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Introduction. Acute respiratory infections remain an important public health problem, while data describing the
combined spectrum of viraland bacterial respiratory pathogens in Kazakhstan remain limited. Multiplex real-time PCR
enablessimultaneousdetectionof 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 usingmultiplex real-time PCR assays targeting 30
respiratory pathogens, including 19 viraland 11 bacterial targets. Detection frequencies, age-specific positivity pattems,
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 Avirus (14.7%)
were the mostfrequently 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 viraland 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 activeinfection, and simultaneous positivity fora generic influenza A targetand 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
surveillanceand 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 pathogens; viral pathogens; bacterial
pathogens; molecular co-detection.

2023 XKBUTFBI DITUJIEMUSIIBIK MAY CBIMJIA KA3BAKCTAHJIA KOTITETEH
MH®EKIMSIJIAPFA RT-PCR OJIICIMEH AHBIKTAJIFAH XXEJET
PECTIUPATOPJILIK MHOEKLIMSIIAPBIH KO3 bIPFBIIITAPBI
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Kipicme. Xenen pecriupatopnbik HHGEKIFSIIap KOFaMIBIK JSHCAYIIBIK CAKTAYIbIH MaHBI3IBI MOCeTe epiHiH O1pi 0 oMb
KaJa 6epei, a1 KazakcTaHmarbl BUPYCTBIK XKOHE 0aKTEPUSIIBIK P ECIIPATO PIBIK KO3IBIPFBIIITAPABIH Oip ME3Tilie Tapary
CIIEKTPiH CUMTATTANTBIH KeIIeH i epeKTep ekTeyii. HakTel yakpIrTare My IbTHILIEKCTi [ITP kenTereH pecripaTopibiK
HBICAaHAHBI Oip YaKBITTa a HBIKTAYFa )KOHE Ma YChIM/IBIK ChIPKATTaHY IIBLUIBIK KE3SHIH 1T 3 TTH 1€ MU OJ1 OTHSIT bIK KA HIbI
’Ka H-)KaKThl 0araiiayra My MKIH/IIK Oepe/ii.

Maxkcatel. 2023-2024 >xpUigapmarbl SMUAEMISUIBIK MaychiMaa ANMATHI KajlachlHAA KEIeN PeCIUPaTOPIBIK
WHQEKIUSACH 0ap MAIMEHTTEP a pachiH/a BUPYCTHIK KOHE OaKTEPUSIIBIK PECITHPATOPIIBIK KO3ABIPFHIIITA PIIBIH TapaTybIH
HAKTBI yaKpITTarbl My TbTUILICKCTI [ITP oficiMeH 3epTTey, COHal-aK jxac epeKIIeTiKTepiHe 0aiiIaHbICThI 8 HBIKTATY
KULUTITIH XoHe OipHelle HhIcaHaHBIH O01p Me3TiIe OH 00Ty KHULTIrH OaFanay.

MaTtepuaspap men aaictep. 2023 b1l Ka paria MeH 2 024 Kbl KaHTaP apajiblFbIH/a KITMHUKAIBIK TYPFBIIAH >KeJIel
pecupaTOPIBIK HHGEKIUS TUATHO3BI KOHBUTFaH 3 74 MAIeHTTEH allbIHFAH PECIPATOPIIBIK YITiIep 19 BUPYCTBIK KoHe
11 GaxTepusUIHIK HBICAHAHBI KA MTATHIH 30 pecrupaTopiibIK KO3ABIPFBIIIKA 4 PHAJIFAH Ha KTl y aKBITTAFBI MY JIb THILICKCT]
IITP TectrepiMen3epTTenmi. Ko3apIprbImmap IbIH a HEIKTATy )KULTIr, )Ka ¢ epeKIIeTiKTepiHe OaiIaHpICThI OH HOTIDKEIEp
*oHe 0ip Me3rine anbikTasran [1TP HeIcaHamap bIHBIH KOMOHMHAIIHSIIAP bl CHIIATTAMAJIBIK TY pIIe OaFaiaHIbl.
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Hatukenep. Bupyctsik Hpicananap 374 nanuentrid 195-iHae (52,1%) anpikranasl. EH xui puroBupyc (24,3 %) sKxoHe
A tymaysl Bupycol (14,7%) anbikran sl bakrepusubik HeicaHaap 240 nanuentre (64,2%) TipKesi; OJapaplH iiHie
Haemophilus influenzae, Streptococcus pneumoniae sxone Moraxella catarrhalis 6aceim Gonapl. bipuemie TTTP
HBICAHACBIHBIH Oip Mesriine oH 6oxrybl 202 manuenrte (54,0%) Tipkenai: 94 manueHTre eki, 67 manueHTTe Yy, 41
MaIHeHTTE TOPT KHE 0J]aH 1a KOT OH HhICaHa a HEIKTAJIbl. COHBIMEH KaTap JKEKeJIeTeH BUPYCTHIK XKoHE 0a KTePHUSITBIK
KO3JIBIPFBIIITAPIBIH J)KaCKa OaiTaHBICThI AaHBIKTATY €p eKIIEeTIKTepi 0 aliKaIbI.

