
Infliximab is used to induce and maintain remission in patients 
with inflammatory bowel disease (IBD). It has been shown 

to reduce the risk of IBD related complications, such as fistulas 
and strictures, as well as the need of surgical treatment. Approx-
imately 30% of patients with IBD initially achieve remission 
with infliximab therapy but develop loss of response (secondary 
failure) overtime [1]. In a significant subset of patients, second-
ary failure has been found to be correlated with development of 
antibodies to infliximab (ATI) and low serum infliximab levels.

ATI are reported to develop in 55% of patients with IBD 
and can appear already after the first infliximab infusion (week 
2) [2]. There are various factors associated with immunogenic-
ity to infliximab, such as inconsistent treatment schedule (i.e., 
episodic therapy) and monotherapy (vs. combination therapy 
with an immunomodulator).The latter has been shown to re-
duce the rate of immunogenicity and clinical loss of response 
[3,4]; however, is also associated with increased risk of infec-
tions and possibly lymphomas compared to monotherapy with 
anti-TNF alone [5]. Thus, there is dire need to risk-stratify 
patients between those with high risk of immunogenic loss-of-
response who may benefit from combination therapy and those 
with low risk in whom it may be spared. It is been suggested 
that the disease prevalence, clinical phenotypes, complication 
rates, and response to treatment differ among different eth-
nic groups [6,7]. Several recent publications have focused on 
mapping risk factors for formation of ATI [8]. In a previous 
study by our group [9], various predictors of immunogenicity 
toward infliximab were analyzed among a cohort of 159 inflix-
imab therapy patients. In addition to monotherapy and episod-
ic therapy, Jewish Sephardi ethnicity has also been identified 
as a potential risk factor for ATI formation and infliximab fail-
ure, compared to Jewish Ashkenazi ethnicity. To determine the 
validity of these findings, we performed a confirmatory cohort 
aimed specifically at exploring the association between Jewish 
ethnicity (Ashkenazi/Sephardi) among patients with IBD and 
the risk of infliximab immunogenicity.



We performed a retrospective validation cohort study. The study 
population consisted of Crohn’s disease (CD) and ulcerative 
colitis (UC) patients who were receiving regular infliximab 
infusions at the gastroenterology institute at Sheba Medical 
Center. The previous study performed on infliximab immuno-
genicity by our group [9] included patients with IBD treated 
with infliximab between 2009 and 2013; therefore, in the cur-
rent study only patients receiving infliximab therapy since 2014 
were included. Only patients of Jewish ethnicity were included. 
Clinical and demographical data, including ethnic background, 
were obtained from each patient's medical record. Interrupt-
ed therapy is defined as therapy suspension for more than 4 
months due to clinical remission, pregnancy, holiday, or travel-
ing. Trough infliximab drug and antibody levels were routinely 
measured before every infusion. Treatment interventions were 
based on treating physician's discretion and were usually reac-
tive, whereby drug levels and clinical status were both part of 
the decision-making process.

•  Established diagnosis of CD or UC, based on endoscopy and 
histology or imaging

• Regular infliximab treatment at Sheba Medical Center
•  Consecutive trough level measurements (over 2 measure-

ments, beyond week 14) of infliximab and ATI
• Jewish ethnicity

• Uncertain diagnosis of CD or UC
• Commencement of infliximab therapy before 2014
•  Unavailable consecutive infliximab trough serum and ATI 

levels due to infliximab infusions received at a different 
medical center

•  Patients of mixed Jewish ethnicity (Ashkenazi and Sephardi) 
or non-Jewish ethnicity

•  Less than 12 months therapy, unless ATI developed before 
12 months

Infliximab and ATI titer serum levels were considered positive 
if they were above the detectable thresholds of > 0.6 µg/ml, > 
2.5 µg/ml-eq, respectively, measured using the previously ex-
tensively validated ELISA drug tolerant assay [10,11]. ATI were 
considered positive when a patient tested positive for ATI on > 
2 consecutive time points or patients with zero drug levels and 
clinical therapy failure with less than two positive and consecu-
tive ATI tests. Transient antibodies were defined as measurable 

ATI on up to two consecutive infusions, which disappeared on 
the next infusions without any alteration of therapy. A patient 
was classified as ATI negative if more than 12 months of in-
fliximab therapy elapsed without ATI detection on serial mea-
surements. 

