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Evaluating the Correlation between High Titers
of Tissue-Transglutaminase Antibody

with the Grade of Severity of Villous Atrophy

in Syrian Patients with Celiac Disease

Adel Alhabbal®, Imad Abou Khamis

Department of Microbiology & Biochemistry, Faculty of Pharmacy, University of Damascus, Damascus, Syria

Background. Diagnosis of celiac disease depends on the patient’s history and serological tests, and is confirmed
by biopsies from the duodenum. Biopsies from the small intestine could be dispensable regarding the verification of
celiac disease with the presence of high levels of atissue-transglutaminase antibody.

Aim. The objective of this investigation is to substantiate the correlation between titers of anti-tissue transglutamin-
ase type IgA (anti-tTG IgA) and the severity of histological alterations in Syrian patients with celiac disease and to
determine the diagnostic level of anti-tTG to previse celiac disease in adults and children without the necessity of a
biopsy sampling.

Materials and methods. The study was conducted as a prospective cohort study with the participation of 100
symptomatic patients between the age group of 6-65 years. All participants underwent upper gastrointestinal en-
doscopy. Two samples were taken from the duodenum and were evaluated by an expert pathologist according to
Marsh grading. Serum anti-tTG Ig A levels were measured as well to determine any association between the levels of
serum anti-tTG Ig A and Marsh grading.

Results. The mean age of the patients was (18.55 + 12.92). Anemia was the most frequent non-gastrointestinal find-
ing as it was found among 35 % of the participant, but no remarkable association was found between Marsh grading
and hemoglobin levels (r=0.36, p > 0.05). However, serum tTGA levels were positively correlated with Marsh grading
(r=0.718, p < 0.001). Receiver-operator curve (ROC) analysis cut-off value of serum anti-tTGA for speculating vil-
lous atrophy was 270 IU/ml of cut-off value with a sensitivity of 100 % and a specificity of 89 %.

Conclusion. Duodenal biopsies could be foregone during the diagnosis of susceptible patients for celiac disease
with high anti-tTG Ig A.
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OueHka Koppensaumuu mexay TUTPOM aHTUTenN
K TKAHEBOW TPaHCIrlyTaMuUHa3€e U BbIPaXXEeHHOCTbIO aTpodnmn BOPCUH
TOHKOM KULLUKM NpU LesiImakmm B CUPUACKOMN nNonynsaumum

Anenb Anbxab6an*, Mman Ay Kamna
Kagpeapa mukpobuonorum n buoxummm, dapmavestndeckuii pakynbteTt, YHusepcutet Jamacka, Jamack, Cupusi

BeepeHune. [lnarHo3 uenvakum 3anofo3puvBalOT Ha OCHOBAHWWM aHanmM3a KIIMHWUYECKOW KapTuHbI 3aboneBaHus
1 CEPOJIONNYECKNX TECTOB U NOATBEPXAAIOT AAHHBIMU BMONCUM ABEHAALATUNEPCTHON KUK, OAHAKO Npwv BbiCO-
KOM TUTPE aHTUTEN NMPOTUB TKAHEBOW TPAHCIIyTaMMHa3bl BepudurKaumnio 4aHHOr0 AnarHo3a BO3MOXHO NPOBECTH
1 6e3 BbINoIHEHMS Broncuun.

Lenb. Llenbio AaHHOrO MCCNefoBaHus SBASETCS OLEHKA KOPPENSUUN MEeXAy TUTPOM aHTUTEN MPOTUB TKaHe-
BOW TpaHcrnyTaMmnHasbl (aHTU-tTG) IgA 1 cTeneHblo BbIPaXXEHHOCTU MMCTOJIONMYECKMX UBMEHEHUIA MPU LeNnaknm
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B CUPUINCKOWM NONyNsaumn, a Takke YCTaHOBIEHNE ANArHOCTUYECKOrO TUTPA AAHHbBIX aHTUTEN Af1s Bepudukaumm an-
arHosa «Lenvakus» y AeTen 1 B3pocibix 6e3 npoBeaeHus bruoncuu.

