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Abstract: Background: It has been recognized from the early days of allergology that aerobiological
investigations have an important role to play in the development of respiratory allergic diseases. An
increasing number of allergic complaints occurred among the atopic population during the blooming
season of Kans grass, Saccharum spontaneum (SS), an obnoxious weed growing in and around suburban
West Bengal. The present study aimed to identify SS pollen as a potential aero allergen through
aerobiological, clinical, statistical, and biochemical analyses. Methods: An aerobiological survey
was conducted for 2 years followed by a clinical diagnosis of 134 local atopic patients suffering
from a respiratory allergy by a standard questionnaire survey and the skin prick test (SPT) using SS
antigens. The antigenic protein profile was analyzed by SDS-PAGE and the allergizing potential of
this pollen was investigated by an in vitro enzyme-linked immunosorbent assay to recognize the
presence of the sero-reactive proteins which were the suspected cause of the respiratory allergy. A
Box-plot and regression analysis were performed to establish the significance of clinical data. Results:
SS pollen was found to evoke about 70.14% sensitivity among the atopic population causing early
spring hay fever, allergic rhinitis, and seasonal allergic conjunctivitis. A regression analysis for the
pollen antigen for estimating the total IgE value of a patient’s sera from their specific IgE value was
a novel approach by our study. The antigenic extract of pollen resolved into more than 15 distinct
protein bands ranging from 14.4 to 116 kDa, some of which were found to be glycosylated. The
results showed that SS pollen has a significant presence in the atmosphere, which may trigger an
allergic response in immunocompromised patients. Conclusions: This is, to our knowledge, the first
attempt to identify allergens from Kans pollen causing seasonal pollinosis among the Indian atopic
population using an immuno-clinical approach.

Keywords: aeroallergen; aerobiological investigation; grass pollen allergy; seasonal pollinosis;
Saccharum spontaneum; regression analysis

1. Introduction

It has been well established that grass pollen is a major bio pollutant that causes
allergic disorders in susceptible individuals in many parts of the world. Grasses (family
Poaceae) are ubiquitous plants throughout the world and cover almost 20% of global ground
vegetation representing more than 11,000 recognized species with a wide distribution [1–6].
Pollen of grasses evokes allergic responses in 20% of the general population and 40% of
atopic individuals [7–12]. Grass pollen contributes a significant part of the bioaerosol as
they are mostly anemophilous (wind-pollinated), except for some cleistogamous species
and a smaller number of entomophilous species [13]. Furthermore, this pollen is small
in size (average diameter: 20–40 µm), and versatile anther helps in easy dissemination of
large quantities during a short period pollen [14,15]. The aerial concentration and species
diversity of airborne grass pollen differ according to the diurnal patterns, seasonal and
meteorological conditions, and geographical location [16–18].
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Grass pollen allergens are grouped according to their molecular structure and bio-
logical function [18–20]. They are named according to the official system of nomenclature
(www.allergen.org, accessed on 23 January 2023), viz. Phl p1 is grouped under grass group
allergen 1 from Phleum pratense (commonly known as timothy grass) [6]. Grass allergen
group 1 and 5 allergens are identified as dominant allergens, considering their abundance
and allergic potency [21,22] Attempts have been made to study grass pollen allergens start-
ing around the 1960s, and since then, more than 89 allergens have been reported [5,10,23].
Recent advancements in molecular biology techniques have allowed extensive characteriza-
tion of allergenic molecules as well as the synthesis of recombinant allergens [11,19,24]. The
hypersensitive immune response to several grasses’ pollen has been studied extensively
over more than three decades in India, as well as around the World [18,25–30]. In India, the
earlier investigations and diagnoses were restricted to aerobiological surveys [31–33] and
screening the patients by skin tests with pollen extracts of grasses, respectively, except for a
few immunoclinical studies as reported by Kumar et al. (1998), Varma et al. (2000), Singh &
Shahi (2008), and Bhattacharya et al. 2018 on grass pollen allergens [22,34–36].

