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Abstract: Wasp venom allergy can trigger severe allergic reactions, and predicting these acute
responses remains challenging. This study evaluates the utility of immune system indexes, particu-
larly the eosinophil-basophil /lymphocyte (EB/LR) and eosinophil-basophil-platelet/lymphocyte
(EBP/LR) ratios, in assessing the severity of allergic reactions in patients with wasp venom allergy. A
total of 61 patients with confirmed wasp venom allergy were categorized according to the Mueller
scale, which classifies the severity of allergic reactions. Blood samples were analyzed for total and
specific IgE levels alongside a range of hematological and biochemical parameters. This study found
significant differences in the EB/LR and EBP/LR indexes between patients with mild (Mueller I-1I)
and severe (Mueller III-1V) allergic reactions, with higher values indicating more severe responses.
However, no significant differences were observed in other immune indexes, such as the platelet-
to-lymphocyte ratio, neutrophil-to-lymphocyte ratio, systemic immune-inflammation index, and
systemic inflammatory response index, as well as in additional blood parameters. These findings
suggest that the EB/LR and EBP/LR ratios may serve as useful markers for predicting the severity of
allergic reactions in patients with wasp venom allergy. This is the first study to establish such a link,
although further research with larger cohorts is necessary to confirm these results and their potential
application in clinical settings.

Keywords: wasp allergy; blood cells indexes; eosinophils and basophils ratio; EB/LR

1. Introduction

Insect venom allergy is an exaggerated immune response triggered by an insect
sting [1]. Allergic reactions are most commonly caused by venom from insects belonging
to the order Hymenoptera, which is one of the largest insect orders, comprising approx-
imately 200,000 species of bees, wasps, and ants [2]. In Europe, the majority of allergic
reactions following insect stings are due to insects from the Apidae (bees) and Vespidae
(wasps) families. Notably, the Vespidae family alone includes over 6000 species of wasps
worldwide [3]. The chemical composition of wasp venom primarily includes enzymatic
compounds, neurotoxins, and neuropeptides that specifically target the nervous system [4].
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In some individuals, these venom components can also trigger an immune response,
leading to allergic reactions [5].

Following an insect sting, a range of reactions may occur, including a normal local
reaction, a large local reaction, or a systemic reaction, which can escalate to anaphylactic
shock. In mild cases of allergy to Hymenoptera venom, symptoms typically include itching,
urticaria, angioedema, gastrointestinal symptoms such as vomiting, abdominal pain, and
diarrhea corresponding to grades I and II on Mueller’s scale, respectively. Severe systemic
reactions are categorized as grade IlII, characterized by respiratory symptoms such as
stridor, shortness of breath, cough, and bronchial obstruction, and grade IV, which involves
cardiovascular symptoms like hypotension, tachycardia, arrhythmias, and cardiac arrest [6].

The prevalence of Hymenoptera venom allergy varies based on geographical location,
occupation, and individual susceptibility. Globally, approximately 0.9% to 3.4% of children
and 5.0% to 8.9% of adults may develop a systemic allergic reaction to a sting [7]. The risk
is higher among beekeepers, outdoor workers, and individuals with a history of allergic
reactions to insect stings [8]. In Europe, insect venom allergy is the most common cause
of anaphylaxis in adults and the second most common cause in children, following food
allergies. This condition primarily involves the venoms of wasps and honeybees [3].

According to European data, the incidence of systemic reactions to bee and wasp
stings ranges from 0.3% to 8.9% in adults and up to 3.4% in children. The incidence is even
higher among beekeepers, reaching up to 32%, with large local reactions occurring in 2.4%
to 26.4% of the general population [9]. The estimated number of deaths resulting from sting
reactions varies from 0.03 to 0.45 per million inhabitants per year [10]. Moreover, insect
stings are responsible for approximately 50% of severe anaphylaxis cases in adults and
about 20% in children [11]. The most effective way to prevent serious reactions following
a wasp sting is to avoid areas where these insects are common or to undergo allergen
immunotherapy. Immunotherapy prevents systemic reactions after subsequent stings
and significantly improves patients” quality of life. The effectiveness of desensitization to
wasp venom is estimated to be greater than 90% and for bee venom, greater than 80% [12].
In Poland, fewer than 3000 people receive venom immunotherapy (VIT) each year. VIT
is recommended only for patients who meet both clinical and immunological criteria:
a history of severe generalized reactions to stings involving respiratory or circulatory
symptoms (grades III-IV according to Mueller’s scale) and the presence of specific IgE
(sIgE) antibodies against the venom of the insect responsible for the reaction, confirmed
by positive skin test results or serum antibody assays [13]. However, both criteria have
limitations: the clinical assessment of systemic reactions over time can be subjective, and
IgE levels in the blood may decrease relatively quickly due to elimination from circulation
and binding to tissue-resident mast cells [14]. Furthermore, according to guidelines from
the European Academy of Allergy and Clinical Immunology (EAACI) and the American
Academy of Allergy, Asthma & Immunology (AAAAI), VIT may also be considered for
adults with moderate allergic symptoms (grade I-1I according to Mueller), particularly in
patients over 65 years of age with cardiovascular diseases and/or primary or secondary
mast cell activation syndromes [12]. Given these complexities, the decision to use VIT is
not always straightforward. As a result, ongoing research is focused on identifying new
objective markers or indicators that can help guide treatment decisions more effectively.

