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ARTICLE INFO ABSTRACT

Mycobacterium bovis bacille Calmette-Guérin (BCG) is the most effective intravesical immunotherapy for non-
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muscle invasive bladder cancer (NMIBC), administered after its transurethral resection. Although its instilla-
tion is generally well tolerated, BCG-related infectious complications may occur in up to 5% of patients. Clinical
manifestations may arise in conjunction with initial BCG instillation or develop months or years after the last

BCG instillation. The range of presentations and potential severity pose an imminent challenge for clinicians. We
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present a case of an isolated subcutaneous chest wall abscess in an immunocompetent 52-year-old patient nearly
two years after intravesical BCG instillation for NMIBC, an absolute rarity. As the enlarging chest wall tumor may

(BCG) be misinterpreted as malignancy, its expedient diagnosis and prompt treatment are of critical importance.
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1. Introduction

The intravesical administration of bacillus Calmette-Guérin (BCG),
an attenuated live strain of Mycobacterium bovis, is an established stan-
dard adjunctive therapy for non-muscle invasive bladder cancer
(NMIBC) [1,2]. Even though generally well tolerated, up to 5 % of local
and systemic BCG-related infectious complications may occur. The most
common presentations are (1) disseminated infections (i.e. miliary
tuberculosis, persistent fever, bone marrow and/or liver infiltration), (2)
genitourinary complications (i.e. bladder involvement, penile lesions,
prostatitis, kidney involvement, epididymo-orchitis), and (3) osteo-
muscular manifestations (i.e. mono-, oligo- or polyarthritis affecting the
extremities, spondylodiscitis) [3]. We present a case of an isolated
subcutaneous chest wall abscess in an immunocompetent 52-year-old
patient nearly two years after intravesical BCG instillation for NMIBC,
which is an absolute rarity. As the progressively enlarging chest wall
tumor may be misinterpreted as malignancy, its expedient diagnosis and

prompt treatment represent a major challenge for clinicians.
2. Case report

A 52-year-old man presented with a three-month progressively
growing chest wall tumor under the right costal arch. On visual exam-
ination, the tumor measured approximately eight centimeters in diam-
eter. The patient expressed a sensation of pain and a feeling of pressure
at the tumor site. He worked as a construction worker, was a chronic
smoker (35 pack-years), and denied persistent cough, fevers, chills,
hemoptysis, dyspnea, weight or appetite changes, sick contacts, or
recent travel. He also denied taking medications. Relevant medical
history was an NMIBC nearly two years before, which was treated by
transurethral resection of the bladder tumor (TURBT) in March 2020,
followed by six cycles of intravesical BCG therapy (from late April until
early June 2020). There were no peri-interventional abnormalities,
particularly any traumatic BCG instillations with subsequent intense
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hematuria. The tumor after-care was unremarkable. Initial symptoms of
the chest wall tumor appeared at the beginning of November 2021. A
biopsy was taken from the chest wall tumor at a secondary care hospital
by the end of December 2021, which histologically demonstrated active
and partially resolving inflammation with several epithelioid cells. A
microbiological analysis of the sample was not done, and no therapy was
initiated afterward. Laboratory tests done in February 2022 on admis-
sion at our lung center were normal (in particular inflammatory values
and blood count) with a negative interferon-gamma release assay
(QuantiFERON-TB Gold in tube, QFTG-IT; Quiagen, Hilden, Germany).
A tuberculosis skin test (TST) was not performed. Sonographically, the
chest wall tumor appeared as a deep solid mass with a perifocal liquid
margin. Magnetic resonance imaging (MRI) revealed the extent of the
chest wall tumor with no additional abnormalities in the lungs or
mediastinum (Fig. 1a). Further investigation included a punch biopsy of
both solid tumor mass and perifocal edema for further microbiological
and histological investigations. The pathology revealed a slightly active
inflammatory reaction with sarcoid-like epithelioid cell granulomas
(Fig. 2). The microbiology testing could not identify bacteria on either
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Gram stain, Kinyoun stain, aerobic or anaerobic bacterial culture.
Furthermore, M. tuberculosis-specific DNA was not detectable by PCR
(FluoroType® MTB VER 1.0, Hain Lifescience GmbH, Nehren, Ger-
many). A bronchoscopy was performed based on histologically proven
sarcoid-like epithelioid cell granulomas with inconspicuous findings,
including no growth of mycobacteria in the bronchoalveolar lavage
culture.