The Poaceae (grasses) family comprises the highest number of flowering plant species
shading a huge number of pollen grains in the atmosphere, which are easily carried out by
wind during the pre-monsoon and post-monsoon seasons [18,28,33,37,38]. Prediction of
the grass pollen (aeroallergen) concentration in the atmosphere and precise identification
of the causative allergic species is necessary for acute allergy sufferers when the patient
is treated with allergen-specific immunotherapy [39]. Moreover, grass pollen is the major
cause of pollinosis in Europe [9,40–43], and one of the most significant airborne allergen
sources globally [15,18,40]. Earlier investigations on the predominance of grass pollen in
the atmosphere, identification of their allergic potency, and molecular characterization
of individual proteins were usually restricted in Europe and the USA for the last few
decades [5,10,11,14,15,20,22,44–49]. However, only a few attempts were made to evaluate
the allergenic potential of predominant grass pollen in tropical countries such as India.
Grass pollen allergens from five species, namely, Imperata cylindrica (cogon grass), Cenchrus
ciliaris (bunch grass), Pennisetum typhoides (pearl millet), Sorghum vulgare (sorghum), and
Cynodon dactylon (Bermuda grass) have been identified and comprehensively character-
ized [22,36,50–54]. To lower the incidence of societal expenses and enhance quality of
life, attention must be devoted to one of the most crucial health issues of the twenty-first
century: people’s susceptibility to allergens.

Saccharum spontaneum L. (Kans grass in Bengali) is a perennial, polymorphic grass
species believed to have originated from native to the Indian subcontinent. SS has the
potential to become a serious invader of cultivated land, often resulting in its abandonment.
SS is a common weed in West Bengal, India growing profusely during the autumn season,
i.e., from August to November (Supplementary Figure S1) along riverbanks, roadsides, and
railroads, on waste ground, and along the banks of lakes and ponds [55], while blooming
from September to mid-October, releasing large quantities of pollen into the atmosphere.
Due to the stenopalynous palyno-morphological characteristic of Poaceae pollen, it is
difficult to distinguish between pollen grains of the different genera and species of grasses
with the help of light microscopy alone [39]. It is, thus, impossible to estimate the individual
load of grass pollen contributions of the different species to the pollen spectrum in the
atmosphere. Moreover, there are more than 11,000 grasses found in India, thus making it
challenging to characterize each grass’s pollen allergens [35].

Studies conducted earlier have proved the allergizing potentiality of Saccharum sponta-
neum pollen based on aerobiological surveys and SPT on respiratory allergy
patients [28,56–58].

2. Materials and Methods
2.1. Aerobiological Monitoring

Biomonitoring of airborne pollen flora was performed with the help of “Burkard
portable volumetric sampler” (Burkard Manufacturing Co., Ltd., Hertfordshire, UK) in
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Santiniketan. The sampling was carried out for two consecutive years from January 2013–
December 2014. The sampler was placed somewhere about 2–3 m above ground level
which is measured to be the inhalation atmosphere of humans.

2.2. Sampling Methods

Burkard personal air sampler (air suction rate = 10 L/min) was operated for 10 min
for monitoring and assessment of airborne pollen spectra at the experimental sites. In
Santiniketan, the sampler was simultaneously operated for two consecutive years (January
2013 to December 2014) at different places (Figure 1). Air sampling was conducted at three
different time intervals: morning (09:30 h–10:30 h), afternoon (12:30 h–13:30 h), and evening
(19:30 h–20:30 h) at weekly intervals [59]
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Figure 1. Aerobiological sampling by Burkard personal volumetric sampler at different sampling
locations of Santiniketan.

A microslide of 1 cm (RivieraTM −1” × 3”) thickness smeared with glycerine jelly
in the form of a thin film, was inserted through the slide slit, used for trapping the pollen
grains. At the end of the sampling, the slide was removed by rotating the upper ring and
with the help of suitable forceps. A sample of 2 mm × 14 mm was deposited on the glass
slide as the sampler sucked air through the slit at the top and the particles were deposited
on the glycerine jelly-coated micro slide in the form of a thin band. The exposed slides
were mounted with DPX as a mountant by placing a 14 sq. mm microscopic coverslip and
were allowed to dry for two to three days. The slides were scanned under a high-resolution
binocular light microscope.
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2.3. Preparation of Reference Pollen Slides

For evaluation of the aero palynological assemblage of an area, a decent knowledge
of its surrounding flora and their pollen grains are of prime importance. The sources of
airborne pollen in an area are mainly the local plants. As such, it is essential to identify all
the plants growing in the area, enumerate them, and note their flowering period and mode
of pollination. So, a detailed and systematic survey was carried out from January 2013 to
December 2014 at each of the study sites, covering a 10 km radius of the sampling site.

In Santiniketan, Saccharum spontaneum is growing in abundance and flowers during
the entire autumn time abundantly, thus showing the aerial dominancy of their pollen
during this period. In addition, this pollen has not been characterized yet as a potential
allergen in West Bengal (Figure 2).
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Figure 2. Versatile anthers of Saccharum spontaneum.

