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Abstract 

Background: Soil-transmitted helminth (STH) infections have been suggested to 

protect from allergic sensitization and atopic diseases. Consequently, anthelminthic 

treatment would increase the prevalence of atopic disease in STH endemic populations.  

Objective: To investigate the effect of deworming on allergic sensitization and atopic 

diseases in Cuban schoolchildren.  

Methods: We followed up 108 STH positive schoolchildren aged 5-13 in six-monthly 

intervals for 24 months. Four consecutive groups of, respectively, 104, 56, 68, and 53 

STH positive children were used as ‘untreated’ reference groups to assess general time 

trends. STH infections were diagnosed by stool examination. Asthma, allergic 

rhinoconjunctivitis, and atopic dermatitis were diagnosed by International Study of 

Asthma and Allergies in Childhood (ISAAC) questionnaire and allergic sensitization by 

skin prick testing (SPT). At each time point, STH positive children were treated with 

one single dose of 500 mg mebendazole.  

Results: After deworming, the frequency of asthma significantly decreased (P<0.001) 

while the frequency of allergic rhinoconjunctivitis and atopic dermatitis was not 

affected (P=0.129 and P=0.751, respectively). The percentage of SPT positives 

temporarily increased (P<0.001) and subsequently returned to nearly baseline values 

(P=0.093). In the references groups, no change over time was observed in the 

proportion of children with allergic sensitization and atopic diseases (P>0.05). 

Conclusion & Clinical Relevance: Our results indicate that atopic diseases do not 

increase after anthelminthic treatment. Allergic sensitization on the other hand 

increases after deworming. As this increase appears only temporarily, deworming of 

schoolchildren does not seem to be a risk factor for the development of allergic 

sensitization, nor for atopic diseases.  
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Introduction 

Atopic diseases and soil-transmitted helminth (STH) infections are two important 

childhood health problems world-wide (1, 2). The observation that atopic diseases are 

very common and STH infections relatively uncommon in affluent and urbanized 

populations while the opposite is true in populations of developing countries and rural 

areas (2-4), has led to the speculation that the two phenomena may be inversely 

associated (4). The idea is part of a broader hypothesis suggesting that exposure to 

infections in early childhood reduces the risk of developing allergies, the so-called 

‘hygiene hypothesis’ (5, 6). However, the relationship between atopic diseases and STH 

infection remains uncertain and controversial (7, 8). Yet if the hypothesis is true, 

periodic anthelminthic treatment, as has been endorsed by the WHO (9), may increase 

the prevalence of atopic disease in STH endemic populations. 

So far, most studies on the relationship between STH infection and atopic diseases have 

been cross-sectional, and do not allow making strong temporal associations. 

Prospective intervention studies are more suitable to examine a causal association 

between STH infections and atopic diseases (10). With the latter approach only few 

studies have been performed and results vary. Anthelminthic treatment was shown to 

increase (11-14), decrease (15) or have no effect (13, 14, 16) on allergic sensitization 

and atopic diseases.  

Here, we further investigate the apparent complex interactions of STH infections and 

anthelminthic treatment with atopic diseases and allergic sensitization. In a two-year 

follow up study in schoolchildren from Cuba, where helminth infections and asthma are 

prevalent, we determined the effects of anthelminthic treatment on allergic 

sensitization, asthma, allergic rhinoconjunctivitis, and atopic dermatitis.  

 

Methods 

Study design and population 

A longitudinal study was performed between December 2003 and December 2005 in 

primary schoolchildren in San Juan y Martínez (SJM), a municipality in the west of Cuba 

with relatively high STH prevalences (17). From five randomly selected primary 

schools (Nchildren=398) (18), all STH positive children (N=108) were included in the 

study (measurement P0). This cohort was treated and followed up at six-monthly 

intervals for 24 months (measurements P1-P4). For ethical reasons inclusion of an STH 

positive control cohort without treatment was not possible. Alternatively, four 

consecutive groups of STH positive children from randomly selected primary schools 
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in the same municipality were used as reference groups to assess ‘general time trends’ 

in STH infection, allergic sensitization, and atopic diseases (Np1 after 6 months=104, Np2 after 

12 months=56, Np3 after 18 months=68, Np4 after 24 months=53). The study outline is shown in Figure 

1. 

