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Abstract

Over the past decade there has been a dramatic change
in the treatment of patients with Crohn’s disease and
ulcerative colitis, which comprise the inflammatory
bowel diseases (IBD). This is due to the increasing use
of immunosuppressives and in particular the biological
agents, which are being used earlier in the course of
disease, and for longer durations, as these therapies
result in better clinical outcomes for patients. This,
however, has the potential to increase the risk of op-
portunistic and serious infections in these patients,
most of which are preventable. Much like the risk for
potential malignancy resulting from the use of these
therapies long-term, a balance needs to be struck
between medication use to control the disease with
minimization of the risk of an opportunistic infection.
This outcome is achieved by the physician’s tailored use
of justified therapies, and the patients’ education and
actions to minimize infection risk. The purpose of this
review is to explore the evidence and guidelines avail-
able to all physicians managing patients with IBD using
immunomodulating agents and to aid in the prevention
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of opportunistic infections.
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Core tip: In inflammatory bowel diseases (IBD) there is
increasing use of immunosuppressives and the biologi-
cal agents, which are being used earlier in the course
of disease, and for longer durations. This, however,
has the potential to increase the risk of opportunistic
and serious infections in these patients, most of which
are preventable. A balance thus needs to be struck
between medication use to control the disease with
minimization of the risk of an opportunistic infection.
This outcome is achieved by the physician’s tailored use
of justified therapies, and the patients’ education and
actions to minimize infection risk. The purpose of this
review is to explore the evidence and guidelines avail-
able to all physicians managing patients with IBD.
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INTRODUCTION

Patients with one of the inflaimmatory bowel diseases
(IBDs), Crohn’s disease (CD) or ulcerative colitis (UC),
are at an increased risk of infection, which is partly inher-
ent to the diseases themselves, but may also be due to the
therapies used in their management. The pathogenesis
of IBD is potentially secondary to an inappropriate in-
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nate immune response to normal colonic flora and this
may result in the lack of an appropriate immunological
response to potential pathogensm. In the more severe
cases of IBD, patients may suffer from concurrent mal-
nutrition and can need radical surgical procedures, which
can further compromise the patients’ immunological
responsesm. The drugs required for disease control, such
as the corticosteroids, immunological modulators like the
thiopurines, methotrexate and cyclosporine, as well as the
anti-tumor necrosis factor alpha (TNFq,) medications,
also have as their primary function the inhibition, and
control, of immune system activity. Therefore, these can
further reduce the immunological responses resulting in
an increased risk of opportunistic infection.

The prevalence of opportunistic infections in IBD,
however, is difficult to assess as this can vary markedly
between countries but as they may result in mortalities
within the IBD patient population their avoidance is of
great importance™. As an example, the background
tisk of tuberculosis (IB) in Spain is high at 21,/100000,
whete it is considered endemic and the risk of infection
can increase by up to 90-fold in IBD patients receiv-
ing an TNFa medication”
lower background prevalence of TB in countries like
the United States at 6.8/100000" and 0.9/100000 in the
non-indigenous Australian-born populationm. The risk
to both the general population, and the immunosup-

1 By contrast there is a much

pressed IBD patient, is thus vastly less in these countries
and was demonstrated in an Australian and New Zealand
study examining the prevalence of serious infections in
IBD patients receiving a TNFa agent where not a single
patient suffered from either primary, or reactivated TB,
despite 3 patients receiving TB chemo prophylaxis due to
a positive Quantiferon gold test prior to the initiation of
TNFq, therapy'”

While there is much concern regarding the TNFa
drugs, as they may result in reactivation of granuloma-
tous infections, particularly TB", there is frequently less
emphasis given to the other immunomodulating medi-
cations and whether they should also be regarded with
caution, especially when used in combination with the
TNFa therapies. The future of IBD medicine is, how-
ever, moving towards more biological medications (cer-
toluzimab, golimumab, natalizumab and vedoluzimab)
and the use of combination therapies. The risk to benefit
ratio of these medications for the IBD patient thus needs
to be continually assessed and monitored in order to give
the best outcomes, much like the balancing act required
to maintain IBD remission while minimizing the risk of
cancers in these patientsm.

Many infections have been associated with the use of
the IBD medications, however, some may be specifically
due to the mechanisms of action of individual medica-
tions'"”. Patients on the thiopurine agents appear to be at
greater risk of developing viral infections like cytomega-
lovirus (CMV), Epstein Barr virus (EBV) and varicella
zoster virus (VZV), which is thought to be secondary to
the effect of the thiopurine metabolites on T cells lead-
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ing to the induction of apoptosism. By contrast, macro-
phage function is primarily affected in patients receiving
a TNFa agent and it has clearly been documented that
these medications reactivate TB and thus a meticulous
screening program is required for these patients prior to
undergoing these therapies“o].

There is thus a definite risk of infections other then
TB with the use of the IBD medications, but overall they
appear to be uncommon. In the Australia and New Zea-
land study only 2.2% of the patient population receiving
TNFq therapy suffered a serious opportunistic infection.
Almost half of these cases, however, were on a combina-
tion of immunosuppressive therapiesm, This is similar
to the findings of one of the first studies investigating
opportunistic infection rates undertaken at the Mayo
Clinic. This investigation demonstrated that the use of
steroids, thiopurines and infliximab all impact on the rate
of opportunistic infections in IBD. It noted that steroid
use alone increased the risk by 2.6 fold (95%CI: 1.4-4.7)
but this, however, increased further to 12.9 fold (95%CI:
4.5-37.0) when 2 or more of these drugs were used in
combination'”.