The markers currently used, such as specific IgE, although valuable, do not provide
comprehensive insights into the inflammatory processes, particularly the role of eosinophils,
basophils, and mast cells, which are central to the allergic response. Mast cells and basophils
are not routinely quantified in clinical practice, whereas eosinophils are readily available
through a complete blood count. Consequently, blood-count-based markers, particularly
those involving eosinophils, have the potential to fill this gap and provide valuable insights
into the severity and management of venom allergies.

In recent years, numerous studies have been conducted to evaluate the usefulness
of blood count parameters as prognostic indicators in various diseases. Complete blood
count (CBC) analysis is a widely available and cost-effective test, and its interpretation can
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yield valuable clinical insights. Recently, new markers of inflammatory activity have been
developed, including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), eosinophil-to-lymphocyte ratio (ELR), monocyte-to-lymphocyte ratio (MLR),
and red blood cell distribution width (RDW) [15-17]. It is well established that both allergic
and inflammatory reactions can induce changes in blood morphology parameters. For
instance, studies have shown that ELR is significantly elevated in pediatric patients with
allergic rhinitis [18]. In recent years, markers such as NLR, PLR, and ELR have been uti-
lized by researchers as prognostic indicators in the management of various inflammatory
conditions, including atopic dermatitis (AD) [19-21] and asthma [22,23]. The assessment of
blood count biomarkers in venom allergies presents a valuable opportunity for developing
a simple, cost-effective, and rapid approach to evaluating allergic responses. These markers
could complement established tools, such as specific IgE measurements, by offering addi-
tional insights into the immune mechanisms involved in allergic reactions. In particular,
eosinophil-based ratios—such as the eosinophil-to-basophil /lymphocyte ratio (EB/LR)
and the eosinophil-basophil-platelet-to-lymphocyte ratio (EBP/LR)—are of interest in this
study. Their potential to serve as prognostic markers may enhance the ability to predict
clinical outcomes and responses to venom immunotherapy. The integration of these mark-
ers into clinical practice could improve diagnostic precision and support more tailored
treatment strategies for patients with venom allergies.

Given this background, the present study aims to evaluate the utility of these estab-
lished immunological indices, such as NLR, PLR, and ELR, in assessing patients with
wasp sting allergy. By focusing on eosinophil-based indices, this study intends to fill the
current gap in predicting allergic responses and improve the selection process for venom
immunotherapy.

2. Materials and Methods
2.1. Study Participants

This study was conducted as a retrospective analysis. This study involved 61 patients
with confirmed hypersensitivity to wasp venom, recruited from the Department of Internal
Medicine, Infectious Diseases and Allergology at the Military Institute of Medicine in
Warsaw, Poland, as previously described [24,25]. The median age of the participants was
50 years, ranging from 20 to 70 years. Patients with contraindications to immunotherapy,
such as active cancer, autoimmune diseases, or acquired immunodeficiency syndrome
(AIDS), were excluded from this study, as were pregnant women. Wasp venom allergy
was confirmed through a combination of patient history, skin prick tests, intradermal tests,
and specific IgE (sIgE) measurements. Patients were classified according to the Mueller
scale into two groups: those with Mueller scale grades III and IV and those with grades
Iand II [6]. A control group of healthy individuals was also included in this study. The
Mueller scale I and II group comprised 18 patients, while the group with Mueller scale I1I
and IV included 43 patients. The control group consisted of 46 healthy volunteers aged 26
to 63 years and was included in the analysis solely for the evaluation of blood indexes. This
study was conducted in accordance with the resolution of the Bioethics Committee at the
Military Institute of Medicine (No. 130/WIM/2018). All participants provided informed
consent prior to their inclusion in this study.