MaTtepuanbl ¥ MeToAbl. B NpocnekTMBHOM KOropTHOM UccnenoBaHum npuHanm ydactie 100 60/bHbIX C Lenmakm-
eli B Bo3pacTe oT 6 10 65 neT. Bcem 1M 6bina BbinosiHeHa 330haroractpoayoaeHOCKONUs ¢ npoBeaeHnem roncum
CNN3UCTON 06004KN ABEHAALATUNEPCTHOM KNLLIKM (B3ATO 2 6uonTarta) u onpegeneHune tntpa aHTu-tTG IgA. OueH-
Ka rMcTosIorM4ecknx N3amMeHeHui B GronTtaTax Gblna NpoBeaeHa B COOTBETCTBUM CO Likasioi MapLua natomopdosio-
rOM-3KCMNEPTOM.

PesynbraTbl. CpeagHuin Bo3pacT nauueHToB coctaBun 18,55 + 12,92 rona. AHemus 6bina BobisiBrieHa 'y 35 % 13 HUX
1 OKasanacb CamMbIM YaCTblM BHEKULLIEYHbLIM MPOSIBNEHNEM LieNVakun. Mpu 3TOM He BbISI0 3HAYMMOKN KOPPENSALMN
Mexnay CTaZiueit F’MCTONIOrMYeCcKmMX M3MeHeHU no MapLuy 1 ypoBHeM remornobuna B kposu (r= 0,36, p > 0,05). Oa-
HaKo ypoBeHb aHTU-tTG IgA 3Ha4YMMO NO3UTMBHO KOPPENUPOBA CO CTaAneNn rMCTONOrMYeCKnin U3MeHeHuin no Map-
wy (r=20,718, p < 0,001). ROC-aHanu3 ycTaHOBWI, YTO ncnonb3oBaHue 270 ME/Mn B Ka4eCTBE TOYKN OTCEYEHUS
3HauYeHus cogepxaHuns aHTU-tTG IgA B KpOBM MO3BOASET Npeacka3aTh BbiIgBAEHME aTPOdUM BOPCUH NpU NpoBeae-
HUK Groncum fBEHAALATUNEPCTHOM KULLKN C YyBCTBUTENLHOCTLIO 100 % 1 cneundguryHocTbio 89 %.

BbiBoAbI. [IlMarHo3 Lennakmm MoXeT ObiTb NocTaBeH 6e3 NpoBeaeHns 61oncum CnMancTor 060104k ABEeHaALA-
TUNEPCTHOWN KNLLKN HA OCHOBAHWM BbICOKUX TUTPOB aHTUTEN NMPOTMB TKAHEBOM TPAHCITyTaMUHA3bI.

KnioueBble cnoeBa: Lennakms, 6rorncusa ABeHaALaTUNEPCTHOM KULLIKM, aHTUTEea NPOTUB TKAHEBOM TPaHCIHyTamMu-
Ha3bl, rMcTONOrNg, LWkana Mapa

BnarogapHocTu: Mbl xoTenu 66l nobnarogapuTth AokTopa Tanna AnMmennu, apmMaLueBTuieckmin pakynstet Apad-
CKOr0 YaCTHOro YHMBEPCUTETA HAYKN Y TEXHONOTNM.

duHaHcupoBaHue: JT0 nccnegoBaHne 6bi10 NogaepxKaHo GapMaueBTUYECKUM daKynbTeTOM JJaMaccKoro yHu-
BepcuteTa.

KoHdnuKT nHTepecoB: asTopbl 3asBNSIOT 06 OTCYTCTBMU KOH(ANKTA MHTEPECOB B CBSA3W C NybnvKaLumei gaHHON
cTaTbMu.

Ana untnpoBaHus: Anbxabban A., Kamua V.A. OLeHka KOppensaumm Mexay TUTPOM aHTUTEN K TKAHEBOM TPaHCIyTamMuHa3e U Bbl-
PaXeHHOCTbIo aTPOdUM BOPCUH TOHKOW KULLIKU NPU Lennakmm B CUPUNCKON nonynaumn. POCCUNCKNA XypHan raCTposHTEPOo-
rmm, renatonorum, kononpokrtonoruun. 2022;32(1):34-40. https://doi.org/10.22416/1382-4376-2022-32-1-34-40

serum titer of anti-tTG antibodies is by itself enough
for celiac disease diagnoses [9, 10].

