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ABSTRACT

Aim: We aimed at assessing the published literature on different prophylactic screening and vaccination
options in inflammatory bowel disease (IBD) patients between 1980 and 2020. Special attention was
attributed to latest data assessing covid-19 vaccinations.

Methods: We have queried PubMed for all available IBD-related entries published during 1980-2020. The
following data were extracted for each entry: PubMed unique article ID (PMID), title, publishing journal,
abstract text, keywords (if any), and authors’ affiliations. Two gastrointestinal specialists decided by
consensus on a list of terms to classify entries. The terms belonged to four treatment groups: opportunistic
infections, prophylactic screening, prophylactic vaccinations/treatment, and routine vaccines. Annual
trends of publications for the years 1980-2020 were plotted for different screening, vaccinations and
infection types. Slopes of publication trends were calculated by fitting regression lines to the annual
number of publications.

Results: Overall, 98,339 IBD entries were published between 1980 and 2020. Of those, 7773 entries
belonged to the investigated groups. Entries concerning opportunistic infections showed the sharpest
rise, with 19 entries and 1980 to 423 entries in 2020 (slope 11.3, p <.001). Entries concerning prophylactic
screening rose from 10 entries in 1980 to 204 entries in 2020 (slope 5.4, p < .001). Both entries concerning
prophylactic vaccinations/treatments and routine vaccines did not show a significant rise (slope 0.33 and
slope 0.92, respectively). During the COVID 19 pandemic, a total of 44 publications were identified. Of
them, 37 were relevant to vaccines and immune reaction. Nineteen publications (51%) were guidelines/
recommendations, and 14 (38%) assessed immune reaction to vaccination, most of them (11, 61%) to
mRNA vaccines.

Conclusions: During the past two decades, along with a rapid increase in biologic therapy, publications
regarding opportunistic infections and prophylactic screening increased in a steep slope compared to the
two decades in the pre-biologic area. During the COVID-19 pandemic, most publications included
vaccination recommendations and guidelines and only 38% included real-world data assessing reaction
to vaccinations. More research is needed.
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Introduction immune modulation therapies.'® During the last two decades,

Crohn’s disease (CD) and Ulcerative colitis (UC) are chronic
inflammatory bowel diseases (IBD) involving the gastrointest-
inal (GI) tract. While in CD inflammation may affect the whole
GI tract from mouth to anus, inflammation in UC mainly
affects the colon. Both diseases may cause significant morbidity
and diminished quality of life."™ Disease behavior is usually
characterized by periods of exacerbations with active sympto-
matic disease and periods of remission.’®

Disease pathogenesis is believed to be multifactorial and is
influenced by genetic susceptibility, environmental factors
such as diet, smoking, and bacterial and viral infections, gut
microbiota, and immunological abnormalities.”™

As dysregulation of the innate immune system with produc-
tion of pro-inflammatory cytokines and epithelial damage is
the characteristic of IBD, most treatment options consist of

major progress was achieved in the field of IBD treatment, with
the introduction and approval of biologic treatment.'’ These
highly efficient therapies became the cornerstone of IBD
treatment.'’ Modulating the immune system, these new thera-
pies expose the patients to various potential infections, and
guidelines for prophylactic vaccinations and pre-treatment
were issued.'”

Current computational power and machine learning devel-
opment provoked the “text-mining” technique. This method
enables broad-scale data extraction.'’> Text-mining may be
employed to characterize trends and examine dynamics in
a research field."*

During the last two decades, the biologic era revolutionized
the entire therapeutic approach in IBD and provoked new
prophylactic strategies for infection prevention and treatment.
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We believe that the text mining technique can enlighten and
clarify these trends and point at therapeutic development and
tendencies in the last few decades and the upcoming years.

The COVID-19 pandemic ingested more challenges regard-
ing its effect on immune-deficient patients and vaccinations’
effectivity in these patients

Therefore, in our current study, we aimed at assessing
published literature on IBD-related infections and vaccinations
in the past four decades. Special attention was attributed to
data assessing COVID 19 vaccinations.