 

Figure 1. Outline of study 

 

Informed written consent was obtained from the parents or guardians of each 

participating child. The study was approved by the Ethical Committees of the Institute 

of Tropical Medicine (ITM) in Antwerp, Belgium, the National Institute for Hygiene, 

Epidemiology and Microbiology (INHEM) and the Pedro Kourí Institute (IPK) of 

Tropical Medicine in Havana, Cuba. 
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Infection and treatment 

From each child one fresh stool sample was collected and used for one direct smear  

and two 25 mg Kato Katz examinations (19, 20). Infection with STHs, i.e.  

Ascaris lumbricoides, Trichuris trichiura, and hookworm, was defined as the presence  

of species-specific eggs detected by either of the two methods. At each measurement 

period STH positive children received under supervision of a doctor or nurse one  

single dose of mebendazole (500 mg). Percentages of STH positive children having a 

light, moderate or heavy intensity infection were defined according to the WHO 

classification (21). 

 

Atopic diseases and allergic sensitization 

Atopic disease occurrence, i.e. asthma, allergic rhinoconjunctivitis, and atopic 

dermatitis, was determined by means of the standard Spanish version of the 

International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire (22), 

whereby a parent or guardian of each child was interviewed by a trained local team 

member. ISAAC definitions of atopic diseases were used: current asthma or wheeze, 

shortened to ‘asthma’ throughout the text, was defined as an affirmative answer to the 

second ISAAC core question on current wheeze (23); allergic rhinoconjunctivitis was 

defined as an affirmative answer to the second and third core questions of the ISAAC 

modules on rhinitis (24); and atopic dermatitis was defined as an affirmative answer to 

the second and third core questions of the ISAAC modules on eczema (25).  

Skin prick testing for allergic sensitization (atopy) was performed using extracts of 

seven allergens (Dermatophagoides pteronyssinus, D. farinae, cat dander, mixed tree, 

mixed grass, Alternaria alternata, and cockroach) produced by ALK (Nieuwegein, the 

Netherlands). Histamine (10 mg/mL) was used as a positive and allergen diluent as a 

negative control. The extracts and controls were placed on the volar side of the left 

forearm using separate ALK lancets. Skin response was measured after 15 minutes, 

considering a wheal of 3 mm or larger in the absence of significant reactivity to the 

diluent control as a positive reaction. Allergic sensitization was defined as a positive 

reaction to at least one of the seven applied allergens in the presence of a positive 

reaction to histamine. 
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Statistical analysis 

All statistical analyses were performed with SPSS Statistics 17.0 for Windows (SPSS Inc., 

Chicago, IL, USA) and a P-value of ≤0.05 was considered as statistically significant. 

Within the treatment cohort the time trends for STH infections, atopic diseases, and 

allergic sensitization after treatment were assessed by logistic Generalized Estimating 

Equations (GEE) analysis with an exchangeable correlation structure. Time trends 

within the reference groups were assessed using simple logistic regression.  

 

Results 

In total 108 children aged 5-13 years (mean: 8 years) were included in the treatment 

cohort; 61 boys (56.5%) and 47 girls (43.5%). Ninety percent (97/108) of the children 

still attended the study after two years. Losses of follow-up were mainly due to 

migration to another municipality.  

Deworming significantly reduced the prevalence of STH infections over 24 months. The 

percentage of infection decreased from 52.8% to 9.0% for A. lumbricoides (P<0.001), 

from 47.2% to 2.2% for T. trichiura (P <0.001), and from 25.9% to 13.5% for hookworm 

(P=0.002) (Figure 2). At all measurement points more than 94% had a low intensity 

infection for T. trichiura and hookworm and more than 63% for A. lumbricoides. 

