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Although there are undeniable advantages of treatment of the inﬂammatory bowel diseases, Crohn’s disease, and ulcerative colitis,
with biological agents, the increased susceptibility to tuberculosis should not be ignored. Tuberculosis is an infectious disease
caused by the Mycobacterium tuberculosis complex which includes M. tuberculosis, M. bovis, and M. africanum. Primary tuberculosis is uncommon in the setting of inﬂammatory bowel disease: reactivation of latent tuberculosis is of greater concern.
Consequently, latent infection should be excluded in patients who qualify for immunosuppressive treatments. Apart from the
review of the literature, this article also presents three cases of diﬀerent patterns of tuberculosis that occurred during treatment
with inﬂiximab, adalimumab, or vedolizumab. The ﬁrst case reports a case of tuberculosis presenting as right middle lobe
pneumonia. The second case featured miliary tuberculosis of the lungs with involvement of the mediastinal lymph nodes, liver,
and spleen. The third patient developed a tuberculoma of the right parietal lobe and tuberculous meningitis. It is important to
reiterate that every patient qualifying for a biologic agent should undergo testing to accurately identify latent tuberculosis, as well
as precise monitoring for the possible development of one of the various forms or patterns of tuberculosis during treatment.

1. Introduction
It is well known that treatment with biological agents for
various medical conditions for many patients was revolutionary and provided a real chance for positive shift in the
course and prognosis of the underlying disease. Biotherapies
have become applicable not only in the treatment of inﬂammatory bowel diseases (IBD), Crohn’s disease (CD), and
ulcerative colitis (UC) but also in the treatment of such
conditions as rheumatoid arthritis (RA), psoriatic arthritis
(PsA), and ankylosing spondylitis (AS) [1] and in therapy of
dermatological diseases such as plaque psoriasis [2] and
hidradenitis suppurativa (HS) [3]. These biotherapies have
also been evaluated in pulmonary diseases such as asthma,

but, despite promising results from preclinical studies, they
have proved to be ineﬀective [4].
In spite of the unquestionable beneﬁts of these biotherapies, particularly in diﬃcult-to-treat cases of IBD, it is
important to not overlook the fact that, in some cases, biological treatments may lead to serious adverse reactions.
One example is the reactivation of latent infection with
Mycobacterium tuberculosis or new-onset tuberculosis (TB).
Although both CD and UC share features of uncontrolled and relapsing inﬂammation, they can diﬀer in terms
of clinical features, etiology, and treatment. In 5% to 15% of
cases (more often among children), it is not possible to
diﬀerentiate based on the endoscopic or histological examination; in such situations, the term inﬂammatory bowel
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disease unclassiﬁed (IBDU) is used to describe the condition
[5].
CD is an inﬂammatory, autoimmune-related disease of
unclear etiology, which may involve each part of the gastrointestinal tract, especially the small intestine. The disease
is characterized by full-thickness, segmental changes with
the presence of noncaseating granulomas; it can be complicated by the development of abscesses, ﬁstulae, or perianal
changes. In patients with CD, parenteral symptoms are often
observed (aﬀecting the skin, choroid, joints, liver, and bile
ducts). Moreover, patients have a higher risk of developing
colorectal cancer [6].
The ﬁrst-line agents in the treatment of CD are often
corticosteroids in combination, in case of extensive involvement of the small intestine, with steroid-sparing immunosuppressive medications such as azathioprine,
mercaptopurine, and methotrexate. In case of infection or
the presence of ﬁstulae, antibiotics such as ciproﬂoxacin and
metronidazole and, subsequently, biological agents are also
used [6].
UC is characterized by continuous inﬂammatory
changes typically extending from the rectum, with involvement limited to the large bowel. In contrast to CD, in
UC, the inﬂammation is limited to the mucosa.
In UC, the drugs such as 5-aminosalicylic acid, budesonide, and beclomethasone are used. In patients who have
required, at least, two courses of corticosteroid therapy in the
preceding 12 months, the British Society of Gastroenterology
recommends the escalation of the treatment by using a
thiopurine, antitumour necrosis factor (TNF) therapy,
vedolizumab, or tofacitinib [5].

