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Abstract
● AIM: To analyze the possible risk factors in the 
development of seasonal allergic conjunctivitis (SAC) 
through an evaluation of skin allergy tests and data 
obtained from questionnaires.
● METHODS: The study included a total of 75 SAC patients 
and 71 control subjects without SAC diagnosis who were 
admitted to the Abant Izzet Baysal University Medical 
Faculty Ophthalmology Clinic between March 2016 and 
December 2016. Skin prick tests were performed for all 
participants. Serum levels of total IgE and 25-OH vitamin 
D were also measured. In the tear, total IgE levels were 
measured. Moreover, possible risk factors for the onset 
of SAC (smoking, paracetamol exposure, vitamin D 
supplementation and environmental factors etc.) were 
examined for all patients by both prenatal and postnatal 
aspects.
● RESULTS: The patients with SAC were found to have 
a history of maternal paracetamol exposure during the 
prenatal period. Likewise, in the same patient group, the 
duration of postnatal vitamin D supplementation was 
shorter (P<0.001). However, no significant correlation was 
found between SAC and maternal antibiotic exposure, 
maternal smoking, the mode of delivery and birth weight, 
as well as presence of pets. Moreover, patients with SAC 
were more likely to have asthma, allergic rhinitis and oral 
allergy syndrome. We have also found that SAC patients’ 
mothers and siblings were more likely to have allergic 
conjunctivitis. Likewise, their fathers were more likely to 
have allergic rhinitis. 
● CONCLUSION: Prenatal maternal paracetamol exposure 
and shorter duration of vitamin D supplementation in 
the postnatal period may play a role in development of 
SAC. Therefore prevention of unnecessary gestational 

paracetamol intake and vitamin D supplementation 
during infancy could potentially reduce the onset and 
development of SAC. 
● KEYWORDS: conjunctival disease; seasonal allergic con-
junctivitis; type I hypersensitivity reaction
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INTRODUCTION 

S easonal allergic conjunctivitis (SAC) is a disease, which 
affect the ocular surface via type I hypersensitivity 

reaction, with an incidence rate of 5% to 22%[1-3]. Ocular 
allergic inflammation is a very common event due to frequent 
contact of the eye with environmental allergens. It is known 
that serum and tear eosinophil counts and immunoglobulin E 
(IgE) levels may be high because of the type I hypersensitivity 
reaction in the etiology of this disease[3-6]. A good review of 
available epidemiological data about SAC prevalence can 
reassure the physician at diagnosis and allow early initiation 
of treatment[6]. The possibility of diagnosis and treatment of 
SAC can be improved with studies examining the life quality 
and lifestyles of SAC patients as well as calculating the SAC 
prevalence[6]. The incidence of SAC has been found to be 
high in patients with allergic asthma and allergic rhinitis. 
Moreover, the role of vitamin D, which is an immune system 
activator and has frequently been used in cancer treatment in 
recent years, remains controversial in reducing the incidence 
of SAC[7-10]. The aim of this study was to develop proposals for 
the identification of predisposing factors of SAC. Therefore, 
an evaluation was performed in SAC patients regarding 
perinatal risk factors, familial allergy history, dietary patterns, 
owing pets, age at first contact with pets, and vitamin D 
supplementation during infancy. 
SUBJECTS AND METHODS 
The study was performed in adherence with the tenets of 
the Declaration of Helsinki and was approved by the Ethics 
Committee of Abant Izzet Baysal University Medical Faculty 
(Number: 2016/15). The SAC group included 75 patients (30 
females and 45 males) with SAC aged between 7 to 30 years 
old, who were admitted to the Abant Izzet Baysal University 
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Medical Faculty Ophthalmology Clinic between March 2016 
and December 2016. The control group (CG) was comprised 
of 71 patients (29 females and 42 males) aged between 8 to 
29 years old (Table 1). Patients with active ocular infection or 
severe ocular pathology, xerophthalmia history, and blepharitis, 
those who had undergone eye surgery in the previous 3mo, 
contact lens users, and females who were pregnant or nursing 
mothers were excluded from the study. A written informed 
consent was obtained from all patients or from the parents of 
patients, who were under the age of 18.
All participants underwent detailed physical and ophthalmologic 
examinations. The diagnosis of SAC was made from 
evaluation of the complaints and the findings of itching, 
tearing, redness, chemosis and eyelid edema. Itching was 
evaluated by the subjects using a standardized scale (0=no 
itching; 4=severe itching). Redness, eyelid swelling, chemosis 
and tearing were evaluated by the researchers using the 
standardized scales (0=none; 3=severe)[11]. During individual 
face-to-face interviews conducted using a questionnaire, 
detailed background and family information were collected in 
terms of possible risk factors for the development of allergic 
conjunctivitis. In all subjects, total IgE levels in the tear, serum 
levels of total IgE and serum levels of 25-OH vitamin D were 
measured. The skin prick test was applied to determine the 
sensitivity to any allergen.

