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ABSTRACT 

The prevalence of atopic diseases in developed countries has increased in recent years. The 

reasons for this increase are not clear. It is assumed that the decrease in infections and 

immunization programs may have contributed to the increase in the prevalence of atopic 

diseases. The aim of the present study was to examine whether there is a correlation between 

atopy and exposure to tuberculosis in addition to the factors that affect the correlations if any. 

A total of 93 cases followed up with “atopic asthma” diagnosis were included to the study as 

the atopy group and 111 healthy individuals were included as the control group. All cases 

were evaluated for atopic symptoms (skin, nasal and ocular complaints), allergy tests, 

eosinophilia and total IgE level, respiratory function test, PPD Test. It was observed when all 

cases were evaluated that the atopic symptoms (skin, nasal and ocular complaints), allergy 

tests, eosinophilia and total IgE levels were higher at a statistically significant level in 

comparison with those of the control group (p<0.05). PPD positivity ratios in the atopy and 

control groups were determined respectively as (35.4 %, 78.4 %), mean PPD values as 

(8.12±6.05 mm, 14.59±6.58 mm) and PPD response levels as (≤10mm, ≥11mm) and the 

difference between the 2 groups was observed to be statistically significant (p<0.05). In 

conclusion, it was considered that there is an inverse correlation between atopy and 

tuberculosis exposure and that subclinical exposure to tuberculosis reduces atopy 

development.  
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INTRODUCTION 

Even though significant advancements have recently been made in the treatment of allergic 

diseases, the prevalence of asthma and atopy continues to increase reaching about 30 % in 

developed countries (1, 2). The reasons for this are not known for certain, however various 

environmental factors such as air pollution, smoking, diet and changes in conditions of life 

are held responsible (3,4). On the other hand, decrease in infectious diseases attracts attention 

due to the ongoing vaccination programs as well as the hygienic areas of life resulting from 

increasing life standards (3). It was considered when all these are taken into consideration 

that the increase in atopy may be related with the decrease in infectious diseases. This issue 

has attracted further attention when a converse relationship was obtained between atopy and 

viral infections and tuberculin skin test sensitivity as a result of the studies carried out (3,5,6). 

It was reported in later studies that gender differences may have an impact on this 

relationship (7).  

T helper (Th) lymphocytes are central regulators in allergic inflammation and are classified 

into subgroups based on the cytokines they produce. Th1 cells secrete interferon to inhibit 

immunoglobulin E (IgE) production in B cells, while Th2 cells stimulate IgE production. Th2 

activity is dominant in atopic individuals (8,9). Some of the cytokines produced by Th2 cells 

such as IL-4, IL-10 and IL-13 suppress the microbisidial activity of macrophages and Th1 

cell mediated immunity. Any circumstance with an impact on the immune system may shift 

the balance to one side due to the aforementioned interaction. E.g.; BCG (BacillusCalmette-

Guerin) vaccine as a potent stimulant of cellular immunity induces IFN-gama resulting in 

Th1 type immune response (10). It is also asserted that exposure to mycobacterium 

tuberculosis will suppress Th2 origin cytokines in a similar manner (6). However, studies on 

this subject have put forth contradictory results. Shedding light on this interaction between 

infections and atopy may lead to new options in treatment by mimicking its effects.  

The aim of the present study was to examine whether there is a relationship between atopy 

and tuberculin exposure and to put forth whether gender difference has an impact on this 

relationship if any.  

MATERIALS AND METHOD 

The study was carried out with patients followed up with atopic asthma diagnosis who 

applied to the thoracic diseases polyclinic of our hospital during the dates of October 2018 

and January 2020 who were accepted after signing the written consent form. Cases who have 

not received corticosteroid and antihistaminic treatment, who have not been subject to 

immunotherapy for at least four years and who have no contraindications for PPD (Purified 

Protein Derivative) test were included in the study. Patients in asthma attack and with 
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infection findings along with those with immunologic diseases and those who have not given 

consent to take part in the study were excluded.  