2.2. IgE Analysis

Total IgE and specific IgE (sIgE) levels corresponding to wasp, bee, and hornet venoms
were measured from serum samples, as previously described [24]. IgE and sIgE concen-
trations were determined using a fluorometric method with the UniCAP machine (HVD
HOLDING AG, Warsaw, Poland). Specific antibodies against protein domains of wasp
venom (rVes vl and v5, rPol d5 [IU/mL]) and bee venom (rApi m1, m2, m3, m5, and
m10) were also analyzed from serum obtained from peripheral blood. Blood samples were
collected using the “clot” method, allowed to clot for 20 min, and then centrifuged at
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2000x g for 20 min to separate the serum. The results are presented as the mean =+ standard
error of the mean (SEM).

2.3. Blood Parameters Analysis

Peripheral blood samples were collected in EDTA-containing tubes and immedi-
ately analyzed using the XN-1000 hematology analyzer (Sysmex Polska, Warsaw, Poland).
The following parameters were measured: white blood cells (WBC [x10°/L]), red blood
cells (RBC [x10'2 /1)), hemoglobin (HGB [g/dL]), hematocrit (HCT [%]), mean corpus-
cular volume (MCV [fL]), mean corpuscular hemoglobin (MCH [pg]), mean corpuscular
hemoglobin concentration (MCHC [g/dL]), platelets (PLT [ x10°/L]), mean platelet volume
(MPV [fL]), lymphocytes ([ x 103 /uL] and [%]), neutrophils ([ x 10%/uL] and [%]), mono-
cytes ([ 10%/uL] and [%]), eosinophils ([ x 10%/uL] and [%]), and basophils ([ x 103 /uL]
and [%]). The results are presented as the mean =+ standard error of the mean (SEM).

2.4. Biochemical Analysis

Peripheral blood samples were collected in vacutainer tubes containing a gel facili-
tating clot activation (SST II Advance, BD Vacutainer, Becton Dickinson Polska, Warsaw,
Poland) for the analysis of cholesterol, creatinine, urea, AST, and ALT. Additional samples
were collected in sodium citrate tubes (BD Vacutainer Citrate Tubes, Becton Dickinson
Polska, Warsaw, Poland) for fibrinogen analysis. Cholesterol, creatinine, urea, AST, and
ALT levels were measured using the Cobas c 501 automatic biochemical analyzer (Roche
Diagnostics, Warsaw, Poland) following the manufacturer’s standard procedures. Fibrino-
gen levels were analyzed using the Automatic Hemostasis Analyzer TOP 500 CTS (Werfen,
Bedford, MA, USA) with HemosIL reagents, according to the manufacturer’s instructions.
The results are presented as the mean =+ standard error of the mean (SEM).

2.5. Immune System Parameters

Serum concentrations of interleukins (IL-18, -2, -4, -5, -6, -7, -8, -9, -10, -12, -13, -15,
-17A), TNF-«, IFN-y, and TGF-f31 were analyzed as previously described, using the Bio-
Plex Pro TGF-3 3-Plex Panel and the Bio-Plex Pro Human Cytokine Group I 27-Plex Panel
on a Bio-Plex 200 system (Bio-Rad, Warsaw, Poland) [25].

2.6. Cells and Cytokines Indexes

The utility of various immunological indices was assessed to evaluate the potential
for acute allergic symptoms following a wasp sting. Several established indices from the
literature were utilized, including the platelet-to-lymphocyte ratio (PLR) [26], systemic
immune-inflammation index (SII) [27], systemic inflammation response index (SIRI) [28],
and neutrophil-to-lymphocyte ratio (NLR) [29], all calculated from hematological blood
results:

e  PLR (systemic inflammation index): Calculated from peripheral blood platelet (P) and
lymphocyte (L) counts using the equation: PLR = P/L;

e  SII: Calculated from peripheral blood platelet (P), neutrophil (N), and lymphocyte (L)
counts using the equation: SII =P x N/L;

e  SIRI: Calculated from peripheral blood monocyte (M), neutrophil (N), and lymphocyte
(L) counts using the equation: SIRI=M x N/L;

e NLR: Calculated from peripheral blood neutrophil (N) and lymphocyte (L) counts
using the equation NLR = N/L.

In addition to these established indexes, new indices were developed and evaluated
that consider the specific immune system responses observed in allergic diseases. These new
indices include the following calculations based on eosinophil (E) and basophil (B) counts:
E/L: eosinophil-to-lymphocyte ratio (ELR);

B/L: basophil-to-lymphocyte ratio (BLR);
E x B/L: eosinophil x basophil-to-lymphocyte ratio (EB/LR);
E x B x N/L: eosinophil x basophil x neutrophil-to-lymphocyte ratio;
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P x E/L: platelet x eosinophil-to-lymphocyte ratio;

P x B/L: platelet x basophil-to-lymphocyte ratio;

E x B x P/L: eosinophil x basophil x platelet-to-lymphocyte ratio (EBP/LR);

N x M x E/L: neutrophil x monocyte X eosinophil-to-lymphocyte ratio;

N x M x E x B/L: neutrophil x monocyte x eosinophil x basophil-to-lymphocyte ratio.