Based on the suspected diagnosis of actinomycosis, treatment with
amoxicillin and clavulanic acid (2 g/d) was started. On the 31st day of
incubation, microbiologic culture of the punch biopsy samples identified
growth of Mycobacterium bovis bacille Calmette-Guérin (BD BAC-
TEC™MGIT™ 960 Supplement Kit and BD BBL™ MGIT™ Mycobac-
teria Growth Indicator Tubes, Becton, Dickinson and Company, Sparks,
MD, USA; Loewenstein-Jensen Medium and Stonebrink Medium, Fisher
Scientific GmbH, Schwerte, Germany). A culture-based drug suscepti-
bility testing was not performed. Nucleic acid hybridization with a
desoxyribonucleic acid probe identified the Mycobacterium tuberculosis
complex (GenoType MTBC VER 1.X, Hain Lifescience GmbH, Nehren,
Germany). Additional molecular tests excluded rifampicin and isoniazid

Fig. 1. a) Pretherapeutic magnetic resonance imaging (MRI) revealed the extent of the chest wall tumor caudal to the right costal arch (arrow) with no additional
abnormalities of the lungs or mediastinum (T2-weighted half Fourier single-shot turbo spin-echo [T2-HASTE] sequence). b) As early as three months after initiation
of therapy, the tumor has vanished clinically with only small remnants (arrow) on non-contrast-enhanced computed tomography (CT) scan. ¢) Nine months after
initiation of antimycobacterial treatment the remaining CT-findings had normalized (arrow pointing to formers tumors site).



M. Hartert et al.

Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 35 (2024) 100438

ak % .
L .
" »
% - Gre
’.‘ F’ % " r ¥ 1=
] q“ 3 ‘.- 'f",_ s ” “5.
L 2 f,on B
s SN P gy
et b, Nl :
’ & V:‘rz—"r’_"“\“ 4 i b ¢
¢ty ORI Pk
} '}rﬂ;. .f\* - i‘%‘\\ [ g
g s Tln? BN R | e -
L7 e -\N‘»s‘\z“ ‘
F (T8 - | ata = L .:f, Q‘-
: A . IR O T N
AT SR 1.5 7 T SRR
& L RN :.."h, e 9 4
} & S o e s et
Fo R RN e de e
] L S T F el > o
' Sl e S AN
% - i J 3 17y > V-
d o KA TVER T, S
. d & -
Sy ’1 , - ] \r!‘ S -
fi Yk .f{ R TS 5

Fig. 2. Histopathological examination presented sarcoid-like epithelioid cell granulomas with Langhans-type giant cells (arrows), surrounded by inflammatory cells
composed of a mixture of neutrophils and eosinophils (a: magnification 40x, b: magnification 100x; hematoxylin and eosin (H&E) staining).

resistance (GenoType MTBDRplus VER 2.0, Hain Lifescience GmbH,
Nehren, Germany). Consequently, amoxicillin and clavulanic acid were
discontinued and therapy with isoniazid (5 mg/kg of body weight),
rifampicin (10 mg/kg), and ethambutol (15 mg/kg) was initiated. Pyr-
azinamide, which is part of the standard therapy for tuberculosis, was
not administered as Mycobacterium bovis is intrinsically resistant to this
drug. Because of the size and location of the tumor in bradytrophic
tissue, we decided to extend the duration of the initial triple therapy
from two to four months. After that, double therapy with isoniazid and
rifampicin was continued for an additional five months (total duration of
therapy = 9 months). The antimycobacterial therapy was well tolerated.
While the initial treatment with amoxicillin and clavulanic acid for a
putative Actinomyces infection was ineffective, the size of the tumor
regressed under antimycobacterial combination therapy. The tumor had
vanished clinically with only small remnants on a computed tomogra-
phy (CT) scan after three months of treatment with isoniazid, rifampicin
and ethambutol (Fig. 1b). Nine months after initiation of anti-
mycobacterial therapy, the remaining CT-findings also normalized
(Fig. 1c). A clinical follow-up six months after the end of therapy was
unremarkable.