2. Biological Treatment of IBD
In the case reports described in the later part of this article,
adalimumab, inﬂiximab, and vedolizumab were used. The
ﬁrst two agents belong to the group of TNFα inhibitors with
the structure of IgG1. TNFα is a cytokine that plays an
essential role in the pathogenesis of several inﬂammatory
disorders; it is secreted by macrophages and T cells and has
strong proinﬂammatory eﬀects. It also plays a relevant role
in the immune responses against microorganisms and
neoplastic cells. Its main action, among others, is activation
of pathways leading to apoptosis and cell necrosis [7]. Increased TNFα concentrations are seen in several autoimmune diseases [8].
Inﬂiximab—a chimeric human-mouse antibody with
high aﬃnity for human TNFα—was ﬁrst launched in 1998
and was the ﬁrst biological agent approved for the treatment
of moderate-to-severe CD and UC. Studies have demonstrated eﬃcacy of inﬂiximab for the induction of remission
and maintenance in patients, including those with complicated disease (such as ﬁstulising disease) [9, 10]. Apart
from IBD, inﬂiximab is also indicated for ankylosing
spondylitis, psoriasis, and psoriatic arthritis [10]. The results
of long-term prospective studies by Lichtenstein et al. [11]
showed that therapy with inﬂiximab involves a similar risk of
death as in case of classical medicinal products; however,
inﬂiximab was associated with a more frequent occurrence
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of serious infections and autoimmune and demyelinating
diseases.
Adalimumab—a recombinant human antibody against
TNFα—is indicated for use in moderate-to-severe active
rheumatoid arthritis when previously administrated therapy
with immunosuppressants, glucocorticosteroids, or inﬂiximab was poorly tolerated or ineﬃcient. Additionally,
adalimumab induces apoptosis in human monocytes [12].
Early commencement of a biotherapy slows down the
progression of the disease [13] and allows the avoidance of
polytherapy [14].
Therapy with adalimumab is considered to be relatively
safe [15]. The results of the study by Tanaka et al. [16]
demonstrated that four years after starting adalimumab
treatment, therapy was continued in 62% of patients.
However, Lehtola et al. [17] in a 2-year observation of 100
patients with nonspeciﬁc IBD noted that just 29 remained in
remission. Sixty-three patients discontinued the therapy,
and 36 patients with CD underwent a surgery procedure to
manage symptoms of the underlying condition [17]. Adalimumab is highly eﬀective in treating ﬁstulising CD, and its
eﬀectiveness in closing gaps has been shown in both adults
and children [18–20]. The agent can be also used in
maintenance treatment to sustain remission. Before initiating treatment with adalimumab, the presence of TB and
opportunistic infections (especially P. jiroveci, but also
Hepatitis B and C viruses should be taken into account) must
be excluded [21]. The authors of another study indicated
eﬃcacy of adalimumab in patients with small intestine
strictures [22]. In the multicentre study, CREOLI Buhnik
et al. demonstrated that 64% of patients with symptomatic
small bowel stricture (SSBS) did not have to undergo additional therapeutic interventions while using adalimumab
[22]. Due to increased risk of lung and head/neck cancers,
caution should be exercised in smokers and patients with
COPD [5].
Vedolizumab (marketed in the EU and USA since 2014)
is a new agent indicated for use in IBD. Vedolizumab is a
novel therapeutic monoclonal antibody acting selectively in
the gut via binding to the α4β7 integrin present on activated
B and T cells. This protein is a receptor binding the mucosal
addressin cell adhesion molecule 1 (MAdCAM1), and its
blocking inhibits migration of lymphocytes into the gut, thus
reducing local inﬂammations [23, 24]. This mode of action
does not result in systemic immunosuppression and, consequently, should not increase the risk of cancer or opportunistic infections, including TB. Those ﬁndings were
conﬁrmed by Ng et al. [25] where TB among study participants was observed rarely and reactivation of HBV and
HCV infections was not seen [26]. Results of the subsequent
study by Colombel et al. [27] involving 2,830 patients with
nonspeciﬁc IBD demonstrated occurrence of TB, sepsis, and
Clostridium infections in up to 0.6% patients. Results from
numerous studies indicate that vedolizumab is eﬃcient in
inducing and sustaining remission and is considered to be
safe and well tolerated [23, 24, 26, 28]. Studies involving
patients with UC suggest that vedolizumab is eﬀective, especially as a second-line treatment after previous therapy
with TNFα inhibitors [28, 29]. The results of the study of
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Reenaers et al. [30] demonstrate its superior eﬃcacy as a
ﬁrst-line biological treatment in patients with moderate-tosevere IBD. Despite this, it is still recommended to not use
vedolizumab in patients with active TB and to detect and
treat latent TB in each patient before initiating vedolizumab
[31].