Tankpuiay. HoTrxenep snuaeMUAsIbIK Ma yChIMAAFb! PECTIMPATOPIBIK KO3ABIPFBIITADP KYPBIIBIMBIHBIH 9P TEKTLUTINH
XKoHE OipHelle MOJIEKyJIalbIK HBICAHAHBIH Oip Me3rilfe a HbIKTaTybIHbIH JKOFa Pbl )KULIIrH KepceTTi. Anaiina ITTP
apKpLIbl 0akTepusuIbIK JJH K-HBIH aHBIKTaTy bl KOJIOHU3AIUSHEI OeJIceH i HHPEKIHsIaH O1p MOH/Ti a )KbIpaTy¥a MY MKIHIIK
6epmeiini. COHBIMEH Katap A TyMaysl BHPYCBHIHBIH JKaJITbl HEICAHACKI MEH OHBIH Oenrini 6ip KocaKsl THIIHIH Oip
Mesriiie oH 00JIybI €Ki iepOec BUPYCTHIK MH(EKINS PETiHIe a BTOMATTBI TYP/E Ka pacThIphlIMAY bl THiC. COHIBIKTAH
OipHeIlle OH HOTHUXKECHI KOCBIMINA KITMHUKAJIBIK )KOHE MHUKPOOUOJIOTHSUIIBIK JIepeKTep OOJIMaFaH XaFaala pacrajiFaH
KITMHUKA JIBIK KO MH(EKIHS PETIHJIe eMeC, MOJICKYJIAJIBIK O1pJIeCKeH aHBIKTATy peTiHae Oaranay Ty phIChIPaK,
Kopsoithiaabl. Hakre! yakeiTrars! MysisTutuiekcti [ITP 20232024 xbuinapaarel May ceiMIa AnmaTsl Kanacbkina XKPU
0ap maIMeHTTep apachlHaa TapaTFaH PECIHPATOPIBIK KO3IBIPFBIITAPABIH CIIEKTPIH KSIISH T CUITa TTay¥Fa MY MKIHJIK
Oepai. BupycThIK HbICaHaap a pachbIHIa PHHOBHPYC IIEH A TYMa ybI BUPY ChI, 11 0aKTePUSUTBIK HBICAHATIAp apachkHma H.
influenzae, S. pneumoniaexoue M. catarrhalis 6acsmv 601IbL ANTBIHFAH HOTIDKEIIEP OaKTepUsUIBIK skoHe OipHere [TTP-
OH HOTHXKENepIi CAKTHIKIEH MHTEpIpeTallsuiay Kas>KeTTUIINH eCKepe OTBIPBIN, MYJIbTHILIEKCTI MOJIEKYIabIK
JTATHOCTUKAHBIH 3 TIHJIEMAOIOTUSUTBIK Ka J]aFaliay MCH KITUHHKAJIBIK IISITIMICP/I KOJI1ayJaFbl QJICYETiH KopCceTe Ii.
Tyitinai ce3nep: xexen pecnupaTopblK HHGEKUUIAP; HAKTHl yaKbITTarsl MyJbTuILIeKCTi I1TP; pecnupaTopibik
KO3JBIPFBIIITAP; BUPYCTHIK MATOTeHIIEP; OaKTePHUATIBIK I1a TOTEHIEP; MOJIEKYNANBIK OipJIeCKEeH a HBIKTAITY .