Furthermore, based on the cytokine study results, indexes for effector cytokines in the
serum were calculated, corresponding to specific immune pathways: Th1 (IFN-y x TNF-o),
Th2 (IL-4 x IL-5 x IL-13), Th9 (IL-9), Th17 (IL-17), and Treg (IL-10 x TGF-31), as described
by Lee et al. 2021 [30]. The following calculations were performed:

e  Thl/lymphocytes, Th2/lymphocytes, Th9/lymphocytes, Th17 /lymphocytes, (Treg/
lymphocytes)/10%;

e Th1/Th2, Th1/Th9, Th1/Th17, (Th1/Treg) x 103

e Th2/Th9, Th2/Th17, (Th2/Treg) x 103;

e Th9/Th17, (Th9/Treg) x 103, (Th17/Treg) x 103,

2.7. Statistical Analysis

All results are presented as the mean 4 SEM. Data distribution was assessed using
the Shapiro-Wilk test. A T-test was applied to normally distributed data, while the Mann-
Whitney test was used for data that did not follow a normal distribution. For multivariable
analysis, the Kruskal-Wallis test was used. Spearman correlations were calculated for all
parameters under investigation. Statistical significance was defined as p < 0.05. Statistical
analyses and Receiver Operating Characteristic (ROC) curves for EB/LR and EBP/LR
were performed using GraphPad Prism software (version 9.4.1; GraphPad Software, Inc.,
La]Jolla, CA, USA).

Furthermore, correlations between EB/LR and EBP/LR markers and serum IgE levels
were evaluated across patient groups.

3. Results

Only patients who met the inclusion and exclusion criteria were included in this study.
Group assignment was based on the severity of the inflammatory reaction following the
wasp sting.

3.1. IgE Analysis

Patients in the Mueller scale III and IV group exhibited significantly higher total IgE
concentrations—approximately five times higher (p < 0.01)—in their serum compared to
those in the Mueller scale I and II group. These elevated total IgE levels in the Mueller
scale Il and IV group were associated with markedly higher levels of specific IgE (sIgE)
antibodies against wasp venom (about 30 times higher, p < 0.0001), as well as against
bee venom (about eight times higher, p < 0.05) and hornet venom (about 35 times higher,
p <0.0001) compared to the Mueller scale I and II group. Additionally, specific antibodies
against the wasp venom allergens rVes v1, rVes v5, and rPol d5 were significantly higher
in the Mueller scale IIl and IV group than in the Mueller scale I and II group (p < 0.05)
(Figure 1).
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Figure 1. Total (A) and specific IgE (B) concentrations were determined in the serum of patients from
the Mueller scale IIl and IV group and Mueller scale I and II group (Mueller scale I and II). Results
are presented as mean + SEM. * p < 0.05; ** p < 0.01; **** p < 0.0001.

3.2. Blood Analysis

No significant differences were observed in the number and parameters of red blood
cells and platelets between the Mueller scale III and IV and Mueller scale I and II groups.
Similarly, immune system cell counts remained unchanged between the groups, except for
the percentage of neutrophils, which was slightly higher in the Mueller scale I and II group
than in the Mueller scale III and IV group (approximately 12%, p < 0.05, Table 1).

Table 1. Hematological analysis of peripheral blood from patients in the Mueller scale IIT and IV
group and the Mueller scale I and II group. Results are presented as mean + SEM. Bold indicates
parameters with significant differences.