Despite how rare an opportunistic infection may be,
however, the difficulty is in recognizing and treating them
once they have occurred and the fact that they can result
in significant morbidity and mortality. Prevention is thus
certainly regarded as much better than cure in these situa-
tions. The prevention of opportunistic infections is, there-
fore, both the patient’s and treating physician’s primary
goal and can be achieved through the use of multiple mo-
dalities that include vaccinations, chemoprophylaxis and
education of the patients and clinicians. Each of these
factors 1s vital for the successful implementation of ap-

propriate guidelines for the best patient management!'?,

DEFINITION OF IMMUNOSUPPRESSION

An immunocompromised patient is someone in whom

there is defective phagocytic, cellular, or humoral im-
munity, which leads to an increased risk of opportunistic
infection and/or infective complications”s’m]. While the
presence of active IBD can itself lead to an increased risk
of infections, independent of immunomodulating drugs,
secondary to loss of the intestinal mucosal integtity, the
IBD patient is not considered as immunocompromised
per se. IBD patients are thus considered as being immu-
nosuppressed primarily as a result of the therapy they
receive and/or from the presence of malnutrition*'",
The ECCO Consensus guidelines outline the various IBD
therapies, which classify a patient as being immunocom-
promised and include the following: (1) treatment with
steroids (prednisone or its equivalent of > 20 mg/d, or 2
mg/kg per day if < 10 kg, for 2 wk or more, and within 3
mo of stopping); (2) treatment with therapeutic doses of
a thiopurine or discontinuation within the 3 mo preceding;
(3) treatment with methotrexate or discontinuation within
the preceding 3 mo; and (4) treatment with a TNFo agent
or discontinuation within the preceding 3 mo!'"*'",
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Figure 1 The patient pre-inflammatory bowel disease therapy work up.
HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; TB: Tuberculosis; CMV: Cytomegalovirus; EBV: Epstein Barr virus; VZV:
Varicella zoster virus.

VACCINATIONS

Understanding the role of vaccination in the IBD popu-
lation is crucial for the patient, specialist and primary care
physicians involved in patient care. As advances in medi-
cal therapies lead to healthier patients with a better quality
of life, focus must shift from treating infection to main-
taining well-being in our patients by the prevention of
disease. Vaccination is one of those vital, but frequently
forgotten, areas in infection prevention. Patients with
IBD are at risk of the same vaccine-preventable illnesses
as the general population, and since most IBD patients
will be diagnosed after they have completed their child-
hood immunization schedules, and most will require im-
munosuppression therapy at some stage in their lifetime,
the opportunity should be taken to explore each patient’s
immunization status at the time of the diagnosis of their
1BD"

The institution of immunosuppressive and biological
therapies also impact on which vaccinations a patient is
allowed to receive and can also impact on the patient’s
response to vaccination with some studies demonstrat-
ing a lower response rate to vaccination once on these
agents“&m]
opportunity in which to vaccinate the patient prior to
the institution of treatment with an immunomodula-
tory agent. This must be taken advantage of in order to
achieve the best possible patient outcomes. To date it is
clear that the vaccination rates in the IBD populations
are suboptimal and these need to be improvemzﬂ and

. There is usually only a small window of

as there are now clear published international guidelines
created to increase physician awareness of this issue and
to improve vaccination rates and outcomes in the IBD
population"”,
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What to do at diagnosis

At the initial diagnosis, or first presentation, of an IBD
patient, a thorough history, clinical examination and panel
of blood investigations should be performed prior to
commencing any immunosuppressive, or biologic, ther-
apy. This should include a history of previous, and cur-
rent, infections including viral [VZV, herpes simplex virus
(HSV), human immunodeficiency virus (HIV), hepatitis
B virus (HBV) and hepatitis C virus, EBV and CMV],
bacterial (IB, pneumococcal and urinary tract infections)
and fungal infections. A detailed vaccination and travel
history is also crucial in further determining what vacci-
nations need to be recommended, boostered or checked.
Figure 1 summarizes the patient pre-IBD therapy work
up and Table 1 summarizes the vaccination recommenda-
tions based on current guidelines and evidence.

Once a patient is on a immunocompromising medi-
cation, inactivated vaccinations only are recommended
and these are suggested in guidelines for immunocom-
promised patients who do not have an increase risk of
infectious complicarionsmj. Live attenuated vaccinations
need to be avoided in these patients (Table 1) as there is
a risk that the administration of live vaccines to immu-
nocompromised persons may result in adverse events, or
vaccine-related disease, due to unchecked replication of
the vaccine virus or bacteria. This is particularly noted
for the measles-, mumps-, rubella®*” and VZV-contain-
ing vaccines”” and for Bacille Calmette-Guérin (BCG)
vaccine™”. The risk of disease, however, vaties for dif-
ferent vaccines and for different individuals so caution
is required for the use of vaccination in the setting of
immunocompromise. In significantly immunocompro-
mised persons the use of almost all the live vaccines are
contraindicated.

The live attenuated vaccinations include yellow fever,
oral polio, BCG, measles-mumps-rubella, typhoid Ty21a,
VZV, live attenuated influenza virus and herpes zoster
(Centre for Disease Control, 2009). Ideally a patient
should not be receiving an immunomodulating medica-
tion for at least 3 mo prior to vaccination and in the case
of steroids, the patient should avoid use for at least a
month. If a live vaccine must be given to an IBD patient,
the recommencement of an immunomodulatory medica-
tion should be withheld for at least 3 wk!'.