Baseline demographic and clinical parameters were analyzed 
for their association with the ATI formation and infliximab ther-
apy clinical outcome. Using effect size estimate obtained by the 
previous discovery cohort study to test whether Jewish ethnicity 
affects infliximab immunogenicity with a power of 80% and an 
alpha error of 0.05, a total of 100 patients were computed to be 
required. Continuous variables were analyzed by Mann–Whit-
ney test. Categorical variables were analyzed by Fisher’s exact 
test. Odds ratio (OR) and 95% confidence intervals (95%CI) 
were computed for all variables compared. A 2-tailed  < 0.05 
was considered statistically significant. Variables that were sta-
tistically significant on univariate analysis (  < 0.1) were incor-
porated into the multivariate model performed by multiple re-
gression. All statistics were performed using MedCalc software 
(version 12.2.1.0, Mariakerke, Belgium). 

We identified 206 patients with IBD regularly treated with inflix-
imab, 97 (47%) were excluded due to non-Jewish or mixed ethnic-
ity origin (11/206, 5%) or due to insufficient data, including nega-
tive ATI patients with less than 12 months of follow-up or patients 
with unavailable consecutive drug and ATI level measurements 
(86/206, 42%). In total, 109 patients were included in this study (54 
Ashkenazi, 55 Sephardi); 88 (81%) were CD patients; 57 (53%) 
were treated with combination therapy with an immunomodulator; 
and 18 (17%) had been previously treated with an anti-TNF. All 
demographic and clinical data are illustrated in Table 1.

Concomitant immunomodulator therapy was associated with 
lower risk to develop ATI. Patients treated with monotherapy 
were significantly more prone to develop ATI (34.3% vs. 60.8% 
received concomitant immunomodulator therapy among ATI 
positive and negative patients, respectively, OR 0.336, = 0.01) 
[Table 2, Figure 1]. Older age was also associated with ATI 
formation (median age 34 years, IQR 28–48 years vs. median 
28, IQR 23–35 years in ATI positive and negative patients, re-
spectively, = 0.02) [Table 2, Figure 2]. Nevertheless, ethnicity 
was not associated with ATI formation. There was no significant 
difference in the rate of positive ATI in Sephardi vs. Ashkenazi 
patients (51.4% vs. 48.6%, of ATI positive patients, respective-
ly, OR 0.944, = 0.9) [Table 2, Figure 1].

Next, a multivariate analysis was performed. It included pa-
rameters that were associated with ATI formation on univariate 
analysis ( < 0.1) or previously reported to be associated with ATI 
formation, including ethnicity, IBD type, sex, concomitant immu-



in secondary therapy failure. According to previous studies, con-
comitant immunomodulator therapy and scheduled versus epi-
sodic/interrupted therapy were associated with lower risk of ATI 
development [12,13]. These observations are in line with the find-
ings of the current study, whereby patients treated with concom-
itant immunomodulator therapy were less prone to develop ATI. 

Older age was associated with ATI formation in the present 
study. Previous studies have also found older age to be a risk 
factor for negative outcome of infliximab therapy. Vermeire and 
colleagues [14] identified younger age as an independent vari-
able favoring short-term response to infliximab. 

