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Abstract
AIM: To determine the prevalence of celiac disease in a 
group of volunteer blood donors at a blood bank in the 
city of Curitiba, Brazil through detection of the serum 
marker immunoglobulin A (IgA) antitransglutaminase an-
tibody.

METHODS: Blood samples collected from 2086 healthy 
subjects at the Paraná State Center for Hematology 
and Hemotherapy in Curitiba were submitted to ELISA 
testing for the IgA antitransglutaminase antibody. 
Positive samples received IgA antiendomysium antibody 
test through indirect immunofluorescence using human 
umbilical cord as substrate. Subsequently, patients who 
were positive on both tests underwent small bowel (distal 
duodenum) biopsy.

RESULTS: Six subjects, four males and two females, 
tested positive for the two serum markers. Five of the 
six were submitted to intestinal biopsy (one declined the 
procedure). Biopsy results revealed changes in the distal 
duodenum mucosa (three classified as Marsh Ⅲb lesions 
and two as Marsh Ⅱ lesions). Most donors diagnosed 
having celiac disease presented multiple symptoms 
(gastrointestinal tract complaints). One donor reported 
having a family history of celiac disease (in a niece).

CONCLUSION: Among apparently healthy blood donors, 

the prevalence of biopsy-confirmed celiac disease was 
approximately 1:417, similar to that seen in European 
countries.
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INTRODUCTION
Celiac disease (CD) is a chronic disease that affects 
genetically susceptible individuals and is characterized 
by permanent intolerance to gluten and other related 
proteins, causing nonspecific, characteristic lesions in the 
small bowel mucosa[1]. These lesions prevent nutrient 
absorption in the affected area. Treatment involves a strict 
gluten-free diet (elimination of  products containing wheat, 
barley, rye and probably oats). Clinical manifestations of  
CD are protean in nature and vary markedly with the age 
of  the patient, the duration and extent of  disease, and 
the presence of  extraintestinal pathologic conditions. In 
addition to the classical gastrointestinal form, a variety 
of  other clinical manifestations of  the disease have been 
described, including atypical and asymptomatic forms[2].
    Serologic tests developed over the past decades provide 
noninvasive tools for screening individuals at risk for the 
disease in both general and selected populations. However, 
for diagnosis of  CD, it is necessary to perform histological 
evaluation in order to confirm intestinal damage in 
individuals presenting positive exam results.
    Initially, the disease was considered a low-prevalence 
disorder and, consequently, diagnosis was based on clinical 
findings alone. Most prevalence studies of  the disease have 
been carried out in European countries and have evaluated 
the prevalence based on symptomatic cases. Therefore, 
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atypical and asymptomatic cases were frequently 
misdiagnosed. Currently, prevalence is higher due to the 
availability of  reliable, easily administered serologic tests 
of  high sensitivity and specificity.
    In CD patients, a wide variety of  clinical manifestations 
are seen, and the disease may be seen in conjunction with 
other diseases. Therefore, as well as being important tools 
for prevalence studies, serologic tests (performed prior 
to the mandatory intestinal biopsy used for diagnosis 
confirmation) have become important markers for the 
disease[3].
     Studies carried out in Europe, USA and Brazil in order 
to investigate the prevalence of  CD have shown that 
the prevalence of  the disease is considerably higher than 
previously presumed. Recent studies of  serum markers 
in blood donors have shown a prevalence of  1 to 250 in 
Sweden[4], 1 to 524 in Denmark[5], 1 to 333 in Holland[6], 
1 to 157 in Israel[7] and 1 to 250 in the USA[8]. The first 
Brazilian epidemiologic study using serum markers was 
published in 2000 and showed the prevalence of  CD to 
be 1 to 681 among blood donors in the national capital of  
Brasília[9].
    In order to get further insight into the prevalence of  
CD in Brazil and to evaluate the influence of  genetic 
and environmental predisposition, we chose the city of  
Curitiba (in the state of  Paraná). The city is located in the 
southern part of  Brazil, and its population is of  mostly 
European ancestry. Eating habits in Curitiba are similar to 
those seen in the countries of  origin, and the diet features 
a significant wheat component. We decided to evaluate 
the epidemiology of  CD in blood donors at a blood 
bank and to simultaneously analyze the ethnic profile of  
these donors. To that end, we used serum markers and 
conducted a genealogical study.