 

 

Figure 2. Percentages (95% confidence interval) of children with A. lumbricoides (A),  

T. trichiura (B), and hookworm (C) in treatment cohort and untreated reference groups in  

San Juan y Martínez (Absolute numbers of children infected with A. lumbricoides/T. trichiura/ 

hookworm in the treatment cohort were 57/51/28 per 108 children at P0, 19/19/18 per 105 

children at P1, 14/5/10 per 82 children at P2, 25/7/8 per 85 children at P3, and 8/2/12 per 89 

children at P4; in the untreated reference groups these numbers were 55/57/13 per 104 children 

at P1, 36/20/4 per 56 children at P2, 46/31/3 per 68 children at P3, and 38/9/10 per 53 children 

at P4) 
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After deworming, a significant decrease over time was observed in the proportion of 

children with asthma (P<0.001), but not for allergic rhinoconjunctivitis and atopic 

dermatitis (P=0.129 and P=0.751, respectively) (Figure 3-5). For allergic sensitization 

a significant change over time (P<0.001) was observed after deworming. The 

percentage of skin prick test positives temporarily increased after the first and second 

treatment (P<0.001) and then gradually returned to nearly baseline level (P=0.093) 

(Figure 6).  

The four reference groups together comprised 281 children aged 4-13 (mean: 8 years) 

of which 143 boys (50.9%) and 138 girls (49.1%). In the reference groups the 

percentage of infection increased for A. lumbricoides (P=0.003), and decreased for T. 

trichiura (P=0.001) and hookworm (P=0.015) (Figure 2). At all measurement points 

more than 75% had a low intensity infection for T. trichiura and hookworm and more 

than 70% for A. lumbricoides. Prevalences of asthma, allergic rhinoconjunctivitis, atopic 

dermatitis, or allergic sensitization did not change over time in the untreated reference 

groups (P=0.123, P=0.931, P=0.468, and P=0.162, respectively) (Figure 3-6).  

Figure 3. Percentages (95% confidence 

interval) of children with asthma in treatment 

cohort and untreated reference groups of 

STH-positive children in San Juan y Martínez 

(Absolute numbers of children with asthma in 

the treatment cohort were 36/108 at P0, 

26/106 at P1, 18/95 at P2, 13/97 at P3, and 

17/84 at P4; in the untreated reference 

groups these numbers were 20/104 at P1, 

17/56 at P2, 14/68 at P3, and 11/53 at P4) 

Figure 4. Percentages (95% confidence 

interval) of children with allergic 

rhinoconjunctivitis in treatment cohort and 

untreated reference groups of STH-positive 

children in San Juan y Martínez (Absolute 

numbers of children with allergic 

rhinoconjunctivitis in the treatment cohort 

were 15/108 at P0, 10/106 at P1, 13/95 at P2, 

4/97 at P3, and 8/84 at P4; in the untreated 

reference groups these numbers were 10/104 

at P1, 7/56 at P2, 10/68 at P3, and 3/53 at P4) 
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Discussion 

Despite a body of suggestive observations, an inverse association between STH 

infections and atopic diseases has so far not been conclusively established (7, 8). 

Prospective intervention studies that could show whether STH infections, or 

anthelminthic treatment, promote or suppress allergic sensitization and atopic diseases 

are scarce and results vary between countries (11-16). The present study shows that in 

one population deworming promotes allergic sensitization, suppresses asthma and 

does not affect allergic rhinoconjunctivitis and atopic dermatitis. This indicates that 

contradictory results may not be due to country differences or methodological 

variations, but that different associations of anthelminthic treatment with allergic 

sensitization and atopic diseases can indeed coexist.  

Figure 5. Percentages (95% confidence 

interval) of children with atopic dermatitis in 

treatment cohort and untreated reference 

groups of STH-positive children in San Juan y 

Martínez (Absolute numbers of children with 

atopic dermatitis in the treatment cohort were 

8/108 at P0, 16/106 at P1, 7/95 at P2, 11/97 

at P3, and 9/84 at P4; in the untreated 

reference groups these numbers were 13/104 

at P1, 8/56 at P2, 9/68 at P3, and 5/53 at P4) 

Figure 6. Percentages (95% confidence 

interval) of skin prick test positive children in 

treatment cohort and untreated reference 

groups of STH-positive children in San Juan y 

Martínez (Absolute numbers of children with 

allergic sensitization in the treatment cohort 

were 11/108 at P0, 35/106 at P1, 35/95 at P2, 

20/97 at P3, and 14/84 at P4; in the untreated 

reference groups these numbers were 22/104 

at P1, 11/56 at P2, 13/68 at P3, and 11/53 at 

P4) 
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Some limitations exist with respect to the interpretation of the study findings. For 

ethical reasons, we could not include a ‘control cohort’ with untreated STH positive 

children. However, by using the alternative of four reference groups of STH positive 