3. Discussion

For nearly 40 years, intravesical BCG therapy has been the standard
of care in patients with high-risk NMBIC and an optional treatment for
intermediate-risk NMIBC [4]. BCG induces a complex immunological
cascade of innate and adaptive immune responses resulting in cell-
mediated tumor-specific destruction of urothelial carcinoma cells [5].
Furthermore, it decreases the probability of tumor recurrence and re-
duces the rate of disease progression after TURBT. Compared with BCG
vaccination, the number of bacteria given for intravesical therapy is
orders of magnitude higher (~10° bacilli for vaccination; ~10° bacilli
for bladder cancer) [6]. Despite a beneficial safety profile, intravesical
BCG instillation carries the potential for serious adverse events as it
consists of viable attenuated mycobacteria [7,8]. Most of the informa-
tion on BCG-related infection comes from case reports [9]. Few obser-
vational cohort studies aimed at determining its incidence [3,10]. The
most obvious limitation is the difficult distinction between actual
infection and self-limited post-instillation symptoms, as no accurate
diagnostic criteria exist yet. When BCG adheres to the bladder urothe-
lium, the immune response stimulates cytokine production and boosts
local migration of leukocytes and macrophages, ultimately leading to
tumor cell death [11,12]. Comprehensibly, many patients endure irri-
table voiding symptoms (urgency/frequency, dysuria, suprapubic pain,

and hematuria) and flu-like signs (mild fever and malaise within 48 h
after BCG instillation) [3]. This clinical picture must be seen less as an
adverse event and more as a marker for an adequate antitumor BCG
effect [11].

Traditionally, variable terms have been used to label the incidence of
adverse events following intravesical BCG immunotherapy, like BCGitis,
hypersensitivity reaction, tuberculosis, granulomatous complication, or
M. bovis infection. The heterogeneity of this nomenclature reflects the
incomplete understanding of the pathogenetic mechanisms for the
development of localized or systemic complications following intra-
vesical BCG instillation. In principle, the adverse events can be catego-
rized as follows: (1) localized complications due to direct contact with
the bacilli (i.e. infection of the genitourinary tract) and (2) systemic
complications due to hematogenous dissemination (i.e. miliary tuber-
culosis) or cross-reactivity between the tissue self-antigens and myco-
bacterial antigens (i.e. reactive arthritis, so-called Reiter syndrome). The
hypothesis of hypersensitivity reaction is affirmed by the histological
finding of granulomas in the absence of detectable microorganisms. In
contrast, the hypothesis of active mycobacterial infection is supported
by finding viable bacilli in various tissues [12]. In addition, some con-
ditions may result in hematogenous BCG dissemination (e.g. impairment
of the urothelial barrier due to traumatic urinary catheterization, early
instillation after TURBT, or concurrent urinary tract infection), but the
role of subclinical immunosuppression still needs to be addressed [13].

Subcutaneous abscesses and other dermatological complications are
well documented after Bacillus Calmette-Guérin vaccination [14]. Most
commonly, they represent a local reaction at the BCG injection site. In
these cases, the time frame from BCG vaccination to the development of
skin lesions ranges from several months to years. In contrast, dermato-
logical complications after intravesical BCG instillation are an absolute
rarity [15-17]. Again, the spread of mycobacteria to cutaneous sites
could be explained by either hematogenous spread from systemic ab-
sorption of intravesical bacilli or direct inoculation into cutaneous tis-
sue. In our case, it is rather implausible that viable intravesical
mycobacteria could have gained access to an open sore by urinary
contamination. Although the peri-interventional course of our patient
was reportedly unremarkable in terms of traumatic BCG installation, the
“bacteria invasion hypothesis” is more likely.

The incidence of systemic BCG infection ranges from 1 % to 5 %
[3,11]. However, this should be interpreted cautiously, as prompt
diagnosis and treatment may be hampered by the variability of clinical
features and the delayed appearance of clinical signs and symptoms of
complications, which takes months to years following the last BCG
instillation. As documented in the literature, the largest time interval
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between BCG instillation and onset of complication (in the case of
epididymo-orchitis) was 17 years [18]. Nevertheless, the period be-
tween BCG instillation and the onset of localized complications (e.g.
genitourinary tract) is even longer [19].

Apart from the most frequently reported systemic BCG infections
(miliary tuberculosis, sepsis, or fever associated with organ involve-
ment), there is a wide range of different clinical manifestations like
anecdotes of prosthetic joint infection, parotid gland tuberculosis,
endogenous endophthalmitis with infiltrative retinitis, and lymphocytic
meningitis [3,10]. As anecdotal manifestations are often not adequately
appreciated, BCG infections are frequently ignored in the differential
diagnosis in most cases until microbiological testing shows M. bovis by
culture. This highlights the requirement of keeping delayed BCG infec-
tion in mind based on a preceding history of BCG exposure.