MATERIALS AND METHODS
Subjects
We analyzed 2086 serum samples collected from healthy 
donors at the Paraná State Center for Hematology and 
Hemotherapy in Curitiba from January to December 2001, 
regardless of  gender. Donor ages ranged from 20 to 62 
(mean, 33 years). The Ethics Committee of  the University 
of  São Paulo School of  Medicine Hospital das Clínicas 
and the Ethics Committee of  the Paraná State Center for 
Hematology and Hemotherapy approved the study. Donors 
gave written informed consent and answered a standardized 
questionnaire on demographics and health. No significant 
disease was diagnosed, and all serologic tests for human 
immunodeficiency virus (HIV), hepatitis B, hepatitis C, and 
alanine transaminase were normal. Serum samples were 
centrifuged and stored at -80℃ after serologic tests.

Methods
Serologic tests were performed in three University of  São 
Paulo School of  Medicine Medical Investigation Laboratories 
(LIM), LIM 06, LIM 07 and LIM 56. Samples positive 
for IgA antitissue transglutaminase (anti-tTG) by enzyme-
linked immunosorbent assay (ELISA) were submitted 
to an immunofluorescence test for IgA antiendomysium 

antibody (EMA) using human umbilical cord as substrate. 
Each patient positive for both IgA anti-tTG and IgA EMA 
underwent small bowel (distal duodenum) endoscopic 
biopsy in which four samples were collected. This is the 
classical procedure accepted by the European Society of  
Pediatric Gastroenterology and Nutrition (ESPGAN)[10] for 
confirmation of  a diagnosis of  CD.

Anti-tissue transglutaminase antibody test
Technique carried out in accordance with the method de-
scribed by Dieterich et al[11]: Microplates (96 wells; Corning, 
New York, NY, USA) were coated with 1 µg of  guinea pig 
liver tTG (T 5398; Sigma, St. Louis, MO, USA) per well 
(activity: 1.5-3 KU/g of  protein) in 100 µL Tris-HCl (50 
mmol/L); NaCl (150 mmol/L) and CaCl2 (5 mmol/L), pH 
7.5, and incubated at 37℃ for 2 h. The wells were exten-
sively rinsed in an Immunowash microplate washer (Bio-
Rad, Hercules, CA, USA) in Tris-HCl (50 mmol/L), NaCl 
(150 mmol/L), EDTA (10 mmol/L) and Tween 20 (1 
g/L), pH 7.4, and the microplates were incubated in wash-
ing buffer (100 µL/well) at 4℃ overnight. The microplate 
solution was aspirated; serum samples were diluted (1/100) 
in washing buffer, poured into the respective wells (100 
µL/well) and incubated for one hour at room temperature. 
After rinsing the plates (3 times), peroxidase-conjugated 
IgA-α antibody (A 0295, Sigma), diluted (1/1000) in wash-
ing buffer (100 µL/well), was added to the wells, which 
were then incubated at room temperature for one hour. 
Extensive rinsing eliminated unbound antibodies. The 
tetramethylbenzidine substrate (100 µL/well) promoted 
the color reaction. Microplates were placed in the dark 
for approximately 10 min, and subsequently blocked with 
0.5 mol/L H2SO4 (50 µL/well). Absorbance values were 
read at 450 nm using an ELISA reader (VERSAmax tun-
able microplate reader; Molecular Devices, Sunnyvale, CA, 
USA). After subtraction of  background values < 0.100, 
absorbance (A) readings were multiplied by the serum 
dilution in order to calculate the ELISA titers. With the in-
clusion of  two control serum samples in every test, intra-
assay variations (n = 22) and inter-assay variations (n = 24) 
were 8.68% and 8.38%, respectively. Statistical evaluation 
was carried out through receiver operator characteristic 
(ROC) curve analysis[12] using SPSS® software.