children, which are each representative of the primary schoolchildren in the same 

municipality, we were able to assess general time trends in STH infection, allergic 

sensitization, and atopic disease. Nevertheless, we cannot totally exclude any 

independent effects over time in the treatment cohort. Our atopic disease data are 

based on the ISAAC questionnaire. Although this has become the standard diagnostic 

method in childhood epidemiology of atopic diseases world-wide, questionnaires have 

important inherent limitations which should be kept in mind when interpreting the 

data (22). Also, it cannot be excluded that the reported wheeze diagnosed by ISAAC 

questionnaire is due to parasite infection, e.g. Loeffler’s syndrome related to parasite 

larvae migrating through the lung, rather than asthma. 

Anthelminthic treatment led to significantly lower percentages of STH infections, with 

highest prevalence reduction rates for T. trichiura. Unexpectedly, we also found 

significant time trends in the reference groups, for which we do not have a 

straightforward explanation. Nevertheless, these time trends were clearly different 

from those in the treatment cohort, except for hookworm, where the decrease in the 

proportion of treated children was almost similar to that of the reference groups. This 

might be due to the fact that mebendazole is less effective against hookworm as recently 

shown in a meta-analysis (26).  

Deworming did not result in an increase of any of the atopic diseases. Asthma 

prevalences even significantly decreased over time, a trend which was not observed in 

the reference groups. Lynch et al. (15) also observed an improvement in clinical asthma 

after anthelminthic treatment, while others found that anthelminthic treatment had no 

effect on asthma (13, 14, 16). The latter studies also supported our findings regarding 

allergic rhinoconjunctivitis and/or atopic dermatitis. Overall, we can conclude that 

anthelminthic treatment does not seem to be a risk factor for the development of atopic 

diseases.  

In our study population, the prevalence of allergic sensitization increased 6-12 months 

after deworming, followed by a gradual decrease over time to nearly baseline level. This 

trend was not seen in the reference groups. A transient effect of deworming on allergic 

sensitization was also reported by Van den Biggelaar and colleagues in a 30-month 

follow-up study in Gabonese children (12). However, the use of different methodologies 

(e.g. incidence vs. prevalence) does not allow further detailed comparison.  
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The atopic prevalence peak that we observed after 6 and 12 months might be due to an 

early strong reaction of the immune system to the clearance of STH infections shortly 

after treatment (13), which may have been missed by others, who did not monitor 

effects before 12 months after treatment (11, 16). The subsequent gradual decrease in 

allergic sensitization over time as observed in our study might have been the 

consequence of repeated treatments. Repeated treatment and subsequent reinfection 

(i.e. repeated exposure to worm antigens) may have an effect similar to allergen 

immunotherapy (i.e. repeated exposure to small amounts of allergens) and thus have 

the ability to suppress the immune response against allergies, e.g. by inducing IL-10 

producing regulatory cells (12, 27, 28). This hypothesis merits further investigation.  

Endara et al. (14) observed more allergic sensitization in communities that had been 

treated for 15-17 years as compared to non-treated communities. Van den Biggelaar et 

al. (12) and Flohr et al. (13) observed an increase in skin sensitization after deworming 

after one year of follow-up. Lynch et al. (11) measured an increase of positive skin prick 

test prevalence at 22 months after treatment in Venezuelan children. Cooper et al. (16) 

on the other hand did not find any increase in atopic reactivity 12 months after 

treatment in Ecuador. Lau & Matricardi (10) therefore put forward that the study done 

by Cooper et al. (16) had been too short to record variations. However, their suggestion 

is not supported by our findings as we observed atopic prevalences in Cuban children 

to be significantly different from baseline levels at 6 and 12 months after treatment. We 

propose that the effect of deworming on allergic sensitization should not only be 

monitored longer but also at much shorter time intervals to allow recording of apparent 

early and transient variations.  

Intensity and chronicity of STH infections have been described to be important 

determinants of the effect of STH infection on atopic diseases and allergic sensitization, 

with high intensities and chronic infections protecting from allergic symptoms (10). 

