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Lenuakus, ajuieprua K nieHuue, HelueNMaKunHas Updates
YYBCTBUTEJIbHOCTb K MNIIOTEHY: aKTyaJibHble

BOMPOCHI NaToreHesa U AUArHoCTUKM
rMoTeéHaccouMUpoBaHHbIX 3aboneBaHuu

t0.A. KamuHapckas
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AHHOTALUNA

TpamuumoHHo noTpebneHne NLWEHULBI U OPYrUX FIOTEHCOAEPMKALUMX KPYN ABNISAIETCA BAXKHOW YacTbio AMETbl HOMbLUMH-
cTBa Nofen Bo BCEM Mupe. OfHaKO LUMPOKOe pacrmpocTpaHeHue NTEHCOAepKaLlyMX NPOAYKTOB MPUBENO K YBEAMYEHUIO
C/yyaeB NOBOYHBIX peaKumii, CBA3aHHbIX C UX NOTpebneHneM, — LieNMaKuK, anneprum Ha MLeHuLy, a Takke pacnpocTpa-
HEHHOM B NOCNEAHUE roAbl HeLeNMaKUAHOW YyBCTBUTENBHOCTM K TIIHOTEHY.

[MioTeHaccoummpoBaHHble 3aboneBaHns 0671aal0T BO MHOTOM CXOXUMU KITMHUYECKUMM NPosiBNEeHMAMM (Bonb B UBOTE,
B3[yTWe, Avapes, TOLIHOTA, pBOTa), MPX 3TOM NATOreHeTUYECKUE MEXaHW3Mbl, JieXaluue B OCHOBE LieNIMaKWUM U anneprum
Ha MLEHMLLY, [OCTaTOYHO XOPOLUO M3yYeHbl (B 000MX Cryyasx BO3HUKAET UMMYHHBIA OTBET NpW YNoTpebneHun benKos nie-
HWLbI), U paspaboTaHbl 3dEKTUBHbIE METOLLI UX JieYeHUs. B TO e BpeMA HelenmakuiiHas YyBCTBUTENIBHOCTb K TIHOTEHY
ABNSETCA NpeaMeTOM AUCKYCCUIA, HET MOJIHOTO MOHMMaHUS MPOLLeCCOB, NeXaLLMX B OCHOBe 3T0ro 3aboneBaHus, 1, COOTBET-
CTBEHHO, e[JHOr0 MOAX0A K AUArHOCTUKE W NieyeHnto. Ha cerogHsALWHUA AeHb HeLeNMaKuinHas YyBCTBUTENbHOCTb K FIHOTEHY
ABNSAETCS LMArHo30M UCKIIOYEHWS, KOTOPbII YCTaHaBMMBAETCS MPU OTCYTCTBUW MapKepoB LieIMaKuM UM annepriv Ha riue-
HULY 1 YNYYLLEHWUM CaMOYyBCTBUSA Ha GoHe 6e3rniTeHOBON AMETHI.

BesrnioTeHoBas oueTa sBnseTca Haubonee 3hHEKTUBHBIM METOLOM JIEYEHUS TTIIOTEHACCOLMMPOBAaHHBIX 3aboneBaHui,
HO, KaK 1 Nilobble CTporue orpaHUyeHns B NUTaHWM, NOJHBIA 0TKa3 0T NOTPebNeHMs rlTeHa MOXET NPUBOAMTL K CHUKEHUIO
MOCTYNAEHUS TaKWUX BaXKHbIX NUTaTeNbHbIX BELLECTB, KaK MULLEBble BOOKHA, HENIOK, MUKPOHYTpUeHTLl. B nocnepgHve rogp
MHOTVe JI0AM, He KOHCYNbTUPYACh C BPayoM, CaMM yCTaHaBNMBAloT cebe AnarHo3 HeLenmakuitHoM YyBCTBUTENbHOCTY K [IT0-
TEHY W 0TKa3bIBaTCA OT ero noTpebneHns no cobcTBEHHOMY XeNaHWH, YTO CBA3aAHO C PacnpoCTpPaHEHHBIM, HO He 060CHO-
BaHHbIM Hay4HO NPeAnoioXeHNeM 0 TOKCUYHOCTM FIH0TeHa NS YesoBeKa.

