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ABSTRACT

The objective of this review was to provide information on immunochromatographic assays (ICA) relevant to the diagnosis
of human adenovirus (HAdV) and rotavirus (HRV) infections. HAdVs and HRVs cause respiratory and gastrointestinal diseases
in children and are characterized by strong inflammatory responses. Virological diagnostic methods include virus isolation in
cell cultures, molecular-biological techniques, and immunological assays. These methods are considered the gold standard;
however, obtaining results requires a significant amount of time. The development of reverse transcription polymerase chain
reaction (RT-PCR) has greatly facilitated the diagnosis of viral infections due to its high specificity and sensitivity. However,
the complexity of the reaction protocol and the need for additional laboratory equipment make RT-PCR unsuitable for point-
of-care testing. Immunochromatographic analysis, due to its low cost, simple sample preparation, and ease of use, represents
an excellent alternative for bedside diagnostics. In studies on other infections, ICA has demonstrated the absence of cross-
reactivity, high reproducibility, and acceptable sensitivity compared to enzyme-linked immunosorbent assay (ELISA) and RT-
PCR. In conclusion, ICA test systems may be useful in clinical practice for the rapid detection of rotavirus and adenovirus
infections. However, the possibility of false-positive results and differences in subtype identification across various diagnostic

methods should be taken into account.

Keywords: rotavirus, adenovirus, diagnosis, polymerase chain reaction, ELISA, immunochromatographic analysis, colloidal

gold.

INTRODUCTION

The incidence of rotavirus (HRV) and adenovirus (HAdV)
infections in young children is extremely high in developing
countries [1]. HRV is the primary causative agent of severe
diarrhea in this age group, leading to a significant number of
hospitalizations and fatalities, as well as considerable eco-
nomic burdens on healthcare systems. HRV accounts for ap-
proximately 2 million hospitalizations and 450,000 deaths of
children worldwide, with the highest mortality rates recorded
in Asia and Africa [2]. Another significant etiological factor
in infants and young children is HAdV. Hospital-based studies
have established a link between adenoviral infection and gas-
trointestinal disease. In recent years, adenovirus has played an
increasingly important role among children who have under-
gone bone marrow transplantation. Infection with this virus
can result in severe complications, increased mortality risk,
and prolonged disease duration. Given these factors, the ac-
curate and timely identification of the causative pathogen re-
mains a critical issue in viral infections [3].

Timely and effective antiviral interventions require acces-
sible, convenient, and rapid diagnostic methods. Currently,
polymerase chain reaction (PCR) and enzyme-linked immu-
nosorbent assay (ELISA) are the most widely used techniques
for diagnosing viral infections. However, their multi-step pro-
tocols and the need for specialized laboratory equipment make
them less effective for large-scale screenings. In contrast, im-
munochromatographic assays (ICA) is a one-step method that
can be performed without additional equipment or reagents
[4]. These technical characteristics make ICA well-suited for
rapid testing and easy visual interpretation of results in point-
of-care settings [5]. Additional advantages of ICA include low
cost, long shelf life, and simple sample preparation [6, 7].

In recent years, ICA technology has been increasingly uti-
lized not only in infectious disease diagnostics but also in

food safety monitoring. The scope of ICA applications has
significantly expanded with advancements in nanotechnol-
ogy. As improvements in sensitivity and performance con-
tinue, ICA is emerging as a key approach for pathogen detec-
tion. This review discusses the fundamental principles and
classification of ICA technology, examines current trends in
human rotavirus (HRV) and human adenovirus (HAdV) diag-
nostics, and highlights recent advancements aimed at enhanc-
ing the sensitivity of ICA test systems.

Diagnosis of Adenovirus and Rotavirus Infections

Diagnosis of HAdV and HRV infections relies on stan-
dard virological, molecular, and immunological methods. Vi-
rological methods include virus isolation and culture, elec-
tron microscopy, and serological tests [8]. Molecular methods
primarily involve various types of PCR screening [9]. Immu-
nological approaches based on antigen—antibody interactions
include immunofluorescence assay (IFA), enzyme-linked im-
munosorbent assay (ELISA), and ICA [10-12].

In an evaluation of ICA for the rapid detection of adeno-
viral conjunctivitis, the sensitivity of the control and test kits
was 89.8% and 98.3%, respectively, while the specificity of
both kits was 100%. A significant difference was observed in
the sensitivity of the two ELISA kits for samples that tested
positive by PCR. The sensitivity of the test kit was 32—64
times higher than that of the control kit for both adenovirus
types. These findings suggest that the new enhanced kit for
detecting adenovirus in tears, including conjunctival exudates,
is advantageous because it reduces patient discomfort during
specimen collection and offers substantially higher sensitivity
compared with the conventional ICA kit [13,14].