BO3bYIMTEJIN OCTPBIX PECIIMPATOPHBIX VH®EKII, BBISIBJIEHHBIE
METOJAOM MVIJIbTUIVIEKCHOMU TP B PEXXMUME PEAJIBHOI'O BPEMEHU B
SHUJEMUYECKUI CE30H 2023 TOJIA B KA3AXCTAHE
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Brenenue. OcTpsie pecnupaTopHble HHPESKIUH 0CTAIOTCS 3HAa YNMON PO OIIeMO 00IIIECTBEHHOTO 3/IpaBO OXPaHEHILT,
IpU 3TOM KOMIUIEKCHBIE JaHHBIE O CIEKTPE OJHOBPEMEHHO IHMPKYIHPYIOIMMX BHUPYCHBIX U 0aKTepHaIBHBIX
pecniupatopHbIx Bo3Oyaureneld B Kazaxcrane orpanndensl. MynptuiiekcHas [ILP B pexxume pealbHOTO BpeMeHH
MO3BOJISIET OJTHOBPEMEHHO BBIABIATH MIMPOKUHA CIIEKTP PECHUPATOPHBIX MHUIIEHEH W pacIIUpsieT BO3MOXKHOCTH
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SMUIEMUOJIOTUYECKO 1 OLIEHKH B IEPUO I CE30 HHOT'O T10,ThEMa 3a00JIeBAEMOCTH.

Hean. M3yunTs pacnpesesieHe BUPYCHbIX U 0aKTepHAIBHBIX PECIUPaTOPHBIX BO30YUTENEH cpelly MalieHToB ¢
OCTPBIMH PECIUPaTOpHBIMUA MH(pEeKImsIMUA B AMaThl B anuaemMudeckuii ce30d 2023 -2024 rr. ¢ ucnoJib30BaHUEM
MyJsbTUILIeKCHOH [ILIP B peskrMe peassHOro BpeMeHH, a TaKxke OLEHUTh BO3PACTHbIE 0COOEHHOCTH BBIABIIIEMOCTU U
4a CTOTY MHOKECTBEHHBIX I10JI0KHUTEIBHBIX PE3yJIbTaTOB.

MaTtepuaJjibl 1 MeTobl. PectipaTopHbie 00pa3ipl 0T 374 MalUeHTOB ¢ KITHHUYCCKH JTHATHOCTHPOBAHHBIMI OCTPHIMH
pecnupatopHbiMi MH(pEKIUsAMU, 0OciienoBaHHbIX ¢ HOsIOpst 2023 r. mo sHBapp 2024 r., aHAJIM3HUPOBAIU C
HCIoJb30BaHueM MyibTUIDIeKCHBIX [TL[P-TecToB B pexume peanbHOro BpeMeHH, BKItoYaBImX 30 pecnupaToOpHbIX
mutienet — 19 BupycHbix 1 11 OGakrepuanbHbiX. OnucaTeNbHO OLIEHUBAIM YaCTOTY BBISIBICHUS BO30Y IUTENEH,
BO3paCTHBIE 0COOSHHOCTH ITOJIOKHUTEIHHBIX PE3YJIbTATOB H KOMOWHAITUH O THOBPEMEHHO BhIsIBIICHHBIX [1L[P -MutieHe.
PesyabTaThl. BupycHbie Mumienu 6buti BesiBieHb! Y 195 n3 374 namuenros (52,1%). HauGonee yacto omnpenesnsumch
puHoBHpyc (24,3%) u Bupyc rpunna A (14,7%). bakrepuanbapie MUIIeHN BBIsSBICHBl y 240 manueHToB (64,2%);
Haunbosiee yacto obHapy:xkusamice Haemophilus influenzae, Streptococcus pneumoniae u Moraxella catarrhalis.
MHoxecTBeHHbIE T00x)uTeNbHbIe [TI[P-Mutienn 3apernctpuposanbry 202 nampeHros (54,0%): y 94 BBISBICHBI JIBE,
67 —Tpu,y 41 —ueTsipe 1 60JIee MUIICHU. Y CTAHOBIICHBI TAKXKE BO3PACTHBIE 0 COOCHHOCTH BBISBIISICMOCTH O TACITBHBIX
BUPYCHBIX 1 0a KTepHaIbHBIX BO30YAUTEIIEH.

