	Celiac disease: Fundamentals for pediatricians 
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	Prompt diagnosis and treatment of what was once considered a rare disorder of early childhood can eliminate symptoms and prevent long-term problems, such as osteoporosis and intestinal cancer.
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Figure 1. How Celiac Disease Affects The Small Intestine 

Our understanding of celiac disease (CD) has undergone significant change in the last four decades. Once considered primarily a disease of early childhood, CD is now recognized to be a permanent (lifelong) sensitivity to gluten in wheat and related proteins found in barley and rye. It occurs in genetically susceptible persons who ingest these proteins and is manifest as an immune-mediated enteropathy defined by characteristic changes seen on intestinal histology (Figure 1).1 CD is much more common than once recognized, and the clinical manifestations are highly variable, as is the age of onset of symptoms. 
This review discusses the epidemiology, clinical manifestations, diagnosis, and treatment of CD, emphasizing clinical recognition of children who may have CD and use of appropriate serologic tests to identify those who should be referred for definitive diagnosis and treatment. We encourage the reader to review the "Guideline for the diagnosis and treatment of celiac disease in children" developed by the North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition.1 This clinical practice guideline can be viewed at www.naspghan.org or www.celiachealth.org. 
How common is CD? 
In the last two decades, studies in many European countries have demonstrated that CD occurs in about one in 100 to one in 200 of the general population.1-3 Until recently, no good epidemiologic data existed for the United States, and the condition was considered rare in this country. Accumulating information now contradicts this belief. A recent large epidemiologic study estimates the prevalence to be one in 133 of the general US population.4 If correct, these data show a prevalence similar to that of European nations, which could mean that two or three million people in this country are affected. In an average pediatric practice with 1,500 patients, between five and 20 children likely have CD—either diagnosed or undiagnosed.1 The number of confirmed cases of CD in the US is only in the tens of thousands, suggesting that many cases remain undiagnosed. Pediatricians need to have a high index of suspicion for CD, recognize the marked variability in its clinical manifestations, and be knowledgeable about the necessary diagnostic tests. 
What are the clinical manifestations? 



Table 1. Gastrointestinal Manifestations Of Celiac Disease 

Although CD was recognized as early as 250 AD, the condition was first well described in childhood by Samuel Gee in 1881. By the early 1920s, a dietary cause was suspected, but it was not until 1952 that wheat was finally confirmed to be the "toxic" factor leading to structural intestinal damage. 



Table 2. Non-Gi Manifestations Of Cd 

Because CD damages the mucosa of the small intestine, symptoms are often gastrointestinal (Table 1). However, CD is now known to be a multisystem disorder, and many patients first come to medical attention with a variety of signs and symptoms not related to the gastrointestinal tract (Table 2).5 Also, a strong association exists between CD and a number of other conditions, both autoimmune and nonautoimmune (Table 3).5 Because patients with these conditions are at increased risk of CD, consider screening tests for those who have an associated condition. Such patients may remain asymptomatic or have only minor CD-related symptoms for many years, even though they exhibit characteristic histologic changes on biopsy of the small intestine. 