Mueller Grade III Mueller Grade p Value (Comparisons Between Control
and IV Iand II Different Mueller
Mean SD Mean SD Scale Groups) Mean SD
RBC [x1012/1] 4.83 0.10 4.74 0.12 0.775 4.87 0.63
HGB [g/dL] 14.20 0.29 14.03 0.41 0.679 14.71 1.88
HCT [%] 41.87 0.82 41.26 1.02 0.805 43.03 5.61
MCV [fL] 86.77 0.95 87.16 0.99 0.851 88.31 3.50
MCH [pg] 29.49 0.36 29.60 0.46 0.944 30.26 1.38
MCHC [g/dL] 33.99 0.17 33.99 0.26 0.503 34.26 0.76
PLT [x10° /L] 253.30 12.25 266.47 17.86 0.876 251.34 60.76
MPV [fL] 10.91 0.19 11.07 0.24 0.353 9.13 0.88
WBC [x10°/L] 6.46 0.32 7.12 0.36 0.617 6.09 1.74
LYMPH w.b.
[x10%/uL] 2.12 0.11 1.97 0.12 0.333 1.64 0.62
LYMPH [%] 33.45 1.69 28.65 2.03 0.062 27.09 7.66
NEUT w.b.
[x10%/pL] 3.60 0.30 442 0.37 0.073 3.76 1.33
NEUT [%] 54.27 2.07 60.92 2.46 0.035 61.41 8.80
MONO w.b.
[x10%/pL] 0.54 0.03 0.55 0.04 0.862 0.40 0.11
MONO [%] 8.40 0.29 7.80 0.56 0.322 6.57 1.44
EO w.b.
[x10%/pL] 0.20 0.03 0.15 0.02 0.131 0.17 0.15
EO [%] 3.24 0.48 2.16 0.33 0.056 2.81 2.28
BASO w.b.
[x10%/pL] 0.04 0.00 0.03 0.00 0.189 0.04 0.02
BASO [%] 0.67 0.07 0.47 0.07 0.051 0.68 0.31
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3.3. Biochemical Analysis

Participants in both the Mueller scale III and IV and Mueller scale I and II groups did
not exhibit any significant deviations from the norm in terms of total cholesterol and LDL
concentrations. However, the HDL level was slightly lower in the Mueller scale I and II
group compared to the Mueller scale III and IV group (approximately 20% lower, p < 0.05).
Both groups showed normal kidney function, with creatinine and urea levels within the
standard range, and normal liver function, with AST and ALT levels also within the norm.
Fibrinogen levels were comparable between the two groups. The data described above are
presented in Figure 2.

B

EE Mueller scale |l and IV group
40+ B Mueller scale | and Il group

Blood analysis

Figure 2. The concentration of cholesterol, fibrinogen (A), creatinine, urea, and activity of aminotrans-
ferases AST and ALT (B) determined in the serum of patients from the Mueller scale IIl and IV group
and Mueller scale I and II group. Results are presented as mean + SEM. * p < 0.05.

3.4. Index Analysis

No significant changes were observed in the commonly used immunological in-
dexes from the literature, such as the systemic inflammation index, systemic immune-
inflammation index, systemic inflammation response index, or neutrophil-to-lymphocyte
ratio. Additionally, most other indices, including those involving cells of the innate immune
system that play a role in the effector response in allergy, did not differ between the studied
groups. The exception was the indexes involving eosinophil and basophil counts, with or
without platelets, divided by the number of lymphocytes. In the calculation of the E x B/L
(EB/LR) index, the average value in the Mueller scale I and II group was approximately
twice as high as in the Mueller scale III and IV group (p < 0.05), and this difference persisted
when platelet counts were included in the analysis (E x B x P/L, p <0.05) (Table 2). There
was no correlation between the level of IgE and EB/LR or EBP/LR ratio in the Mueller
scale IIT and IV (r2 =0.029, p = 0.95; 2 =0.027, p = 0.98) and in the Mueller scale I and II
group (12 = —0.09, p = 0.79; r*> = 0.11, p = 0.73). The calculations of cytokine indexes did
not reveal any significant differences between the groups (Table 3). However, Receiver
Operating Characteristic (ROC) analysis supported the diagnostic usefulness of both the
EB/LR and EBP/LR indexes, with area under the ROC curve (AUC) values of 0.8194 and
0.8056, respectively. These AUC values indicate good discriminative ability, exceeding the
threshold of 0.8, which is considered indicative of reliable diagnostic performance [31].
The EB/LR index showed slightly better discriminative ability than the EBP/LR index,
reinforcing their potential utility as diagnostic markers, despite the lack of correlation with
IgE levels (Figure 3).
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Table 2. Immune index calculations derived from peripheral blood cell counts in patients from the
Mueller scale IIT and IV group, the Mueller scale I and II group, and control group. PLR—platelet-
to-lymphocyte ratio; NLR—neutrophil-to-lymphocyte ratio; SIl—systemic immune-inflammation
index (SII = platelets x neutrophils/lymphocytes); SIRI—systemic inflammation response index
(SIRI = monocytes x neutrophils/lymphocytes). Results are presented as mean + SEM. Bold indicates
parameters with significant changes.

