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Abstract

Introduction: Allergic rhinitis (AR) is a common IgE-mediated condition that significantly reduces quality of life.
Conventional diagnostic methods do not always allow for the accurate identification of causative allergens, especially in
cases of polysensitization.

Objective: A comparative evaluation of the effectiveness of two molecular allergy diagnostic methods—ImmunoCAP and
immunochemiluminescent assay (ICLA)—in patients with allergic rhinitis.

Methods: A retrospective study involving 60 patients with confirmed AR was conducted. Sensitivity, specificity, predictive
values, and overall diagnostic performance of the methods were analyzed. Pearson’s chi-squared test, ROC analysis, and
calculation of AUC were applied.

Results: ImmunoCAP demonstrated a sensitivity of 87.8% and an AUC of 0.88. ICLA showed higher specificity (61.3%)
and an AUC of 0.79. PPV was comparable (66.7% vs. 65.7%), whereas NPV was higher for ICLA (76.0% vs. 16.7%). The
differences between the methods were statistically significant (p = 0.001).

Conclusions: Both methods are valuable tools in the diagnosis of AR. ImmunoCAP is preferable for the initial detection
of sensitization, while ICLA is more suitable for confirming clinically relevant allergy and minimizing false-positive results.
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! KasaxcTaHckui MeauUMHCcKu yHuBepcuteT «BLLUO3», r. AnmaTbl, Pecny6nuka KasaxcraH;

2 Kasaxckui HaunoHanbHbIN YHUBepcuTeT uMeHn Anb-Papabu, r. AnmaTbl, Pecny6nuka Kasaxcrah;

3 HAO «Kasaxckui HaunmoHanbHbIn MeguUMHCKUMA YHUBepcuteT uMm. C.[1. AccpeHausipoBar, r. Anmarbl,
Pecny6nuka KasaxcTaH.

BeepeHnune: Annepruyeckuin punut (AP) — pacnpoctpaHéHHoe IgE-onocpegoBaHHoe 3aboneBaHue, CyLECTBEHHO
CHUXAILLLEE Ka4yeCTBO XW3HU. TPaaMLMOHHbIE METOMbI AMArHOCTUKW He BCEraa No3BOMSIT TOYHO ONpefenuTb MPUYMHHO-
3Ha4NMble annepreHbl, 0COBEHHO NpU NONMCEHCMOUNNU3aLMN.

Lenb: CpaBHuTenbHas oueHka 3(heKTUBHOCTM MOMEKYNSAPHbIX MEeTodoB AvarHocTuku anneprum ImmunoCAP u
MMMYHOXEMUMIOMUHECLIEHTHOrO aHanusa (VXJ1A) y nauneHToB ¢ annepruyeckum puHUTOM.
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MeToabl: PeTpocnekTuHoe uccrefoBaHue ¢ yyactueM 60 naumeHToB ¢ nogTBepxaéHHbIM AP. lMpoaHanuanposaHb!
YYBCTBUTEMbHOCTb, CNELMUGUYHOCTb, MPOTHOCTUYECKME 3HAYEHWS] U AuarHocTMyeckas SeKTMBHOCTb METOLOB.
Mpumensnuck x>-kputepuit, ROC-aHanu3 n pacyét AUC.

Pesynbtatbl: YysctButensHocts ImmunoCAP coctasuna 87,8%, AUC - 0,88. UXIA nokasan Gonbluyto
cneumduuHocTb (61,3%) n AUC - 0,79. PPV 6bin conoctaBumbiM (66,7% vs. 65,7%), Toraa kak NPV Beiwe y VIXJIA (76,0%
vs. 16,7%). Pasnuuns mexgy metogamm cratuctudecku sHauumsl (p = 0,001).

BbiBoabl: Oba MeToga SBMSIOTCA LEHHbIMM WHCTPYMeHTamu auarHocTukvm AP. ImmunoCAP npeanoytuteneH npw
NepBUYHOM BbISIBNEHUM CeHcnbunusaumn, XA — ans noaTBepKAEHWUS KMUHUYECKN 3HAYMMOW anneprit U CHUKEHNS
KONMYeCTBa NIOXHOMOMOXMUTENBHBIX PE3yrbTaToB.