2.4. Pollen Extract Preparation

Mature anthers were collected from SS grass growing in different areas of Santiniketan
and Kolkata, West Bengal. The anthers were shaded by shaking the whole inflorescences
carefully. The brown to bright yellow-colored anthers were collected and dried over a hot
plate for 3–4 days (Figure 2). The dried materials were ground and passed through different
grades of sieves to obtain pure pollens with fewer contaminants (>95% pollen, <5% anther
fragments). Pollen purity was assessed by microscopic analysis. Pollens were defatted
using peroxide-free diethyl ether before extraction of antigens [60]. Crude pollen extract of
Saccharum spontaneum was prepared in 100 mM ammonium bicarbonate buffer (pH 8.0) as
described by Ghosal et al. 2016 [61]. The crude extract was dialyzed using tube-o-dialyzer
(membrane of MW cut off 8000 Da) (G-Bioscience, St. Louis, MO, USA) against the same
extraction buffer for 16 h at 4 ◦C with frequent changes of buffer and finally passed through
a 0.22 µm Millipore filter paper using syringe filter (Millipore Corp., Bedford, MA, USA).
The aliquots of the extract were lyophilized and stored at −20 ◦C. The protein contents
were estimated according to the Bradford method using the BioRadTM protein estimation
kit (BioRad, Hercules, CA, USA).

2.5. Fractionation of Pollen Antigen

The whole antigenic extract was fractionated using ammonium sulphate (AS) cut in
a range of 0–90% cut and intermittently centrifuged at 10,500× g for 15 min at 4 ◦C. The
fractionated precipitation after being dissolved in extraction buffer was dialyzed to remove
the traces of ammonia and then stored at −20 ◦C [62–64]. The protein content of the fraction
was determined using Bradford reagent (Bio-RadTM Protein Estimation Kit, Hercules, CA,
USA) following the manufacturer’s manual.
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2.6. Concentrating the Pollen Proteins for Protein Profiling

The crude extracted pollen antigens were concentrated using a Universal protein
precipitating agent (UPPA) kit (GBioscience, A Geno Technology Inc., St. Louis, MO, USA),
and protein precipitation was performed following the manufacturer’s protocol followed
by repeated acetone wash and was then reconstituted in SDS loading buffer for running in
12% SDS-PAGE [63].

2.7. Skin Prick Tests and Sera Collection

Allergic patients visiting an allergy diagnostic clinic in Kolkata, West Bengal were
tested with crude antigenic pollen extracts (1:10 w/v) of Saccharum spontaneum mixed with
10% glycerine at a final concentration of protein 200 ng/µL. A total of 134 respiratory allergy
patients (aged 12–60 years) were tested according to the method of Shivpuri 1962 with little
modification (Sircar et al. 2015) [64,65]. Phosphate-buffered saline (PBS) and histamine
diphosphate (100 µg/mL) were used as negative and positive controls, respectively. SPT
was also carried out on 3 non-allergic healthy volunteers and the sera were collected,
for negative control. Prior written consent of all the patients was taken. According to
international guidelines, cutaneous positivity was defined as a mean wheal diameter
≥3 mm compared to negative control with no wheal and flair [66]. The reaction was
graded from +1 to +4 level (+1 = erythema, 20 mm in diameter, +2 = wheal and erythema
>20 mm in diameter, +3 = wheal >3 mm and erythema, +4 = wheal and pseudopod,
erythema) according to Stytis et al. [67]. Corticosteroids and antihistamines were prohibited
for 48 h before SPT to avoid reduction sensitivity of SPT. Patients showing a positive
cutaneous response against Saccharum spontaneum pollen antigens were selected, and 2 mL
of peripheral blood was collected for immunological studies. The total IgE in the sera was
quantified by using a commercial Total IgE quantification kit (Pathozyme) following the
manufacturer’s protocol.

The exclusion criteria of SPT were perennial or severe asthma, pregnancy or lactation,
malignancy, smoking, chronic infection, and other severe systemic diseases during skin
testing or sera collection. A detailed history including age, sex, family history, onset, and
duration of symptoms was recorded. Clinical history, symptoms of allergic manifestation,
and a demographic profile of the patients were surveyed through a detailed standardized
questionnaire [28,30,58,61].