Some studies have suggested the presence of an
association between serum antibody levels and vil-
lous dystrophy in the guts of affected children and
adults [11—16]. There is little evidence regarding the

Celiac disease (CD) results from an autoimmune
disorder caused by consuming gluten in people who
are genetically vulnerable. It affects about 1—3 %
of individuals worldwide [1]. The manifestations

of the disease differ greatly between the affected
persons, ranging from malabsorption to extraintes-
tinal complaints [2]. The classical symptoms and
signs incorporate: diarrhea, weight loss, failure to
thrive, anemia, bloating, chronic fatigue, headache
and abdominal pain; the latter being the most com-
mon [3, 4]. Most patients with celiac disease have
tissues transglutaminase antibodies (anti-tTG) and
endomysial antibodies (EMA) type IgA which are
sensitive and specific [5, 6]. The diagnosis of the
Celiac disease requires upper endoscopy of the duo-
denum, taking biopsies, and evaluating the presence
of any villous dystrophy depending on the classifica-
tion of Marsh [7] (Table 1). Finally, scalloping of
the gut layers can also be noted during endoscopy
[8]. The recent recommendations of the European
Society for Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) explained that the diag-
noses of the Celiac disease in children can be done
without a biopsy from the duodenum if the titer of
the anti-tTG antibodies is >10 times greater than
the upper limit value with positive EMA test in a
separate sample of blood. Moreover, the recent rec-
ommendations have forsaken the presence symptoms
as a diagnostic requirement and indicated that high

correlation between the levels of serum antibody and
the levels of iron [16, 17].

The past studies reported a high prevalence of
CD amongst the Syria population (1,/62 of healthy
individuals) [18, 19]. As a huge ratio of CD patients
in this region are not diagnosed, studying the re-
lationship between anti-tTG antibody titer and the
severity of villous pathological changes in these pa-
tients will be useful. These data will make CD iden-
tification easier in low-income regions such as Syria,
where there are many CD patients and insufficient
number of gastroenterologists, endoscopic facilities,
and qualified pathologists. The goal of this study is
to find a correlation between the titers of anti-tTG
IgA and the severity of villous changes in Syrians
diagnosed with CD according to Marsh scale. We
also attempted to identify anti-tTG sensitivity and
specificity regarding the diagnosis of celiac disease
so that it can be used in CD diagnosis in susceptible
cases instead of duodenal biopsies.

The presented study has been carried out between
July 2019 to January 2020. A total of 110 patients
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Table 1. Marsh Classification for Celiac Disease

Tabauya 1. Kinaccuduraius THCTOJOIMYECKIX U3MEHEHWH B CAM3UCTON JABEHAAATUIIEPCTHON KUIIKK

o Mapry
Marsh 3
Marsh 0 Marsh 1 Marsh 2

3a 3b 3c
IEL Count* <30,/100 >30,100 >30,/100 >30,100 | >30,/100 | >30,/100
Crypt Hyperplasia Normal Normal Increased 1 +* +F
Villous atrophy Normal Normal Normal Mild Moderate Total

Pre-infiltrative | Infiltrative | Infiltrative-hyperplastic Flat destructive

IEL — intraepithelial lymphocytes. * Number of intraepithelial lymphocytes per 100 enterocytes.

of the University hospitals and gastroenterological
centers who had a high probability of having CD
depending on their clinical symptoms and features
(anemia, diarrhea, bloating, abdominal pain, weight
loss, short stature, anorexia, vomiting, constipation)
were screened for inclusion in the study. Patients
with positive stool for giardiasis (n = 4), Ig A defi-
ciency (n = 2) and those already diagnosed with CD
and maintained a diet free from gluten (n = 4) were
excluded from the study. As a result, 100 patients
were included in the study. Laboratory data includ-
ing complete blood count, liver and thyroid function
tests, iron profile tests and calcium levels as well as
demographic information and symptoms data were
extracted from the hospital records of the patients.

Five milliliters of venous blood were gathered
from all patients under aseptic safety measures. All
specimens were labeled by a serial number and the
person’s name, and then were immediately frozen at
-20 °C.