Materials and methods
Dataset

The U.S. National Center for Biotechnology Information
(NCBI) provides public application programming interfaces
(APIs) that allow programmatic access to the PubMed data-
base. The publicly available PyMed Python library was used to
query the PubMed APL

The following data were extracted for each entry: PubMed
unique article ID (PMID), title, publishing journal, abstract
text, keywords (if any), and authors’ affiliations. The search
was performed on January 7, 2022.

Inclusion criteria

The entire MEDLINE/PubMed database was used as the source
for this article. We retrieved all available IBD-related entries. The
search was conducted in entries’ titles, abstracts, and keywords
using the medical subject headings (MeSH) terms “ulcerative
colitis” OR “Crohn” OR “inflammatory bowel disease”.

We have limited the entries to those published from
January 1, 1980, to December 31, 2020.

Two gastrointestinal specialists (A.L and E.S) decided by con-
sensus on a list of terms to classify entries (Table 1). The terms list
was determined according to the Second European evidence-
based consensus on the prevention, diagnosis and management
of opportunistic infections in inflammatory bowel disease.'> All
terms were specifically addressed in the consensus.

The terms belonged to four groups: opportunistic infec-
tions, prophylactic screening, prophylactic vaccinations/treat-
ment, and routine vaccines. The search was conducted on the
entire available PubMed entries’ titles and abstracts. All terms
were specified.

A further detailed analysis was performed for COVID-19-
related publications. These publications were obtained using
the search terms COVID-19 and SARS-CoV-2.

Data processing

Data processing and result visualization were written in Python
(Ver. 3.6.5, 64 bits). Each title, study abstract, and authors’
affiliations were lowercased. Statistical significance was estab-
lished at a 2-sided P < .05. Descriptive statistics were reported
using counts with percentages for categorical variables.
Annual trends of publications for the years 1980-2020 were
plotted for different screening, vaccinations and infection
types. Slopes of publication trends were calculated by fitting

Table 1. List of terms used to classify entries into four infections and vaccination
groups: Opportunistic infections, prophylactic screening, prophylactic vaccina-
tions/treatment, and routine vaccinations

Opportunistic v
Infections EBV
Herpes
varicella zoster
candida

Mycobacterium Tuberculosis
Herpesviruses (HSV, VZV, EBV, CMV)
human papilloma virus
influenza virus
P. jiroveci
Strongyloides stercoralis
Aspergillus
Cryptococcosis
Strongyloides
Streptococcus pneumonia (S. pneumonia)
Legionella pneumophila (L. pneumophila)
Salmonella enteritidis
Salmonella typhimurium
Listeria monocytogenes (L. monocytogenes)
Nocardia
Clostridium difficile
Prophylactic screening HIV
HBV
HCV
Mycobacterium tuberculosis
Tuberculosis—PPD, Quantiferon
EBV
cmv
MMR
Varicella zoster virus antibodies
Pneumonia vaccine
HTN1 vaccine
Influenza vaccine
Pneumovax
Prevenar
Hepatitis A vaccine
Hepatitis B veccine
Varicella zoster vaccine
HPV vaccine
Anti- tuberculosis treatment:
® |soniazid (INH)
® Rifampin (RIF)
® Ethambutol (EMB)
® Pyrazinamide (PZA)
Tuberculosis vaccine- BCG
Biovac A, Havrix, Vaqgta
Recombivax B
Engerix-B
Elovac B
Genevac B
Shanvac B,
Heplisav-B
Twinrix
Live vaccines—polio, rota, varicella, influenza
diphtheria, tetanus, pertussis, Haemophilus
influenzae type B
measles, mumps and rubella

Prophylactic vaccinations/
treatment

Routine vaccines

regression lines to the annual number of publications (with x
being the year of publication and Y being the annual publica-
tion number). Standard errors (SE) and P-values were calcu-
lated for the linear regression lines.