2.8. Specific IgE Estimation Using Enzyme Linked Immunosorbent Assay (ELISA)

Direct ELISAs were performed to measure the specific IgE levels to SS pollen allergens
in individual patient serum samples by the method of Engvall and Pearlman [68] with
a partial modification of Bodinier et al. [69]. Briefly, 100 ng/µL pollen antigen (pH 8.0)
was added per well of multisorbent ELISA plates (Nunc, Thermo, Waltham, MA, USA)
and incubated overnight at 4 ◦C. The plate was washed three times with 100 µL phos-
phatebuffered saline (PBS-Tween 20-0.1 M phosphate-buffered saline pH 7.4 with 0.05%
Tween 20). After blocking with 3% BSA (Bovine Serum Albumin), the ELISA plate was
washed again with PBS-Tween 20. For estimation of specific IgE, wells were incubated with
50 µL of individual patients’ sera diluted (1:10 v/v) with blocking solution (PBS-T-BSA) at
37 ◦C for 16 hrs. Further washing with PBS-T was followed by incubation with 100 µL of
‘Monoclonal Anti-human IgE Clone GE-1-alkaline phosphatase conjugate as a secondary
antibody (Sigma Chemical Co., Burlington, MA, USA) at 1:1000 dilution with blocking
solution at 37 ◦C for 3 h. Following washing, 100 µL of para-nitro phenyl phosphate (pNPP)
(Sigma Chemical, St. Louis, MO, USA) liquid substrate for ELISA was added to each well.
The reaction was stopped after 30 min by adding 50 µL of 3 N NaOH to each well and
the absorbance was measured at 405 nm using an ELISA reader (Multiscan-lab system,
Helsinki, Finland). The mean OD405 values of all the healthy subjects were labeled as ‘N’
and the average OD405 value of the replica for each patient’s serum was designated as ‘P’.
The ratio between P and N was considered as the level of serum-specific IgE as described
by Sircar et al. [70]. For a particular serum, a P/N ration (patient vs. non-allergic subjects)
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greater than 3.5 was considered as in vitro “positive” with markedly elevated levels of
specific IgE against the study antigen.

2.9. Statistical Analysis

Regression analysis was used to fit regression equations for the total serum IgE using
the specific IgE value for each type of pollen antigen as a covariate. Box plots were used to
find the distribution of specific IgE levels over different groups based on the grade of SPT
score (+1 to +4). From boxplots, along with upper and lower quartiles, median values were
found. All statistical analysis and computation was undertaken with R studio ver. 3.2.2
where p-values < 0.05 were considered to be statistically significant.

2.10. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE), Periodic Acid
Schiff (PAS) Staining

SDS-PAGE was carried out with the Laemmli (1970) [71] buffer system [0.05 M Tris,
0.192 M Glycine, 0.1% SDS, pH 8.4] using Mini-vertical gel electrophoresis apparatus
(Bio-Rad, Hercules, CA, USA). Total protein, AS precipitated fractions, and UPPA-treated
sample protein were used for electrophoresis. Protein bands were detected by staining
with Coomassie brilliant blue R-250 (CBB). The molecular mass of the protein bands was
calculated by calibrating with broad range marker protein [Sigma-AldrichTM, Burling-
ton, MA, USA]. The gel was documented using Gel Doc 1000 (Bio-Rad, USA) using the
MOLECULAR ANALYST software (Bio-Rad, Hercules, CA, USA).

Glycoprotein fractions in the total protein were detected using a Glycoprotein Staining
Kit (G Bioscience) following the manufacturer’s protocol. The kit uses the Periodic Acid-
Schiff (PAS) method for revealing carbohydrate moiety [60].

3. Results
3.1. Composition and Relative Abundance of Airborne Pollen

The aero palynological investigation revealed a wide range of pollen spectra in the
atmosphere of Santiniketan in two successive years. A total of 63 pollen types were
identified belonging to 38 families of angiosperms and 1 Gymnosperm from Santiniketan
during the entire 2-year study period though a few pollen types remained unidentified.

Poaceae (grasses) alone contributed the maximum pollen load, followed by Acacia
sp., while the minimum amount of pollen was contributed by Zizyphus sp. Supplementary
Figure S2.

3.2. Seasonal Variation and Pollen Calendar

Five more or less well-defined seasons, i.e., autumn (October–November), winter
(December–February), spring (March–April), summer (May–June) and monsoon (July–
September) were demarcated in the study sites. The total number of pollen grains recorded
in different months demonstrated a relatively significant variance (Supplementary Fig-
ure S2). The changes in the frequency of palynomorphs were probably related to the length
of the flowering period, pollen productivity, and their extent of dispersal. The flowering
period of the majority of the trees began in the later part of winter and extended until the
early monsoon period. Each pollen grain type had a peak month of occurrence.

3.3. Protein Concentration of the Crude Antigenic Extract

The total soluble protein concentration of the crude antigenic extract of SS pollen was
found to be 8–10 µg per gram of pollen. The SS antigen possessed a higher amount of
protein in the ammonium sulphate fraction (90% fraction) than in the UPPA I/UPPA II
treated crude extract.