RECOMMENDED VACCINATIONS -
INACTIVE VACCINES

HBV vaccination

IBD patients who have less than 10 IU/L hepatitis B sur-
face antibodies (anti-HBs) should be vaccinated against
HBYV according to the standard schedule (3 doses at 0, 1
and 6 mo) regardless of if they are immunosuppressed
or not. When HBYV vaccines are administered to a young
healthy population, there is a > 95% protective serocon-
version rate” 7. Yet studies in the IBD populations have
revealed much lower rates of detectable anti-HBs post
vaccination (33%-36%)"*, which could be attributable to
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Table 1 Vaccines recommended in immunocompromised inflammatory bowel disease patients

Infectious disease

Vaccine type

Recommendation

Influenza
Pneumococcal disease
Hepatitis B virus
Human papilloma virus

Inactivated trivalent virus

23-valent purified capsular antigen

Recombinant peptide
Quadrivalent vaccine

Tetanus-Diptheria Toxoid
Measles-Mumps-Rubella Live attenuated
Varicella zoster Live attenuated

Yellow fever Live attenuated

Cholera Oral live
Oral killed
Poliomyelitis Oral live attenuated

Injectable inactivated

Meningococcal Conjugated polysaccharide
C polysaccharide combined
Tuberculosis BCG live vaccine

Recommended annually
Recommended 5 yearly
Recommended standard or double dose schedule
In women according to local guidelines, standard schedule
Recommended in vaccinated patients 10 yearly
Contraindicated
Contraindicated
Contraindicated
Contraindicated
Use with caution
Contraindicated
Recommended
Authorised yet not recommended
Authorised yet not recommended
Always contraindicated

BCG: Bacille Calmette-Guérin.

an older age groupm but also the use of biological thera-
py[18’34j. The use of a thiopurine medication, however, ap-
pears to have no negative impact on the efficacy of HBV
vaccination but this may need further investigationllsj.

Due to the significantly lower response rates to stan-
dard HBV vaccination in IBD patients, some studies
have suggested a modified dosing regimen that doubles
the standard antigen dose, given at 0, 1 and 2 mo. This
was noted to result in 60% of the IBD patients having
hepatitis B surface antigen levels > 10 TU/ L, Compar-
ison between this and the standard vaccination regime
has been studied in IBD where 148 patients were vacci-
nated with either the standard, or double dose, protocol
with an anti-HBs of > 10 IU/L considered a successful
responsepsj. The seroconversion rate in the standard pro-
tocol group was 41% compared to a 75% seroconver-
sion in the double dose protocol group. The advantage
of the double dosing protocol was seen regardless of
the use of immunosuppressive treatments and also was
noted for achieving higher titres of anti-HBs with levels
> 100 IU/L.

Considering the variability of HBV seroconver-
sion, the best time to offer immunization is at the time
of diagnosis prior to commencement of any immuno-
modulator therapy. Serological testing should then be
undertaken after completion of the vaccination schedule
(1-3 mo after the last dose) to determine if immunity
was conferred" . If the standard protocol fails to
achieve seroconversion, an additional vaccine can achieve
a successful antibody response in between 25%-50% of
patients and a complete second three-dose course has
been shown to be successful in between 40%-100% of
patients in non-IBD population studies”.

Debate has also occurred around the ideal anti-HBs
titre that should be reached post-vaccination in the IBD
population. Post-vaccination anti-HBs titres of > 10
TU/L is considered to have conferred protection against
infection in healthy subjects. This is long-term protection
and relies on immune memory. In the immunocompro-
mised patient, however, protection may be primarily reli-
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ant on the amount of circulating antibody rather than the
immune memory. Thus titres > 100 TU/L in the United
Kingdom are now considered as the new cut-off point
for the vaccination to be considered as successful in the
immunocompromised patient™". Tf these titres are not
achieved after the 3-dose schedule, a 4™ dose is then ad-
ministered, or repetition of the full 3-dose series.

Influenza virus vaccination

Annual vaccination against influenza is recommended
in IBD patients from the time of diagnosis“6]. Immuno-
suppressed patients have a higher risk of complications
secondary to the influenza virus and there is greater asso-
ciated morbidity and mortalitypsj. The inactivated trivalent
influenza vaccine comprises two type A subtypes (HIN1
and H3N2) as well as type B subtype. Studies have dem-
onstrated mixed efficacy of the vaccine in the immuno-
suppressed population, mostly in paediatric IBD patients,
which have demonstrated poor seroprotection results™ .
However, more recent data in adult IBD patients have
demonstrated adequate seroprotection rates without ex-
acerbation of intestinal disease!*’. Regardless of these
findings, however, in most cases the immune response is
adequate to warrant ongoing annual vaccination.

Pneumococcal vaccination

Streptococcus pnenmoniae is the most common bacteria re-
sponsible for pneumonia and sepsis. IBD patients are
also at increased risk of invasive pneumococcal sep-
sis' ™", Vaccination with the 23-valent strain is thus rec-
ommended to be administered every 5 years in the IBD
population"”,

Again, as seen with other vaccines, effectiveness of
this vaccine is diminished in patients on immunomodu-
lating therapies, especially in combination, and therefore
it should, ideally, be administered prior to commence-
ment of such treatments™. Considering that the vaccine
comprises 23 antigens to mount an immune response
too, some degree of protection can be achieved and,
therefore, it is considered worthwhile.
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Human papilloma virus vaccination

The human papilloma virus (HPV) is the most common
sexually transmitted infection'"”. This virus is onco-
genic and can lead to cervical dysplasia with progression
through to carcinoma**", While data is lacking of a clear
link with this risk being heightened and the use of immu-
nosuppression, and biological therapies, there is a theo-
retical risk of HPV-associated tumours in prolonged and
combination immunosuppressing IBD therapy. Vaccina-
tion against HPV in IBD is thus advisable in the appro-
priate populations (young women ageing from 12 years
to 26 years old) according to the local guidelinesmm.