Cooper et al. (16) did not find an effect of deworming on allergic sensitization or atopic 

diseases which was suggested to be due to the relatively low intensity and chronicity of 

STH infections in his study population as compared to others (10). However, in our 

study population STH intensities were much lower while we observed a significant 

increase in skin prick test reactivity after anthelminthic treatment. In addition, 

differences in intensity and chronicity could not explain the simultaneous decrease in 

asthma, as both results are based on data from the same study population.  
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So far, most prospective intervention studies on the association between anthelminthic 

treatment and atopic diseases have been performed in schoolchildren (11-14, 16). The 

effect of deworming in younger children, i.e. aged 0-5 years, is still largely unknown. 

Regarding a potential protective effect on allergic sensitization and atopic diseases, it is 

generally assumed that infections in early childhood are more important than those 

later in childhood (29). Therefore, the effect of deworming in pre-schoolchildren might 

be different from that in schoolchildren. Rodrigues et al. (30) showed that T. trichiura 

infection in early childhood was strongly associated with less allergic sensitization later 

in childhood. Consequently, deworming of pre-schoolchildren could lead to more 

allergic sensitization and atopic diseases later in childhood. Prospective interventions 

studies in pre-schoolchildren are needed to further investigate this important matter. 

In conclusion, our results indicate that atopic diseases do not increase and asthma 

might even decrease after treatment of STH infections. Allergic sensitization on the 

other hand increases after deworming. As this increase in skin prick test reactivity after 

anthelminthic treatment appears to be temporal, deworming of school-aged children 

does not seem to be a risk factor for the development of allergic sensitization, nor for 

atopic diseases.  

 

Acknowledgements  

We especially thank Lenina Menocal Heredia, Ana María Collado Madurga, Aniran Ruiz 

Espinosa, Raúl A. Cordovi Prado, Irais Atencio Millan, and Angel Escobedo for their 

valuable help during the study. We also thank Anita van den Biggelaar for her useful 

suggestion for the manuscript. Furthermore, we thank all children, parents, teachers, 

school staff, as well as the staff in the policlinics, the health authorities and all field 

workers in SJM who participated in this study. 

 



Chapter 3 

 

 

 

58

3 

References 

1. O'Connell EJ. The burden of atopy and asthma in children. Allergy 2004;59 (Suppl 78):7-11. 
2. Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, et al. Soil-transmitted 

helminth infections: ascariasis, trichuriasis, and hookworm. Lancet 2006;367:1521-1532. 
3. Nicolaou N, Siddique N, Custovic A. Allergic disease in urban and rural populations: 

increasing prevalence with increasing urbanization. Allergy 2005;60(11):1357-1360. 
4. Weiss ST. Parasites and asthma/allergy: what is the relationship? J Allergy Clin Immunol 

2000;105:205-210. 
5. Strachan DP. Hay fever, hygiene, and household size. BMJ 1989;299:1259-1260. 
6. Wills-Karp M, Santeliz J, Karp CL. The germless theory of allergic disease: revisiting the 

hygiene hypothesis. Nat Rev Immunol 2001;1(1):69-75. 
7. Palmer LJ, Celedon JC, Weiss ST, Wang B, Fang Z, Xu X. Ascaris lumbricoides infection is 

associated with increased risk of childhood asthma and atopy in rural China. Am J Respir Crit 

Care Med 2002;165(11):1489-1493. 
8. Schafer T, Meyer T, Ring J, Wichmann HE, Heinrich J. Worm infestation and the negative 

association with eczema (atopic/nonatopic) and allergic sensitization. Allergy 
2005;60(8):1014-1020. 

9. WHO. Deworming for health and development: report of the third global meeting of the 

partners for parasite control. Geneva: World Health Organization; 2005. 
10. Lau S, Matricardi PM. Worms, asthma, and the hygiene hypothesis. Lancet 2006;367:1556-

1558. 
11. Lynch NR, Hagel I, Perez M, Di Prisco MC, Lopez R, Alvarez N. Effect of anthelmintic treatment 

on the allergic reactivity of children in a tropical slum. J Allergy Clin Immunol 
1993;92(3):404-411. 

12. van den Biggelaar AH, Rodrigues LC, van Ree R, van der Zee JS, Hoeksma-Kruize YC, Souverijn 
JH, et al. Long-term treatment of intestinal helminths increases mite skin-test reactivity in 
Gabonese schoolchildren. J Infect Dis 2004;189(5):892-900. 