Biochemical Analysis  Tears of the patients were collected 
into the 75 μL hematocrit tubes (Haemotocrit-Kapillaren, 
Hirschmann Laborgerate, Germany). The hematocrit tubes 
were placed in the lateral cantus to collect from the inferior 
tear meniscus. The samples were stored at -80℃ in air proof 
microcentrifuge tubes.
The blood samples were centrifuged at 2000 rpm for 15min to 
separate serum and plasma. All tubes were labeled and stored 
at -80℃ until analysis. The serum and plasma samples were 
then thawed and brought to room temperature for analysis. The 
plasma 25-OH vitamin D and serum IgE levels were tested 
using the electrochemiluminescence method using an Elecsys 
2010 analyzer (Roche Diagnostics, Mannheim, Germany). The 
detection limit for 25-OH vitamin D was 3 ng/mL (7.5 nmol/L). 
The detection limit for IgE was 0.10 IU/mL (0.24 ng/mL). The 
tear IgE level was tested using the same methods. All samples 
were coded and studied as a single blinded method.
Skin Prick Tests  Skin prick tests were applied to all participants 
to determine atopy in the presence of respiratory allergens [house 
dust mites (D pteronyssinus, D farinae), cats, dogs, cockroach, 
fungi (Alternaria, Aspergillus, Clodosporium) and pollen 
mixtures (weeds, cereals, grasses and trees]. The skin prick 
tests were evaluated 15-20min after the epidermal application 
of positive control, negative control, and allergens to the 
forearm. Values with an induration diameter of 3 mm greater 

Table 1 Demographic, hemogram, serum-tear IgE, serum vitamin D, atopy presence and allergic 
conjunctivitis scoring data of the allergic conjunctivitis and CG