Tetanus and diphtheria

It is recommended that the general population should
receive the tetanus, diphtheria and accellular pertussis
vaccine every 10 years. This also holds true for patients
with IBD. If the vaccination history is dubious then this
should occur early within the IBD patient’s course of

treatment[16’49].

LIVE ATTENUATED VACCINES

Measles-mumps-rubella vaccination

Childhood immunizations against measles, mumps and
rubella should be included in the initial history taking of
the new IBD patient. In most developed countries there
is a low risk of acquiring these infections as an adult due
to herd immunity”. The evidence to support administra-
tion of the combined vaccine in patients prior to immu-
nosuppressive therapy institution is also lacking and thus
this is currently not a recommended vaccination by the

ECCO guidelines.

Varicella vaccination

If patients with IBD have no history of having had vari-
cella infection in childhood, serology should be checked
and vaccination considered. Varicella infection in adults
is more severe than in children, can be fatal and particu-
larly severe if the patient is immunocompromisedm.
Unfortunately, this vaccination is a live vaccine, and thus
IBD patients who ate varicella naive and are already im-
munosuppressed should not receive it. If, however, the
patient is known not to be immune to varicella prior to
IBD therapy, a 2-dose schedule should be given at least 3
wk prior to commencing an immunosuppressive medica-
tion". Careful consideration of patients who might be at
greater risk of varicella infection, such as children, teach-
ers or health care workers, should guide the clinician in
this decision.

CHEMOPROPHYLAXIS

Antibiotic prophylaxis has been a commonly used thera-
py in immunosuppressed patients to prevent opportunis-
tic infections and the best example of this in IBD is for
suspected latent, or active, TB. The TNF-q agents should
be avoided in patients suspected of having latent, or ac-
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tive, TB until treatment for TB has been commenced and
has been in effect for at least 4 wk in order to avoid reac-
tivation of TB, or according to local guidelinesmss].
Prophylaxis for Prenmuocystis jiroveci with trimethoprim-
supha—methoxazolem should also be considered in
patients on combination immunomodulatory regimes,
usually when they are receiving the combination of 3
agents that includes steroids!>'*". or in patients with
low lymphocyte counts (< 600/ uL)m. Alternative agents
are aerosolized pentamidine, dapsone and atovaquone®™,
Data is lacking in this area and should be considered

closely by the clinician on a case-by-case basis.

HSV

IBD patients with frequent and or severe recurrent HSV
disease can be given oral anti-viral therapy to control
these infections!'”. Considering most infections with
HSV are mild and self-limiting, chemoprophylaxis is not
recommended in IBD patients commencing immuno-
modulators. If HSV infection, however, disseminates
during immunosuppressing therapy, then treatment with
high dose antivirals and cessation of immunosuppressors
is recommended"’.

HBYV infection

HBV is a very common infection worldwide and is well
known to reactivate in patients receiving immunosuppres-
sive medications. This can result in significant morbid-
ity and mortality, from liver function tests derangement
through to fulminant hepatic failure and death unless
anti-viral prophylaxis is given. This treatment strategy in
preventing HBV flares is well established in patients with
HBV-HIV co-infection and chronic HBV infected pa-
tients receiving systemic chemotherapy[59J and is becom-
ing increasingly important in IBD patients particularly
on combination immunomodulatory therapy and on the
biologicsm. There have been several case reports of fatal
HBV flares in patients with IBD on immunosuppressant
drugsm64J drawing concerns that the TNF alpha drugs
may be involved in regulating HBV replicarjonm. Patients
who test positive for HbsAg should go onto anti-viral
prophylaxis prior to commencing any immunosuppres-
sive therapy. This is regardless of a detectable DNA viral
load or not. Most recent guidelines suggest treatment
with either entecavir or tenofovir over lamivudine due
to fewer issues with developing viral resistance to these
agents however most studies have been focused on lami-
vudine prophylaxis to date™,

HIV infection

Prior to highly active anti-retroviral therapy (HAART),
immunosuppressive agents, especially the anti-TNF
drugs were contraindicated in HIV-infected IBD patients.
Now that viral replication can be controlled and immune
reconstitution achieved with the use of HAART, both
the immunosuppressive and biologic agents can be used
to treat IBD in patients who have a CD4" T lymphocyte
count > 500/ HLW)M. In those patients who are not on
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HAART, but require immunosuppressive or biologic
agents, then initiation of HAART should take priority,
especially if CD4" T cell counts are < 500/ pL.

of equal importance. This usually requires the best use of
one of the most precious commodities a doctor has with
their patient, time.

EDUCATION
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CONCLUSION

In an era of increasing use of immunosuppressing medi-
cations in IBD and for longer durations, together with
advocacy of the use of combination therapy, patients and
their doctors need to be more vigilant about prevention
and detection of opportunistic infections. IBD patients
are at the same risk for vaccine-preventable illness as the
general population. As IBD therapy can affect vaccine ef-
ficacy, then vaccination should be considered early in the
course of disease and ideally prior to the commencement
of any immunocompromising medication. The challenge
for doctors is to balance the medical management of
IBD, knowing the risks of individual therapies, and rec-
ognizing that prevention of opportunistic infections is as

Baishidenge ~ WJG | www.wjgnet.com

1  Xavier R]J, Podolsky DK. Unravelling the pathogenesis of in-
flammatory bowel disease. Nature 2007; 448: 427-434 [PMID:
17653185 DOI: 10.1038 / nature06005]

2 Viget N, Vernier-Massouille G, Salmon-Ceron D, Yazdan-
panah Y, Colombel JE. Opportunistic infections in patients
with inflammatory bowel disease: prevention and diagno-
sis. Gut 2008; 57: 549-558 [PMID: 18178610 DOI: 10.1136/
gut.2006.114660]