3. Biological Treatment and Tuberculosis
Tuberculosis (TB) is an infectious disease caused by the
Mycobacterium tuberculosis complex which includes
M. tuberculosis, M. bovis, and M. africanum. In the initial
stage, M. tuberculosis cells are phagocytized by macrophages.
They rapidly multiply inside the dead macrophages, and
after disintegration of macrophages, mycobacteria form
granulation tissue composed of granular caseation necrosis
and attack the successive cells. At this point, activation of
T cells and intensiﬁcation of cellular responses are observed.
Initially, the infection may be asymptomatic; however, TB
bacteria can remain latent for many years and then, in
favourable conditions, become active. Therefore, latent
(LTBI), as well as an active tuberculosis, infection should be
excluded in patients who qualify for immunosuppressive
treatments, especially those with anti-TNFα agents [32].
Due to the airborne route of infection, the lung is the
predominant site of TB. The clinical presentation is nonspeciﬁc. Typically, a chronic cough and, less often, haemoptysis or dyspnoea are observed. On physical
examination, especially in the initial stages of the disease,
auscultatory changes may be absent. General symptoms of
TB include low-grade fever, hyperhidrosis, decreased appetite, and weight loss. However, it should be noted that the
tuberculous process can aﬀect any organ of the body, especially when it comes to hematogenous spread [33].
TB is an uncommon complication of treatment with
TNFα inhibitors; however, studies in patients with rheumatic diseases revealed increased risk for TB in patients with
biotherapies. In these studies, 0.21% of patients treated with
inﬂiximab, 0.2% treated with adalimumab, and 0.05%
treated with etanercept developed tuberculosis during the
course of therapy [33].
Tests for the diagnosis of pulmonary tuberculosis disease
include a chest X-ray examination and the gamma interferon
(IFN-c) release assay (IGRA), which provides an alternative
to a routine tuberculin test (of a lower diagnostic value,
especially in patients previously vaccinated with BCG) [34].
It should be noted that false-negative IGRA test results may
occur in patients with impaired cell-mediated immune responses. Detecting the presence of the bacteria, especially in
a bacterial culture testing, is the conclusive method of TB
diagnosis. However it is possible to diagnose TB without
positive bacteria culture test results [35]. The sequencing of
the entire Mycobacterium genome also appears to be a
promising method of TB detection [36].
A typical TB treatment regimen includes two months of
rifampicin, isoniazid, ethambutol, and pyrazinamide and
then a further four months of rifampicin and isoniazid only.
Tuberculosis treatment should be prolonged to, at least, nine
months in patients with underlying immunodeﬁciency or