Knioyeebie cnoea: Annepeudeckull puHum, IgE, annepeonoeuyeckas OuaeHocmuka, WXJ/IA, ImmunoCAP,
nepcoHanu3uposaHHas MeOUyuHa.
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Kipicne: Anneprusnbik putnT — IgE-genpanasl cossinmans! kabbiHy aypybl. Ken xafaaiina AacTypni narHoCTMKanbik
apicTep cebenwi annepreHi 4an aHbIKTayFa MyMKiHIik bepmeigi.

3eptrey MakcaTbl:  AnneprusnblK  PUHWTIEH  ayblpaTblH - Haykactapga ImmunoCAP  xeHe  MMMyHObI-
XemuniomMuHecUeHTTik Tangay (MXJ1A) agicTepiiH, AnarHoCTMkanbIK TWIMAINITiH canbICTbipbin BaFanay.

3epTTey apicTepi: Anmatbl KanacbliHaarbl knHukaga 60 Haykacka peTpocnekTusTi 3epTTey xyprisingi. ROC-aHanws,
X2-CcbiHamackl, AUC, anarHoCTukanblK kepceTkiuTep ecentengi.

Hatnxenepi: ImmunoCAP cesimtangeifbl — 87,8%, AUC - 0,88. UXJIA cneumdukansiFsl — 61,3%, AUC - 0,79. PPV
canbICTbipMans! (66,7% neH 65,7%), an NPV UXJ1A-ga xorFapbl (76,0% neH 16,7%). AlibipMaLLbINbIKTap CTaTUCTUKANbIK
TypFblgaH MaHpi3abl (p = 0,001).

KopbITbiHAbI: Eki ofic Te anneprusnblK pyHUTTI AuarHoctukanayga Kyhabl. ImmunoCAP 6actankbl CKpUHUMHIKe
naiiblk, an UXIA HakTbl ceHcnounmuaaumsHbl pacTay yLiH TMiMzi.

Tylindi ce3dep: Annepausinbik puHum, IgE, annepeusi duaeHocmukackl, MXJTA, ImmunoCAP, xexelweneHoipineeH
MeduyuHa.

faliekce3 ywin:

Banuesa C.P., nmywkosa H.E., bypubaesa X.K., M3exeHosa A.K. Anneprvsnbik puHuTi 6ap Haykactapabl Keke
Backapygarbl Monekynanblk AUarHoCTUKanbIK, agicTepain, Tvimainiriv 6aranay // Foinbim xaHe JeHcaynbik. 2025. T.27 (3),
B. 151-156. doi: 10.34689/SH.2025.27.3.017

Introduction with sleep disturbances, decreased work productivity, and
Allergic rhinitis (AR) is a chronic inflammatory disorder ~ may serve as a predictor for the development of bronchial
of the nasal mucosa caused by an IgE-mediated response  asthma and other respiratory diseases [2].
to inhaled allergens. Globally, the prevalence of AR reaches Conventional diagnostic approaches include clinical
25-30% and continues to rise, especially under conditions  history, physical examination, skin prick testing, and total
of urbanization and environmental degradation [1]. AR IgE assessment. However, these methods do not always
significantly reduces patients' quality of life, is associated  allow for the accurate identification of causative allergens or
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the sensitization profile. The relevance of more precise
diagnostic tools increases, particularly in cases of
polysensitization or cross-reactivity [3].

The development of molecular allergy diagnostics
based on the detection of allergen-specific IgE to individual
molecular components has enabled the implementation of
personalized management strategies in patients with AR.
Specifically, ImmunoCAP (a fluorescence immunoassay)
and immunochemiluminescent assay (ICLA) are among the
main technologies used for the quantitative measurement of
specific IgE [4]. The personalized molecular approach in
allergology allows for the precise identification of clinically
relevant sensitizations and optimization of allergen-specific
immunotherapy (AIT), reducing the risk of treatment
inefficacy [5]). These technologies represent a paradigm
shift from empirical approaches to precision diagnostics in
allergology.