The HAdV ICA kit was evaluated using 138 nasopharyn-
geal specimens collected from patients at a clinic in Japan
between January and June 2003. Patients had clinical mani-
festations of pharyngoconjunctival fever (n = 38) or exuda-
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tive tonsillitis (n = 100). The ICA kit yielded positive results
in 84% (116 of 138) of patients diagnosed at the bedside.
The remaining ICA test extract solutions were transferred to
maintenance medium and tested by in vitro diagnostics. The
ICA demonstrated 95% sensitivity (116 of 122 patients) when
compared with virus isolation as the reference standard, and
91% sensitivity (116 of 128 patients) when compared with
PCR. All ICA-positive samples were confirmed positive by
both isolation and PCR. Similarly, all isolation-positive sam-
ples were also PCR-positive [15]. Twenty-two ICA-negative
samples were further tested by real-time PCR. Among these,
six samples that were ICA-negative but isolation-positive con-
tained between 3.8 x 1077 and 2.5 x 1079 HAdV genome
copies/mL. Five samples positive only by PCR contained be-
tween 3.0 X 1074 and 3.8 x 105 HAdV genome copies/mL,
whereas one sample tested negative by real-time PCR. Taken
together, these results indicate that the IC kit is a useful point-
of-care diagnostic tool for HAdV infections, with 95% sensi-
tivity compared with virus isolation. However, a negative re-
sult does not definitively exclude HAdV infection.

The sensitivity and specificity of a new ICA kit, AL-
SONIC® Adeno (Alfresa Pharma Co., Osaka, Japan), de-
signed for the detection of HAdV in throat swabs, were eval-
uated against real-time PCR results. The sensitivity and
specificity of the ICA were 92.2% (83/90) and 95.1% (58/61),
respectively. The assay also demonstrated positive and neg-
ative predictive values of 96.5% (83/86) and 89.2% (58/65),
respectively. These findings indicate that ALSONIC® Adeno
is a reliable diagnostic tool for the acute phase of HAdV in-
fection [16, 17,18].

Fundamentals of the immunochromatographic assay
principle

The immunochromatographic assay (ICA) method is
based on a combination of antigen-antibody immunological
interactions and chromatographic separation of sample com-
ponents. The separation process relies on differences in the
affinity of sample components for the mobile and stationary
phases of the chromatographic system. Due to its high selec-
tivity and efficiency, chromatographic separation (e.g., thin-
layer chromatography) is widely used for detecting target
molecules in complex mixtures. In ICA, antibodies are com-
monly employed as the primary component for detecting or
quantifying immunogenic molecules [19]. In addition to an-
tibodies, ICA can incorporate chemical substances with affin-
ity for the target molecule. The method is applicable for de-
tecting both low-molecular-weight compounds (e.g., drugs,
hormones, herbicides) and high-molecular-weight substances
(e.g., peptides, proteins, viruses, bacteria) [20].

The test system design consists of four main membrane
components: a sample pad, a conjugate pad, a nitrocellulose
membrane, and an absorbent pad. Assembly is performed by
sequentially layering the sample pad, conjugate pad, and ab-
sorbent pad onto the nitrocellulose membrane (Fig. 1). The
assembled structure is then laminated and cut into strips with
a width of 3.5 mm [21]. A biological sample is applied to
the sample pad, after which capillary forces drive the sam-
ple through the strip. Upon reaching the conjugate pad, la-
beled antibodies conjugated with colloidal gold bind to the
target analyte (e.g., an antigen, if present), forming an anti-
gen-antibody complex. The sample then migrates to the test
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line, where immobilized antibodies specific to the target anti-
gen capture the complex, resulting in a visible signal. A con-
trol line, located further along the strip, contains immobilized
anti-species monoclonal antibodies that bind to the labeled
antibodies, verifying proper test performance [22]. Depend-
ing on the detection system, visualization markers, and the
test’s specific application, ICA can be categorized into dif-
ferent formats. Based on the chemical detection mechanism,
ICA is classified into the «sandwichy» format, the competitive
format, and the multiplex format.

Figure 1. Design of the immunochromatographic test system

In the «sandwich» format, colloidal gold-conjugated spe-
cific antibodies are pre-deposited on the conjugate pad. The
primary antibody against the antigen is immobilized on the
test line, while a secondary antibody against the labeled anti-
body is immobilized on the control line. When the target an-
tigen is present in the sample, it forms an antigen-antibody
complex, which is captured by the immobilized antibodies at
the test line, generating a visible signal (Fig. 2) [23].