3
those receiving an immunosuppressive therapy. In the
setting of TB induced by a TNF-α inhibitor, this agent
should be discontinued, although this may not always be
necessary [36]. There is no consensus on whether it is safe to
readminister biological treatment in patients with IBD who
have a disease exacerbation after withdrawal of a biologic
therapy due to active tuberculosis. Similarly, there are no
guidelines deﬁning the optimal time for the reintroduction
of biological treatment in patients who have started antituberculosis treatment.
The data in the literature are sparse and refer mainly to
patients with rheumatic diseases. In one paper describing the
readministration of TNFα inhibitors in patients with RA or
AS who developed active tuberculosis whilst on anti-TNFα
therapy, the median duration from cessation of anti-TNFα
therapy to reintroduction was 3 (range 2–7) months in RA
and 12 (range 6–29) months in AS [37].
In another study involving 21 patients (two of whom had
CD) who developed TB during TNFα blocker treatment, six
patients recommenced TNFα blockers at 2 (n � 1), 3 (n � 1),
7.5 (n � 1), and 12 months (n � 3) after the initiation of antiTB treatment [38].
In another paper describing 13 patients with rheumatic
disease who developed active TB infection during treatment
with a TNFα inhibitor, the TNFα inhibitor treatment was
reinitiated in six patients: four within 2 months after TB
treatment and two after completion of TB treatment [39].
There are opinions that the biological treatment may be
reinitiated after one month of adequate anti-TB therapy
(where the susceptibility of the tubercle bacilli to anti-TB
agents is shown) [35], but we believe that the biological
treatment should be interrupted for, at least, three months if
possible.
Preventative TB treatment in patients qualiﬁed to receive
TNFα inhibitors is recommended in case of positive tuberculin skin or IRGA test results (current or historical),
history of ineﬀectively treated TB, or contact with an individual with active TB disease [35]. The treatment includes
isoniazid monotherapy or in combination with rifampicin or
rifapentine, or possibly rifampicin in monotherapy. Use of
isoniazid in combination with rifapentine allows shortening
therapy to three months, with an eﬃciency of 60–90% [40].
However, TB development is possible despite standard
chemoprophylaxis [41, 42].
Since TB usually develops as reactivation of latent infection in adults, it is crucial that the host immune system is
able to control the M. tuberculosis population. Cell-mediated
immune response based on CD4+ lymphocytes and cytokines (i.e., IFNc, TNFα, and IL-12) plays a key role. In the
course of TB, infected dendric cells (DCs) migrate to lymph
nodes where mediated by IL-12 activate T cells into the Th1
phenotype. Those lymphocytes, after returning to the lungs,
secrete IFNc which stimulates infected macrophages to
produce TNFα (however, it is also secreted by neutrophils,
DCs, and lymphocytes themselves). TNFα has pleiotropic
properties associated with cellular response, i.e, when activating macrophages and CD4+ lymphocytes and inducing
production of other proinﬂammatory cytokines, including
IFNc. It seems that, in the course of TB, TNFα plays a vital
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role in forming and maintaining granulomas. It is suggested
that granulomas may be a form of infection control keeping
bacteria in one place. Moreover, TNFα accelerates intracellular elimination of mycobacteria; its blocking inhibits
phagosomal maturation [43]. Another role of TNFα is induction of apoptosis of infected cells via activation of the
caspase cascade. Use of TNFα inhibitors may also cause
immunosuppression as a result of intensiﬁcation of Treg cell
responses, which have anti-inﬂammatory eﬀects [44].
Tests on mice with blocked TNFα indicated that the
animals were very susceptible to M. tuberculosis infection,
and latent infections were reactivated. As noted, it happened
with unchanged responses associated with IFNc and IL-12.
It is suggested that TNFα plays a special role in the control of
latent infection. Studies on humans revealed a ﬁve-fold
increase in the incidence of TB with suppressed TNFα,
whereby 25% of patients had miliary tuberculosis and 33% of
patients had single extrapulmonary foci, which suggested
reactivation of latent infection [44, 45].
It has been shown that anti-TNF biological treatments
are associated with increased risk for TB [46] and risk of
contracting the disease is higher for anti-TNFα monoclonal
antibodies than with soluble TNFα receptor therapy [47].
In view of delayed clearance of biological agents after
cessation, patients receiving biological therapies should be
monitored for TB for a period of ﬁve months after discontinuation of adalimumab therapy and for six months
after the end of inﬂiximab treatment [5, 48].