All patients were tested for anti-tTG IgA using
the ELISA technique (Diametra/Italy), and the cut-
off value > 20 IU/ml was considered as positive
value according to the manufacturer’s instructions.

Ethical approval was procured from the Research
Ethics Committee of the University of Damascus.
Each patient signed a consent form after fully ex-
plaining to them the objectives of the study and the
expected benefits from participating in it. A parental
approval was obtained for participated children.

Statistical analysis

Data are expressed as mean + standard devia-
tion. All study variables were tested for normality
using the Kolmogorov — Smirnov test. Comparisons
between groups were obtained using the Mann-
Whitney and Kruskal-Wallis tests. Spearman rank
test was used to evaluate the correlation between
villous atrophy and serum anti-tTG Ig A. Specificity,
sensitivity, and area under were calculated. Optimal
cut-off points and relative sensitivity and specifici-
ties were calculated according to Youden index (J) =
maximum {sensitivity — specificity — 1} after the
receiver operating characteristic (ROC) analysis.

Statistical tests were conducted utilizing GraphPad
Prism (GraphPad Software, Inc., San Diego, CA).
A p-value < 0.05 was noted as a significant result.

Results

The study population included 52 (52 %) males
and 48 (48 %) females. The age of the patients was
18.6 + 12.9 years (range: 6—65 years).

Modified Marsh scale was used for the classifica-
tion of duodenal biopsies [4, 5, 14, 15]. The demo-
graphic attributes of the included patients in various
Marsh staging are shown in Table 2.

As shown in Table 2, anemia prevalence in patients
with villous atrophy was 35 % making it the most
frequent non-gastrointestinal finding. Nevertheless,
no significant interrelation between Marsh grading
and hemoglobin levels (r = 0.36) was found, Thus,
there is no relationship between the severity of iron
deficiency anemia and the severity of histological
changes in celiac disease.

Although the frequency of most gastrointestinal
(GI) symptoms was higher in Marsh II group com-
pared to the other Marsh groups, there were no sta-
tistically significant differences in them among dif-
ferent Marsh grading.

Our results showed that the range of anti-tTG
IgA values among CD patients was 343.7 + 278.4
IU/ml (range 56—890 1U/ml). There was no mean-
ingful difference in value of anti-tTG IgA between
males and females (392.26 + 292.19 vs. 293.00 =+
255.39 TU/ml; p = 0.3).

A significant association between the increased
levels of anti-tTG IgA and elevated score of modi-
fied Marsh scale (i.e. severity of villous atrophy)
was found (Table 3; Figure 1).

The average fold-increase of anti-tTG IgA was 2.9
+ 0.5 in patients with Marsh grade 2, 4.7 £ 0.5 in
grade 3A, 12.4 + 5.0 in grade 3B was and 33.0 + 7.3
in grade 3C (Figure 2; Table 4). There was signifi-
cant difference in anti-tTG IgA between atrophic (3)
and non-atrophic (0-2) Marsh grades (p < 0.001).

A strong positive correlation between Marsh
grade of villous atrophy and serum levels of anti-tTG
was found (r = 0,718; p < 0.001).
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Table 2. The descriptive features of patients in various Marsh staging

Tabauya 2. XapakTepUCTUKM MAIMEHTOB, KJACCH(MUIMPOBAHHBIX 110 PA3HBIM CTAAUSAM THCTOJIOTHYE-
CKMX M3MEHEHUIl B GUONTATaX CJAU3MCTON 00O0JIOUYKH JBEHAIIATUIIEPCTHON KUIIKU 110 MOAM(UIIUPOBAH-
Holl mKaJsie Mapiia

Modified Marsh Classification
Variable Normal &
Marsh I 1I IITa I1Ib IIIc

Frequency (%) 9 19 17 25 30
Mean + SD age (year) 191 £13.7 | 15.8 + 183 | 21.5+14.6 | 222+ 18 | 18.0 + 13.2 | 17.7 £ 8.7

Female 49 0 11 9 14 15
Sex (%)

Male 51 9 8 8 11 15
Anemia 35(35 %) 10 8 5 2 7
Bloating 16 (16 %) 3 6 2 1 4
Abdominal pain 12 (12 %) 4 5 1 1 1
Diarrhea Total | 22 (22 %) 5 9 4 2 2

: (%)

Weight loss 16 (16 %) 4 7 1 2 2
Short stature 6 (6 %) 2 0 1 1 2
Anorexia 11 (11 %) 1 2 1 2 5
Constipation 10 (10 %) 1 4 1 2 2

Table 3. The levels tissues transglutaminase antibodies (anti-tTG) IgA in the patients with different
Marsh grade.