CornacHo CyLlecTBYIOLWMM PEKOMEHAALMAM, TONbKO MOATBEPKAEHHBIA OMArHO3 LEMaKUM W anieprm Ha MLeHuLy
ABNISETCA OCHOBaHWEM Ans cobofeHNa CTporoii 6e3rnoTeHOBON AMETHI.

0630p NOCBALLEH COBPEMEHHOW KOHLENLUMN MMMYHONOMMYECKMX peakLmid, fieXallmx B 0CHOBE MHTEHACCOLMMPOBAHHbIX
3aboneBaHuiA, U NpejnosaraeMblx NepPCreKTUB B pa3BUTUM METOLOB JIEUEHUS.
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Celiac disease, wheat allergy, and nonceliac sensitivity
to gluten: topical issues of the pathogenesis
and diagnosis of gluten-associated diseases

Yuliya A. Kaminarskaya

Chaika Healht, Moscow, Russian Federation

ABSTRACT

Historically, wheat and other gluten-containing grains have been an essential part of the diet of many people worldwide.
However, the widespread use of gluten-containing products has led to an increased incidence of adverse reactions associated
with their consumption, such as celiac disease and wheat allergy, as well as nonceliac gluten sensitivity, which has become
common in recent years.

Gluten-associated diseases have similar clinical manifestations (abdominal pain, bloating, diarrhea, nausea, and vomiting).
The pathogenetic mechanisms underlying celiac disease and wheat allergy are quite well understood; in both cases, an immune
response occurs when wheat proteins are consumed, both with effective treatment. Nonceliac gluten sensitivity is the subject
of discussion; however, the processes underlying this disease are not fully understood; thus, its diagnosis and treatment have
no unified approach. To date, nonceliac gluten sensitivity is a diagnosis of exclusion, which is established in the absence of
markers of celiac disease or wheat allergy and improved following a gluten-free diet.

Agluten-free dietis the most effective treatment for gluten-related diseases. However, like any other strict dietary restriction,
gluten avoidance can result in reduced intakes of important nutrients, such as dietary fiber, protein, and micronutrients. In
recent years, an increasing trend is found in the general population without confirmed gluten-related disorders that gluten-free
product consumption or gluten-free diet adherence since gluten avoidance can improve well-being or gluten can be toxic for
all human beings

According to current guidelines, only patients diagnosed with celiac disease or wheat allergy are advised to follow a strict
gluten-free diet.

Herein, the modern conception of the immunopathology of gluten-related diseases and an overview of new potential
therapies are presented.

Keywords: allergy; celiac disease; gluten; gluten-free; gluten sensitivity; wheat.
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BACKGROUND

Over the past 10,000 years, gluten-containing grains have
become an essential part of most people’s diets globally.
Gluten and gluten-like peptides are the main storage
proteins of wheat, including cereals, such as rye and barley,
in malt, triticale, and Oriental wheat. Additionally, the high
consumption of gluten-containing cereals is associated
with the grain’s adsorption capacity by providing a stable
elastic structure during the preparation of various products,
combined with the exceptional organoleptic properties.

However, recently, the widespread use of gluten-
containing products has increased the adverse reactions
associated with their consumption, such as celiac disease,
wheat allergy, and non-celiac gluten sensitivity [1]. These are
generally referred to as gluten-associated diseases.

The most effective treatment for gluten-associated
diseases is a gluten-free diet. Like other severe dietary
restrictions, total abstinence of gluten results in a reduced
intake of essential nutrients such as dietary fiber, protein, and
micronutrients [2]. However, a gluten-free diet is becoming
more common in the general population since this type of
nutrition is a healthy choice that enhances weight loss [3].
Many people do not consume gluten and, without consulting
a doctor, self-diagnose non-celiac gluten sensitivity since
not all doctors recognize the disease’s existence with
no knowledge of what can be offered to patients [4, 5].
Although there is a clear understanding of the pathogenesis
of diseases, such as celiac disease and wheat allergy, the
research on non-celiac gluten sensitivity has only just begun.

Therefore, identifying the mechanisms of gluten-
associated disease development will provide a fundamental
understanding of the adverse reactions of gluten in different
groups of patients and allow the development of more
precise recommendations for treatment selection and new
drug development.