Results

Overall, 98,339 IBD-related entries were published between
1980 and 2020. Of those, 7773 (7.9%) entries belonged to
four investigated groups (Table 1). Study’s inclusion flow
chart is shown in Figure 1.
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Figure 1. Study’s inclusion flow chart.

The plots of the trends of publications for the different
groups are presented in Figure 2.

Opportunistic infections were by far the most studied sub-
ject, comprising 83.3% of all infection and vaccination pub-
lications. Furthermore, entries concerning opportunistic
infections showed the sharpest rise, with 19 entries published
in 1980 to 423 entries published in 2020 (slope 11.3, p <.001,
SE 0.69)

Opportunistic infection publications were followed by pro-
phylactic screening (45.3%), routine vaccines (6.8%) and pro-
phylactic vaccinations/treatment (2.7%). Entries concerning
prophylactic screening rose from 10 entries in 1980 to 204
entries in 2020 (slope 5.4, p <.001, SE 0.24). Both entries con-
cerning prophylactic vaccinations/treatments and routine vac-
cines did not show a significant rise (slope .33, p <.001, SE 0.04,
and slope 0.92, p <.001, SE 0.07, respectively). Opportunistic
infections that had the majority contribution to the steep rise
in PubMed entrees included tuberculosis (1901 publications,
24.5%), candida (1607 publications, 20.7%), clostridium (1046
publications, 13.5%), and CMV (687 publications, 8.8%).

prophylactic

Routine vaccines ) .
vaccinations/treat

ment

During the COVID-19 pandemic, a total of 44 publications
were identified. Figure 3 presents the publications related to
COVID 19 vaccines during the pandemic. Of them. Thirty-
seven were relevant to vaccines and immune reaction.
Nineteen publications (51%) were guidelines/recommenda-
tions, and 14 (38%) assessed immune reaction to vaccination,
most of them (11, 61%) to mRNA vaccines.

Discussion

Immune modulation therapies, which constitute the corner-
stone of IBD treatment, expose patients to various opportunis-
tic infections.'> Therefore, pre-treatment screening and
vaccinations are now part of IBD treatment guidelines.'”

Notably, during the past two decades, enhanced progress
was achieved in the field of IBD treatment.

Since the introduction of the first biologic treatment for IBD
(infliximab) at the end of the millennium,'® more biologics and
non-biologic immunomodulating medications offering various
mechanisms of action were added to therapeutic arsenal, and

Publication Trends (1980-2020)

== Opportunistic Infections
600 - Prophylactic Screening
=== Prophylactic Vaccinations Treatment
= Regular Vaccines
500 A
z
2 400
K]
-
©
=
3 300 A
3
o
®
2
£ 200 ~
<
100 A
0 -

I . |

1980 1985 1990 1995

2000 2005 2010 2015 2020

Year

Figure 2. Publication trends of vaccines and opportunistic infections in IBD patients during the past four decades.
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Figure 3. Publication of COVID 19 vaccines during the pandemic.

many more are still in pipeline.'® These innovative medications
opened new horizons in IBD treatment and enabled more ambi-
tious therapeutic goals as mucosal healing and deep remission.'”
However, as the use of new immunosuppressive drugs and
multi-drug regimens became common, more treatment-related
infections became prevalent and necessitated specific preventive
protocols. Data assessing specific potential infections were of
major interest for both caregivers and patients, as some of
these infections might be preventable using pre-treatment
screening and vaccinations (e.g. TB and herpes zoster), and
many others will be better treated when early diagnosed—pend-
ing caregiver awareness for potential infections.'®"?

Consequently, in our current study, we applied a text mining
approach to observe and analyze IBD infection and vaccination
publications in the past four decades, aiming to achieve some
comprehension about treatment trends and development over
the years with specific focus on the last two decades.

We believe that the text mining technique can enlighten and
clarify these trends and point directly at treatment development
and tendencies in the last few decades and the upcoming years.