O6cy:knenue. [lomydeHHBIE pe3yIbTATE CBUACTEIBCTBYIOT O TETEPOTEHHOM CTPYKTYpE PECIUPaTOPHBIX BO30 yauTereit
B DIUJICMUYECKAN CE30H M BBICOKOW YacCTOTe OJHOBPEMEHHOTO BBISIBICHHS HECKOJBKHX MOJIEKYIIPHBIX MHIICHEH.
Bwmecre ¢ Tem BrisiBiieHne OakrepuanbHoii JJHK metonom TTLIP He mo3BossieT 0 JHO3HAYHO OTIMYNTH KOJIOHU3AIIMO OT
aKTUBHOM HH(ekmu. Kpome TOro, 0 THOBpeMEeHHBI i TOJI0KHUTENbHBIN pe3yIbTaT Ha 0OIIyI0 MUIIIEHb BUPYCa TpHITa A
W ero MOJATHI He CIeAyeT aBTOMATHYECKH TPAaKTOBATh KaK HaJIMYME JIBYX CaMOCTOATEIbHBIX BUPYCHBIX HH(DEKIMIL
[TooTOMy MHO>XECTBEHHBIE MOJIOKUTEIBHbBIE PE3yJbTaThl KOPPEKTHEE HHTEPIPETHUPOBATH KaK MOJIEKYJIPHOE
COBMECTHOE BBISIBIICHHE BO30YIUTENCH, a HE KaK IO ATBEPKAEHHY IO KITMHIYCCKYF0 KOMH(PEKIHIO 0e3 TOTION HUTEIBHBIX
KJIMHUY €CKUX M MUKDPOOHOJIOT MY €CKUX TaHHbIX.

3akmouenne. MynptumiekcHas [P B pexrme peanbHOro BpeMeH! M03BOJTHIIa KOMIJIEKCHO 0XapaKTepHU30BATh CTIEKTP
pecnupatopHbiX Bo30yauTenei y manuentoB ¢ OPM B AnmaThi B ce30n 20232024 rr. Cpenu BUPYCHBIX MUTIICHEH
npeo6Jaianu pUHOBHPYC U BUPYC rpuiiia A, cpenu 6akrepuanbusix — H. influenzae, S. pneumoniae u M. catarrhalis.
PesynbTaTel MOATBEP)KIAIOT MOTEHUUAIBHYI0 3HAUYMMOCTh MYJIbTUIUIEKCHOM MOJIEKYJSIPHOW AMATHOCTHKU I
SMUIEMUAOJIOTHYECKOTO HaI30pa U MOJACPKKN KITMHUYESCKUX PEIISHUH IPH YCIOBUU OCTOPOKHOW MHTEPIPETALIN
OaKTepralBHBIX © MHOKeCTBeHHBIX [TLIP-TIos10KHTeNBHBIX pe3yIbTaTOB.

KiroueBsbie cioBa: octpble pecriupatopssie nHQeKu; MyabTuniekcHas [ILP B pexumMe peasibHOro BpeMeHH,
pecrupaTopHble BO30YAHTENH; BUPYCHBIE MATOTCHBI; OaKTepHallbHble MATOTCHBI; COBMECTHOE MOJICKYJIPHOS
BBISIBIICHHE.

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 inwinter [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
pathogensorin 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 specimenswere
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
manuscriptas 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 Targetcategory Targetpathogen Abbreviations

Respiratory Syncytial VirusA | RSVA
Respiratory Syncytial VirusB | RSVB

AllplexTM Respirato . . - Influenza Avirus Flu A

panel1 Pramy 7 Viruses, including 1y gy enz0 A (H1) Flu A (H1)

(Seegene, South Korea) variantsofInfluenza A | 1 enza A(HINL pdm09) | Flu A (H1N1)
Influenza A (H3) Flu A (H3)
Influenza B virus Flu B
Human Adenovirus HADV
Human Enterovirus HEV

AllplexTM Respiratory Parainfluenzavirus 1 PIV1

Panel2 7 Viruses Parainfluenza virus 2 PIV?2

(Seegene, South Korea) Parainfluenzavirus 3 PIV3
Parainfluenzavirus 4 PIV4
Metapneumovirus MNV