All cases were subject to a detailed assessment for atopy. Regarding the symptom assessment 

of the cases for atopy; it was examined whether there is at least one of the ocular complaints 

of watering, burning, itching in the eyes; nasal complaints of sneezing, nasal discharge or 

congestion which are observed frequently in cases other than cases of influenza and 

symptoms of swelling, itching, reddening of the skin in addition to questioning whether the 

patients are allergic to a certain medication or food. History of atopy in the family was 

examined. Prick test was applied on all participants against a total of 16 allergens such as 

pine, house dust, fruit, tree, grass, cat, dog, sheep wool. Test results were read 15 minutes 

later and ≥3 mm induration against any one of the antigens used was considered as 

“positive”.  

With regard to laboratory tests, total IgE level ≥150 IÜ/ml and eosinophilia count ≥ 4 % in 

peripheral smear was accepted as “positive.” The presence of 2 or more from having at least 

one atopic symptom, skin test positivity, high total IgE and eosinophilia presence was 

considered as “atopy criteria”. A total of 93 asthma patients between the ages of 18-59 with 

atopy based on the aforementioned criteria made up the atopy group. While the control group 

was comprised of 111 volunteering individuals in the same age group with no complaints and 

atopy based on the examinations.  

It was questioned during the assessment of the cases with regard to tuberculosis whether they 

previously had tuberculosis or not, whether there is tuberculin story in the family in addition 

to BCG vaccination. Clinical, physical examination and chest radiography along with active 

pulmonary tuberculosis were excluded. Tuberculin skin test was applied on the forearms of 

all patients and induration diameter was evaluated in “mm” after 72 hours with ≥10 mm 

accepted as “positive”.  

Statistical Analyses 

Statistical analyses were performed using SPSS version 21.0 (SPSS Inc. Chicago, IL, USA). 

All data were presented as mean ± standard deviation (SD) for continuous variables and as 

frequencies (%) for categorical variables. Group averages were compared with one-way 

analysis of variance (Oneway, Anova) and Tukey test (t-test). The differences between the 

rates are "Q-Square and Fisher exact test". p <0.05 value was considered significant. 

RESULTS AND DISCUSSION 

It was observed when the groups were compared with regard to age and gender that the mean 

age of the atopy group comprised of 69 women (74,2 %) and 24 men (25,8 %) was 32.78 ± 
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10.23 (18-59); while the mean age of the control group comprised of 75 women (67.6 %) and 

36 men (32.4 %) was 35.21 ± 10.18 (17-58).  

It was determined that there are no statistically significant differences between the groups 

with regard to age and gender and that the groups are comparable with each other (p>0.05). It 

was observed when the 2 groups were compared with regard to atopic symptoms that; skin 

symptoms were 52.3 % in the atopy group and 15.1 % in the control group; nasal symptoms 

were 91.1 % in the atopy group and 47.3 % in the control group; ocular symptoms were 73 % 

in the atopy group and 28.6 % in the control group with a statistically significant difference 

for all 3 parameters (p<0.05) (Table 1). 

Table 1: Distribution of the cases with regard to atopic symptoms, eosinophilia and total 

IgE level  

Medication allergy, food allergy and atopy anamnesis in the family were observed 

respectively as 16.1 %, 6.5 % and 12.9 % in the atopy group and as 7.9 %, 5.2 % and 7.9 % 

in the control group. A statistically significant difference could not be observed between the 

groups with regard to all 3 parameters (p>0.05).  

Positive reaction against at least one allergen was determined in 57 cases (61.2 %) in the 

atopy group as a result of allergy tests. While reaction against one allergen was observed in 6 

cases (5.4 %) in the control group. The difference between the groups was observed to be 

statistically significant (p<0.05).  

Eosinophilia and total IgE level was observed higher in the atopy group at a statistically 

significant level in comparison with the control group (p<0.05) (Table 1).  

When evaluated with regard to tuberculosis, a tuberculin story was determined neither in the 

history of the cases nor of their families in both the atopy and the control groups. Active or 

inactive tuberculosis was not determined as a result of physical examination, chest 

radiography and phlegm examination.  

With regard to vaccination with BCG, vaccination rate was observed as 90.4 % in the atopy 

group and as 89.2 % in the control group with no statistically significant difference (p>0.05).  