A previous study published by our group in 2015 [9] exam-
ined the association between different demographic data and the 
risk of antibody formation against infliximab. In that study, a 
negative association between Jewish Ashkenazi ethnicity and 
infliximab immunogenicity was identified both on univari-
ate and multivariate analysis. These findings were statistically 
significant for the entire cohort and were more pronounced in 
the group of CD patients treated with infliximab [9]. Previous 
studies had described distinct characterizations of Ashkenazi 
Crohn's patients. For example, Ashkenazi Jews might be less 
prone to develop aggressive disease. They were also reported to 
be less pre-disposed to develop extra-intestinal manifestations 
and perianal disease [15,16]. In addition, Ashkenazi Jewish CD 
patients had a higher response rate to monotherapy with azathi-
oprine, as opposed to Sephardi CD patients [17].

However, the prior findings of our group were observed in a 
discovery cohort and thus required validation by a separate co-
hort. Thus, we conducted the present confirmatory study, which 
found no statistically significant difference in the risk of inflix-
imab immunogenicity among patients with IBD of Ashkenazi 
ethnicity and Sephardi ethnicity. Moreover, specifically among 
CD patients, there was also no significant difference in the risk 
of developing ATI.

Additional studies identified other patient-specific parame-
ters, such as disease severity, previous failure of corticosteroids, 
previous biological treatment and smoking as associated with 
significantly lower rates of response to anti TNF [8]. In the past, 
episodic infliximab therapy, defined as infliximab administra-
tion only upon clinical worsening, was established as clinical 
practice [18]. Episodic therapy was later shown to be associated 
with increased risk of infliximab immunogenicity and several 
prior studies demonstrated that patients treated with infliximab 
in a scheduled manner are less prone to develop ATI, thus offer-
ing improved clinical efficacy [19]. In the current study, no sta-
tistically significant association between interrupted treatment 
and antibody formation was observed, most likely owing to the 
fact that treatment in these patients was discontinued for a cer-

nomodulator therapy, and age. Concomitant immunomodulator 
therapy and younger age were associated with lower frequency of 
ATI formation ( = 0.014, 0.01, respectively) [Table 2].

In a previous study by our group, which analyzed predic-
tors for ATI formation, Ashkenazi patients, and especially 
Ashkenazi CD patients, were less prone to develop ATI than 
their Sephardi counterparts. Therefore, in the current study a 
confirmatory analysis was performed to compare ATI forma-
tion among different ethnicities in both IBD types separately, 
showing no statistically significant difference between CD and 
UC with regard to immunogenicity ( = 0.55 for CD, = 0.51 
for UC). 



tain period due to clinical remission, pregnancy, or traveling and 
not given as episodic therapy per se.

While numerous studies have dealt with predictors of im-
munogenicity, scarce data exists regarding the association be-
tween ATI formation and ethnic and genetic background. The 
HLA system is involved in the detection of foreign proteins. 
Therefore, variations in the expression of this system may lead 
to differences in the tendency to antibody formation. A previous 
study from Leuven has suggested an association between HLA 
DRB1 and ATI formation [20]. The recent PANTS study identi-
fied other HLA loci to be associated with increased risk for im-
munogenicity to both infliximab and adalimumab [21] suggest-
ing genetic background modulates ATI formation risk. Implicit 

for these findings is the possibility that different ethnic groups 
harboring different rate of the specific genetic background may 
differ in their immunogenicity risk. Concurrent with these find-
ings, if gene polymorphism does affect the tendency toward ATI 
formation, it can be assumed that different ethnic groups would 
have different tendency to develop these antibodies owing to 
differing prevalence of the susceptibility loci in different pop-
ulations. Nevertheless, little is currently known about the cor-
relation between ethnicity and response rate to anti TNF. A few 
studies previously aimed to establish an association between 
ethnical background and infliximab treatment efficacy. In 2005, 
Sánchez and colleagues [22] published a retrospective study 
which examined the clinical response to infliximab treatment 
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in 35 Hispanic CD patients. Another study by Persi and co-au-
thors [23] compared response rate to anti-TNF therapy between 
African American and white population. In both studies ethnic-
ity was not shown to correlate with response rate to infliximab 
treatment, but it should be mentioned that only 9 African Amer-
icans were included in the latter study [22,23].