3.4. Sensitization to SS Pollen

To evaluate the allergenic potential of SS pollen, its antigenic extract was tested
in-vivo positive cutaneous skin prick test (SPT) on 134 patients (n = 134; age range:
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12–60 years) with respiratory allergies having different symptoms such as early spring
hay fever, allergic rhinitis, and seasonal allergic conjunctivitis. The results of intradermal
SPT reaction towards Kans grass pollen antigenic extract conducted on the respiratory
allergic patients at two different centers of the allergy diagnostic clinic in Kolkata, West
Bengal are presented in Figure 3. Among them, 94 atopic patients exhibited positive skin
reactions by SPT accounting for 70.14% to SS pollen allergen. Of these 65 subjects show-
ing marked positivity, i.e., ≥2+ grade in SPT were considered to be clinically significant.
Among them, +3/+4 grade of positivity was found to be most predominant followed by
+2. Only 15 patients with marked positive reactions in SPT agreed to donate blood and the
serum samples collected were subjected to specific IgE estimation by indirect ELISA [59,72].
Most of the patients tested against common inhalant grass and other allergens showed
polysensitization (Table 1). Since it was not possible to directly include hospitalized asthma
patients for skin testing, we performed skin tests on outpatients who visited the clinic for
rhinitis and asthma.
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Table 1. Result and fitted equation of regression analysis using bi-variate regression showing the
relationship between Specific IgE as a predictive variable and Total IgE as the response variable.

Significant Co-Variance Coefficient Std. Error t-Value p-Value Adjusted R2 Value

Saccharum
spontaneum

(Intercept) 144.25 33.81 4.266 <0.001 *
Specific IgE 157.68 10.68 14.760 <0.001 * 0.7861

Equation: Total IgE = 144.25 + 157.68 × Specific IgE value

* means the correlation is statistically significant.

The other tested allergens for determination of their co-sensitization with SS antigens
included 13 tree pollen types (Acacia auriculiformis, Areca catechu, Azadirachta indica, Borassus
flabellifer, Carica papaya, Cassia fistula, Syzigium cumini, Cocos nucifera, Delonix regia, Eucalyptus
citriodora, Peltophorum pterocarpum, Phoenix sylvestris, Phyllanthus emblica), three shrub pollen
grains (Cassia sophera, Cycas circinalis, Solanum symbriifolium), two grass (Poaceae) pollen
grains (Saccharum spontaenum, Cynodon dactylon), six fungal spores types (Alternaria alternata,
Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Rhizopus nigricans, Pinicillium
oxalicum), and five foods (prawn, brinjal, pineapple, egg, soyabean) (Table 1).

The specific IgE values in the sera of 15 SPT-positive patients (2+ and above) from
different places of West Bengal, as compared to control sera showing a negative skin test
to SS extract, are presented in Table 1 and Figure 2. About 69.14% of the patients eliciting
(2+ and above) marked positivity had shown elevated specific IgE titer in their sera. Serum
samples from nine patients showed a P/N value of more than 3.5 with a high titer in
ELISA and skin reactivity with various symptoms such as seasonal rhino-conjunctivitis,
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breathlessness, nasal blocking, allergic rhinitis, bronchial asthma (or their combination)
were selected for in vitro immuno-biochemical analysis (Figure 4).
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extracts. (P/N represents mean ± SD of triplicate determination).

The questionnaire survey and case history of patients provided us with some valuable
information regarding the allergic manifestation of atopic patients [41]. The epidemiology
of allergic diseases is a complex phenomenon that depends on factors such as genetic
predisposition, exposure to air pollution, and exposure to allergens from pollen grains
which are unambiguously associated with symptomology and exacerbation of the human
respiratory allergic disease [59,65]. The 21–40 years age group of patients used to visit the
allergy clinic more frequently with various allergic symptoms during the study period,
followed by the age group of 41–60 years, <20 years and the least allergic manifestation
was shown in the patients aged more than 60 years, due to immunosuppression. From
the clinical survey report, it was found that a significant part of the atopic population was
suffering from SS-induced allergic symptoms namely cough, bronchial asthma, allergic
rhinitis, allergic conjunctivitis, and skin allergy.

3.5. Statistical Analysis (Correlation–Regression Analysis and Box-Whisker Plot)
3.5.1. Correlation Analysis

Scatter plots for each pollen allergen have demonstrated that total serum IgE and the
symptom score are dependent variables, as in most cases, total IgE increases when the
symptom score increases with some exceptions in some data points (Figure 5). Pearson
product-moment correlation analysis showed that total IgE is positively and significantly
correlated with symptom scores with corresponding p < 0.05 for all the pollen allergens.