While the PPD positivity ratio as a result of the tuberculin test applied on all cases was 35.4 

% for the atopy group, it was determined as 78.4 for the control group. The difference was  

 Atopic symptoms eosinophilia Total IgE 

eye nasal skin 

(+) (-) (+) (-) (+) (-) (+) (-) <150 >150 

Atopy 

(n:93)n (%) 

66 

(73.0) 

27 

(27.0) 

84 

(91.1) 

9 

(8.9) 

48 

(52.3) 

45 

(47.7) 

42 

(45.2) 

51 

(54.8) 

30 

(32.3) 

63 

(67.7) 

Control (n:111) 

  n (%) 

33 

(28.6) 

78 

(71.4) 

54 

(47.3) 

57 

(52.7) 

18 

(15.1) 

93 

(84.9) 

12 

(10.8) 

99 

(89.2) 

111 

(100) 

0 

(0) 

p <0.05 <0.05 <0.05 <0.05 <0.05 
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observed to be statistically significant (p<0.05) (Table 2).  

Table 2: Distribution of the atopy and control group according to the PPD test 

 Positive Negative 
n % n % 

Atopy (n:93) 33 35.4 60 64.6 

Control (n:111) 87 78.4 24 21.6 

p 0.003 0.002 

Of all PPD positive cases, 27.5 % were in the atopy group and 72.5 % were in the control 

group. The difference was observed to be statistically significant (p:0.002).  

It was observed when both groups were compared with regard to PPD measurement that the 

mean PPD response in the atopy group was 8.13 ± 6.06 mm (0-22mm) while that of the 

control group was determined as 14.58 ± 6.57 mm (0- 25mm). The difference was 

statistically significant (p:0.004). It was determined when the cases were examined with 

regard to PPD reaction level that ≤10mm (maximum 5-10mm) cases were in majority in the 

atopy group, while ≥11mm (maximum >15mm) cases were in majority in the control group 

(p:0.004). Table 3 presents this finding.  

Table 3: Distribution of the cases according to PPD response level 

 PPD response 

 <5mm 5-10 mm 11-15 mm >15 mm 

 n % n % n  % n % 

Atopy 27 29.1 45 48.3  9 9.7 12 12.9 

Control 12 10.8 12 10.8 30 27 57 51.3 

It was observed when the variation according to gender was examined for the relationship between 

atopy and PPD response that for women; PPD positivity ratio in the atopic group (30.4 %) was 

observed to be lower at a statistically significant level in comparison with the control group 

(80 %) (p:0.003). However, a complete assessment could not be carried out for men due to 

the low number of cases but still positive response ratio (50 %) was observed to be lower in 

the atopic group in comparison with the control group (75 %) but the difference was not 

statistically significant (p:0.5) (Table 4).  

Table 4: PPD response in atopy and control groups for women and men 

 Men Women 

PPD response Atopy Control Atopy Control 

 n % n % n % n % 

Atopy 12 50 27 75 21 30.4 60 80 

Control 12 50  9 25 48 69.9 15 50 

It was observed when the tuberculin response level was evaluated that mean PPD was 7.56 ± 

5.58mm for women in the atopy group, while it was 14.52 ± 6.64mm in the control group 

with a statistically significant difference between the two (p:0.03). While it was determined 
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as 9.75 ± 7.44mm for men in the atopy group and as 14.75 ± 6.75mm in the control group 

with no statistically significant difference between the two (p:0.13).  

It was determined when the PPD response level was examined for women cases that it was 5-

10mm in the atopy group and that >15mm reaction made up the majority in the control group 

with a statistically significant difference between the two (p:0.002) (Table 5).  

Table 5: PPD response level in women cases 

 PPD response 

 <5mm 5-10 mm 11-15 mm >15 mm 

 n % n % n % n % 

Atopy 18 26 39 56.5 9 13 6 4.3 

Control 9 12 6 8 24 32 36 48 

DISCUSSION  

Atopic symptoms (skin, nasal and ocular complaints), allergy tests, eosinophilia and total IgE 

level were observed to be higher at a statistically significant level in the atopic asthma group 

in our study in comparison with the control group. It was observed when the correlation 

between atopy and exposure to tuberculosis was examined that the control group makes up a 

significant portion of all “PPD positive” cases. PPD positivity ratio of the atopy group, mean 

PPD values and PPD response level was determined to be lower at a statistically significant 

level in comparison with the control group. The results of the study group lead us to think 

that subclinical exposure to tuberculosis reduces the prevalence of atopy (atopic asthma) 

development. Similarly, results of subgroup analysis according to gender put forth that the 

PPD response in atopic cases was lower at a statistically significant level for women in 

comparison with the control group while a statistically significant relationship could not be 

observed for men.  