13. Flohr C, Tuyen LN, Quinnell RJ, Lewis S, Minh TT, Campbell J, et al. Reduced helminth burden 
increases allergen skin sensitization but not clinical allergy: a randomized, double-blind, 
placebo-controlled trial in Vietnam. Clin Exp Allergy 2010;40(1):131-142. 

14. Endara P, Vaca M, Chico ME, Erazo S, Oviedo G, Quinzo I, et al. Long-term periodic 
anthelmintic treatments are associated with increased allergen skin reactivity. Clin Exp 

Allergy 2010;40(11):1669-1677. 
15. Lynch NR, Palenque M, Hagel I, DiPrisco MC. Clinical improvement of asthma after 

anthelminthic treatment in a tropical situation. Am J Respir Crit Care Med 1997;156(1):50-
54. 

16. Cooper PJ, Chico ME, Vaca MG, Moncayo AL, Bland JM, Mafla E, et al. Effect of albendazole 
treatments on the prevalence of atopy in children living in communities endemic for 
geohelminth parasites: a cluster-randomised trial. Lancet 2006;367:1598-1603. 

17. Wördemann M, Polman K, Menocal Heredia LT, Junco Díaz R, Collado Madurga AM, Núñez 
Fernández FA, et al. Prevalence and risk factors of intestinal parasites in Cuban children. 
Trop Med Int Health 2006;11(12):1813-1820. 

18. Wördemann M, Polman K, Junco Díaz R, Menocal Heredia LT, Collado Madurga AM, Sague 
KA, et al. The challenge of diagnosing atopic diseases: outcomes in Cuban children depend 
on definition and methodology. Allergy 2006;61(9):1125-1131. 

19. Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-smear technique 
in Schistosomiasis mansoni. Rev Inst Med Trop Sao Paulo 1972;14(6):397-400. 

20. WHO. Basic laboratory methods in medical parasitology. Geneva: World Health Organization; 
1991. 

21. Montresor A, Crompton DW, Hall A, Bundy DAP, Savioli L. Guidelines for the evaluation of soil-

transmitted helminthiasis and schistosomiasis at community level. Geneva: World Health 
Organization; 1998. 



 Deworming no risk factor for atopic disease development 

 

 

 

59

3 

22. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. International Study of 
Asthma and Allergies in Childhood (ISAAC): rationale and methods. Eur Respir J 
1995;8(3):483-491. 

23. The International Study of Asthma and Allergies in Childhood (ISAAC) Steering Committee. 
Worldwide variation in prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and 
atopic eczema: ISAAC. Lancet 1998;351:1225-1232. 

24. Strachan D, Sibbald B, Weiland S, Ait-Khaled N, Anabwani G, Anderson HR, et al. Worldwide 
variations in prevalence of symptoms of allergic rhinoconjunctivitis in children: the 
International Study of Asthma and Allergies in Childhood (ISAAC). Pediatr Allergy Immunol 
1997;8(4):161-176. 

25. Williams H, Robertson C, Stewart A, Ait-Khaled N, Anabwani G, Anderson R, et al. Worldwide 
variations in the prevalence of symptoms of atopic eczema in the International Study of 
Asthma and Allergies in Childhood. J Allergy Clin Immunol 1999;103:125-138. 

26. Keiser J, Utzinger J. Efficacy of current drugs against soil-transmitted helminth infections: 
systematic review and meta-analysis. JAMA 2008;299(16):1937-1948. 

27. James LK, Durham SR. Update on mechanisms of allergen injection immunotherapy. Clin Exp 

Allergy 2008;38(7):1074-1088. 
28. Akkoc T, Akdis M, Akdis CA. Update in the mechanisms of allergen-specific immunotheraphy. 

Allergy Asthma Immunol Res 2011;3(1):11-20. 
29. Cooper PJ, Barreto ML, Rodrigues LC. Human allergy and geohelminth infections: a review of 

the literature and a proposed conceptual model to guide the investigation of possible causal 
associations. Br Med Bull 2006;79-80:203-218. 

30. Rodrigues LC, Newcombe PJ, Cunha SS, Alcantara-Neves NM, Genser B, Cruz AA, et al. Early 
infection with Trichuris trichiura and allergen skin test reactivity in later childhood. Clin Exp 

Allergy 2008;38(11):1769-1777. 
 

 

 