Mueller Grade III'  Mueller Grade

Control Grou Value Mueller Value Value
and IV Tand IT P HIIVve Mueller Mucller LIV Mueller I1II
Mean SEM Mean SEM Mean SEM I-1I vs. Control vs. Control
PLR (P/L) 131.700 9.776 143.800 13.310 168.000 8.900 0.727 0.0131 0.0684
SII (P x N/L) 515900 77.730  655.600 88.360 619.600  43.380 0.092 0.0254 0.8898
SIRI (N x M/L) 1.065 0.164 1.354 0.216 0.947 0.065 0.057 0.5117 0.0871
NRL (N/L) 0.678 0.059 0.507 0.056 2.540 0.153 0.310 0.0001 0.0001
E/L 0.093 0.012 0.075 0.010 0.078 0.007 0.183 0.1645 0.8239
B/L 0.021 0.002 0.018 0.002 0.024 0.001 0.343 0.2316 0.0279
((E X B)/L) x 100 0.499 0.096 0.240 0.046 0.283 0.030 0.015 0.0463 0.3721
(E x B xN)/L 0.017 0.004 0.010 0.002 0.011 0.001 0.218 0.1633 0.9288
P x E/L 23.220 3.078 19.960  2.675 19.300 1.896 0.520 0.2539 0.7525
P x B/L 5.599 0.836 4.729 0.777 5.860 0.438 0.452 0.4435 0.1156
(E X B X P)/L 1.260 0.243 0.626 0.107 0.718 0.081 0.034 0.0388 0.633
(NxM x E)/L 0.181 0.036 0.176 0.029 0.112 0.011 0.546 0.1325 0.0432
(N x M x E)/L 0.048 0.011 0.045 0.008 0.036 0.004 0.749 0.7659 0.525
N x M x E x B)/L 0.010 0.003 0.006 0.001 0.004 0.001 0.438 0.0613 0.3744

Table 3. Cytokine index calculations were derived from the concentrations of cytokines in serum
and cell counts in the peripheral blood of patients from the Mueller scale III and IV group and the
Mueller scale I and II group. Results are presented as mean + SEM.

Mueller Scale III and IV Group Mueller Scale I and II Group Val

Mean SEM Mean SEM pratue
Th1/lymphocytes 577.43 260.81 584.08 235.30 0.981
Th2/lymphocytes 2413.08 1666.72 2041.60 1717.34 0.868
Th9/lymphocytes 115.72 17.57 107.85 17.62 0.666
Th17/lymphocytes 11.24 1.83 14.17 2.64 0.247
(Treg/lymphocytes)/103 34.86 10.99 68.18 26.02 0.289
Th1/Th2 0.82 0.26 0.67 0.18 0.627
Th1/Th9 3.88 1.25 4.38 1.13 0.713
Th1/Thl7 148.48 105.50 61.88 29.58 0.377
(Th1/Treg) x 103 8.00 1.36 6.22 0.86 0.316
Th2/Th9 13.40 6.73 15.17 11.45 0.875
Th2/Th17 139.30 97.71 80.31 52.83 0.584
(Th2/Treg) x 10° 20.50 4.74 26.90 8.10 0.529
Th9/Th17 43.52 33.96 13.99 8.47 0.333
(Th9/Treg) x 10° 497 1.35 2.68 0.56 0.150

(Th17/Treg) x 103 0.70 0.16 0.49 0.09 0.290




Cells 2024, 13, 1786

9 of 14

A

Sensitivity%

100

[}
T

o
T

H
o

N
o

EB/LR B EBP/LR
100

[}
T

o
T

Sensitivity%
H
o

N
o

0

T
20

100% - Specificity%

T T T 1 0 T T T T 1
40 60 80 100 0 20 40 60 80 100

100% - Specificity%

Figure 3. Receiver Operating Characteristic (ROC) curves for EB/LR (A) and (B) EBP/LR indexes.
Panel A shows the ROC curve for EB/LR with an AUC of 0.8194 (95% CI: 0.6188-1.000, p = 0.0312).
Panel B presents the ROC curve for EBP/LR, with an AUC of 0.8056 (95% CI: 0.5984-1.000, p = 0.0394).