3 Lichtenstein GR, Feagan BG, Cohen RD, Salzberg BA, Dia-
mond RH, Chen DM, Pritchard ML, Sandborn WJ. Serious
infections and mortality in association with therapies for
Crohn’s disease: TREAT registry. Clin Gastroenterol Hepatol
2006; 4: 621-630 [PMID: 16678077]

4 Colombel JF, Loftus EV, Tremaine W], Egan L], Harm-
sen WS, Schleck CD, Zinsmeister AR, Sandborn WJ. The
safety profile of infliximab in patients with Crohn’s dis-
ease: the Mayo clinic experience in 500 patients. Gastroen-
terology 2004; 126: 19-31 [PMID: 14699483 DOI: 10.1053/
j.gastro.2003.10.047]

5 Winther KV, Jess T, Langholz E, Munkholm P, Binder V.
Survival and cause-specific mortality in ulcerative colitis: fol-
low-up of a population-based cohort in Copenhagen County.
Gastroenterology 2003; 125: 1576-1582 [PMID: 14724807 DOI:
10.1053/j.gastro.2003.09.036]

6 Jess T, Winther KV, Munkholm P, Langholz E, Binder V.
Mortality and causes of death in Crohn’s disease: follow-up
of a population-based cohort in Copenhagen County, Den-
mark. Gastroenterology 2002; 122: 1808-1814 [PMID: 12055588
DOI: 10.1053/ gast.2002.33632]

7 Gomez-Reino JJ, Carmona L, Valverde VR, Mola EM, Mon-
tero MD. Treatment of rheumatoid arthritis with tumor ne-
crosis factor inhibitors may predispose to significant increase
in tuberculosis risk: a multicenter active-surveillance report.
Arthritis Rheum 2003; 48: 2122-2127 [PMID: 12905464 DOI:
10.1002/art.11137]

8  Wolfe F, Michaud K, Anderson J, Urbansky K. Tuberculosis
infection in patients with rheumatoid arthritis and the ef-
fect of infliximab therapy. Arthritis Rheum 2004; 50: 372-379
[PMID: 14872478 DOI: 10.1002/ art.20009]

9 Lawrance IC, Radford-Smith GL, Bampton PA, Andrews JM,
Tan PK, Croft A, Gearry RB, Florin TH. Serious infections
in patients with inflammatory bowel disease receiving anti-
tumor-necrosis-factor-alpha therapy: an Australian and New
Zealand experience. | Gastroenterol Hepatol 2010; 25: 1732-1738
[PMID: 21039834 DOI: 10.1111/}.1440-1746.2010.06407.x]

10 Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica
J, Schwieterman WD, Siegel JN, Braun MM. Tuberculosis
associated with infliximab, a tumor necrosis factor alpha-
neutralizing agent. N Engl | Med 2001; 345: 1098-1104 [PMID:
11596589 DOI: 10.1056/ NEJMo0a011110]

11  Mill J, Lawrance IC. Prevention of cancer in IBD - a balanc-
ing act. Minerva Gastroenterol Dietol 2013; 59: 261-272 [PMID:
23867946]

12  Aberra FN, Lichtenstein GR. Methods to avoid infections
in patients with inflammatory bowel disease. Inflamm Bowel
Dis 2005; 11: 685-695 [PMID: 15973124 DOI: 10.1097/01.
MIB.0000160742.91602.b7]

13 Toruner M, Loftus EV, Harmsen WS, Zinsmeister AR, Oren-
stein R, Sandborn WJ, Colombel JF, Egan L]. Risk factors for
opportunistic infections in patients with inflammatory bowel
disease. Gastroenterology 2008; 134: 929-936 [PMID: 18294633
DOI: 10.1053/j.gastro.2008.01.012]

14 Walsh AJ, Weltman M, Burger D, Vivekanandarajah S, Con-

August 7,2014 | Volume 20 | Issue 29 |



15

16

17

18

19

20

21

22

23

24

25

26

27

JRaishideng®

nor S, Howlett M, Radford-Smith G, Selby W, Veillard AS,
Grimm MC, Travis SP, Lawrance IC. Implementing guide-
lines on the prevention of opportunistic infections in inflam-
matory bowel disease. | Crohns Colitis 2013; 7: e449-e456
[PMID: 23601754]

Gisbert JP, Chaparro M. Vaccination strategies in patients
with IBD. Nat Rev Gastroenterol Hepatol 2013; 10: 277-285
[PMID: 23419290]

Rahier JF, Ben-Horin S, Chowers Y, Conlon C, De Munter
P, D’'Haens G, Domeénech E, Eliakim R, Eser A, Frater J, Gas-
sull M, Giladi M, Kaser A, Lémann M, Moreels T, Moschen
A, Pollok R, Reinisch W, Schunter M, Stange EF, Tilg H, Van
Assche G, Viget N, Vucelic B, Walsh A, Weiss G, Yazdan-
panah Y, Zabana Y, Travis SP, Colombel JE. European
evidence-based Consensus on the prevention, diagnosis and
management of opportunistic infections in inflammatory
bowel disease. | Crohns Colitis 2009; 3: 47-91 [PMID: 21172250
DOI: 10.1016/j.crohns.2009.02.010]

Sands BE, Cuffari C, Katz ], Kugathasan S, Onken J, Vitek C,
Orenstein W. Guidelines for immunizations in patients with
inflammatory bowel disease. Inflamm Bowel Dis 2004; 10:
677-692 [PMID: 15472534 DOI: 10.1097 /00054725-200409000-
00028]

Gisbert JP, Villagrasa JR, Rodriguez-Nogueiras A, Chaparro
M. Efficacy of hepatitis B vaccination and revaccination and
factors impacting on response in patients with inflammatory
bowel disease. Am | Gastroenterol 2012; 107: 1460-1466 [PMID:
23034605 DOI: 10.1038/ ajg.2012.79]