3.5.2. Box-Whisker Plot

The Box-whisker plots of Specific IgE levels over different categories of SPT scores
showed that the median value for SPT grade 4 is at a maximum compared to other categories
(Figure 5). Clinically speaking, if the specific IgE level was higher for any individual, the
SPT grade would be higher too. It was also found that most of the specific IgE values
belonged to the second and third categories of the SPT grade. The Box-whisker plots of
Specific IgE levels over different categories of SPT scores showed that the median value for
SPT grade 4 is at a maximum compared to other categories (Figure 6). Clinically speaking,
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if the specific IgE level was higher for any individual, the SPT grade would be higher too.
It was also found that most of the specific IgE values belonged to the second and third
categories of the SPT grade.
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Figure 6. Box-Whisker plot for specific IgE levels over different categories of SPT grade.

The median value for SPT grade 4 is at a maximum compared to other grades in
response to antigenic extracts of Saccharum spontaneum. Clinically speaking, in this case,
specific IgE levels did not always reflect the SPT score (Figure 6).

Likewise, for Saccharum spontaneum, we calculated the adjusted R2 value was 0.7861
which means the above regression equation and graph can explain almost 78% of the
variability. So, the prediction of patients’ total IgE would be 78% accurate which means
that the model is quite fit (Table 1). The fitted regression line for total IgE and Specific IgE
was plotted in Figure 7.
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3.6. Allergen Profile of SS Grass Pollen
3.6.1. SDS-PAGE

The soluble crude extract (UPPA treated) of Saccharum spontaneum pollen antigen
separated into more than 15 CBB-stained bands in the molecular weight (MW) range of
14.4 to 116 kDa (Figure 8A) on 12% SDS-PAGE. Proteins of MW 116.0, 106.4, 91.2, 72.3, 62.2,
53.8, 42.6, 38.0, 34.3, 33.8, 25.3, 21.4, 20.4, 19.6, and 17.5 kDa, respectively, were stained
prominently with CBB in concentrated extract, while all these protein bands were found to
be distinct in fraction Fr.90 when stained in CBB, except for the 25.3 kDa band (Figure 8A).
A 20.4 kDa protein fraction was the most prominent among all the visible bands. So, two
sets (UPPA-treated antigen and 90% AS fraction) of SS extract produced nearly the same
pattern on SDS-PAGE (50, 51).
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Figure 8. A 12% SDS-PAGE of crude (concentrated) and ammonium sulphate fraction pollen extracts
of Saccharum spontaneum [M = Molecular Marker, Crude = UPPA treated Crude extract, AS: 90%
ammonium sulphate fraction] (A) (CBB-250 staining); (B) (Periodic Acid Schiff (PAS) staining) [Lane
SScbb = SS antigenic extract stained in Coomassie Brilliant Blue 250; Lane SSPAS = SS antigenic extract
stained in Periodic Acid Schiff staining].
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3.6.2. PAS Staining

It was previously reported in various research articles [73–77] that Poaceae (grass)
pollen allergens were glycoproteins in nature. Hence, we have performed the PAS stain-
ing of the SDS-PAGE gel as well as the protein-loaded PVDF membrane of Saccharum
spontaneum. In PAS staining, some high molecular weight proteins along with a few low
molecular weight proteins were found to contain glycan moieties as these appeared as
magenta bands while others were not, indicating that no carbohydrate part was associated
with them (Figure 8B).

4. Discussion and Conclusions

The pre-requisite for executing an aerobiological survey is the selection of a sampler.
The sample techniques work on the principles of gravity, impaction, or suction [36]. The
Burkard personal slide sampler was employed in this work to analyze the monthly and
seasonal periodicities of airborne pollen grains in the specified study location (Santinike-
tan, West Bengal, India). This sampler has certain advantages because it is portable and
transportable and can be powered by either current or batteries. Because of its portability,
it can be simply transported from one experimental site to another, allowing us to sample
in multiple areas. One of the main goals of aerobiological observations is to define the
pollen spectrum in a given region. Our aerobiological monitoring revealed a wide range
of atmospheric pollen spectra, both quantitatively and qualitatively, in two successive
years in the atmosphere of Santiniketan, which helped us to construct a comprehensive
pollen calendar of this sub-urban region (Supplementary Figure S1). The significance of the
pollen calendar lies in the fact that it provides a highly descriptive representation of the
dynamics of aero pollen throughout the year of a particular locality [59,78]. Documentation
of airborne pollen in this geographical zone of West Bengal may help in understanding the
flowering behavior of local vegetation also. Poaceae, which produces anemophilous pollen,
has proven to be the predominant pollen type in both of the years, earning it special consid-
eration for allergic research. It is proposed that a study on the grass pollen of such regions
and their daily pollen release can aid pollen allergy patients in preventing exposure to the
allergen because Poaceae is a strong stenopalynous family [9,18,22,35,50–52,54,73,74,79].