CELIAC DISEASE

Celiac disease is an autoimmune disease characterized
by the development of atrophy of the small intestinal mucosa
when patients with a genetic predisposition consume gluten.
The disease prevalence is approximately 0.5%—1% in the
general population [4, 6].

RISK FACTORS

The disease’s most studied genetic risk factor is the
expression of major histocompatibility complex (MHC) class
Il proteins, HLA-DQ2 and HLA-DQ8. The HLA-DQ2 haplotype
is detected in most patients with celiac disease, whereas
DR-4-DQ8 is detected in other cases [7]. These specific
changes in MHC proteins are the most critical risk factors and
are significant in developing the autoimmune process in celiac
disease. Additionally, polymorphisms of the IL-2 and IL-21
genes, namely, cytokines, have been identified to contribute
to the inflammatory process in celiac disease, including the
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disease predisposition [8]. Additional risk factors are low
microbiota diversity and viral infections [9, 10]. Research
suggests that viruses that cause intestinal infections, such as
reoviruses and other species, disrupt the intestine’s immune
homeostasis and provoke autoimmune reactions [10].

Furthermore, the consumption of gluten and gluten-
like proteins is the main environmental factor influencing
the development of celiac disease [7]. Gluten is partially
hydrolyzed in the digestive system after consumption,
forming native peptides, which do not undergo further
proteolysis, consequently penetrating the small intestine
submucosa. These peptides include a-, w-, y-gliadins,
gluten derivatives from various wheat cultivars, and
gluteins from other cereals, such as hordein found in barley
and secaline from rye that both undergo deamination by
transglutaminase 2 (also called tissue transglutaminase,
TG2) [11, 12]. Notably, deaminated peptides have a high
affinity for the DQ2 and DQ8 molecules of the antigen-
presenting cells [13]. According to research results, the
severity of this process is higher for modern wheat varieties
than for those previously used [14].

IMMUNOLOGICAL REACTIONS BASED
ON CELIAC DISEASE

The interaction of deaminated peptides with HLA DQ2
and DQ8 receptors of antigen-presenting cells activates
the T-lymphocytes. The process releases pro-inflammatory
factors such as interferon-gamma, tumor necrosis factor
(TNF-a), and interleukin-2 (IL-2). Also, this inflammatory
process occurs in the intestine, causing atrophy of the
small intestine villi and deep tissue damage [15]. The
intestinal intraepithelial lymphocytes also contribute to the
development of this condition. The emergence of the gluten-
specific generation of CD4+ T-lymphocytes forms a stable
local immune response. The CD4+ T-lymphocytes produce
a large amount of TNF-y, IL-2, and IL-21 upon contact
with gluten, contributing to the inflammatory process [16].
Furthermore, a critical link in the celiac disease pathogenesis
is also an impairment of the limitation of inflammation.
Although the count of regulatory T cells does not change in
celiac disease, in vitro studies showed reduced functional
activity [17]. Figure 1 illustrates celiac disease pathogenesis.

The contribution of TG2 (transglutaminase-2) in celiac
disease development is not limited to the deamination
of gluten-like peptides but to the role of the enzyme as a
target for antibody production [18]. Typically, antibodies
against TG2 are not produced; however, there are specific
B-lymphocytes against TG2. The production of antibodies
is encouraged by the gliadin-specific CD4+ T-lymphocytes,
especially when the gliadin and TG2 are bound to the small
intestinal mucosa [19]. IgA and, to a lesser extent, IgM and
lgG mainly represent antibodies against TG2. The level of
antibodies does not reduce the enzyme activity despite their
high affinity to TG2 [20]. Additionally, there is evidence that
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Fig. 1. Pathogenesis of celiac disease. After deamination of gluten peptides process of antigen-presentatiom begins. HLA,-DQ2/DQ8 in
antigen presenting cells (APC) present this peptides to CD4* T-cells which are key in the initiation of the inflammatory response. On one
hand, they promote a Th1 response in which large amounts of IFN-y and IL-21 are produced contributing to the activation of Intestinal
intraepithelial lymphocytes (IELS). CD4* T-cells also induce a Th2 response and promote the clonal expansion of B-cells and production

of IgA antibodies against T62 and gliadin.

antibodies encourage the mobilization of Ca2+, which induces
intracellular activation of T62 [21]. Although the final role of
antibodies to TG2 in celiac disease development is unclear,
a direct relationship has been established between the
level of autoantibodies and the severity of the inflammatory
process in the intestine [22]. Moreover, anti-T62 IgA
represents a specific and sensitive marker of celiac disease
usually detected in almost all patients [23].

