 1 

H.influenzae+Influenza A virus+Influenza A virus H3+Rhinovirus 1 

K.pneumoniae+S.aureus+Influenza A virus+Influenza A virus H3 1 

M.catarrhalis+S.pneumoniae+Adenovirus+Respiratory syncytial virus B 1 

M.catarrhalis+S.pneumoniae+Influenza A virus+Influenza A virus H3+Rhinovirus 1 

M.catarrhalis+Adenovirus+Respiratory syncytial virus A+Rhinovirus 1 

S.aureus+S.pneumoniae+Enterovirus+Respiratory syncytial virus A+Rhinovirus 1 

S.pneumoniae+Adenovirus+Coronavirus NL63+Rhinovirus 1 

Adenovirus+Bocavirus+Influenza A virus+Influenza A virus H3+Respiratory syncytial virus A 1 

Total 41 

 

Discussion 
This study describes the distribution of 

respiratory pathogen detections during the 
2023–2024 epidemic season in Almaty, 
Kazakhstan, using multiplex real-time PCR. 
Among 374 patients with ARIs, viral targets 

were detected in 52.1%, with rhinovirus 
(24.3%) and influenza A virus (14.7%) the most 
common. Bacterial targets were detected in 
64.2%, most often H. influenzae, S. 

pneumoniae, and M. catarrhalis. Multiple 
targets were reported in 54.0% of patients, 
indicating a high frequency of mixed molecular 
detections in the study sample. 

These findings are broadly consistent with 
international evidence showing that rhinovirus, 
RSV, influenza viruses, and major bacterial 
respiratory pathogens contribute substantially 
to the burden of acute and lower respiratory 

infections [1]. The relative frequency of 
individual pathogens, however, varies by age, 
clinical setting, geography, season, sampling 
strategy, and diagnostic platform. 

In a multicenter study of adults hospitalized 
with community-acquired pneumonia in the 
United States, rhinovirus, influenza virus, and 

RSV were among the most common viral 
detections, while S. pneumoniae and H. 

influenzae were also identified [3]. Jiang et al. 
demonstrated the feasibility of a three-tube 
multiplex real-time PCR assay for simultaneous 
detection of nine microorganisms causing 

ARIs, supporting the broader diagnostic 
principle of multiplex molecular testing [15]. In 
an Italian hospital series, 
rhinovirus/enterovirus, RSV, and influenza 

viruses were among the leading respiratory 
viral detections, with age-related differences 
and co-detections particularly relevant in 
pediatric samples [16]. Longitudinal 

surveillance in Moscow likewise documented 
persistent seasonal circulation of influenza 
viruses, RSV, rhinovirus, and other respiratory 
viruses [17]. 
In Kazakhstan, the present findings are broadly 

aligned with previous observations. A 
metagenomic study of adult ARI patients 
identified human rhinovirus (16.3%), 
betaherpesvirus 7 (14.3%), and Epstein-Barr 

virus (8.2%) among prevalent viral agents, with 
Streptococcus spp., Pseudomonas aeruginosa, 
and Burkholderia spp. among bacterial 
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contributors [18]. A media report citing 
national sanitary-epidemiological surveillance 

data for the same epidemic season indicated 
that rhinovirus accounted for the largest 
proportion of non-influenza respiratory virus 
detections, followed by RSV, adenovirus, 

coronavirus, parainfluenza virus, bocavirus, 
and metapneumovirus [5]. These observations 
are directionally consistent with the 
prominence of rhinovirus and RSV in the 

present dataset, although differences in 
population, sampling, and testing methods limit 
direct comparison. 
Taken together, the results underscore the 

complexity of respiratory pathogen detection in 
ARIs and the presence of age-specific patterns. 
Multiplex PCR provides rapid, broad detection 
and may support diagnostic decision-making 

and antimicrobial stewardship when interpreted 
together with clinical findings. Prior studies 
have associated clinically confirmed viral-
bacterial co-infections with greater disease 

severity and worse outcomes in selected 
pediatric and adult hospitalized populations 
[19, 20]. However, the present study did not 
collect clinical outcome data and therefore 

cannot establish an association between multi-
target detection and disease severity. In 
addition, bacterial PCR positivity may reflect 
colonization rather than active infection; 

detection alone should not be used as a stand-
alone indication for antibiotic therapy [21]. 
Evidence from interventional studies also 
supports cautious interpretation of molecular 

diagnostics. In a randomized trial of 
hospitalized patients with community-acquired 
pneumonia, adding multiplex real-time PCR to 
conventional microbiological testing increased 

etiological detection but did not produce a 
statistically significant reduction in total 
antibiotic days; the authors did not support 
routine implementation of the strategy as an 

initial test for all hospitalized CAP patients 
[21]. Thus, the value of multiplex PCR is 
greatest when results are integrated with 
clinical assessment, sample quality, and 

antimicrobial stewardship rather than 
interpreted in isolation. 

Limitations of the study 
This study has several limitations. First, it was 

conducted in a single city over a three-month 
epidemic-season period, which limits the 
generalizability of the findings to other regions 
of Kazakhstan and to other respiratory seasons. 

Second, clinical outcome data were not 
available; therefore, associations between 
detected pathogens, multiple detections, and 
disease severity could not be assessed. Third, 

detection of bacterial DNA by PCR does not 
distinguish colonization from active bacterial 
infection, particularly for organisms that may 
colonize the upper respiratory tract. Fourth, the 

multiplex panel contains both generic influenza 
A and subtype-specific targets. Consequently, 
simultaneous positivity for these assay targets 
may represent a single influenza A infection 

rather than infection with two independent 
viruses, and target-level counting may 
overestimate the number of distinct pathogens 
in some multi-positive profiles. Finally, the 

analysis was descriptive and did not include 
inferential or multivariable statistical testing. 
These limitations should be considered when 
interpreting the reported positivity and 

multiple-detection rates. 
Conclusion 
Multiplex real-time PCR provided broad 
characterization of respiratory pathogens 

detected among patients with acute respiratory 
infections in Almaty during the 2023–2024 
season. Rhinovirus and influenza A virus 
predominated among viral detections, whereas 

H. influenzae, S. pneumoniae, and M. 
catarrhalis were the most frequently detected 
bacterial targets. Multiple assay targets were 
reported in more than half of patients, but these 

findings should be interpreted as molecular co-
detection rather than confirmed clinical co-
infection without additional clinical and 
microbiological evidence. The results support 

the potential value of multiplex molecular 
diagnostics for respiratory surveillance and 
clinical decision support, while emphasizing 
cautious interpretation of bacterial and 

multiple-target PCR positivity.
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