Items SAC group (n=75) CG (n=71) P

Age (y) 16.36±6.20 16.19±5.37 0.858

Gender (F/M) 30 (40%)/45 (60%) 29 (40%)/42 (60%) 0.632

WBC (1/mm3) 7200±1810 7420±1803 0.937

Eosinophil count (1/mm3) 322.22±276.03 152.29±151.96 <0.001a

Eosinophil percentage (%) 4.45±3.43 1.83±1.27 <0.001a

Lymphocyte count (1/mm3) 2334.93±776.08 2485.5±954.39 0.771

Neutrophil count (1/mm3) 3863±1467 4227±1620 0.534

Thrombocyte count (1/mm3) 26 5029±56 354 278 125±78 667 0.517

MCV (µm3) 86.31±6.16 83.99±6.18 0.003a

MPV (µm3) 8.97±8.64 7.55±1.01 0.053

Serum IgE (kU/L) 288.26±544.37 185.33±471.08 0.059

Tear IgE (kU/L) 3.88±0.48 2.74±0.4 0.042a

Serum vitamin D (nmol/L) 19.36±4.93 18.95±3.95 0.501

Atopy presence (%) 72 2 <0.001a

Itching (%) 100 0 <0.001a

Tearing (%) 75 0 <0.001a

Redness (%) 93 3 <0.001a

Eyelid swelling (%) 19 0 <0.001a

Chemosis (%) 24 0 <0.001a

SAC: Seasonal allergic conjunctivitis; CG: Control group; WBC: Leukocyte count; MCV: Mean erythrocyte 
volume; MPV: Mean thrombocyte volume. aP<0.05 was accepted as statistically significant.
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than the negative value were accepted as positive for atopy. 
Statistical Analysis  For the statistical analysis, the Student-t 
test and Mann-Whitney U test were used to compare the 
groups and the Spearman correlation test was used for the 
correlation analysis. All categorical variables were compared 
between the groups using Chi-square test. SPSS 22 (IBM SPSS 
Statistics; IBM, Armonk, NY, USA) were used to perform 
statistical analyses. 
RESULTS
The study included a total of 75 patients with SAC and 71 
control subjects. The SAC group consisted of 30 (40%) 
females and 45 (60%) males with a mean age of 16.36±6.2y. 
The CG consisted of 29 (40%) females and 42 (60%) males 
with a mean age of 16.19±5.37y. The age and gender were 
statistically similar between the two groups (P=0.858; Table 1).
Laboratory Analyses  The total leukocyte count (WBC) 
did not differ between the two groups (P=0.937; Table 1). The 
total eosinophil count (322.22±276.03/mm3) and eosinophil 
percentages (4.45%±3.43%) were significantly higher in SAC group 
compared to the controls (P<0.001; Table 1). Likewise, the mean 
erythrocyte volume (MCV) (86.31±6.16 μm3) was significantly 
elevated in SAC subjects compared to the controls (P=0.003; Table 1).
The tear IgE levels were 3.88±0.48 kU/L and 2.74±0.4 kU/L
in SAC and control subjects, respectively. The IgE levels 
were significantly higher in SAC group than the controls 
(P=0.042; Table 1). SAC patients demonstrated symptoms 
including itching, tearing, redness, eyelid swelling, and 
chemosis at a significantly higher rate compared to the control 
subjects (P<0.001; Table 1). 25-OH Vitamin D levels were 
not significantly different between the two groups (P=0.501; 
Table 1). An atopy was observed for 72% of the patient group. 
In this group, 59.2% of the subjects demonstrated sensitivity 
to pollen, 17.1% to house dust mites, 6.6% to fungi, and 3.9% 
to animal dander (cat and cockroach). In the present study, 
it was also found that 15.6% of the patients demonstrated 
sensitivity to multiple aeroallergens. In CG, only two patients 
(2.8%) demonstrated sensitivity to pollen or house dust 
mites. The results of bivariate analyses suggested a mild 
positive correlation between total eosinophil count and tearing 
(r=0.242, P=0.003), itching (r=0.288, P<0.001), redness 
(r=0.276, P=0.001) and eyelid swelling (r=306, P<0.001). 
There was no significant correlation between serum total IgE 
level and clinical findings. However, a weak correlation was 
observed between tear total IgE levels and tearing (r=0.181, 
P=0.035) and redness (r=0.259, P=0.008).
Prenatal and Natal Factors  There were no significant 
difference between SAC and the maternal exposure to 
cigarette smoking or gestational antibiotic use as well as mode 
of delivery, and birth weight (P>0.05; Table 2). Maternal 
exposure to paracetamol during pregnancy was significantly 
higher in SAC group compared to the controls (P<0.001; Table 2). 