Fiorino G, Peyrin-Biroulet L, Naccarato P, Szabo H, Sociale
OR, Vetrano S, Fries W, Montanelli A, Repici A, Malesci
A, Danese S. Effects of immunosuppression on immune
response to pneumococcal vaccine in inflammatory bowel
disease: a prospective study. Inflamm Bowel Dis 2012; 18:
1042-1047 [PMID: 21674732 DOI: 10.1002/ibd.21800]
Melmed GY, Ippoliti AF, Papadakis KA, Tran TT, Birt JL,
Lee SK, Frenck RW, Targan SR, Vasiliauskas EA. Patients
with inflammatory bowel disease are at risk for vaccine-
preventable illnesses. Am | Gastroenterol 2006; 101: 1834-1840
[PMID: 16817843 DOI: 10.1111/}.1572-0241.2006.00646.x]
Yeung JH, Goodman K], Fedorak RN. Inadequate knowl-
edge of immunization guidelines: a missed opportunity for
preventing infection in immunocompromised IBD patients.
Inflamm Bowel Dis 2012; 18: 34-40 [PMID: 21337671 DOI:
10.1002/ibd.21668]

Wilckens V, Kannengiesser K, Hoxhold K, Frenkel C,
Kucharzik T, Maaser C. The immunization status of patients
with IBD is alarmingly poor before the introduction of spe-
cific guidelines. Scand | Gastroenterol 2011; 46: 855-861 [PMID:
21506630 DOI: 10.3109/00365521.2011.574734]

Gupta A, Macrae FA, Gibson PR. Vaccination and screen-
ing for infections in patients with inflammatory bowel
disease: a survey of Australian gastroenterologists. Intern
Med ] 2011; 41: 462-467 [PMID: 19849740 DOI: 10.1111/
j.1445-5994.2009.02114.X]

Chalmers A, Scheifele D, Patterson C, Williams D, Weber J,
Shuckett R, Teufel A. Immunization of patients with rheu-
matoid arthritis against influenza: a study of vaccine safety
and immunogenicity. | Rheumatol 1994; 21: 1203-1206 [PMID:
7966058]

Mitus A, Holloway A, Evans AE, Enders JF. Attenuated
measles vaccine in children with acute leukemia. Am | Dis
Child 1962; 103: 413-418 [PMID: 14474744]

Monafo WJ, Haslam DB, Roberts RL, Zaki SR, Bellini
W], Coffin CM. Disseminated measles infection after vac-
cination in a child with a congenital immunodeficiency. |
Pediatr 1994; 124: 273-276 [PMID: 8301437 DOI: 10.1016/
50022-3476(94)70318-3]

Galea SA, Sweet A, Beninger P, Steinberg SP, Larussa PS,
Gershon AA, Sharrar RG. The safety profile of varicella
vaccine: a 10-year review. | Infect Dis 2008; 197 Suppl 2:

WJG | www.wjgnet.com

9697

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Mill J et a/. Medical therapy in IBD

5165-5169 [PMID: 18419392 DOI: 10.1086/522125]

Cheent K, Nolan ], Shariq S, Kiho L, Pal A, Arnold J. Case
Report: Fatal case of disseminated BCG infection in an
infant born to a mother taking infliximab for Crohn’s dis-
ease. | Crohns Colitis 2010; 4: 603-605 [PMID: 21122568 DOI:
10.1016/j.crohns.2010.05.001]

Hesseling AC, Marais BJ, Gie RP, Schaaf HS, Fine PE, God-
frey-Faussett P, Beyers N. The risk of disseminated Bacille
Calmette-Guerin (BCG) disease in HIV-infected children.
Vaccine 2007; 25: 14-18 [PMID: 16959383 DOI: 10.1016/
j.vaccine.2006.07.020]

Coates T, Wilson R, Patrick G, André F, Watson V. Hepa-
titis B vaccines: assessment of the seroprotective efficacy of
two recombinant DNA vaccines. Clin Ther 2001; 23: 392-403
[PMID: 11318074 DOI: 10.1016/50149-2918(01)80044-8]

Mast EE, Weinbaum CM, Fiore AE, Alter M]J, Bell BP, Finelli
L, Rodewald LE, Douglas JM, Janssen RS, Ward JW. A com-
prehensive immunization strategy to eliminate transmission
of hepatitis B virus infection in the United States: recommen-
dations of the Advisory Committee on Immunization Prac-
tices (ACIP) Part II: immunization of adults. MMWR Recomm
Rep 2006; 55: 1-33; quiz CE1-4 [PMID: 17159833]

WHO Publication. Hepatitis B vaccines: WHO position
paper--recommendations. Vaccine 2010; 28: 589-590 [PMID:
19896455 DOI: 10.1016/j.vaccine.2009.10.110]

Vida Pérez L, Gémez Camacho F, Garcia Sdnchez V, Iglesias
Flores EM, Castillo Molina L, Cerezo Ruiz A, Casais Juanena
L, De Dios Vega JF. [Adequate rate of response to hepatitis
B virus vaccination in patients with inflammatory bowel
disease]. Med Clin (Barc) 2009; 132: 331-335 [PMID: 19268981
DOI: 10.1016/j.medcli.2008.07.013]

Brezinschek HP, Hofstaetter T, Leeb BF, Haindl P, Gran-
inger WB. Immunization of patients with rheumatoid
arthritis with antitumor necrosis factor alpha therapy and
methotrexate. Curr Opin Rheumatol 2008; 20: 295-299 [PMID:
18388521 DOI: 10.1097/BOR.0b013e3282ffdeca]