To protect the public’s health, it is crucial to have a thorough understanding of the
pollen season’s prevalence and intensity [8,9,11]. Every species that was captured in the
sampler displayed variation in how the pollen season developed. Depending on the
taxa, the consecutive phases (percentiles) of the pollen season are achieved at different
times. Although sources of aeroallergen may arise even before a pollen season begins, the
beginning of the pollen season is the most crucial time to forecast because it correlates with
the onset of allergic symptoms in nearby residents [69,70]. The current study demonstrated
that variations in geology, vegetation, and other climatic conditions cause differences in the
airborne pollen spectrum in terms of quantitative and qualitative assemblages of pollen
from place to place.

Our study is the first to report and identify the pollen of Kans grass (Saccharum sponta-
neum) as a potential aeroallergen from West Bengal, the eastern part of India. Saccharum
spontaneum is seasonal grass surviving hot and humid tropical weather, therefore they
grow all over India, especially in the eastern, southern, and western parts. Due to its
morphological appearance and versatile nature of anthers (Figure 2), Kans grass liberated a
large number of tiny pollen grains into the atmosphere during its seasonal blooming. This
pollen was found to cause sensitization among 70.14% of allergic patients (Figure 3), which
was an alarming situation for the atopic population, as it causes early spring hay fever,
allergic rhinitis (seasonal), and intermittent or seasonal allergic conjunctivitis. Two years of
consecutive biomonitoring and phenological studies established the pollinating period of
the aforesaid grass species being within a range from August to October, considering the
fact that the phenology was greatly influenced by meteorological and climatic factors [80].
The studies on flowering phenology help in the understanding of results of aerobiological
investigations, and also, in a more accurate explanation of the co-occurrence of grass pollen
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in the atmosphere [81,82]. The months of blooming season and flowering phenology of the
eight selected grasses along with Saccharum spontaneum showed the co-presence of their
pollen grains from July to October (Supplementary Figure S2). In the present study, the
allergic potency and immunological characterization of Kans grass pollen have been taken
for investigation, despite its seasonal presence in the air, as researchers have shown that
allergic manifestations may be triggered even at low pollen concentrations [48,49,83].

Sensitization to SS pollen among a cohort of the Indian population has been evaluated
in the present study by the in vivo skin prick test and in vitro immunoscreening in a panel
of nine sera having different symptoms of respiratory allergic manifestation. The results of
SPT and ELISA demonstrate the allergic potential of pollen of SS on polysensitized patients
attending the allergy clinic. Polysensitization is more prevalent than monosensitization
in the general population as suggested in various surveys. The soluble crude extract of
Saccharum spontaneum pollen antigen resolved into more than 15 distinct protein bands
ranging from 14.4 to 116 kDa. These results with SS pollen protein components resolved in
SDS-PAGE widen the field of potential future research to identify the specific IgE binding
protein or any cross-reactive protein between the phylogenetically related species. Other
Poaceae members have also been the subject of investigations on cross-reactivity and
allergen characterization. However, in the former studies, such high molecular weight
immunoreactive proteins have not been reported from the grass pollen antigen. Four
protein components of MW 19.5, 38.0, 53.8, and 91.2 kDa were detected to be glycosy-
lated though the precise nature of these glycoprotein allergens needs to be characterized.
Cross-reactivity of carbohydrate moieties has also been reported by other researchers as
well [84–86].