Table 3. Conditions Associated With Cd 

Gastrointestinal manifestations. In what is sometimes referred to as classic CD, gastrointestinal symptoms predominate, typically beginning between 6 months and 2 years of age, after the introduction of gluten into the diet. Onset is usually insidious and characterized by diarrhea or even frank steatorrhea accompanied by poor weight gain or weight loss, progressive abdominal distension, and muscle wasting, typically involving the buttocks and proximal limb muscles. The child becomes anorexic, fussy, and listless. In rare cases, acute severe diarrhea and dehydration can rapidly lead to electrolyte imbalance and shock, in what is known as a "celiac crisis." 
Although primary care physicians usually recognize the classic presentation of CD, it occurs in only a small percentage of children. More often, gastrointestinal manifestations appear later in life, with onset any time from childhood to adulthood. Symptoms vary, occur singly or in combination, and may be mild or intermittent initially. Because the symptoms can have many other causes, diagnosis may be delayed. 
Nongastrointestinal manifestations of CD are sometimes referred to as atypical CD. This is a misnomer: Nongastrointestinal symptoms are present initially in approximately 50% of all newly diagnosed cases. Almost any system in the body can be involved; symptoms may occur alone or in any combination. Some symptoms are particularly relevant to children. 
Isolated short stature caused by CD is seen in as many as 10% of children referred for evaluation of growth failure.6 Early diagnosis and treatment usually result in significant catch-up growth in a prepubertal child. 
Dental enamel hypoplasia with symmetrical, four-quadrant involvement of the secondary dentition is a characteristic feature of CD. It is often the first manifestation recognized by dentists in Europe and is reported to occur in as many as 30% of patients with untreated CD.7 
Delayed puberty may be a presenting feature. Infertility or recurrent spontaneous abortions may occur in females of childbearing age. 
Anemia, particularly iron-deficiency anemia that responds poorly to oral iron therapy, is well described as a presenting manifestation of CD in adults.1 Although many children with CD are anemic when they are given the diagnosis of CD, the percentage in whom anemia is the presenting feature remains unknown. CD may also cause megaloblastic anemia because of malabsorption of vitamin B2 and folate. Other clinical manifestations caused by malabsorption of nutrients include osteopenia or rickets (calcium and vitamin D deficiency) and stomatitis (vitamin A deficiency). 
Dermatitis herpetiformis (DH) is a skin manifestation of CD characterized by intense pruritus and erythematous blisters on the face, elbows, back, buttocks, and knees.1,7 Between 5% and 10% of adult patients with CD present with DH, which may be misdiagnosed initially as psoriasis. Although DH is less common in children than adults, it has been described in the pediatric age group. 
What conditions are associated with CD? 
It remains unclear why a number of autoimmune and nonautoimmune conditions are strongly associated with CD.1,7 No hard evidence of a causal connection exists. Patients with these conditions are at increased risk of CD and should have screening tests even if they are asymptomatic. 
Most notable among the associated autoimmune disorders is type 1 diabetes. Studies show that 4% to 8% of insulin-dependent diabetics also have CD. Nonautoimmune disorders associated with CD include Down syndrome (as many as 12% of patients with the syndrome also have CD), Turner syndrome, and Williams syndrome. Selective IgA deficiency is strongly associated with CD, occurring in one in 50 people with CD compared with one in 500 people in the general population. 
First-degree relatives of a patient with confirmed CD are also at increased risk; the condition occurs in 5% to 10% of immediate family members. As with other associated conditions, most family members are either asymptomatic or have relatively minor symptoms at diagnosis. 
How is CD diagnosed? 
Biopsy of the small intestine for histologic examination remains the only way to make a definitive diagnosis of CD. Serologic tests may be used as supportive evidence or for screening purposes, as discussed later. The original diagnostic protocol called for a series of three biopsies: the first, at presentation, to demonstrate the characteristic histologic features; the second, after one year on a gluten-free diet (GFD), to demonstrate resolution; and the third, following reintroduction of gluten into the diet, to demonstrate recurrence of mucosal damage. 
A review of approximately 3,800 children who had undergone the three-biopsy protocol led to the realization that it is unnecessary in most cases. Diagnosis is now considered confirmed when characteristic mucosal changes on small intestine histologic analysis are observed in a symptomatic child who subsequently demonstrates complete resolution of symptoms on a strict GFD.1 The original three-biopsy protocol is reserved for the few cases in which the diagnosis is in doubt. 
It is essential to establish the diagnosis of CD with biopsy before starting treatment because treatment mandates that the patient adhere to a strict GFD for life. The GFD is healthy and essentially free of harmful effects, but it is not easy to follow and, initially, requires a lot of patient and parent education. It also involves added expense for the family and can have an impact on the child's and family's quality of life. 
Failure to definitively diagnose CD and treat it, on the other hand, has potential long-term adverse health implications. Many asymptomatic children with CD identified by screening tests show growth stunting and biochemical evidence of nutritional deficiency.8,9 Others have decreased bone mineralization beginning at a young age.1 With early diagnosis and treatment, catch-up growth occurs, normal growth potential can be achieved, and bone mineralization in children is completely restored.1 If CD is not diagnosed until adulthood, however, treatment may improve bone mineralization but usually does not return it to normal, leaving patients at increased risk of fracture. Untreated CD is also associated with a greater risk of malignancy—in particular, small intestine lymphoma in adults.10 After five years on a strict GFD, a patient's risk reverts to that of the general population. 
What serologic tests are available? 