Gisbert JP, Menchén L, Garcia-Sanchez V, Marin I, Villa-
grasa JR, Chaparro M. Comparison of the effectiveness of
two protocols for vaccination (standard and double dosage)
against hepatitis B virus in patients with inflammatory bow-
el disease. Aliment Pharmacol Ther 2012; 35: 1379-1385 [PMID:
22530631 DOI: 10.1111/.1365-2036.2012.05110.x]

Hou JK, Velayos F, Terrault N, Mahadevan U. Viral hepatitis
and inflammatory bowel disease. Inflamm Bowel Dis 2010; 16:
925-932 [PMID: 20480515 DOI: 10.1002/1ibd.21284]

Are booster immunisations needed for lifelong hepatitis
B immunity? European Consensus Group on Hepatitis B
Immunity. Lancet 2000; 355: 561-565 [PMID: 10683019 DOI:
10.1016/S0140-6736(99)07239-6]

Hassan IA, Chopra R, Swindell R, Mutton K]J. Respira-
tory viral infections after bone marrow/peripheral stem-
cell transplantation: the Christie hospital experience. Bone
Marrow Transplant 2003; 32: 73-77 [PMID: 12815481 DOI:
10.1038/sj.bmt.1704048]

Mamula P, Markowitz JE, Piccoli DA, Klimov A, Cohen L,
Baldassano RN. Immune response to influenza vaccine in
pediatric patients with inflammatory bowel disease. Clin
Gastroenterol Hepatol 2007; 5: 851-856 [PMID: 17544875]
Cullen G, Bader C, Korzenik JR, Sands BE. Serological re-
sponse to the 2009 HIN1 influenza vaccination in patients
with inflammatory bowel disease. Gut 2012; 61: 385-391
[PMID: 21757451 DOI: 10.1136/ gutjnl-2011-300256]
deBruyn JC, Hilsden R, Fonseca K, Russell ML, Kaplan
GG, Vanderkooi O, Wrobel I. Immunogenicity and safety of
influenza vaccination in children with inflammatory bowel
disease. Inflamm Bowel Dis 2012; 18: 25-33 [PMID: 21472826
DOI: 10.1002/ibd.21706]

Lu Y, Jacobson DL, Ashworth LA, Grand R], Meyer AL, Mc-
Neal MM, Gregas MC, Burchett SK, Bousvaros A. Immune
response to influenza vaccine in children with inflammatory

August 7,2014 | Volume 20 | Issue 29 |



43

44

45

46

47

48

49

50

51

52

53

54

55

56

JRaishideng®

Mill J et a/. Medical therapy in IBD

bowel disease. Am | Gastroenterol 2009; 104: 444-453 [PMID:
19174786 DOI: 10.1038/ ajg.2008.120]

Dotan I, Werner L, Vigodman S, Agarwal S, Pfeffer ],
Horowitz N, Malter L, Abreu M, Ullman T, Guzner-Gur H,
Halpern Z, Mayer L. Normal response to vaccines in inflam-
matory bowel disease patients treated with thiopurines.
Inflamm Bowel Dis 2012; 18: 261-268 [PMID: 21438101 DOI:
10.1002/ibd.21688]

Melmed GY, Agarwal N, Frenck RW, Ippoliti AF, Ibanez P,
Papadakis KA, Simpson P, Barolet-Garcia C, Ward ], Targan
SR, Vasiliauskas EA. Immunosuppression impairs response
to pneumococcal polysaccharide vaccination in patients with
inflammatory bowel disease. Am ] Gastroenterol 2010; 105:
148-154 [PMID: 19755964 DOI: 10.1038/ ajg.2009.523]
Palefsky J. Human papillomavirus infection in HIV-infected
persons. Top HIV Med 2007; 15: 130-133 [PMID: 17720998]
Muiioz N. Human papillomavirus and cancer: the epidemio-
logical evidence. | Clin Virol 2000; 19: 1-5 [PMID: 11091143]
Muiioz N, Bosch FX, de Sanjosé S, Herrero R, Castellsagué X,
Shah KV, Snijders PJ], Meijer CJ. Epidemiologic classification
of human papillomavirus types associated with cervical can-
cer. N Engl | Med 2003; 348: 518-527 [PMID: 12571259 DOI:
10.1056/NEJMoa021641]

Sinclair JA, Wasan SK, Farraye FA. Health maintenance in
the inflammatory bowel disease patient. Gastroenterol Clin
North Am 2012; 41: 325-337 [PMID: 22500521 DOI: 10.1016/
j-gtc.2012.01.006]

Wasan SK, Baker SE, Skolnik PR, Farraye FA. A practical
guide to vaccinating the inflammatory bowel disease patient.
Am | Gastroenterol 2010; 105: 1231-1238 [PMID: 20104218
DOI: 10.1038/ ajg.2009.733]

Bernstein CN, Rawsthorne P, Blanchard JF. Population-
based case-control study of measles, mumps, and rubella
and inflammatory bowel disease. Inflamm Bowel Dis 2007; 13:
759-762 [PMID: 17230540 DOI: 10.1002/ibd.20089]
Prevention of varicella: Recommendations of the Advisory
Committee on Immunization Practices (ACIP). Centers for
Disease Control and Prevention. MMIWR Recomm Rep 1996;
45:1-36 [PMID: 8668119]

Obrador A, Lépez San Roman A, Muiioz P, Fortan ], Gassull
MA. [Consensus guideline on tuberculosis and treatment
of inflammatory bowel disease with infliximab. Spanish
Working Group on Crohn Disease and Ulcerative Colitis].
Gastroenterol Hepatol 2003; 26: 29-33 [PMID: 12525326 DOI:
10.1157/13042212]