CLINICAL PRESENTATION, DIAGNOSTICS,
AND TREATMENT OF CELIAC DISEASE

Celiac disease occurs in people of any age, with the
most common symptoms of either transient or permanent
abdominal pain and diarrhea. Also, nausea, bloating, and
weight loss are recorded [7, 24]. Common extraintestinal
manifestations include fatigue, iron deficiency, and
dermatitis herpetiformis [24-26]. Furthermore, low bone
mineral density due to malabsorption syndrome is detected
in children during celiac disease diagnosis and, in severe
cases, causes fractures and osteoporosis in adults [27]. The
frequent characteristic neurological complications of celiac
disease are interconnected with the level of autoantibodies
against TG2 [28, 29]. Additionally, more frequent development
of other autoimmune diseases (Type 1 diabetes mellitus,
Addison’s disease, etc.) characterize patients with celiac
disease [30, 31].

Serological tests and biopsy of the duodenum’s post-
bulbar region diagnose celiac disease. Blood screening for IgA
to TG2, which is considered the high specificity and sensitivity

BOI: https://doi.org/ 10

of the analysis, is recognized as the method of choice [24, 31].
However, in lgA-deficient patients, such an analysis is
uninformative; therefore, it requires alternative options such
as the determination of IgG to TG2, IgG to EMA, and IgG to
deamidated gliadin peptides. It is recommended to confirm
the diagnosis with hiopsy when a positive serological test
result is obtained in adults. Conversely, determining the HLA
genotype is not required when detailed histological results
are obtained. Additionally, a duodenal biopsy is not mandatory
in pediatric patients with a typical clinical presentation of
the disease with a high titer of IgA to T62 (above 10 times
higher than normal), the presence of antibodies against the
endomysium and the HLA genotype predisposing patients to
the development of celiac disease [31].

The general treatment for celiac disease is a strict gluten-
free diet over a lifetime. However, alternative therapies are
being developed, given the new data on the pathogenetic
mechanisms of celiac disease. For example, during a
phase Il study, the drug larazotide acetate, which prevents
the translocation of gluten through the mucosal barrier,
was efficient in decreasing the severity of gastrointestinal
symptoms in celiac disease compared with placebo [32].
A new drug, latiglutenase, a non-immunogenic protease
that breaks down gluten into small peptides, is also being
studied [33]. Additionally, creating vaccines that will allow
modeling the work of gluten-specific T-lymphocytes [34] and
monoclonal antibodies to block pro-inflammatory cytokines
involved in intestinal damage in celiac disease is being
considered [35].

17816/clinutr90770
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WHEAT ALLERGY

IMMUNOLOGICAL REACTIONS BASED ON
ALLERGIC REACTIONS TO WHEAT

Celiac disease and wheat allergy (WA) similarly involve
an immune response after consuming wheat proteins.
However, WA is based on an IgE-mediated reaction, which
does not occur in similar proteins of cereals like barley or
rye [36]. The initial stage of WA formation is the interaction
of wheat proteins as an antigen with antigen-presenting
cells. After that, the Th2 cells are formed, releasing pro-
inflammatory factors IL-3 and IL-13, consequently activating
the proliferation and differentiation of B-lymphocytes and
stimulating IgE production. During the repeated interaction
with the allergen, the IgE binds to its FceRl receptor located on
basophils and plasma cells, followed by the activation of the
inflammatory and vasoactive mediators and the development
of inflammation, whose generalization is limited both by
a local reaction, leading to a severe systemic response.
Figure 2 illustrates the mechanism of WA development.

CLINICAL PRESENTATION, DIAGNOSTICS, AND
TREATMENT OF ALLERGIC REACTION TO WHEAT

In most patients, WA is most often diagnosed in children
since its allergic reaction resolves at school age [37, 38].
According to different authors, the prevalence of WA varies
from 0.33-1.17% [4, 5]. Also, various clinical presentations
dependent on the age group characterize WA. The most
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common manifestations include vomiting, abdominal pain,
urticaria, angioedema, anaphylaxis, skin rashes, and respiratory
symptoms (baker’s asthma). Despite the low prevalence of WA
in adults, the most common anaphylaxis occurs during physical
activity (sometimes the intake of aspirin) or after eating wheat
(exercise-induced wheat anaphylaxis). The mechanism of
wheat anaphylaxis induced by exercise is attributed to the
increased permeability and absorption of allergens in the
intestine during intense exercise [39].