Antiendomysium antibody test
Immunofluorescence tests for antiendomysium antibodies 
were carried out using 2 µm cryosections of  human umbilical 
cord, which were incubated with patient serum prediluted 
(initial dilution = 1:5) in buffer (PBS and 1 g/L Tween 80, 
pH 7.2), in a humid chamber at 37℃ for 30 min. Slides 
were rinsed twice in PBS, pH 7.2, for 5 min. Samples were 
then incubated with fluorescein-conjugated anti-human IgA 
(Sigma) and diluted in dilution buffer (1:30). Subsequently, 
samples were rinsed twice with PBS and the slides were 
again incubated in humid chamber at 37℃ for 30 min. Later, 
samples were read under fluorescence microscopy. Samples 
were considered positive if  there was a hexagonal pattern 
of  fluorescence throughout the peritubular muscle layer of  
the human umbilical cord vessels, marking the extracellular 
connective tissue.



Histology
Samples were fixed with buffered formalin and stained with 
hematoxylin and eosin (H&E) for histological study. The 
following aspects were evaluated: (1) crypt/villus ratio; (2) 
crypt regeneration; (3) characteristics of  the inflammatory 
infiltrate in the section itself; (4) type of  atrophy. Two 
pathologists examined every slide for the standardization of  
the histological aspects, using the histological classification 
developed in 1992 by Marsh and modified in 1997 by Rostami 
et al[13-15]. This modified system establishes five lesion classes. 
In Marsh 0, there is normal architecture of  the mucosa and 
less than 40 intraepithelial lymphocytes per 100 enterocytes in 
the villus epithelium. Marsh I is defined as normal architecture 
of  the mucosa and more than 40 lymphocytes per 100 
enterocytes in the villus epithelium. Marsh Ⅱ involves crypt 
enlargement (hyperplasia), in which immature epithelial cells 
are produced in large numbers and there is an influx of  
lymphocytes and plasmocytes. Under this system Marsh Ⅲ 
has been reclassified and divided into three separate classes. In 
Marsh Ⅲa, there is partial villus atrophy combined with slight 
lymphocyte infiltration in epithelial cells and crypt hyperplasia. 
Marsh Ⅲb is marked by near total atrophy of  the villi (villi 
still recognizable), crypt hyperplasia in which immature 
epithelial cells are produced in greater proportions, and influx 
of  inflammatory cells. The final designation, Marsh Ⅲc, 
indicates total villus atrophy, hyperplasic crypts and infiltrative 
lesions[13-15].

RESULTS
Of the 2086 blood donors, 1437 (68.88%) were males and 
649 (31.12%) were females. Mean age was 33. There were 
1977 Whites (94.77%), 82 Blacks (3.93%), and 27 Asians 
(1.30%). There were 1179 who claimed European ancestry 
(56.52%). Ethnic data were obtained through a genealogical 
study of  the preceding three generations (Figure 1).
    We identified six donors (four males and two females) 
who were positive for both anti-tTG and EMA. Five of  
these were submitted to intestinal biopsy and one declined 
the procedure. The procedure revealed that, in the mucosa 
of  the small bowel (distal duodenum), three of  the subjects 
presented Marsh IIIb lesions and two presented Marsh II 
lesions. Most subjects diagnosed with CD reported various 
gastrointestinal symptoms. One subject reported a family 
history of  CD in a first-degree relative (a niece) (Table 1).
    The prevalence of  biopsy-confir med CD was 
approximately 1:417 among apparently healthy blood 

donors. When the cases were positive for antitransglu-
taminase antibody were confirmed through the use of  
another marker, antiendomysium antibody, the prevalence 
was 1:347.
    The sensitivity and specificity of  the anti-tTG test 
were 100% and 96%, respectively. The OD cutoff  value, 
established through analysis of  the ROC curve, was 0.238. 
The area of  the ROC curve was 0.999 ± 0.002.

DISCUSSION
In blood donors at a blood bank in Curitiba (Paraná), the 
prevalence of  CD was 1:347 when samples positive for IgA 
anti-tTG antibodies were tested for a second marker (IgA 
antiendomysium antibodies). When subjects positive for 
both serum markers underwent distal duodenum biopsy, the 
prevalence was 1:417. This high prevalence is similar to that 
seen in European countries. This is unsurprising since most 
of  the subjects in the study group were of  European descent: 
56.52% claimed European ancestry, and 37.78% were unaware 
of  their ancestry (Figure 1). We can assume that most of  the 
subjects of  unknown ancestry were also of  European descent 
since this ethnic group is predominant in Curitiba.
    Factors that influence the high prevalence of  CD are 
the genetic component (HLADQ2 and DQ8 haplotypes, 
which are strongly associated with CD and highly prevalent 
in the European population) and the consumption of  
grains containing gluten[2]. These two factors are present 