Predisposing factors for localized and systemic BCG infection
following intravesical BCG instillation are still to be determined.
Traditionally, the most relevant risk factors were a poor technical pro-
cedure with traumatic instillation (i.e. inappropriate urinary catheteri-
zation) or concurrent urinary tract infection [3]. A specific predisposing
factor for systemic BCG infections is a disruption in the bladder mucosal
barrier at the moment of BCG instillation [7]. Furthermore, the myco-
bacterial dissemination from the lower urinary tract via the so-called
Batson venous plexus to the spinal column - historically misdiagnosed
as spinal metastasis — might be an additional pathogenesis mechanism
for BCG spread [3]. Theoretically, immediate intravesical BCG instilla-
tion following preceding TURBT would highly favor a direct BCG
entrance to lymphatics and bloodstream via the disrupted urothelial
mucosa [7]. Practically, there seems to be no significant difference in the
period between short-term versus long-term BCG instillation and the
onset of BCG-related complications [3,10]. Against this background, the
recommended interval between the preceding TURBT and the initial
BCG instillation is roughly 30 days [20]. Besides, there are no significant
differences in dosing regimens of BCG instillation (i.e. split vs. full dose
regimens) with respect to toxicity frequency or treatment discontinua-
tion rate due to adverse events [21]. Our patient received the BCG in-
stillations more than 30 days after the TURBT. Even though there were
no documented peri-interventional abnormalities — in particular, any
traumatic BCG instillations with subsequent intense hematuria - it is
worth mentioning that our patient tended to be reserved. There is a
chance that a traumatic BCG instillation with postinterventional he-
maturia was undisclosed. Synoptically, BCG-related complications most
likely depend on the recipient’s characteristics (i.e. major bladder
mucosal damage or specific underlying conditions) or the BCG instilla-
tion technique rather than BCG dosage, quantity of treatment courses, or
time from the preceding TURBT [3].

As the immune system is less effective with aging in its innate and
adaptive responses, older patients, especially those older than 70 years,
would theoretically face an increased risk of BCG-related complications
[21]. However, there is no difference in the occurrence of severe adverse
events in patients over 80 years, with a moderately lower disease-free
rate when compared to a younger patient group [3]. The average age
of patients diagnosed with BCG-related infections is 66.6 years, which is
close to the age of patients undergoing an uneventful course of BCG
therapy for NMIBC. Otherwise, a positive purified protein derivative
(PPD) test before BCG instillation might predict both subsequent sys-
temic adverse side effects and positive antitumor activity [22]. Our
patient was much younger than the defined cut-off age of > 70 years,
which is reported in the literature as a relevant peri-interventional risk
factor.

As microbiological cultures often remain negative (up to 60 %), the
cornerstone in diagnosing BCG-related infections comprises excluding
other entities and the rapid response to antimycobacterial treatment [3].
The low sensitivity of microbiological swabs is explained by fast
immunologic control of BCG replication due to the attenuated BCG
virulence and the preexisting delayed-type hypersensitivity causing
granuloma formation [7]. Nevertheless, a representative tissue biopsy
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has the best chance for BCG detection by conventional culture and is,
therefore, particularly relevant in the diagnostic workup for BCG
infection. Conversely, the positive predictive value of M. bovis isolation
from urine samples in case of systemic BCG infection is notably low [3].
However, urine analysis should be routinely performed in patients with
suspected BCG-related infections to rule out urinary tract infections
caused by conventional uropathogens [23]. Molecular-based techniques
(e.g. PCR assay) have gradually modified the diagnostic opportunities
and increased the overall rate of proven BCG-related infections [3]. A
sample of M. tuberculosis complex DNA obtained from a site distant to
the genitourinary tract (such as the lung, liver, aortic wall, or peri-
prosthetic hip joint) affirms the hypothesis of direct BCG invasion and/
or hematogenous spread rather than a mere hypersensitivity reaction
[3,7]. Since BCG belongs to the M. tuberculosis complex, nucleic acid
amplification (NAA) tests (Xpert MTB/RIF assay or Xpert MTB/RIF
ultra) have an acceptable sensitivity and specificity in diagnosing BCG
infections in non-respiratory samples like tissue biopsy or purulent
material. Compared to culture, the sensitivity and specificity of Xpert
MTB/RIF ultra and Xpert MTB/RIF assay were 100 % and 72.3 %; 92.6
% and 88.3 %, respectively. In comparison with composite microbio-
logical reference standard (CRS), these were 98.9 % and 100 %; 57.5 %
and 100 %, respectively [24]. In our case, nucleic acid hybridization
(GenoType MTBC VER 1.X) successfully identified the M. tuberculosis
complex. Moreover, an additional molecular test (GenoType
MTBDRplus VER 2.0) excluded rifampicin and isoniazid resistance.
Interferon-gamma release assays (IGRA) use antigen targets like ESAT-6
and CFP-10, whose gene loci were deleted during M. bovis BCG strain
development (so-called “region of difference”, RD1). Consequently, the
IGRA is (1) positive in the case of M. bovis infection and (2) negative in
the case of M. bovis BCG infection or after vaccination [6]. In our case, an
additional TST was not performed. In contrast with typically negative
IGRA in patients with BCG infections, TST could be positive in these
cases [25].