Furthermore, baker’'s asthma is a common occupational
disease caused by the inhalation of raw wheat flour [40]. This
allergy manifests itself as rhinitis, patients who have asthma
symptoms, sometimes conjunctivitis, and skin rashes.
However, the consumption of cooked food does not cause
symptoms [41, 42].

WA diagnostics is based on detailed case history taking,
assessment of clinical manifestations, and laboratory
confirmation. A blood test for specific IgE to wheat and skin
scratch tests are used as an initial examination. In cases of
suspected WA associated with wheat consumption, the gold
standard for confirming allergy is a double-blind, placebo-
controlled oral challenge test. This test is considered safe;
however, it is performed with the involvement of medical
personnel due to the possibility of anaphylactic reactions [43].

Diagnostics of exercise-induced wheat anaphylaxis are
more complex and involve taking a detailed history and testing
for wheat IgE and, in some cases, a challenging exercise
test after wheat consumption [44, 45]. Simultaneously, the
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Fig. 2. Pathogenesis of wheat allergy. Wheat allergy can be triggered by several wheat proteins, named as allergens. Th2 cells play
an essential role in the induction of IgE by B-cells in the initial phase of the allergic response. After a new consumption of allergen, IgE
antibodies bound to their receptors on mast cells and basophils, recognize specific, which leads to consequent cell activation and release
of inflammatory and vasoactive mediators. As a result, allergic inflammation is elicited.
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baker's asthma diagnosis, recognized as the gold standard,
is based on the disease history, presence of specific IgE
and/or positive results of scratch tests, and a positive
bronchochallenge test [45]. Therefore, in most cases, the
treatment of WA involves avoiding the intake of the allergen
and refusing the physical load within 6 hours after consuming
wheat-containing products during exercise-induced wheat
anaphylaxis [45].

Another possible method is using several options for
immunotherapy, where oral immunotherapy is the most studied.
Therefore, following a study conducted in Japan that involved
18 pediatric patients with wheat anaphylaxis, a considerable
decrease in the severity of clinical manifestations was achieved
after two years of oral immunotherapy. Additionally, some
children could consume more wheat without developing
symptoms, the level of specific IgE decreased, and allergen
tolerance was achieved in 60% of the participants [46]. The oral
immunotherapy efficiency established in this study aligns with
the results of the work of other studies; however, this method
is not generally recognized due to the limitations in terms of
sample size and the absence of a control group in the studies
conducted [47, 48].

NON-CELIAC GLUTEN SENSITIVITY

The definition of non-celiac gluten sensitivity (NGS)
is a subject of dispute in the scientific community due to
the lack of understanding of the syndrome pathogenesis.
Moreover, the role of other components of wheat, in addition
to gluten, in the disease development is not excluded
[49-51]. For example, the role of amylase and trypsin
inhibitors, fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols (FODMAPs) are considered
factors that contribute to the appearance of these clinical
symptoms [52, 53] or trigger NGS in many patients [49, 54].

Additionally, NGS is usually combined with irritable bowel
syndrome, resulting in difficulty in its diagnosis. Therefore, it
is difficult to determine the exact prevalence of the disease,
which varies from 0.16%-13% [4, 5]. Typically, NGS is
known as a syndrome that comprises various intestinal and
extraintestinal symptoms (Table 1) after the consumption
of gluten-containing products in individuals without celiac
disease or WA [55].

Despite the similar clinical presentation of WA and celiac
disease, when examining individuals with NGS, neither
specific IgE nor IgA to TG2 nor morphological changes in the
characteristics of the small intestine due to celiac disease
are detected [50].

Table 1. Symptoms of non-celiac gluten sensitivity
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Although no specific markers of NGS have been
identified, the diagnostic criteria are the exclusion of celiac
disease and WA, an objective improvement in well-being
after refusal, or decreased gluten consumption. During an
international meeting of experts on NGS in Salerno in 2014,
it was proposed to use a double-blind, placebo-controlled
cross-matching test with gluten as the gold standard for
diagnostics when the patient receives two identical products
where one contains gluten [55]. However, nowadays, method
standardization is a challenge since it is necessary to achieve
a complete identity of the taste of both products, which may
be achieved in the coming years [56, 571.