Table 1  Celiac disease diagnosed in apparently healthy blood donors

Age Gender Race Ancestry GI symptoms   Anti-tTG1 EMA1 Histology

26 F W Italian and Portuguese Diarrhea, distension, abdominal pain and flatulence 1025 1/1280 Marsh Ⅲb

26 F W Italian, Portuguese and German Pyrosis, obstipation, epigastric pain, flatulence, 
weakness and fatigue

  295 1/640 Marsh Ⅲb

42 M W Portuguese, German and Spanish Pyrosis, obstipation and flatulence     40 1/80 Marsh Ⅱ
46 M W Italian Pyrosis 2816 1/2560 Marsh Ⅱ
57 M W Italian and Portuguese Diarrhea 1540 1/640 Marsh Ⅲb
57 M W Italian Asymptomatic 1840 1/640 No biopsy

F: Female; M: Male; W: White; GI: Gastrointestinal; Anti-tTG: Antitissue transglutaminase; EMA: Antiendomysium antibody; 1Titers.

Figure 1  Blood donors by ancestry.
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in the city of  Curitiba, where, in recent decades, there 
has been an increase in the consumption of  wheat flour. 
This increase is related to the lifting of  sanctions on the 
importation of  special wheat grains. In addition, the 
consumption of  foods containing wheat has increased 
as a consequence of  economic plans that have created 
conditions which facilitate consumption among the 
population[17]. Currently, wheat consumption in the south 
of  Brazil, where Curitiba is located, is 61 kg/person per 
year-the highest in the country[17]. This corresponds to 
43.57% of  the consumption in Italy, which, according to 
the World Health Organization, is 140 kg/person per year.
    Another relevant and notable aspect is that, of  the six 
positive donors, five were of  Italian descent, most from the 
region of  Veneto (northern Italy). A study carried out in that 
region using serum marker screening showed a CD prevalence 
of  1:200[18].
    The CD prevalence observed in the present study was 
higher than the 1:681 prevalence found in a similar study 
involving blood donors at a blood bank in the city of  
Brasília[9]. This low prevalence could be attributed to low 
numbers of  individuals of  European descent, although the 
actual ethnic composition of  the Brasília population is not 
known. However, it is known that most of  the population 
of  the city migrated from the Central-West region of  Brazil, 
where individuals of  European ancestry are in the minority 
and the consumption of  wheat is lower (23 kg/person per 
year)[17].
    In the literature, the prevalence of  CD is higher in 
females when studies are based on cases with clinical 
evidence[19]. However, recent studies of  blood donors 
showed that, when the diagnosis is made through the use 
of  serum markers, this relationship is not maintained[7,8]. 
In our study, approximately one-third of  the participants 
were female, and we found the prevalence of  CD to be 
similar between males and females and proportionate to 
their respective representation in the study population (four 
males and two females tested positive).
    A prevalence study of  CD in a population composed 
of  the descendants of  European immigrants to New 
Zealand was conducted in the city of  Wellington[20]. 
The study was based on clinical findings in children and 
adults and showed that prevalences of  the disease in 
children and adults were lower and the same as those 
seen in the respective European cities of  origin. The 
authors attributed the lower prevalence in children to 
underdiagnosis. Although the population under study 
presented the same ancestry and possibly the same eating 
habits, the authors evaluated only “the tip of  the celiac 
iceberg”. In the present study, which was conducted 
in a region of  high wheat consumption and included a 
genealogical search and the use of  serum markers, we 
evaluated “the rest of  the iceberg”. Our results show that, 
when ethnic and environmental factors are constant, the 
prevalence of  the disease remains stable, even if  members 
of  the population migrate to other areas. A recent study[21], 
conducted in Argentina, using serum markers to evaluate 
a population of  European descent in an area with 85 
kg/person per year of  wheat consumption, showed a CD 
prevalence of  1:167, reinforcing our hypothesis.

    In the present study, we found a prevalence of  CD of  
1:417 among apparently healthy blood donors. Our results 
demonstrate that the high prevalence of  CD in the city of  
Curitiba is comparable to that seen in European countries. 
This finding supports the hypothesis that the prevalence 
of  the disease remains stable if  predisposing genetic and 
environmental conditions are maintained.
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