4. Three Forms of Tuberculosis
Developed during the Treatment of IBD with
Biological Agents
In our clinical practice, as biological treatments are increasingly used, we have noted several cases of TB that
developed during treatment with a biological therapy. Below, we brieﬂy present cases of three patients with IBD in
whom TB developed soon after initiating treatment with a
biological agent. Each of those cases is diﬀerent; two of those
had a dramatic course. Therefore, the aim of this report is to
highlight that various types of TB disease should be considered at the point of planning to use a biological treatment
not only in patients with IBD but also in other areas of
medicine.
Case 1. A 25-year-old patient with CD (Figure 1) treated
with adalimumab and azathioprine for several months was
admitted to hospital due to fever of 40°C that lasted for ten
days. Before hospitalization, the patient had been ineﬀectively treated with cefuroxime. We noted high inﬂammatory
laboratory parameters, a positive IGRA test result, and
negative blood culture results. A sputum sample for a culture
testing was not obtained. X-ray examination showed features of inﬂammation of the right middle lobe (RML)
(Figure 2). The patient received empirical treatment with
ceftazidime, amoxicillin with clavulonic acid, clarithromycin, and acyclovir. M. tuberculosis infection was
subsequently conﬁrmed by molecular testing, culture tests,
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and bacterioscopic examination of bronchial aspirate. After
commencing the antimycobacterial treatment, rapid clinical
and laboratory improvements were observed. He was
maintained on mesalazine and a probiotic for his CD,
without worsening. The patient was discharged from hospital and transferred to a tuberculosis sanatorium for further
treatment.
Case 2. A 37-year-old patient with CD was initially diagnosed as pseudomembranous colitis complicated by perianal
ﬁstulae and abscess formations. Right hemicolectomy with
partial sigmoid colon resection had been performed in the
past. The patient was treated with inﬂiximab for one year.
Admission to our clinic was based on the symptoms presented by the patient (dysponea and cough) and the CT
results, which indicated the presence of miliary tuberculosis
of the lungs (Figures 3 and 4) with mediastinal lymph nodes
(Figure 5), hepatic, and splenic involvement. Due to the
presence of neurological and mental disorders (agitation and
positive psychotic symptoms), a CT of the brain was performed and a sample of cerebrospinal ﬂuid was collected:
M. tuberculosis was detected with use of a molecular testing
(bacteria culture testing- negative; bacterioscopic examination- negative). The sputum culture for M. tuberculosis
and IGRA test results were positive.
Due to laboratory features of bone marrow aplasia,
M. tuberculosis spread to the bone marrow was suspected.
Treatment included ﬁlgrastim, packed red blood cells,
platelet concentrate, and fresh frozen plasma. Clinical and
laboratory improvements were achieved after initiation of
antimycobacterial treatment (amikacin, isoniazid, rifampicin, pyrazinamide, and ethambutol). Management of the
patient’s CD included mesalazine and a probiotic. The patient was transferred to a sanatorium for further treatment.
Case 3. This 41-year-old patient with UC was treated with
vedolizumab. He was hospitalized due to recurrent pleural
eﬀusion and managed initially in the Department of Thoracic Surgery. After videothoraoscopy, left hemiparesis and
neurological symptoms (suggesting stroke occurrence or
epileptic seizure) were observed. Based on histopathological
examination of pleural ﬂuid, tuberculous pleuritis was diagnosed. The MRI of the brain revealed the presence of
tuberculoma of the right parietal lobe (Figures 6 and 7) and
tuberculous meningitis. Due to deteriorating respiratory
failure, the patient was transferred to the Intensive Care
Department were TB was conﬁrmed based on the results of
bronchial aspirate culture. Results of the IGRA test were
indeterminate. The patient was transferred to our clinic
where treatment included management of oedema (dexamethasone, mannitol, and furosemide), sedative (benzodiazepine, haloperidol, and quetiapine), and antimycobacterial
agents (amikacin, isoniazid, rifampicin, pyrazinamide, and
ethambutol). His UC treatment included mesalazine and
hydrocortisone. The neurological and mental symptoms
continued despite regression of the lesions noted on repeat
MRI of the head. The patient was transferred to a sanatorium
for further treatment.
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Figure 1: Coronal t1-weighted MRI image with the gadolinium
contrast agent, presenting wall thickening and enhancement of the
caecum and proximal ascending colon.
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Figure 3: Axial chest computed tomography with the presence of
innumerable small (2–4 mm) pulmonary nodules with a centrilobular predilection, consistent with miliary tuberculosis.