According to our results, approximately 83.3% of the litera-
ture published on IBD infections and vaccinations was issued
in the last two decades, with an increasing number each year.

Opportunistic infections were by far the most studied subject,
comprising 86.9% of all infection and vaccination publications.
We believe that this specific rise and focus on publications
regarding opportunistic infections resulted from the rising
awareness, as data accumulated, of treatment risks, and, more-
over, to the unquestionable clinical value of early detection of
these infections and for preventive measurement when feasible.

Opportunistic infection publications were followed by pro-
phylactic screening (45.3%), routine vaccines (6.8%) and pro-
phylactic vaccinations/treatment (2.7%).

3

Furthermore, opportunistic infection publications showed
the steepest slope (slope 11.3, p <.001), which indicates the
most rapid growth in publication rate. Publications increased
approximately x20 from 1980 to 2020. These numbers reflect
the accelerated rate of new medications development and
implementation in the IBD field during the last few years, all
of them based on immune modulation and the increase in
disease prevalence and incidence and the rising global disease
burden.”

Publications regarding prophylactic screening rose x20
from 1980 to 2020 (slope 5.4, p <.001), reflecting the increased
interest and awareness of opportunistic infection risk following
immune-modulating therapies for IBD."?

Publications concerning prophylactic vaccinations/treat-
ments and routine vaccines did not show a significant rise
(slope 0.33, and slope 0.92, respectively), probably as there
was no change in approach toward routine vaccinations.

Consequently, the 5 most highly cited articles in this
search®' ™ evaluated different opportunistic infections during
IBD treatment. The most cited paper,?’ published in the New
England journal of medicine in 2001 reported for the first time
the high risk of active tuberculosis during infliximab treatment
and suggested active screening before treatment initiation. This
was the first swallow in a long series of publications revealing
opportunistic infections during specific immunosuppressive
treatments and recommendations for pre-treatment screening
and vaccinations.”* >

COVID-19 pandemic has forced major changes in healthcare
systems worldwide. As vaccines became available, data regarding
their efficacy in various background medical conditions and
therapies started to accumulate. In IBD, 37 papers are currently
available. Of them, most papers (51%) include recommendations
and consensus statements, and 38% assesses immune reaction to



vaccination—most of them (79%) mRNA vaccines. These data
are preliminary, as data are still accumulating these days, yet
emphasize the importance of disease prevention in IBD patients.

Our study has a few limitations. This analysis only provides
a high-level look at the field. The sheer number of publications
prohibits a manual analysis of the records. A list of terms was
determined based on current data in the literature, specifically
the latest ECCO guidelines and consensus between two senior
IBD specialist physicians. However, different terms might have
achieved different results. The data were extracted from
MEDLINE/PubMed. Other options such as Google Scholar
were not included and might have reached different results.
Also, subgroup analysis based on the place of the study and
type of article was not performed and can be further analyzed
in future works.

Furthermore, the rise in immunotherapies during the last
decades is a trend in other autoimmune diseases and not
specific to IBD. Most of the immunotherapies in the IBD
field are used for other indications as well, the most common
are rtheumatoid arthritis (RA) and psoriasis.*

In conclusion, according to our high-level publications
trend analysis, during the past two decades, along with the
rapid increase in biologic therapy, publications regarding
opportunistic infections and prophylactic screening increased
in a steep slope compared to the two decades in the pre-
biologic area. On the contrary, publications assessing regular
vaccines did not change along the last four decades. These data
reflect the increased interest in preventing and treating poten-
tial infections during immunomodulating therapy. We believe
that this trend will continue and enhance, as more treatment
options will be offered to our IBD patients and more data will
accumulate regarding potential specific infection risks.

During the COVID-19 pandemic, most publications included
vaccination recommendations and guidelines and only 38%
included real-world data assessing the reaction to vaccinations.
More research in this area collecting real-world data is needed
for wider and better patient care and for better understanding
the needs during the current rapidly changing pandemic.
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