Currently, ImmunoCAP is more widely recognized as
the “gold standard” in molecular diagnostics, whereas ICLA
is increasingly utilized in clinical practice due to its
availability, automation, and high reproducibility. However,
there is a lack of studies comparing the performance of
these methods in real-world clinical settings for the
diagnosis of AR [6]. Therefore, the comparative
effectiveness of InmunoCAP and ICLA remains a matter of
debate [7],[8]. Some studies suggest that InmunoCAP may
overestimate the clinical relevance of sensitization, while
ICLA may be more suitable for confirming AR diagnosis
[91,[10].

The aim of this study was to evaluate the diagnostic
effectiveness of two molecular allergy diagnostic methods -
ImmunoCAP and immunochemiluminescent assay (ICLA) -
in the personalized management of patients with allergic
rhinitis and to perform a comparative analysis.

Research objectives: to determine the sensitivity,
specificity, and predictive values of molecular allergy
diagnostics using ImmunoCAP and ICLA in patients with
allergic rhinitis;

Materials and Methods

A retrospective descriptive study was conducted in an
outpatient setting at the Prima Medical Group clinic (Almaty,
Kazakhstan) from October 2023 to September 2024. The
study analyzed outpatient records of patients referred for
molecular allergy diagnostics using ImmunoCAP and
immunochemiluminescent assay (ICLA) for the evaluation
of diagnostic performance. A total of 60 patient records
were selected, with patient ages ranging from 18 to 60
years, all meeting international ARIA criteria for the
diagnosis of allergic rhinitis. The study population was
formed using a continuous sampling method and included
patients with a confirmed diagnosis of AR who sought
medical care between 2022 and 2023.

Inclusion criteria were: age =18 years, confirmed
sensitization based on patient history, skin testing and/or
the presence of allergen-specific IgE (sIgE) antibodies, and
availability of both ImmunoCAP and ICLA test results.

Exclusion criteria included decompensated chronic or
autoimmune diseases and uncontrolled comorbid bronchial
asthma. All patients were instructed to discontinue
antihistamines at least 5-7 days prior to testing to minimize
interference with the results. Blood samples were collected
in the morning hours following a light fasting period to

reduce variability in IgE levels. Both assays were performed
in accordance with the manufacturers’ protocols and
internal laboratory quality standards.

Seven inhalant allergen extracts were used for testing:
birch, ragweed, house dust mite (Dermatophagoides
pteronyssinus), mold (Alternaria alternata), cat epithelium,
timothy grass, and mugwort. The InmunoCAP method was
performed using the Phadia 250 analyzer (Thermo Fisher
Scientific), while ICLA testing was performed using the
Immulite 2000 analyzer (Siemens). The measurement
range for both methods was 0.1-100 kU/L, with a cutoff
value of 0.35 kUIL.

Data were processed using IBM SPSS Statistics
software. Descriptive statistics were used (mean (M),
standard deviation (SD), median (Me), mode (Mo)), along
with Pearson’s ¥? test and ROC analysis. The significance
threshold was set at p < 0.05. Confidence intervals (95%
Cl) were reported. The following diagnostic metrics were
calculated: sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and likelihood
ratios.

Ethical Considerations

The study was conducted in accordance with ethical
standards and the principles of the Declaration of Helsinki.
The study was approved by the local Ethics Committee of
Kazakhstan Medical University “KSPH” (Protocol No. 18/23,
dated September 25, 2023). No personal identifying
information was disclosed.

Results

The study included 60 patients diagnosed with allergic
rhinitis, of whom 36 (60.0%) were women and 24 (40.0%)
were men. The mean age of the patients was 35.0 + 11.2
years (95% Cl: 32.1-37.9).

Table 1.
General demographic characteristics of the sample.

Parameter Value

Number of patients | 60

Female, n (%) 36 (60,0 %

)
Male, n (%) 24 (40,0 %)

Mean age,n (%) | 35.0 + 11.2 (95 % A: 32.1-37.9)

The diagnostic performance of the ImmunoCAP and
ICLA methods was assessed using the following indicators:
sensitivity, specificity, positive and negative predictive
values, and overall diagnostic efficiency.