4. Discussion

In this study, two groups of patients with wasp sting allergies were compared based
on their classification according to the Mueller scale: a Mueller scale I and II group and a
Mueller scale III and IV group. The focus was on evaluating immunological parameters
within a relatively small patient cohort. To minimize confounding factors, only patients
who met the inclusion criteria were included in the analysis. Additionally, standard hema-
tological and biochemical parameters were assessed for all patients. Comparisons between
the Mueller scale I and II and Mueller scale III and IV groups revealed no significant
differences in red blood cell (RBC), white blood cell (WBC), or platelet (PLT) counts, except
for a slight increase in neutrophils in the Mueller scale I and II group. An increase in
neutrophils in the blood is typically associated with infections, inflammation, or neoplastic
processes. This study excluded patients with clinical signs of infection, cancer, or active
inflammation. The normal range for absolute neutrophil counts in healthy adults is between
2.5and 7.0 x 10 cells/pL [32]. The neutrophil counts observed in our study, which varied
between the groups, fall within this normal range for healthy individuals. As such, these
differences are unlikely to have clinical significance and should not impact the results of
the calculated parameters [33]. Biochemical analyses of liver and kidney function were
also similar between the groups. The only notable difference was a slight variation in HDL
levels, while LDL and total cholesterol levels showed no significant differences between
the groups. These analyses were conducted to ensure that underlying organ damage or
dysfunction did not confound the study results. Inmunological status is influenced not
only by infections but also by the overall health of organs and tissues, making it essential
to assess biochemical parameters related to lipidemia, renal function, and liver function.
Given the wide age range of participants (20 to 70 years, with a median age of 50), these
tests helped to rule out significant organ dysfunction that could affect the immune response
or inflammatory markers being studied. Although these parameters were not the primary
focus, ensuring normal liver and kidney function was crucial for maintaining the integrity
and reliability of the findings.

In an effort to identify parameters that could quickly and accurately predict an indi-
vidual’s reaction to wasp venom allergy, we decided to examine IgE levels. Our analysis
revealed that patients with lower grades on the Mueller scale had correspondingly lower
levels of total IgE and specific wasp IgE in their serum. However, the relationship between
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venom-specific IgE levels and the severity of anaphylaxis is inconsistent across studies. For
example, Day et al. found a correlation between the severity of anaphylaxis and the level
of venom-specific IgE [34]. Similarly, Hollstein et al. observed significantly lower levels of
venom-specific IgE in patients undergoing allergen immunotherapy (AIT) when comparing
those in grade I to grade IV on the Mueller scale [35]. In contrast, Wilson et al. and Reisman
and DeMasi reported no correlation between venom-specific IgE levels and the incidence
of systemic reactions [36,37]. Kopac et al. also found that bee venom-specific IgE levels did
not correlate with the occurrence of serious adverse events during specific immunotherapy
(SIT) [38]. Nittner-Marszalska et al. further showed no relationship between skin test
result size, FAST test class, and the severity of sting reactions classified by the Mueller
scale [39]. Warrington confirmed these findings, reporting no significant correlation be-
tween venom-specific IgE levels or skin test reactivity and the severity of clinical reactions
in venom-allergic patients [40]. Interestingly, Sturm et al. observed that in patients with
mild reactions to Hymenoptera stings, high levels of total IgE were present, which decreased
as the severity of the reaction increased according to the Mueller scale. They concluded
that elevated total IgE levels often accompanied grade I and II reactions, suggesting a
potential protective role against the development of more severe grade III reactions [41].
Additionally, a prospective analysis by Van der Linden et al. involving 138 patients with a
history of anaphylaxis after an insect sting found no relationship between the severity of
the reaction after a sting challenge and the levels of specific IgE, IgG4 in plasma, or skin test
results [42]. Taken together, these data suggest that predicting the severity of an allergic
reaction to a wasp sting based solely on IgE levels is challenging and remains an area of
ongoing research.

Total IgE levels in blood can reflect an allergy to wasp venom, but they may also indi-
cate an additional, undiagnosed allergic condition. For patients who are unable to identify
the specific venom to which they are allergic, diagnostics based on allergen components,
known as component-resolved diagnostics (CRD), have been employed [43]. Common
recombinant allergens specific to bee venom include phospholipase A2 (rApi m 1), acid
phosphatase (rApi m 3), mellitin (Api m 4), and icarapin (rApi m 10). In vespid venoms,
the key allergens are phospholipase Al (rVes v 1) and antigen 5 (rVes v 5). Additionally,
there are homologous allergens, referred to as cross-reactants, which share a high degree of
sequence identity between bee and wasp venoms. These include hyaluronidases (Api m 2
and Ves v 2), dipeptidyl peptidases IV (Api m 5 and Ves v 3), and vitellogenins (Api m 12
and Ves v 6) [44]. In our research, the levels of specific IgE varied between the Mueller scale
III and IV and Mueller scale I and II groups, with the Mueller scale III and IV group gen-
erally exhibiting higher IgE levels for wasp venom components compared to the Mueller
scale I and II group. Similar findings were reported by Kai et al., who demonstrated that
the severity of allergic reactions in patients with venom allergies directly correlates with
the specific IgE activity (sIgE/tIgE ratio) [45]. Furthermore, Hamilton et al. found that the
sIgE/tIgE ratio can help differentiate true venom allergy from cross-reactivity, with a ratio
exceeding 4% in 54% of patients with Hymenoptera venom allergy [46]. However, there are
two significant limitations to the analysis of wasp venom components. First, this analysis is
not yet recommended in the diagnostic guidelines for wasp venom allergy and is relatively
costly. Second, and more importantly, it does not reliably predict potential reactions to
wasp stings in all patients. In our study, some patients in the Mueller scale III and IV
group exhibited low levels of IgE components, while some individuals in the Mueller scale
I and II group had relatively high IgE levels. Similarly, Gattinger et al. observed severe
anaphylactic reactions in patients with low IgE levels (<1 ISU and <2 kUA /L) for the key
recombinant allergens Api m 1 and/or Ves v 5 [47].