AllplexTM Respiratory 5 Viruses Including 3 Bocavirus BoV

Panel3 Variants of Coronavirus | Rhinovirus RhV
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Reagents Targetcategory Targetpathogen Abbreviations
(Seegene, SouthKorea) CoronavirusNL63 CoVNL63
Coronavirus 229E CoV229E
CoronavirusOC43 CoV0C43
Streptococcus pneumoniae S. pneumoniae
Mycoplasmapneumoniae M. pneumoniae
AllplexTM Respiratory Haemophilusinfluenzae H. influenzae
Panel4 7 Bacteria Legionella pneumophila L. pneumophila
(Seegene, SouthKorea) Chlamydophila pneumoniae C. pneumoniae
Bordetella pertussis B. pertussis
Bordetella parapertussis B. parapertussis
Respiratory Bacteria, 4 types Klebsiella pneumoniae K. pneumoniae
(The test was developed in 4 Bacteria Pseudomonas aeruginosa P. aeruginosa
the OHKZ Laborat Staphylococcus aureus S. aureus
€ aboratory) Moraxellacatarrhalis M. catarrhalis
Results

I. Respiratory viral detections

Among 374 examined patients, atleastone 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
forinfluenza 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).
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Figure 1 - Detection rates of respiratory viruses among AR|I patients in Almaty, Kazakhstan,
from November2023to January 2024 using multiplex real-time PCR

I1. Respiratory bacterial detections

Respiratory bacterial targets were detected in
240 of 374 patients (64.2%). The mostcommon
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 AR|I patients in Almaty, Kazakhstan,
from November2023to January 2024.

I11. 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

60,0
40,0

20,0

Positive rate, %
o
o

0-1 2-5 6-10

B Adenovirus
Coronavirus 229E

B Coronavirus 0C43

B |nfluenza A virus

B Parainfluenza virus 1

B Parainfluenza virus 3

11-20

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).

Laditdait B K Loa | A AN

21-30 31-40 41-50 51-60 61+

Category of age

B Bocavirus
Coronavirus NL63

B Enterovirus

B |nfluenza A virus (H3)

B Parainfluenza virus 2

B Parainfluenza virus 4

Respiratory syncytial virus A B Respiratory syncytial virus B

Rhinovirus

Figure 3 - Positivity rates of respiratory viruses by age
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Positivity rates of respiratory bacteria by bacterial targets, whereas H. influenzae and S.
age aureus predominated among adults. B.

In children younger than 10 vyears, H. pertussis was detected across several age

influenzae, S. pneumoniae, and M. catarrhalis categories (Figure 4).

were among the most frequently detected
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w
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H Bordetella pertussis B Chlamydophila pneumoniae B Haemophilus influenzae
Klebsiella pneumoniae B Moraxella catarrhalis B Pseudomonas aeruginosa
B Staphylococcus aureus B Streptococcus pneumoniae

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
bacterialtarget in 63 patients (16.8%), and no investigated targetwas 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).

Distribution of Patients by Group (Total 374)

Distribution of Multiple Positives (n=202)