Table 2.
Comparative diagnostic performance of the methods.
Indicator ImmunoCAP | ICLA
True positives (TP), n 36 23
False positives (FP), n 18 12
False negatives (FN), n 5 6
True negatives (TN), n 1 19
Sensitivity (%) 87.8 79.3
Specificity (%) 51.3 61.3
Positive predictive value (%) | 66.7 65.7
Negative predictive value (%) | 16.7 76.0
Diagnostic efficiency (%) 61.7 70.0
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The mean level of specific IgE measured by
ImmunoCAP was 40.3 £ 9.8 kU/L (95% ClI: 38.1-42.5)
(Figure 1).
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Figure 1. Distribution of specific IgE levels using the

ImmunoCAP method.

The area under the ROC curve (AUC) was 0.88 for
ImmunoCAP and 0.79 for ICLA, indicating high and good
diagnostic accuracy, respectively (see figure 3). The
difference was statistically significant based on Pearson’s ¥?
test (x> = 12.4; df = 1; p = 0.001). Both methods showed
acceptable diagnostic utility for allergic rhinitis. InmunoCAP
demonstrated higher sensitivity, while ICLA had greater
specificity. The advantage of ICLA was its higher diagnostic
efficiency and a lower number of false-positive results.

Sensitivity and specificity values were further stratified
by individual allergens, revealing that ImmunoCAP showed
the highest sensitivity for house dust mite and birch pollen,
whereas ICLA demonstrated superior specificity for
mugwort and cat epithelium allergens. This suggests a
possible allergen-dependent performance profile.
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Figure 3. Comparison of method sensitivity and
specificity (ROC curves).
Discussion

Allergic rhinitis is characterized by the progressive
nature of the pathological process, including the risk of
complications and development of more severe disease

The mean level of specific IgE by ICLA was 36.0 + 10.4
kU/L (95% Cl: 33.7-38.3) (see figure 2).
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Figure 2. Distribution of specific IgE levels using the
ICLA method.

forms such as bronchial asthma [11]. Patients with allergic
rhinitis often experience cognitive impairments, sleep
disturbances, daytime fatigue, irritability, and depressive
symptoms, all of which substantially reduce quality of life
and interfere with daily functioning [12].

Prick tests and skin allergy testing are traditionally used
for diagnosing AR. However, the results of skin tests may
be unreliable due to multiple factors, leading to false-
positive or false-negative outcomes [13]. This necessitates
the application of more precise laboratory methods to
objectively confirm allergic sensitization—namely, molecular
allergy diagnostics [14]. Thus, in this study we compared
two modern molecular diagnostic methods—ImmunoCAP
and immunochemiluminescent assay (ICLA)—to assess
their diagnostic effectiveness in managing patients with
allergic rhinitis.

Comparison of Sensitivity and Specificity

The results of this study showed that ImmunoCAP had
higher sensitivity (87.8%), whereas ICLA demonstrated
greater specificity (61.3%). These findings align with data
from Korean researchers, where ImmunoCAP also
exhibited superior sensitivity compared to other methods for
specific IgE detection [7]. At the same time, recent data
suggest that the innovative NOVEOS method using
chemiluminescence provides high specificity (96.2%) and
may serve as a reliable tool for diagnosing AR, offering
comparable results to ImmunoCAP with a significantly
smaller sample volume [15].

According to our data, the high sensitivity of
ImmunoCAP was associated with an increased number of
false-positive results (18 cases), which could lead to
overdiagnosis of sensitization. In contrast, the higher
specificity of ICLA helped reduce false positives, though it
slightly increased the likelihood of false-negative results (6
cases). The choice of diagnostic method should be guided
by the clinical context: ImmunoCAP is preferable in cases of
polysensitization, while ICLA is more appropriate for
confirming clinically relevant allergy [5].

It is important to note that differences in sensitivity and
specificity may be due to the technical characteristics of the
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assays: fluorescence-based detection (ImmunoCAP) yields
stable signals measurable with high sensitivity, but lower
concentrations of IgE can lead to higher background noise.
Meanwhile, chemiluminescent reactions generate strong
signals even at low IgE concentrations, providing more
accurate detection in such cases [16].