The predictive utility of parameters such as PLR, NLR, SII, and SIRI for acute allergic
responses to wasp stings remains uncertain. These markers have been widely used in
diagnosing inflammatory diseases of bacterial-viral origin [26], immune-related condi-
tions [23], and diseases associated with tissue damage [48]. However, their application
in allergic diseases is less established. Some studies have linked increased NLR with
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chronic inflammation and conditions like asthma [49], allergic rhinitis [50], and psoria-
sis [51]. For instance, Jiang and Ma found higher NLR and PLR ratios in atopic dermatitis
patients compared to healthy controls, with these ratios correlating with disease sever-
ity [19]. Consistent with these findings, our study demonstrates that while PLR and NLR
indices can distinguish allergic patients from healthy individuals, they are not effective
in differentiating between Mueller grade groups. Conditions like atopic dermatitis or
psoriasis involve chronic inflammation, while wasp venom allergy primarily triggers acute
reactions. Similarly, the SII and SIRI indexes, commonly used as prognostic markers in
chronic inflammatory conditions such as type 2 diabetic retinopathy [51] and coronary
artery disease [52], showed no significant differences between the Mueller scale groups in
our study. Although these indexes have been effective in other immunological disorders,
such as psoriasis [53], theumatoid arthritis [54], and asthma [55], their relevance in acute al-
lergic reactions, particularly in wasp sting allergy, remains unproven. Our findings suggest
that SII and SIRI may not be reliable prognostic tools for acute allergic reactions to wasp
stings. We found significant differences in the EB/LR (eosinophil-basophil /lymphocyte)
and EBP/LR (eosinophil-basophil-platelet/lymphocyte) indexes, which effectively dis-
tinguished between the two groups of allergic patients in our study. Patients diagnosed
at the III-IV stages of the Mueller scale exhibited approximately twice as high levels of
indexes mentioned above levels compared to those diagnosed at the I-II stages. This is the
first study to demonstrate an association between the EB/LR and EBP/LR indexes and
the prognosis of acute allergic reactions following a wasp sting. The usefulness of these
calculations has already been explored in other allergic diseases. Some studies have shown
that the eosinophil and/or basophil to lymphocyte indexes are potential prognostic factors
for atopic dermatitis [21,56]. Similarly, in allergic rhinitis, the EB/LR ratio has been found
to distinguish between mild and severe cases of the condition [18]. Interestingly, we did
not observe significant differences between the I-II and III-IV Mueller groups in the E/L
(eosinophil /lymphocyte) or B/L (basophil/lymphocyte) ratios, suggesting that only the
combined eosinophil and basophil counts relative to lymphocytes were able to differentiate
the studied groups. Other blood parameters, such as monocytes or neutrophils, whether
considered alone or in combination with eosinophils, basophils, or platelets, did not differ
significantly between the groups, nor did their combination with cytokine levels in the
blood (Table 3).

The authors recognize that this study is not without limitations. The cohort was
relatively small, and this study could be considered preliminary. Nevertheless, our findings
indicate that the EB/LR and EBP/LR indexes were significantly elevated only in the more
severe cases (Mueller grades III-IV). To establish the broader applicability of these results,
further analyses should be conducted on a larger patient group. Future research is necessary
to confirm the prognostic utility of the EB/LR and EBP/LR indexes in allergic reactions to
wasp stings.

5. Conclusions

In conclusion, our study is the first to associate the severity of the body’s reactions
to wasp venom, as classified by the Mueller scale, with simple blood parameters such
as EB/LR and EBP/LR. While these results are promising, they are limited by the small
sample size. Further research involving a larger group of patients is necessary to better
understand these observed relationships.
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