Correlation coefficient values were found to be high, positive, and statistically signifi-
cant with the allergic patients. Regression analysis for the pollen antigen for estimating
the total IgE value of a patient’s sera from their specific IgE value was a novel approach
by our study (54). For each of the pollen antigens, we have fitted a regression equation
using specific IgE as the predictive and dependent variables. We also have mentioned
the adjusted R2 value which describes the goodness of fit of all the models. In clinical
practice, atopic patients, however, frequently show sensitization towards multiple sets of
allergens, as we observed in Table 2. This may be due to cross-reaction or co-sensitization
with different groups of allergens due to structural homology leading to the sharing of
antigenic surfaces [5–8,18,20,30]. Pollen allergens from different grasses or taxonomically
related families are known to have identical structural epitopes showing a high degree
of cross-reactivity, such as the varied dose–response ELISA inhibition curves, suggested
a close allergenic association with Cenchrus, Imperata, and Pennisetum [50]. In the same
study, Cenchrus and Imperata have shown significant shared allergenicity with Cynodon
extract, indicating structural homology [30]. A comprehensive allergenic relationship of
L. perenne, P. pratense, P. pratensis, Zea mays, and C. dactylon pollen have been established by
immunoblot inhibition with I. cylindrica pollen extract against allergic patients’ sera [51].
Likewise, pollen of Cynodon, Imperata, Pennisetum, and Sorghum have shown allergic cross-
reactivity with C. ciliaris pollen extract [54]. The discovery of these new pollen allergens
may aid clinicians in the diagnosis, avoidance, and treatment of patients who are allergic to
these pollen kinds. The phenology and aerial prevalence of the chosen pollen revealed a
higher frequency of atmospheric presence over a long period of time, which may pose a
possible threat to sensitize the atopic population due to the cross-reactive phenomenon.

In conclusion, this information on shared IgE reactive allergens is anticipated to reduce
the number of allergens required for diagnosis or immunotherapy of respiratory allergic
disorders [87]. The knowledge acquired from the present work on cross-reactive grass
pollen allergens and their clinical implications during the management of atopic patients
will provide a new prospect in allergy illnesses.
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Table 2. Clinical characteristics of the 15 Saccharum spontaneum pollen-sensitized patients.

S1. No Age/Sex Symptoms/Clinical
History * Grades of SPT ** Specific IgE-Titer by

ELISA (P/N Value)
Established

Co-Sensitization***

P1 46/M C, S ++ 3.05 LS, SC, CD, CC, AFu, RH

P2 46/F C, S, B, SK +++ 4.26 AC, SS, CP, PE, AAl, PO

P3 29/M S, B, AC, NB +++ 4.12 PS, PE, CO, CD, AF

P4 20/F S, NB ++ 3.27 PP, CO, CD, AAl, RN

P5 45/M S, AC, SK, NB ++++ 4.23 AI, PP, SS, CD, CO, AN

P6 12/M S, AC, SK, NB +++ 4.03 SS, CF, AF, AAl, AF

P7 34/F S, B, AC, SK ++ 3.25 AA, SS, SC, CD, AN, PO

P8 19/M B, NB, S +++ 4.36 AI, SC, CD, AAl, RH

P9 23/F S, B, AC, NB ++++ 3.99 CF, SC, CD, AFu, RH

P10 31/M C, NB, AC +++ 2.56 AI, PP, SS, CD, SC, AN,

P11 51/F C, NB, S +++ 4.32 PS, PE, SC, CD, AF

P12 35/M C, B, AC, SK, NB +++ 3.62 BF, CN, CS, SC, CD

P13 16/F B, AC, NB +++ 4.35 BF, CP, CS, SC, CD

P14 39/F C, S, B, AC, NB ++ 3.48 AI, PP, SS, IC, SC, AN

P15 23/M C, S, BA, AC, SK ++++ 3.87

Healthy Control patients

C1 − 0.59 No

C2 − 0.72 No

C3 − 0.56 No

* Symptoms: Cough (C), Breathlessness (B), Allergic conjunctivitis (AC), Sneezing (S), Nasal Blocking (NB), and
Skin Rash (SR). ** The grading scale of positive skin prick reactions is as follows: negative if wheal diameter
is <3 mm, +1 if wheal diameter is 3–5 mm, +2 if wheal diameter is >6 mm, +3 if wheal diameter is >6 mm,
with one or two small pseudopods, and +4 is any reaction that is more pronounced than +3. *** Aeroallergens:
AA—Acacia auriculiformis, AC—Areca catechu, AI—Azadirachta indica, BF—Borassus flabellifer, CP—Carica papaya,
CF—Cassia fistula, SC—Syzigium cumini, CN—Cocos nucifera, PP—Peltophorum pterocarpum, PS—Phoenix sylvestris,
PE—Phyllanthus emblica, CS—Cassia sophera, CC—Cycas circinalis, SS—Solanum symbriifolium, CD—Cynodon
dactylon, AAl—Alternaria alternata, AF—Aspergillus flavus, AFu—Aspergillus fumigatus, AN—Aspergillus niger,
RN—Rhizopus nigricans, PO—Pinicillium oxalicum.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/aerobiology1010004/s1, Figure S1: Pollen calendar of Santiniketan;
Figure S2: Flowering phenology of nine identified grasses growing around; Figure S3: Pollen
morphology of nine types of grasses identified.
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