Postnatal Factors  No significant difference was found 
between SAC and postnatal exposure to paternal or maternal 
cigarette smoking, owing a pet and drug allergy (P>0.05; 
Table 2). The results did not suggest any association between 
SAC and asthma and allergic rhinitis in parents and siblings 
(P>0.05; Table 2). There was also no association between SAC 
and living in the city center, being in a humid environment and 
modes of heating (P>0.05; Table 2). The results demonstrated 
that 97.2% of the control subjects were supplemented with 
vitamin D during infancy. However, postnatal vitamin D 
supplementation were significantly reduced in the SAC group 
and determined to be 85.7% (P=0.015; Table 2). Likewise, use 
of vitamin D supplements during infancy were significantly 
longer in controls compared to the SAC group (P<0.001). 
Common asthma (24.3%), allergic rhinitis (73%) and oral 
allergy syndrome (17.6%) were present in patients with SAC 
at significantly higher rates compared to the controls (P<0.001; 
Table 2). Mothers and siblings of SAC patients demonstrated 
significantly higher rates of conjunctivitis (5.4% and 5.4% 
respectively, P=0.047; Table 2). Likewise, fathers of SAC 
patients exhibited significantly higher rates of allergic rhinitis 
(14.9%, P=0.003; Table 2). A significantly higher number of 
SAC patients attended kindergarten compared to the controls 
(18.3 vs 4.3 respectively, P=0.009; Table 2).
DISCUSSION
In the present study, possible risk factors that play a role in the 
formation of SAC were evaluated through evaluation of the 
serum biochemical values, skin allergy tests and performing 
questionnaires. The results showed that gestational exposure 
to paracetamol were significantly higher in the SAC group 
compared to the controls. Likewise, postnatal vitamin D 
supplementation was significantly shorter in the SAC patients. 
In the literature, there are many studies that examine the 
correlation between vitamin D and allergic diseases. It has 
been proposed that vitamin D has immunomodulatory effects 
and its deficiency is suggested to play an active role for the 
onset of allergic and autoimmune diseases[9]. It is thought 
that the treatment of vitamin D deficiency might change the 
intensity of allergic diseases. Therefore, it is important to 
demonstrate the association between the allergic diseases and 
vitamin D deficiency. Dadaci et al[12] evaluated the serum 
vitamin D levels of patients and found that the plasma vitamin 
D levels of patients with SAC were significantly lower than 
those of the CG. It was the first in the literature to show that 
SAC patients have decreased vitamin D levels. Therefore, they 
concluded that vitamin D replacement could be implemented 
in addition to classical treatment in SAC patients with 
insufficient vitamin D levels[12]. In the literature, no correlation 
has been demonstrated between the treatment of vitamin D 
deficiency and the intensity of allergic conjunctivitis. However, 
treatment of vitamin D deficiency in asthma patients reduced 
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the frequency of asthma attacks[13]. As opposite to the findings 
of Dadaci et al[12], in the present study, serum vitamin D levels 
were similar between the two groups. However, it was found 
that patients who were not supplemented with vitamin D 
during the postnatal period demonstrated higher rate of SAC. 
Likewise, the duration of the use of vitamin D supplements 
during infancy were significantly higher in the control subjects. 
This information suggests that supplementing vitamin D 
during infancy, which is the most critical time period for the 

establishment of immune system, might play an active role for 
the prevention of allergic conjunctivitis. 
Paracetamol is an analgesic and antipyretic medicine 
commonly used by pregnant women. The recent findings 
indicate a positive correlation between the maternal exposure 
to paracetamol and the increased incidence of asthma in 
children[14-15]. Only limited number of studies in the literature 
investigated the association between the allergic conjunctivitis 
and postnatal or prenatal paracetamol exposure. However, 

Table 2 Prenatal-natal-postnatal risk factors                                                                                                          %

Items SAC group (n=75) CG (n=71) P
Prenatal active smoking 17.3 18.6 0.846
Prenatal passive smoking 56.8 57.7 0.904
Prenatal antibiotic exposure 8.1 9.85 0.712
Prenatal paracetamol exposure 62.2 33.8 <0.001a

Term birth rate 90.5 88.7 0.712
Normal vaginal birth rate 77 78.9 0.789
Multiple pregnancy rate 0 1.4 0.302
Postnatal breast milk intake 98.6 98.6 0.984
Postnatal vitamin D intake 85.7 97.2 0.015a

Postnatal vitamin D intake period (mo) 7.7±4.7 10.7±3.2 <0.001a

Attending kindergarten 18.3 4.3 0.009a

Birth weight (g) 3271.6 3191.25 0.470
Maternal smoking in the first year 22.2 21.1 0.874
Paternal smoking in the first year 58.3 59.2 0.921
Living in the city center 77.0 67.6 0.209
Humidity at home 31.4 16.4 0.079
Heating with a charcoal furnace 76.7 75.7 0.342
Presence of pets at home in the first year 13.9 8.6 0.316
Antibiotic use in the first year 54.9 45.1 0.240
Wheezing in the first year 19.7 14.1 0.370
Asthma 24.3 2.8 <0.001a

Allergic rhinitis 73.0 4.2 <0.001a

Eczema 14.9 7.0 0.133
Food allergy 1.4 0 0.326
Drug allergy 2.7 2.8 0.967
Oral allergy syndrome 17.6 0 <0.001a