Figure 2. “Sandwich” version of the immunochromatographic test
system

In the competitive format, specific antibodies conjugated
to colloidal gold are also deposited on the conjugate pad. Un-
like the sandwich format, the test line contains immobilized
target antigen. Secondary antibodies against the labeled an-
tibody are immobilized on the control line. If the target anti-
gen is present in the sample, it competes with the pre-bound
antigen on the test line, preventing the conjugated antibod-
ies from binding. This results in the absence of a visual sig-
nal at the test line. Conversely, if the target antigen is absent
in the sample, the conjugate binds to the immobilized antigen,
generating a visible signal, which indicates a negative result
(Fig. 3) [23]. The multiplex format is designed for the simul-
taneous detection of multiple target analytes. It involves test
strips with multiple test lines, each corresponding to a differ-
ent target species [24].

The most commonly used marker for visualization in ICA
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Figure 3. Competitive version of the immunochromatographic test system

is colloidal gold. Its widespread use is attributed to its unique
optical properties, including strong light absorption at specific
wavelengths and high conductivity due to surface electrons, as
well as the ease of surface modification [25]. Colloidal gold
nanoparticles can be synthesized in various shapes and sizes,
making them indispensable for interactions with biomolecules
and organelles [25]. Traditional ICA systems based on colloi-
dal gold typically utilize gold nanoparticles ranging from 30
to 40 nm in diameter [26]. To enhance assay performance,
new gold-containing nanomaterials with improved optical and
colorimetric properties are being developed. These include
gold nanoflowers, nanorods, and hybrid structures such as
magnetic gold nanoparticles, which offer tunable size, shape,
and surface modification capabilities [26,27].

The ICA has gained widespread application due to its sim-
plicity, rapid analysis time, and low cost. ICA-based test sys-
tems have demonstrated significant potential in environmen-
tal monitoring and food safety control [28]. Their reliability
and efficiency have been confirmed in diagnosing myocar-
dial infarction by detecting cardiac troponins [26] and human
fatty acid-binding protein (hFABP) [29]. ICA is also exten-
sively used for the diagnosis of bacterial, viral, and parasitic
infections [30-34].

One of the key advantages of ICA test systems is their
suitability for use in peripheral healthcare facilities, where ac-
cess to specialized equipment and trained personnel may be
limited. These settings often serve the majority of the popu-
lation, particularly in rural areas with frequent power outages
that can disrupt the storage conditions of biological reagents
and diagnostic materials [35]. Another important benefit dis-
tinguishing ICA from ELISA is its ability to analyze small
sample volumes, making it more practical for field applica-
tions [36].

However, ICA tests still face limitations in certain regions
endemic to specific diseases, such as malaria. Some ICA tests
require refrigeration of reagents and have a long incubation
time of 18-24 hours before results become available. Addi-
tionally, more than 20 companies producing ICA-based ma-
laria tests have not undergone rigorous validation, leading to
inconsistencies in test performance outside research institu-
tions [37,38].

The ICA integrates advancements in nanotechnology, im-
munology, and chromatography, offering ease of use, time
efficiency, high sensitivity, and low cost. Among the various
ICA formats, gold nanoparticles (AuNPs) are the most com-
monly used signal markers. However, their sensitivity and
accuracy are constrained by the low brightness of the colori-
metric signal and slow polyclonal antibody binding rates. To
improve ICA performance, researchers have explored alterna-
tive nanomaterials, including quantum dots (QDs), metal-or-
ganic frameworks, time-resolved fluorescent microspheres,
magnetic nanoparticles, and other cutting-edge technologies
[39].

ICA variants can be classified based on the type of mark-
ers used, such as colloidal gold, QDs, chemiluminescent ma-
terials, magnetic markers, and nanostructured labels [21,40].
Novel detection techniques include absorption and fluores-
cence-based assays, as well as chemiluminescence, electro-
chemical and radiometric detection, thermal measurements,
and mass spectrometry. Many of these methods require anti-
body- or antigen-conjugated chemical or enzymatic labels,
but certain ICA variants allow for direct pathogen detection
by leveraging its intrinsic properties [41,42].

Among emerging technologies, quantum dots (QDs) have
shown great potential due to their high stability, large extinc-
tion coefficients, high quantum yield, and long fluorescence
lifespan. These advantages make QDs ideal markers for de-
veloping ultrasensitive ICA test systems [43,44].