Any circumstance with an impact on the immune system may shift the T-helper lymphocyte 

balance in a certain direction. Some infectious diseases that stimulate Th1 type immune 

response may suppress Th2 type immunity thus preventing the development of atopic 

diseases (10,11,12). It is put forth that exposure to M. Tbc suppresses Th2 based cytokines 

(13). BCG vaccine which is a potent stimulant of cell mediated immunity induces IFN 

oscillation thereby resulting in Th1 type immune response (14). Upper respiratory tract 

infections in early periods of life were observed to be protective against the onset of allergic 

asthma in later stages of life. There is a similar relationship between tuberculosis infection 

and asthma. Tuberculosis infection shifts the immune response in the protective direction 

thereby acting as a protection against the development of asthma.  

Shirakawa et al. were the first to determine in Japan that the prevalence of atopic diseases is 

lower in PPD (+) children in comparison with the negative cases thus reporting a converse 
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relationship between subclinical exposure to tuberculosis and atopy. Moreover, they observed 

that the Th2 based cytokines (IL-4, IL- 10 and IL-13) are at lower levels in children with PPD 

(+) (6,7). While contradictory results have been reported in many of the studies carried out 

afterwards. Hence, the most possible interpretation of the results of this study is that the 

converse relationship between atopy and tuberculin response reflects the Th-1/Th-2 balance 

of the host rather than the causal relationship between infection and atopy (13). In Sweden, 

Stensballe et al. determined that BCG vaccination at early stages of life has no impact on 

atopy development in school-age children (14). However, the relationship between atopy and 

PPD was not examined in this study. It is reported that the difference in the results compared 

with those of Shirakawa et al. may be related with the fact that BCG vaccine develops a 

moderate PPD response in addition to the low environmental exposure to tuberculosis in 

Sweden (15). While the BCG vaccination rates were similar in our study between the atopy 

and control groups, PPD response level and PPD positivity were observed to be different at a 

statistically significant level. Tanner et al. did not observe a correlation between PPD and 

atopy among 14-year-old individuals with BCG vaccination and 20-44 age individuals (16). 

Based on the studies in Sweden and Germany, the researchers considered that there is 

actually no relation between exposure to tuberculosis and atopy and that such a relationship if 

any may be unique to individuals vaccinated during early childhood (17, 18).  

Conversely, a correlation could not be determined between PPD and atopy as a result of 2 

studies carried out in different regions of our country where all individuals are vaccinated 

during early stages of their lives (19,20). A study in Australia put forth that there are no 

differences in the allergic sensitivity of the 7-14 age group between those subject to BCG 

vaccination after birth and those that were not (21). It was observed when the studies that did 

not determine a correlation between atopy and tuberculosis that the communities evaluated 

were either subject to tuberculosis only by way of BCG vaccination or that they are 

comprised of individuals at the age intervals when they have not been exposed except the 

vaccination as was the case in Turkey (16,17). However, the effectiveness of BCG 

vaccination can change and while PPD (+) ratio is in 80 % of the cases 3 months after the 

BCG vaccination, this ratio decreases down to 60 % after 10 years (22). The relationship 

between atopy and exposure to tuberculosis cannot be explained only by way of immunity 

due to BCG vaccination since the level and intensity of environmental exposure to 

tuberculosis are also important factors. Tuberculosis incidence is less than 1/100.000 in 

Norway where the mean PPD response is 4.8mm (23,24). Yılmaz et al. determined the mean 

PPD response as 6.8±5.6mm in the atopic group and as 7.4±5.9mm in the nonatopic group 

(18). While these values were determined in our study as 8.12 ± 6.05mm and 14.59 ± 6.58 

mm respectively. It was put forth during the study carried out in Japan in which a correlation 
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was determined between atopy and exposure to tuberculosis that incidence was high 

(52.1/100.000) in 1994 (25,26). It was determined in another study supporting this finding 

that atopy indicators are lower in patients with active tuberculosis compared to those with 

inactive tuberculosis (27).  