Table 4. Sensitivity And Specificity Of Serologic Tests For Cd 

Serologic tests for CD were introduced in the 1970s. They have since undergone considerable refinement, and newer tests are much more reliable. Table 4 lists available tests and their sensitivity and specificity. The antigliadin tests (AGA) are available as both an IgG (AGAIgG) and an IgA (AGAIgA) antibody, whereas the reticulin, endomysial (EMA), and tissue transglutaminase (TTG) tests are based on an IgA antibody only. 
The sensitivity and specificity of the AGA tests vary markedly and are generally much lower than those of the EMA and TTG.11 For this reason, AGA tests are no longer recommended for routine screening to identify children who require referral for biopsy. Both the EMA and TTG tests have a sensitivity and a specificity that generally exceed 95% and are considered good screening tests. 
The EMA test is based on an immunofluorescent technique and is, therefore, usually more expensive than the TTG test. Because its interpretation is operator-dependent, it is also more prone to false-positive and false-negative results than the TTG test, unless performed by an experienced technologist. The TTG test is usually ELISA-based and nonoperator-dependent. It has become the test of choice for evaluating both symptomatic children and asymptomatic patients belonging to a group at increased risk of CD. 
There is no evidence that a panel of tests that includes the AGA, EMA, and TTG is more effective than a single EMA or TTG test. One possible exception is a child younger than 2 years, because EMA and TTG tests may be less reliable in this age group. A combination of tests, including the AGAIgG, AGAIgA, and TTG, may therefore be preferable. In all other cases, ordering a single TTG or EMA test represents a significant cost savings. 
Because both the EMA and TTG tests are IgA-based, they are of no use in identifying a child with CD who also has selective IgA deficiency. In such a child, the tests will yield a false-negative result. When ordering one of these tests, determine the child's serum IgA level. If it is normal, a negative TTG or EMA indicates that the child is unlikely to have CD. If the child is IgA-deficient, however, a negative TTG or EMA does not exclude CD, and the child should be referred to a pediatric gastroenterologist for consideration of alternative diagnostic strategies. Adding a serum IgA level to the TTG or EMA test request adds relatively little to the overall cost of screening. 
No serologic test is 100% accurate. A child with a strong likelihood of CD based on clinical symptoms should be referred for biopsy even when serologic tests are negative. 
Who should be tested? 
To avoid delays in diagnosing CD, you need to adopt a strategy of active case finding. This requires knowledge of the protean manifestations of CD, a high index of clinical suspicion for the condition, and a willingness to use serologic tests liberally when appropriate. 



Figure 2. Diagnosing Cd In The Symptomatic Child 

Figure 2 outlines a diagnostic approach to the child who has symptoms compatible with CD. Consider the disease early in the differential diagnosis of the child with "classic" gastrointestinal symptoms—persistent diarrhea with poor weight gain, weight loss, or failure to thrive—and perform serologic tests as part of the initial diagnostic work-up. For children with other persistent gastrointestinal symptoms listed in Table 1 and children with atypical or nongastrointestinal symptoms listed in Table 2, include CD in the differential diagnosis and perform serologic tests if no other cause for the symptoms is apparent. 