Magnetic nanoparticles (MNPs) are another promising in-
novation in diagnostic assays, drug tracking, targeted therapy,
and magnetic resonance imaging (MRI) [45]. Unlike colloidal
gold, MNPs can be easily separated using an external mag-
netic field, allowing for efficient target molecule concentra-
tion and extraction from samples. Additionally, MNPs serve
as signal markers due to their distinctive bright brown color-
ation, further expanding their applications in rapid and highly
specific ICA-based diagnostics [46].

CONCLUSION

Immunochromatographic assays (ICA) are effective and
rapid tools for the primary diagnosis of rotavirus, adenovirus,
and norovirus infections, particularly in settings with limited
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laboratory resources. Despite their simplicity and speed, ICA
tests have lower sensitivity compared to molecular methods,
which requires confirmation of negative results using PCR or
other highly sensitive molecular techniques. Therefore, ICA
should be used as a screening tool, complemented by mo-
lecular diagnostics to enhance the accuracy of viral patho-
gen detection.
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NMMYHOXPOMATOTPA®USAJIBIK TAJLJAY: POTABUPYC )KOHE AJEHOBHUPYC
VUH®EKIUAATIAPJIbI JMATHOCTUKAJIA ITAMJIAJIAHY BOJIAIIAFBI J)KOHE BAFAJIAY

MyxkanTtaeB Kanatoek, TypcynoB Kanat*, 9nim ’Kancas, Tapasikos I1aBen

¥nmmoix 6uomexnonozus opmanvievi, 13/5, Kypeanvocun mac siconvt, Acmana, 010000, *kanat_tka@mail.ru

TYUIH

Onebu 1oy MakcaTsl afaMHbIH ageHoBupycThIK (HAdV) sxone poraBupycthik (HRV) nHdekuusiapsiy inarHocTukara
KaTbICTBl IMMYHOXPOMAaTOTpaUsIIBIK TAJAdylIap Typalibl aknaparThl YCbIHy 0obin Tadbuaasl. HAAV sxene HRV Gananap-
JIBIH THIHBIC aJIy )KQHE ac KOPBITY JKYHeCIepiHiH aypylapblH TyAbIpaabl )KoHE KYIITI KaObIHY peakliusapbIMEH CHITaTTa-
Jab1. BUpyconorusuiblk AMarHoCTHKA 9/1iCTEpiHe yKaTalbl BBIUPYCTHI XKacylla IaKbl1Iapbl OOWBIHINA OKIIAYyIay, MOJIEKYIsIp-
JIBI-OUOJIOTHSUTBIK, JKOHE MMMYHOJIOTHSUTBIK dicTepi. KepceTinren oicTep anThiH CTaHIAPT OOJBIN CaHATAbI, OipaK Tauaay
KOPBITBIHIBI Ty TIPOLECCi KON YaKbIT anajbl. Kepi TpaHCKpUNIMSIIBIK nonumepaszp! Tizoekri peakuus (PT-ITTP) axicrepinin
JlaMybl OHBIH >KOFapbl peKIIeNiri MeH ce3iMTallIbIFbIHA OaillaHBICTHI BUPYCTHIK MH(EKINsIapAblH TUarHOCTUKACHIH aii-
TapJbIKTal XKeHUIAeTT. JlereHMeH, Kyp/eli peakius XarTaMachl JKoHe KOCBIMILA 3epTXaHaJbIK Ka0IbIKThI aijalaHy eM-
JIeTyIIiHIH TOCETiHIH )XaHbIHa aypyxaHa >karnaiibinaa RT-ITTP xonnany Mmymkin emec. IMMyHOXpoMarorpadusibIK Taiaay
(UXT) o3 ap3aHabUIbIFbIHA, YATIHI TAHBIHAAY MECH TaIay/IbIH KaparmaibiM/IbUIBIFbIHA OalIaHBICTHI HAYKACTHIH TOCETIH/IC UH-
(heKIMAHBI TUArHOCTUKANAY YIIIH TaMalna Oanamackl Oobin Ta0suIanel. backa nHbeknusnap yiari 6oitama UXT ummyHo-
(bepmentThik Tannay (MDA) xxone RT-IITP-meH canpicThIpFaHia SIIKaHAal aliKacajibl PeaKTUBTLTIKTI, XKOFaphl KalTaJaHy/Ibl
JKOHE KONaIIbl ce3iMTanbIKThl KopeeTneai. KopbeITeiHabichiHaa, XA TecT xylienepi poTaBUpYCTHIK KaHE aeHOBUPYCTHIK
MH(EKIUsIIap bl )KbIIJIaM aHBIKTay YIIIH KIMHUKAJIBIK TOKIprOeae naiinansl 00aysl MyMKIH Jien aiiTyra 6onassl. JlereHMeH,
OPTYpIi AMarHOCTUKAJIBIK SICTepl MaiilalaHFaH Ke3/1e JKalFaH OH HOTHKEJep ajly MYMKIHJITIH KoHe KOCaJKbl TUIITEYer]
afBIPMaIIBUTBIKTapP/Ibl ECKEPY KaKeT.