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)
N. of | Cate N. of
Category Pathogens case | gory Pathogens case
H.influenzae+S.pneumoniae 8 B H.influenzae+M.catarrhalis+S.pneumoniae 6
ac
H.influenzae+M.catarrhalis 6 | eria |H.influenzae+K.pneumoniae+S.aureus 2
only
M.catarrhalis+S.pneumoniae 5 M.catarrhalis+S.aureus+S.pneumoniae 1
K.pneumoniae+S.aureus 3 H.influenzae+S.pneumoniae+Rhinovirus 8
H.influenzae+S.aureus 2 M.catarrhalis+Influenza Avirus+Influenza A 7
virusH3
Bacteria |S.aureus+S pneumoniae 5 H.influenzae+Influenza Avirus+Influenza A 5
: virusH3
+Bacteria
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:pneumonlae+lanuenzaAV|rus+InfluenzaA 3
virusH3
. . H.influenzae+M.catarrhalis+Respiratory
H.influenzae+P.aeruginosa 1 syncytial virus A 2
. . H.influenzae+S.pneumoniae+Respiratory
K.pneumoniae+M.catarrhalis 1 syncytial virus B 2
M.catarrhalis+Rhinovirus 8 H.influenzae+Adenovirus+Rhinovirus 2
H.influenzae+Rhinovirus 6 M.catarrhalis+S.pneumoniae+Rhinovirus 2
S.pneumoniae+Rhinovirus 4 Mi S.aureus+S.pneumoniae+Rhinovirus 2
ix
M.catarrhalis+Respiratory syncytial 3 d |S.aureustinfluenza Avirus+Influenza Avirus 5
virus B (Vvir|H3
H.influenzae+Respiratory syncytial 2 us [H.influenzae+S.aureus+Respiratory syncytial 1
virus A +Ba|virus B
; ; ; cteri
\';'Ir'S sf Igenzae+Resp|ratory syncytial 2 a) |H.influenzae+S.aureus+Rhinovirus 1
M.catarrhalis+Adenovirus 2 H.influenzae+S.pneumoniae+Adenovirus 1
S.pneumoniae+Respiratory 5 H.influenzae+S.pneumoniae+Parainfluenza 1
Virus syncytialvirus A virus4
+Bacteria|S.pneumoniae+Respiratory 2 H.influenzae+S.pneumoniae+Respiratory 1
syncytial virus B syncytial virus A
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 1
NL63
. . M.catarrhalis+S.pneumoniae-+Respiratory
C.pneumoniae+Adenovirus 1 syncytial virus A 1
. . . +S. iae+Parai i
H.influenzae+Adenovirus 1 2 aureus+S.pneumoniae+Parainfluenza virus 1
H.influenzae+Parainfluenzavirus2 | 1 S.au reL_Js+S_.pneumonlae+Resp|ratory 1
syncytialvirus B
H.influenzae+Parainfluenzavirus3 | 1 S.aureustEnterovirus+Parainfluenza virus 4 1
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K.pneumoniae+Respiratory

syncytial virus B 1 S.pneumoniae+Enterovirus+Rhinovirus 1

Influenza A virus+Influenza A virus

M.catarrhalis+Bocavirus 1 viru |[H3+Rhinovirus

S |Influenza Avirus+Influenza Avirus H3 virus
only|3 1
+Parainfluenza

M.catarrhalis+Enterovirus

P.aeruginosa+Rhinovirus

S.aureus+Parainfluenza virus 1

S.aureust+Rhinovirus

Influenza Avirus+Influenza Avirus
Virus+Vir|H3

us Coronavirus NL63+Parainfluenza
virus4

Total 94 Total 67

Multiple detection (4 or more targets)

N. of

Pathogens case

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

M.catarrhalis+S.pneumoniae+Influenza A virus+influenza Avirus H3

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

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

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

e

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

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

(BN

H.influenzae+K.pneumoniae+S.aureus+Influenza Avirus+Influenza Avirus H3

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

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

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

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

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

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

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

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

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

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

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

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

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

R R R R R R R R R R R

H.influenzae+M.catarrhalis+Influenza A virus+Influenza AvirusH3
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H.influenzae+P.aeruginosa+S.pneumoniae+Influenza A virus+Influenza Avirus H3 1
H.influenzae+S.aureus+Influenza Avirus+influenza Avirus H3 1
H.influenzae+S.pneumoniae+Adenovirus+Respiratory syncytial virus A+Rhinovirus 1
H.influenzae+S.pneumoniae+Influenza A virus+influenza Avirus 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 AvirusH3 1
M.catarrhalis+S.pneumoniae+AdenovirustRespiratory 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 RSV were among the most common viral

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

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 moleculartesting[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%) amongprevalentviral 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 testingmethods limit
direct comparison.

Taken together, the results underscore the
complexity of respiratory pathogen detection in
ARIs and the presence of age-specific pattems.
Multiplex PCR provides rapid, broad detection
and may support diagnostic decision-making
and antimicrobial stewardship wheninterpreted
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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duHaHcupoBaHue. BHemHee GUHAHCUPOBAaHUE HCCIIEIOBAHUS HE 3asBIICHO.
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Kap:xxbL1anabipy. 3epTTeyre ChIpTKbl Kap>KblIIaHABIPY KOPCETIIMETEH.
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TaparnblHaH HaKTbUIAHYbI THIC.
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