While the present contrasting data may merely reflect chance 
findings by the prior study due to multiple testing for possible 
predictors, there are several other possible explanations to these 
contradictory findings. For example, arguably sub-categoriza-
tion to Ashkenazi and Sephardi is too dichotomous since these 
subgroups include descendants of different populations from 
different geographical areas. The Sephardi population includes 
populations originating from North Africa and Persian Gulf 
countries, although these populations may have differing ge-

netic and epidemiologic characteristics. Similarly, the Ashke-
nazi Jewish population includes all eastern European countries. 
Thereby, Austrian Jews for instance, might be an admixture of 
both Ashkenazi and Sephardi due to migrant settlements of Ot-
toman Sephardi Jewry in the Habsburg empire, easily accessed 
by the Danube river [24].Thus, this study might have been dif-
ferent in the composition of each subgroup within the Ashke-
nazi and Sephardi broad groups, compared to their composition 
in the previous study, as fine-ethnic sub-group divisions were 
not explored. In addition, it should be noted that the information 
about the patient's ethnical origin was retrieved from patient in-
terviews and is based on their knowledge of their family histo-
ries, which also raises the risk of errors. 

There are several limitations in this study. First, this is a ret-
rospective cohort study so possible confounders cannot be defin-
itively excluded. Nevertheless, a multivariate analysis has been 
performed to minimize effects of various confounders. Additional-
ly, although this study included over 100 patients, this cohort size 
might still be not large enough to detect subtle differences, espe-
cially in subgroup analyses (according to IBD type for instance). 
Moreover, there is inherent difficulty in assessing a patient's ethnic 
origin, even with personal questioning of the patients. 

No statistically significant association between Jewish sub-
group ethnicity and risk of immunogenicity to infliximab was 
observed, although older age and infliximab monotherapy were 
identified as risk factor for ATI formation, consistent with prior 
studies. These results underscore the importance of validation 
cohorts to corroborate findings derived from single derivation 
cohorts, especially when multiple testing are performed. Further 
research on the correlation between different demographic and 
ethnic factors and the risk of developing ATI is mandated, pos-
sibly combining analysis of genetic markers. 



Adjuvants can enhance immune responses against 
poorly immunogenic antigens, making them an important 
component of many vaccines despite the limited number 
currently approved for clinical use. Silva and colleagues 
developed a new adjuvant formed by the Toll-like receptor 
4 agonist monophosphoryl lipid A (MPLA) self-assembled 
into nanoparticle structures with detergent-like saponin. 
Compared with a panel of tested adjuvants, including other 
saponin-based formulations, saponin–MPLA nanoparticles 

(SMNPs) induced superior antibody and germinal center 
responses after immunization with a poorly immunogenic 
HIV antigen in both mice and rhesus macaques. SMNPs 
increased lymphatic flow in a mast cell-dependent manner 
and increased antigen delivery to draining lymph nodes, 
suggesting mechanisms by which saponin adjuvants act to 
enhance humoral immune responses.

The evolution of severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) variants of concern (VOCs) has 
raised the question of whether current COVID-19 vaccines 
protect against VOCs and if a variant-specific vaccine may 
be needed. Of the currently identified VOCs, the Delta variant 
is believed to be the most transmissible, whereas the Beta 
variant appears to be the most vaccine resistant. Corbett
and co-authors looked at the effect of vaccine boosting 
using either the original WA-1 strain vaccine or a Beta 

variant-specific booster. At approximately 6 months after the 
primary two-dose vaccine series, a third boost vaccination 
resulted in higher neutralizing antibody levels against VOCs 
in nonhuman primates. Regardless of whether the boost was 
from the original vaccine or the Beta-specific version, similar 
increases in neutralizing antibody levels were observed and 
resulted in enhanced viral protection.