Figure 4: Coronal plane chest CT with the presence of innumerable
small (2–4 mm) pulmonary nodules with a centrilobular predilection, consistent with miliary tuberculosis.
Figure 2: Diﬀuse consolidation in the lower lobe of the right lung
(segment 6) consistent with pneumonia.

5. Is It Possible to Reduce the Risk of Developing
Tuberculosis in Patients with Inflammatory
Bowel Diseases Treated with
Biological Agents?
It is well known that the risk of developing TB consequent to
latent infection in patients with IBD undergoing biological
treatment is increased: ﬁrst of all, because of the disease itself
and, secondly, because of treatment. Tuberculosis can
present in diﬀerent locations: not only as pulmonary disease
but also up to 91% can have, at least, one extrapulmonary
location [49]. Carpio et al. [50] reported 34% of disseminated tuberculosis and 26% of extrapulmonary localization

in the population of 50 TB cases in patients with IBD-treated
anti-TNF. These ﬁndings, as well as our reports, should lead
to the conclusion that diﬀerent forms of tuberculosis can
occur in patients with IBD.
The interval between the beginning of treatment and
symptoms or diagnosis of tuberculosis varied in diﬀerent
studies from a median of 6 [50–52] to 14.5 months [49].
Consequently, it is clear that the period of observation
should not cover only the start of treatment with biological
agents.
Unfortunately, even negative initial screening does not
exclude the risk of TB development in these patients [49].
The methods used in screening for TB (e.g., anamnesis, chest
X-ray, tuberculin skin test, and IGRA) can be unreliable [49].
The IGRA test seems to be more sensitive than skin testing,
but it should be noted that immunosuppression can also lead
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Figure 5: Axial contrast-enhanced CT scan with the presence of
enlarged, necrotic mediastinal lymph nodes at the level of carina.
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Figure 7: MRI ﬂair image at the same level depicts oedema surrounding a small, nodal lesion.

of lowering the risk of TB transmission mentioned in WHO
recommendations is cleaning the air by using high-eﬃciency
particulate air (HEPA) ﬁltration or germicidal ultraviolet
systems, especially in populations with high TB occurrence
[53]. As practicing clinicians, we should inform and encourage all patients to adhere to these recommendations.

6. Conclusions

Figure 6: Axial CT image of the brain with a hypodense lesion in
the right parietal lobe, surrounded with oedema.

Preparing patients with CD to receive biological treatments
requires accurate identiﬁcation of latent tuberculosis infections, although this may be diﬃcult due to the eﬀect of the
disease itself on the results of diagnostic testing, e.g., IGRA
test. Additionally, we should always check for symptoms of
the disease, especially as it may be characterized by an
atypical course and aﬀect each body organ and system.
Negligence in this regard may not only have negative impacts on patients but also have population consequences
associated with spreading the infection.
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