Tabauua 3. YpoBeHb aHTUTEN TIPOTUB TKAHEBOW TPAHCTJIyTaMUHA3bI y MAIMEHTOB, KJIacCU(pUIIMPOBAH-
HBIX TI0 PA3HBIM CTAAMSIM T'MCTOJOTHYECKIX U3MEHEHWH B GUOTNTATaX CJAU3NCTONW 060JOYKH JBEHA/IATH-
MEePCTHON KUIIKU IO Kajae Mapmia

Marsh grade Anti-tTG IgA, TU/ml Number of patients (%)
Grade 1 70.6 + 34.9 9(9)
Grade 2 97.56 + 39.7 19 (19)
Grade 3A 158.1 + 46.7 17 (17)
Grade 3B 2241 + 82.0 25 (25)
Grade 3c 497.6 + 221.4 30 (30)

Table 4. Significance of differences in the serum level of antibodies against tissue transglutaminase
between groups of patients with different values of the Marsh scale

Tabauya 4. 3Ha4MMOCTb Pa3HUI] B COAEPIKAHUN aHTUTEN MIPOTUB TKAHEBOI TPaHCIJIyTaMUHA3bl B KPOBU

MeK/y IpylIaMy MalueHTOB ¢ Pa3HbIMKM 3HAYEHUAMU IIKaabl Mapiia

Marsh Grades 1-2 1-3A | 1-3B | 1-3C | 2-3A | 2-3B | 2-3C | 3A-3B | 3A-3C | 3B—-3C
p-value 0.048 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | 0.005 | <0.001 | <0.001
ROC-analysis was used to determine a cut- Discussion

off point for anti-tTG IgA to distinguish atro-
phic (Marsh 3a—c) and non-atrophic (Marsh 0—2)
villous lesions accurately. Area under the curve
(AUC) was 0.97 (95 % CI 0.94-0.99). Cut-off
value of serum anti-tTG IgA for predicting villous
atrophy was 270 TU/ml (13.5 times of the upper
limit of normal range) with sensitivity of 100 %
and specificity of 89 %.

New evidence supporting the positive correla-
tion between serum anti-tTG IgA level and duodenal
damage has been building up in the last few years,
and biopsy is no longer a requirement for confirm-
ing the diagnosis of CD, as elevated titers of anti-
tTG IgA strongly suggest the presence of the disease
presence. In addition, recent ESPGHAN guidelines
regarding the diagnosis of CD in pediatric settings
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Mean of anti tTG IU/ml

Marsh< 2 Marsh=2  Marsh=3A  Marsh=3B  Marsh=3C

Marsh grades of villous atrophy

Fig. 1. Correlation between levels of anti-tTG IgA and
score of Marsh scale

Puc. 1. Koppessiiiust Mex/ly ypOBHEM aHTHUTE] K TKa-
HEBOI TpaHCTJIyTaMUHa3e B KPOBU W CTEIEHDBIO BBIpa-
SKEHHOCTH TUCTOJIOTHYECKIX M3MEeHEHWH B 6HomTaTtax
CM3UCTON 060JIOYKN IBEHAAIIATHIIEPCTHON KUIIKH

o mkajse Mapiia
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Fig. 3. Receiver operating characteristic (ROC)
curve between anti-tissue transglutaminase IgA and
atrophic/non-atrophic Marsh staging

Puc. 3. ROC-ananu3 npejckasaregbHON 1IeHHOCTH
3HAYEHUN CONEPIKAHUS AaHTHUTEN MPOTUB TKAHEBOI
TPAHCIJIyTAMITHA3bI B KPOBH B OTHOIIICHUN BBISBICHUS
aTpodun BOPCHH CJIUBHUCTON O60JOYKHU [[BEHAIIATH-
MEePCTHON KUTIKA

have discarded the need for histological confirmation
in patients who are symptomatic and have at least
10 times anti-tTG IgA levels of the upper limit of
normal range and whose symptoms resolve with the
gluten free diet [8,9].