Figure 3. Diagnosing Cd In The Asymptomatic At-Risk Child 

Figure 3 presents a diagnostic algorithm for the asymptomatic child who is at risk of CD because of an associated condition. All such children should undergo serologic testing. Those with an associated autoimmune disorder, such as type 1 diabetes, should be tested shortly after the disorder is diagnosed. Children with a nonautoimmune condition, such as Down syndrome, or with a first-degree relative with CD should be tested beginning after 3 years of age—provided they have been on a regular gluten-containing diet for at least one year.1 
An initial negative serologic test means that there is little likelihood that the child has CD at that time. However, studies of children with type 1 diabetes, Down syndrome, or a relative with confirmed CD have demonstrated that some of these children whose initial serologic tests are negative develop positive antibodies upon repeat testing.1 A negative serologic test in an at-risk child does not, therefore, exclude the possibility of developing CD later in life. For this reason, additional strategies, including interval testing or human leukocyte antigen (HLA) typing, must be considered for these children. Such testing is best planned in consultation with a pediatric gastroenterologist. 
Any child with a positive serologic test for CD should be referred to a pediatric gastroenterologist for definitive diagnosis by small intestinal biopsy before you start him (her) on a GFD. As noted, the final diagnosis depends on finding the characteristic histologic features of CD in the intestinal mucosa and should not be made on the basis of a positive serologic test alone. 
How do you treat CD? 
The only treatment for CD is a strict GFD for life.1,12,13 The GFD excludes all products that contain proteins derived from wheat, rye, and barley. Oats were once believed to contribute to CD, but we now know that pure oats do not cause the condition; problems with oats arise from the fact that they are often contaminated with wheat flour during harvesting and milling. For this reason, it is probably advisable to continue excluding oats unless the producer can guarantee their purity. 
Strict exclusion of gluten and related products from the diet will result in complete resolution of symptoms and restore normal small intestinal villous architecture over weeks or months. Reintroduction of these products into the diet at any stage will cause the mucosal damage to recur. Damage may precede onset of overt symptoms by years, leading to a false sense of security on the part of the patient. 
Following a strict GFD is much easier said than done. Gluten from wheat and related proteins from barley and rye are found in many commercial food products, and their presence is not always apparent. Because wheat is one of the largest sources of starch in the diet of developed countries, patients have to be educated about safe alternative sources of starch, such as rice, corn, potato, amaranth, legumes, quinoa, and soy. 
Some people have great difficulty understanding which foods are safe and which are not because they know little about the origins of foods and manufacturing processes. Patients and families have to learn to read food labels carefully for key words that indicate the presence of potentially harmful products. These concepts are best explained as simply as possible by a dietitian who is familiar with CD and has a detailed understanding of the GFD. Most physicians do not have the knowledge to advise patients with CD about the dietary restrictions that are required for complete recovery. 
The American Dietetic Association has published evidenced-based guidelines for the GFD.14 Another good source of information for initial dietary management is the Web site www.celiachealth.org, produced by the Children's Digestive Health and Nutrition Foundation. We strongly recommend that you encourage patients in whom CD is newly diagnosed to join one of the many CD support groups that are listed on www.celiac.com. These groups not only provide emotional support to patients and families but also research product information issued by commercial companies and disseminate it to members regularly. 
What is the primary care pediatrician's role? 
Once the diagnosis of CD has been confirmed, the primary care physician, working with the pediatric gastroenterologist, plays a vital role in the ongoing care of the child and family.15 Early on, it is important to see the child often—at least once a month until symptoms resolve—to assess the clinical response to treatment, monitor growth, and, in some cases, check for biochemical markers of nutritional deficiency such as iron and folate. Once the child is asymptomatic, he can be seen at six months and annually thereafter. 
Reinforce the need to adhere to the GFD by educating the patient and parents about the potential adverse health consequences of not doing so. If the serologic test was positive before diagnosis, repeat the test after six months for monitoring purposes.1 If the child has remained strictly gluten free, the test is usually negative by six months after the start of treatment. Persistently positive serologic tests should raise suspicion of continued ingestion of gluten, intentional or unintentional. Once the child's symptoms have completely resolved, serologic tests have returned to normal, and the child and family feel comfortable with their knowledge of the GFD, you need to see the child but annually to monitor growth and well-being. 
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