Based on the standard therapy for M. tuberculosis, the most
commonly administered drug cocktail consists of isoniazid and rifam-
picin for six months, with an initial 2-month “intensive 3-drug-phase”
including ethambutol. The administration of pyrazinamide is avoided as
BCG - an attenuated derivative of M. bovis — is intrinsically resistant to it.
Furthermore, the different BCG strains (i.e. Connaught, Tice, and RIVM)
are also resistant to cycloserine. Depending on the exact BCG strain,
some patients benefit from additional, though less common, use of flu-
oroquinolones (like ofloxacin, ciprofloxacin, moxifloxacin, and levo-
floxacin) [26]. The use of corticosteroids within antimycobacterial
treatment in patients with disseminated BCG infection highlights its
presumptive underlying pathogenetic etiology of both hypersensitivity
reaction and active infection. Currently, the optimal antimycobacterial
regimen and its duration for treating BCG infections are not well-
defined. Most of the experience comes from case reports, where the
duration depends on disease severity and clinical response. In our case,
the 9-month treatment duration is based on the size and location of the
tumor in bradytrophic tissue and the fact that BCG is resistant to pyr-
azinamide which, in turn, is extrapolated from the treatment of M. bovis.
However, BCG is an attenuated strain, and previous reported cases have
been successfully treated with 6-month regimens.

The overall prognosis of BCG infection is favorable despite circu-
lating reports of BCG-attributable mortality and morbidity rates of 5.4 %
and 7.4 %, respectively [3]. Until now, no precise risk factor has been
clearly identified to predict BCG-related complications. There is some
evidence to support linking three factors to an increase in mortality: (1)
age at diagnosis > 65 years, (2) disseminated infection, and (3) vascular
involvement (e.g. mycotic aneurysm or infected vascular prosthetic
grafts). Since this association has not been proven, it is crucial to rely on
prevention strategies for treating high risk patients for intravesical BCG
therapy (i.e. old patients and those with pre-existing atherothrombotic
aneurysms). A promising decrease in the rate of post-BCG instillation
systemic complications has been seen with the prophylactic use of
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ofloxacin after each BCG instillation [27].

Even in centers for thoracic oncology, chest wall tumors of any eti-
ology (malignant neoplasms vs. abscesses) represent an absolute rarity.
Primary chest wall sarcomas (typically chondrosarcomas and fibrosar-
comas in approximately up to 80 % of cases) and recurrent breast can-
cers account for the most common malignancies [28]. The leading
infectious causes for chest wall tumors comprise extrapulmonary
tuberculosis and actinomyces (<5% of cases) [29,30]. In either case, a
pre-therapeutic biopsy is mandatory. Surgery is primarily used in
complicated cases or when percutaneous drainage or excisions for
diagnostic purposes are indicated for chest wall abscesses. As a general
rule, like in the present case, targeted antibiotic treatment leads to
restitutio ad integrum [30]. In contrast with other bacterial abscesses,
where surgical drainage is the cornerstone treatment, it is usually
avoided in cases of mycobacterial abscesses as healing is hindered and
medical treatment is indispensably needed anyway. In terms of extended
investigation, special attention must be paid to a thorough medical
history, as patients do not regularly report all their diseases or treat-
ments received. We recommend that clinicians critically consider and
thoroughly assess all aspects of such cases and, if needed, go beyond
conventional paradigms and common diagnostic pathways. A good
clinical sense is an indispensable component of diagnosing rare entities.
It entails (1) taking both malignant and infectious etiologies into ac-
count, (2) quickly collect a sample for work-up, and (3) obtain an
extended and thorough medical history.

In conclusion, currently, there are no precise predictors to identify
patients at risk of developing BCG infections following its intravesical
instillation. Extrapulmonary manifestation of M. bovis BCG infection can
be a long-term medically serious complication of guideline-conforming
intravesical M. bovis BCG instillation in NMIBC patients. The diagnosis is
based on both micro and molecular biological examinations. Histo-
pathological findings of necrotizing epithelioid cell granuloma can be a
clue. Infections with M. bovis BCG have a good prognosis if adequately
treated. Antimycobacterial treatment should span at least a 6-month
period.
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