Yii et al. carried out a study examining the impact of gender on the correlation between 

exposure to tuberculosis and atopy in which it was determined that the prevalence of asthma 

and other allergic diseases decrease during the later stages in the lives of women who had 

tuberculosis infection when aged 16 and below; however, the same correlation could not be 

observed for men (28). We also determined a converse relationship between atopy and PPD 

response in women, however could not determine a statistically significant relationship in 

men. The gender difference with regard to the natural course of asthma and allergy may 

partially explain this finding. While asthma and allergic rhinitis are observed more frequently 

in men before school age, the converse is true afterwards. The early onset in men results in 

the early domination of Th2 type immune response and greater resistance against the 

immunomodulation that may develop in later years (29). This can also be explained by the 

mechanical characteristics of boys. The diameter of the airway is narrower in men before 

puberty, airway tonus is greater and IgE is higher. However, asthma prevalence becomes 

equal for both girls and boys following the change in the pulmonary structure of boys during 

puberty (30).  

A statistically significant converse relationship was determined between asthma prevalence 

and tuberculosis ratios during a multicentric study; however, a relationship could not be 

determined between rhinitis and atopic eczema and tuberculosis (31). Marks et al. determined 

among cases with rhinitis and eczema in the family anamnesis that asthma prevalence is 

lower for those with BCG vaccination in comparison with those who have not been 

vaccinated. It was reported as a result of the study that the intervention to the immune system 

by way of external factors (BCG vaccination) during the newborn period affects asthma 

development in later periods but that the impact is most likely modified via genetic factors 

(32). These findings lead us to think that tuberculosis is related more with asthma 

development rather than atopy. Our study included atopic asthma patients but the cases were 

not evaluated after being classified into subgroups based on their different atopic 

characteristics (skin, nasal and ocular). The relationship between exposure to tuberculosis and 

atopy develops after exposure to tuberculosis that leads to a certain PPD value. Based on our 

findings, atopy prevalence decreases most likely at PPD values of >10mm but a boundary 

value has still not been determined. Even though it has been reported as a result of some 

experiments on animals that allergic sensitivity decreases following BCG vaccination, the 
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dose used is not known exactly (33). Studies on humans put forth that BCG vaccination does 

not provide sufficient immune modulation by itself (34).  

A study carried out by David Strachan in 1989 on the increase in the prevalence of asthma 

and other allergic diseases attracted significant attention. According to Strachan, “the fact that 

the size of families have gradually decreased during the last century, that domestic comfort 

has increased along with personal hygiene standards resulted in the decrease of cross 

infections among the younger family members. This may be the reason for the increased 

prevalence of atopic diseases”. Even though it is not the only explanation for the increase in 

allergic diseases, the hygiene theory has been supported by many epidemiologic and 

experimental studies. Atopy, eczema, allergic rhinitis and asthma are observed less frequently 

among individuals living in non-hygienic and crowded families. The essence of the hygiene 

hypothesis is as such; the individual is born with a Th-2 type cellular profile during the early 

childhood period. The microorganisms that the baby naturally comes into contact with in the 

coming months transform the Th-2 type cytokine profile of the baby to Th-1 thus resulting in 

normal immune system maturation. However, if the child does not encounter these 

microorganisms in a highly hygienic environment, this cellular transformation will not take 

place, Th-2 type domination will take place leaving the child open to atopy and asthma 

development (35).  

CONCLUSION 

The relationship that we determined between atopy and exposure to tuberculosis cannot be 

explained solely by BCG vaccination. Genetic characteristics, intensity and severity of the 

environmental exposure to tuberculosis are probably among significant factors. The impact of 

BCG vaccination can be measured more accurately by eliminating or at least reducing the 

impact of these factors. If the BCG doses at which atopy prevalence can be reduced are 

determined, immunomodulation at an early period can be attained thus protecting the children 

against such diseases especially in families that are considered as risky with regard to atopy. 

In addition, we are of the opinion that hormone studies for evaluating gender difference 

which was determined to have an impact on the relationship between atopy and exposure to 

tuberculosis may also shed light on this issue.  
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