Predictive Value of the Tests

An important measure of a diagnostic method’s
effectiveness is its positive predictive value (PPV) and
negative predictive value (NPV). In our study, the PPV for
ImmunoCAP was 66.7%, and for ICLA it was 65.7%,
indicating similar capabilities of both methods in predicting
the presence of sensitization. However, the NPV was
significantly higher for ICLA (76.0% vs. 16.7% for
ImmunoCAP), highlighting its advantage in ruling out
allergic rhinitis. These findings are consistent with those of
a German study, in which ImmunoCAP also demonstrated a
higher PPV but was inferior to alternative methods in terms
of NPV [17].

ROC Curve Analysis

The diagnostic accuracy of the methods was evaluated
using ROC analysis. The area under the ROC curve
(AUC) for ImmunoCAP was 0.88, indicating high predictive
capability. Meanwhile, the AUC for ICLA was 0.79, also
reflecting good diagnostic accuracy and the method’s utility
in differential diagnosis [18]. The differences between the
methods were statistically significant (p = 0.001),
underscoring the importance of choosing the appropriate
method based on the clinical context. These results are
consistent with prior studies showing higher AUC values for
ImmunoCAP compared to other diagnostic tools for allergic
rhinitis [19].

Clinical Applications of the Methods

Several studies suggest that combining both methods
may enhance diagnostic precision, especially in patients
with  polysensitization. It is recommended to use
ImmunoCAP for initial screening, and ICLA for confirmatory
diagnostics [20],[21]. However, given its relatively high
sensitivity, ImmunoCAP can be considered a suitable
method for primary testing in AR patients with complex
clinical presentations or inconclusive skin test results. On
the other hand, ICLA—uwith its higher specificity and strong
NPV—is preferable for confirming allergen sensitization.
Accordingly, molecular allergy diagnostics should be
selected based on individual patient characteristics [3].

Both single-component molecular diagnostic methods
have clear clinical value. The choice between them should
depend on the diagnostic objective and the need for a
personalized approach in managing allergic rhinitis.

Our study has several limitations. First, the
retrospective design limits the ability to establish causal
relationships between molecular diagnostic results and
clinical manifestations of allergic rhinitis. Second, the
relatively small sample size and single-center nature of the
study restrict the generalizability of the findings. Moreover,
the use of a limited allergen panel may not fully reflect the
spectrum of sensitization, and the lack of comparison with
other diagnostic methods also constrains interpretation.
These factors highlight further multicenter prospective
studies are warranted to validate the diagnostic accuracy of
ImmunoCAP and ICLA in diverse patient populations.
Integration of molecular diagnostics with emerging

biomarkers and digital health tools may enhance
personalized allergy management. Additionally, long-term
studies assessing the predictive value of these methods for
treatment response and disease progression are needed.
Moreover, as the burden of allergic diseases continues to
grow globally, incorporating precise diagnostic tools such as
ImmunoCAP and ICLA into national clinical guidelines could
improve early detection and targeted interventions. These
methods may also play a role in public health surveillance
by identifying regional sensitization patterns and guiding
preventive strategies in high-risk populations.

Conclusion

This study demonstrated that the ImmunoCAP method
has higher sensitivity (87.8%) in detecting sensitization in
patients with allergic rhinitis, making it particularly effective
in complex diagnostic cases. The immunochemiluminescent
assay (ICLA) showed greater specificity (61.3%) and a
higher negative predictive value (76.0%), confirming its
utility in verifying AR diagnosis and minimizing false-positive
results. ROC curve analysis revealed statistically significant
differences between the two methods (p = 0.001), with
ImmunoCAP showing superior diagnostic accuracy (AUC =
0.88) compared to ICLA (AUC = 0.79). Both methods are
valuable tools in the diagnosis of allergic rhinitis; however,
their application should be justified by clinical context:
ImmunoCAP is suitable for screening, while ICLA is
preferable for confirmation and reduction of overdiagnosis.

Further studies are needed to investigate the prognostic
value of molecular allergy diagnostics in long-term patient
monitoring, as well as their effectiveness in personalized
allergen-specific immunotherapy planning.
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