Mother with asthma 5.4 7 0.683
Mother with allergic rhinitis 12.2 7.0 0.297
Mother with eczema 9.5 4.2 0.214
Mother with allergic conjunctivitis 5.4 0 0.047a

Father with asthma 8.1 2.8 0.163
Father with allergic rhinitis 14.9 1.4 0.003a

Father with eczema 1.4 0 0.326
Father with allergic conjunctivitis 11.0 0 0.004
Sibling with asthma 13.5 5.6 0.108
Sibling with allergic rhinitis 16.2 9.9 0.257
Sibling with eczema 6.8 1.4 0.106
Sibling with allergic conjunctivitis 5.4 0 0.047a

aP<0.05 was accepted as statistically significant.
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these studies failed to demonstrate any association[16-18]. In a study 
by Beasley et al[19] in 2008, an increase in rhinoconjunctivitis 
and eczema symptoms was observed over time with the use 
of paracetamol in children aged between 6-7y. Shaheen 
et al[20] also examined the association between frequent use 
of paracetamol and asthma in adults. It was determined that 
the frequent use of paracetamol may contribute to asthma 
morbidity and rhinitis in adults. In the current study, prenatal 
paracetamol exposure was significantly higher in the SAC 
patient group. 
Paracetamol’s adverse effect is most likely carried out through 
decreased level of glutathione leading to increased oxidative 
stress induced inflammation[21]. Moreover, an antipyretic 
effect of paracetamol is carried out through the suppression 
of cyclo-oxygenase pathway favoring the production of 
prostaglandin E2, which may incline T-helper lymphocytes to 
a Th2 response. Conversely, such a mechanism suppresses the 
Th-1 related cytokine release that plays a role for the onset of 
allergic diseases. Due to increased Th2 response, paracetamol 
could be involved for the increased prevalence of allergic 
diseases[20,22]. Our results suggest that maternal paracetamol 
exposure during pregnancy may play a role in development of 
SAC. However, there is a need for further extensive research 
to support this idea.
It was also determined that there was no association between 
SAC and exposure to maternal smoking, antibiotic use 
during the pregnancy, the mode of delivery and birthweight. 
Likewise, no effects was seen in relation to postnatal exposure 
to maternal and paternal smoking and owing pets at home, 
eczema, food and drug allergy, living in the city center, being 
in humid environments, and modes of heating. Although 
these factors are thought to be predisposing factors for the 
development of SAC, further extensive research is required to 
support this idea.
In the literature, it has been mostly shown that attendance to 
nursery school is related to decreased risk of allergic diseases. 
However, our results indicate that children who attended 
kindergarten have a higher risk of SAC. Low number of 
participants and low rates of participation might have an 
impact for the results of the current study. Therefore, more 
studies are required to support this idea.
Of all patients with allergic rhinitis, 30%-71% have allergic 
conjunctivitis or conjunctival symptoms. Allergic conjunctivitis, 
by itself, is seen in approximately 6%-30% of the general 
population[9,23-25]. The prevalence of allergic rhinitis, allergic 
conjunctivitis, and asthma has increased significantly in the 
general population. Various studies have investigated the 
coexistence of these three diseases, particularly the fact that it 
is seen in developed cities where air pollution is high, supports 
the link between industrialization and allergic diseases[26-29]. 
The current study was conducted in an industrialized and 

developing region and a high rate of allergic diseases were 
detected, which also supports the results of other studies in 
literature. The present study also supports that there is an 
association between SAC and asthma and allergic rhinitis in 
parents and siblings. 
One of the main limitations of our study may be over- or 
under-reporting due to recollection bias. The number of 
subjects participating in the study and the retrospective design 
of the study might be a limitation for the determination of 
cause and effect relationship. 
In conclusion, maternal paracetamol exposure during 
pregnancy may induce SAC. On the other hand, longer 
duration of postnatal vitamin D supplementation may reduce 
the incidence of SAC. The results of the present study also 
indicate that SAC patients are more likely to have asthma, 
allergic rhinitis and oral allergy syndrome diseases. Moreover, 
their relatives also may demonstrate higher rates of allergic 
diseases. Further studies are required to determine predisposing 
factors that may lead to the development of SAC.
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