KiaT ce3nep: poraBupyc, afeHOBUpYC, ANATHOCTHKA, OIUMepa3bl TizoekTi peakuusi, ELISA, nmmyHoxpomarorpadu-
SUTBIK TaJI/1ay, KOJUTOUITI alThIH.
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AHHOTAIIUA

Llenbro 0030pa SIBISUIOCH MTPEAOCTaBICHHE HHPOPMALIMK TI0 UMMYHOXpoMaTorpaduieckum aHaian3aM UMeroliee OTHOIIIe-
HHeE K auarHoctuke aaeHoBupycHor (HAdAV) u poraBupycHoit (HRV) nngexunmit yenoseka. HAAV u HRV Bei3biBatoT 3a60me-
BaHUE OPIaHOB JIbIXAHUS U MUIIEBAPUTEIIBHOM CUCTEMBI JETEH U XapaKTEPU3YIOTCSL CUIIbHBIMU BOCIIAJINTEIIBHBIMU PEAKLIUSAMU.
Bupyconorudeckue MeTo/Ibl AMArHOCTUKH BKITIOYAIOT BBIICJICHNE BUPYCa HA KJIETOYHBIX KYJIBTYpax, MOJICKYIISpHO-OHOIOrnye-
CKHE U UMMYHOJIOrn4eckue Metoabl. ITpeacraBieHHble METOBI CYUTAETCS 30J10THIM CTAHIAPTOM, OHAKO IIPOLIECC IOIYYCHHUS
pe3yibrara 3aHUMaeT JUIUTENbHOE BpeMsi. Pa3BuTHe METOI0B MONMMEPa3HOH LIEMHOW peakluu ¢ 00paTHOW TPpaHCKPHUIIUEH
(RT-PCR) 3HauuTENBHO YIPOCTHIIO JUATHOCTUKY BUPYCHBIX MH(MEKIIHIA 32 CUET BHICOKOH CIIeIM(UIHOCTH U YyBCTBUTEIBHO-
cti. OJTHAaKO, CIIOHBIA MPOTOKOJI PEaKIUU M HCIO0JIb30BaHHE JOMOJIHUTEIBHOTO JIAOOPATOPHOTO 000PYAOBaHUS JIeNaeT He-
B03MOXHBIM TprMeHeHust RT-PCR B cTanmoHapHbIX YCIOBHSX y OCTeNH nanuenrta. FimMyHoxpomarorpaduueckuii aHamms
(ICA) BciencTBHE CBOCH ACUICBH3HBI, TPOCTOTHI MOATOTOBKH MCCIIEAYEMOro o0pasiia U MOCTAaHOBKY aHaJIN3a, SBJISICTCS Tpe-
KPacHO aJIbTepHaTHMBHOM MO3BOJISIFOLIME TMarHOCTUPOBATh MHQEKIHIO Y TOCTeNH nanuenTta. Ha npumepe apyrux nHpekuuit
XA nemoHCTpHpOBaia OTCYTCTBHE MEPEKPECTHON PEaKTHBHOCTH, BHICOKYIO BOCIIPOU3BOIUMOCTE U MIPHEMIIEMYIO YyBCTBH-
TENILHOCTh B CPAaBHEHHH ¢ MeTofaMu MMMyHodepmenTHbIM aHanu3oM (ELISA) u RT-PCR. B 3akiroueHur MOXKHO CKa3aTh,
yro UXA TecT-cucTeMBbI MOTYT OBITh TOJIE3HBIMH B KITMHUYECKOH MPAKTHKE JUIsl OBICTPOTO BBISIBJICHUS POTABUPYCHOM U aJie-
HOBUPYCHO# nHMekpu. OHAKO CleyeT YYUTHIBATH BEPOSTHOCTD JIOKHOIIOIOKHUTEIBHBIX PE3YJIBTATOB, a TAKKE Pa3IHUKs B
OIIPE/CIICHUY MOATUIIOB IIPY UCIIOIb30BaHUM PA3JIUYHBIX METOA0B JUATHOCTUKU.

Keyword: poraBupyc, ageHOBHpYC, TUarHOCTHKA, oNUMepasHas nenHas peakuus, ELISA, nmmyHoxpomatorpaduye-
CKUH aHaIM3, KOJNIOUJHOE 30J0TO.
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