POSSIBLE PATHOGENESIS OF NON-CELIAC
GLUTEN SENSITIVITY

The immune system involvement in the development
of NGS was initially questioned; however, numerous
studies have indicated the predominant role of innate
immunity without denying the role of acquired immunity.
Therefore, during the study of intestinal biopsy samples, it
was revealed that in NGS patients, the expression of Toll-
like receptors (TLRs), which are involved in the reactions
of innate immunity of types 1 and 2, is more pronounced
than in healthy participants in the study. Contrary to
celiac disease, in NGS, there is only a slight increase in
the intraepithelial lymphocytes and a lower expression of
cytokines characteristic of acquired immunity reactions [50].
Additionally, the HLA-DQ2 and HLA-DQ8 haplotypes
characteristic of celiac disease are slightly more common
in NGS than in the general population [50]. Given these data,
an assumption arose about the predominant influence of
innate immunity on NGS development. Figure 3 presents
the proposed mechanism for NGS development.

Also, with gluten, as mentioned above, the influence
of other components of cereals involved in the immune
response activation is considered. Therefore, it has been
shown that the amylase and trypsin inhibitors in wheat can
activate dendritic cells by interacting with type 4 TLR and
macrophages and monocytes [52, 58], potentially leading
to the stimulation of innate immunity responses [52, 58].
Additionally, a gliadin derivative, a 33mer peptide, also
interacts with TLR types 2 and 4, stimulating the production
of pro-inflammatory cytokines and the development of the
inflammatory process [59]. However, the inflammation
severity and possible tissue damage are much lower
than those in celiac disease and WA, resulting in a less
pronounced clinical presentation [60].

Groups of manifestations

Symptoms

Intestinal symptoms

Extraintestinal symptoms Sleep, etc.

Abdominal pain/discomfort, flatulence, diarrhea, alternating constipation, and diarrhea
Asthenia, headache, muscle and joint pain, skin rashes, depression, disturbances during

DOl https://doi.org/1017816/clinutr90770
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Treatment for NGS involves reducing or avoiding gluten-
containing foods. There is evidence that this disease may
be transient [49, 51, 55]. Therefore, after a period of
gluten consumption restriction, an attempt to return these
products gradually to the diet is possible [61]. Some
NGS patients reported improved well-being following
a FODMAP-restricted diet [53, 62]. Older wheat varieties
were less immunogenic in gluten-associated diseases [63].
Patients with celiac disease must not consume even these
variants of wheat; however, this may be an alternative to
avoiding gluten in NGS [64].

Gluten-free diet adherence leads to the restricted intake
of many essential macro-and micronutrients, which is not
a healthy dietary option; therefore, it is recommended
only after careful examination and detection of a gluten-
associated disease [3, 49, 65, 66]. The denial of the
existence of an NGS problem leads to uncontrolled self-
medication and unreasonable adherence to a gluten-free
diet. Furthermore, the ability to make an accurate diagnosis
by a doctor and the correct selection of diet therapy will
solve this problem.

CONCLUSION

Gluten-associated diseases have similar clinical
manifestations, which develop in all cases after consuming
gluten-containing products. Although the pathogenetic
mechanisms underlying celiac disease and WA and practical
treatment methods have been developed and well-studied,
NGS remains a subject of discussion with no broad
understanding of the processes underlying this disease,
including a unified approach to its diagnosis and treatment.
Despite the emerging assumption about the role of innate
immunity in the pathogenesis of NGS, specific biomarkers
have not yet been elucidated. Therefore, NGS is a diagnosis
of exclusion, established in the absence of celiac disease or
WA markers and improvement in well-being while following
a gluten-free diet. NGS should also be confirmed with a
double-blind, placebo-controlled cross-matching test with
gluten, recognized as the gold standard for diagnostics. In the
case of NGS, the role of gluten itself and other components
of cereals, such as amylase and trypsin inhibitors, FODMAP,
is not excluded.
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Therefore, further studies of the pathogenesis of NGS are
required, including identifying specific markers of the disease
for a more accurate diagnostic establishment and the correct
treatment selection.
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