Fonseca JE, Lucas H, Canhao H, Duarte R, Santos MJ, Villar M,
Faustino A, Raymundo E. [Guidelines for the diagnosis and
treatment of latent tuberculosis infection and active tubercu-
losis in patients with inflammatory joint diseases proposed
for treatment with tumour necrosis factor alpha antagonist
drugs]. Rev Port Pneumol 2006; 12: 603-613 [PMID: 17117328]
Ledingham J, Wilkinson C, Deighton C. British Thoracic
Society (BTS) recommendations for assessing risk and man-
aging tuberculosis in patients due to start anti-TNF-{alpha}
treatments. Rheumatology (Oxford) 2005; 44: 1205-1206 [PMID:
16172152 DOI: 10.1093 / rheumatology / kei103]

Centers for Disease Control and Prevention (CDC). Trends
in tuberculosis--United States, 2005. MMWR Morb Mortal
Wkly Rep 2006; 55: 305-308 [PMID: 16557214]

Seddik M, Melliez H, Seguy D, Viget N, Cortot A, Colombel
JE. Pneumocystis jiroveci (carinii) pneumonia after initia-
tion of infliximab and azathioprine therapy in a patient with

WJG | www.wjgnet.com

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Crohn'’s disease. Inflamm Bowel Dis 2005; 11: 618-620 [PMID:
15905713 DOI: 10.1097/01.MIB.0000164002.32735.c2]
Mansharamani NG, Balachandran D, Vernovsky I, Garland
R, Koziel H. Peripheral blood CD4 + T-lymphocyte counts
during Pneumocystis carinii pneumonia in immunocom-
promised patients without HIV infection. Chest 2000; 118:
712-720 [PMID: 10988193 DOI: 10.1378/ chest.118.3.712]
Warren E, George S, You ], Kazanjian P. Advances in the
treatment and prophylaxis of Pneumocystis carinii pneumo-
nia. Pharmacotherapy 1997; 17: 900-916 [PMID: 9324180]

Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/
hep.23190]

Mastroianni CM, Lichtner M, Citton R, Del Borgo C, Rago
A, Martini H, Cimino G, Vullo V. Current trends in manage-
ment of hepatitis B virus reactivation in the biologic therapy
era. World | Gastroenterol 2011; 17: 3881-3887 [PMID: 22025876
DOI: 10.3748/ wjg.v17.i34.3881]

Loras C, Gisbert JP, Minguez M, Merino O, Bujanda L, Saro C,
Domenech E, Barrio J, Andreu M, Ordas I, Vida L, Bastida G,
Gonzélez-Huix F, Piqueras M, Ginard D, Calvet X, Gutiérrez
A, Abad A, Torres M, Panés ], Chaparro M, Pascual I, Rodri-
guez-Carballeira M, Fernandez-Bafiares F, Viver JM, Esteve
M. Liver dysfunction related to hepatitis B and C in patients
with inflammatory bowel disease treated with immunosup-
pressive therapy. Gut 2010; 59: 1340-1346 [PMID: 20577000
DOI: 10.1136/ gut.2010.208413]

Esteve M, Saro C, Gonzalez-Huix F, Suarez F, Forné M,
Viver JM. Chronic hepatitis B reactivation following inflix-
imab therapy in Crohn’s disease patients: need for primary
prophylaxis. Gut 2004; 53: 1363-1365 [PMID: 15306601 DOI:
10.1136/ gut.2004.040675]

Millonig G, Kern M, Ludwiczek O, Nachbaur K, Vogel W.
Subfulminant hepatitis B after infliximab in Crohn’s disease:
need for HBV-screening? World | Gastroenterol 2006; 12:
974-976 [PMID: 16521231]

Esteve M, Loras C, Gonzalez-Huix F. Lamivudine resistance
and exacerbation of hepatitis B in infliximab-treated Crohn’s
disease patient. Inflamm Bowel Dis 2007; 13: 1450-1451 [PMID:
17712837 DOI: 10.1002/ibd.20202]

Herbein G, O’'Brien WA. Tumor necrosis factor (TNF)-
alpha and TNF receptors in viral pathogenesis. Proc Soc Exp
Biol Med 2000; 223: 241-257 [PMID: 10719836 DOI: 10.1046/
j.1525-1373.2000.22335.x]

Calabrese LH, Zein N, Vassilopoulos D. Safety of antitu-
mour necrosis factor (anti-TNF) therapy in patients with
chronic viral infections: hepatitis C, hepatitis B, and HIV
infection. Ann Rheum Dis 2004; 63 Suppl 2: ii18-ii24 [PMID:
15479865 DOI: 10.1136/ ard.2004.028209]

Gaylis N. Infliximab in the treatment of an HIV positive
patient with Reiter’s syndrome. | Rheumatol 2003; 30: 407-411
[PMID: 12563704]

Pizzo PA. Fever in immunocompromised patients. N Engl
J Med 1999; 341: 893-900 [PMID: 10486422 DOI: 10.1056/
NEJM199909163411207]

Binion DG. Strategies for management of Clostridium dif-
ficile infection in immunosuppressed patients. Gastroenterol
Hepatol (N'Y) 2011; 7: 750-752 [PMID: 22298971]

Alain S, Ducancelle A, Le Pors MJ, Mazeron MC, de Sau-
ssure P, Bouhnik Y, Lavergne A. Cytomegalovirus infection
in patients with active inflammatory bowel disease. | Clin
Virol 2005; 33: 180-182 [PMID: 15911437]

P- Reviewer: Hoensch HP, Li JD, Soares RLS S- Editor: Gou SX

9698

L- Editor: A E- Editor: Wang CH

August 7,2014 | Volume 20 | Issue 29 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

H‘” m Il
© 2014 Baishideng Publishing Group Inc. All rights reserved.