Our study showed a correlation between anti-tTG
IgA levels and extent of duodenal damage. Our find-
ings were as follow: anti-tTG IgA levels more than

*
30 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ¥
*
24.8785

8020
5
L
2
b= 11.206
[
< 10 7.906

- .

0
Marsh Marsh=3A Marsh=3B Marsh=3C
Marsh scale of villous damage

Fig. 2. Mean anti-tTG fold-rise in celiac patients with
various grades of villous atrophy (Marsh scale).

*p <0.05

Puc. 2. Cpenusis KpaTHOCTb YBEJMUYEHUST CO/IEPIKAHUS

B KPOBH aHTHUTEJ IIPOTUB TKAHEBOU TPAHCI/IYTAMUHA3BI

y TAIMEHTOB C Pa3HOH CTeNeHbIo aTpoui BOPCUHOK [IBe-
HA/[IATUIIEPCTHON KUIIKY 110 miKase Mapma. * p < 0.05

13.5 times a manufacturers’ recommended cut-off
value (anti-tTG IgA > 270 IU/ml) had a sensitivity
of 100 % and specificity of 89 % for Marsh 3 and
correlated with more duodenal damage. These results
are in agreement with recent findings in similar stud-
ies [20—22].

Scientists in Iran have shown that anti-tTG titers
in CD patients that were 9 times higher than the
normal kit’s cut-off value had sensitivity of 97.2 %
for Marsh 2 and more extensive duodenal injury
[23]. The study concluded that in this case, it is pos-
sible to avoid duodenal biopsy for diagnosing those
patients. However, small intestinal biopsy is always
necessary when there is a doubt about the diagnosis
regardless of serological tests results [23]. An Italian
study at Brescia University College revealed that it
is possible to diagnose CD and to predict the degree
of villous atrophy without a biopsy when the patient
has elevated value (5-fold higher than the cut-off
value) of anti-tTG [22].

A study in the USA has found that anti-tTG IgA
> 100 TU/ml was associated with villous atrophy
(Marsh 3 duodenal histopathology) in children and
adults with CD. Despite the high specificity of this
value, some cases did not demonstrate any villous at-
rophy. The researchers suggested that these serologi-
cal tests are very useful for CD diagnosis, but they
cannot entirely replace duodenal biopsy [14]. Other
results from Indian investigations have demonstrated
that when anti-tTG IgA titer are > 14-fold higher
than the normal kit’s cut-off value, the positive pre-
dictive value was 100 % for the diagnosis of CD. So
the severity of duodenal atrophy can be presumed by
measuring the high titer of anti-tTG IgA. However,
the study found that more than 40 % of CD pa-
tients with anti-tTG IgA titer <20 IU/ml had severe
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villous atrophy. That is why it is of high importance
to perform endoscopy and take mucosal biopsy even
with titers <20 TU/ml, according to this study [16].
Outcomes from the Italian group at the University
of Brescia speculated that elevated titer of anti-tTG
IgA >5-fold of normal kit’s cut-off value can predict
villous atrophy of small intestine in adults who have
an increased risk for CD. The study concluded that
in 1/3 of the duodenal biopsy could be avoided [24].

Prospective data gathered by Onyeador et al. in
126 symptomatic children who had CD that was his-
tologically confirmed that 98.3 % of them had anti-
tTG > 100 U/ml (=10 ULN). However, total villous
atrophy was encountered in greater frequency with
anti-tTG level >200 U/ml [25]. In an another study
by Vivas et al. a comparison between adult and pe-
diatric CD population found less severe histopatho-
logical manifestations (26 % vs. 63 %, p < 0.001) and
lower anti-tTG antibody titers in the adult group
compared with the children’s group. Thus, it could
be concluded that anti-tTG >30 U/ml can replace
biopsy usage for CD diagnosis in children, but this
cannot be applied in adults cases due to dissimilarity
in the model of presentation and monitoring between
the two groups [26]. Similar comparable results have
been observed in previous retrospective studies: high
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