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ABSTRACT 

Objective. To describe incidence and clinical characteristics of Bacillus Calmette-Guerin 

(BCG) infections after BCG bladder instillation among patients with non-muscle-invasive 

bladder cancer in Denmark.  

Patients and methods. We conducted a nationwide register-based cohort study in Denmark 

be-tween 2002 through 2017. Patients with BCG infection were identified by cross-linking 

data from the Danish National Hospital Registry on patients treated with BCG instillations 

and patients diag-nosed with tuberculosis according to the International Classification of Dis-

eases 10 and data ob-tained from International Reference Laboratory of Mycobacteriology. 

Hospital records were re-viewed for clinical information.  

Results. During the study period 6753 patients (5281 males mean age 71.1 ± 0.1 years) re-

ceived BCG instillations, of which 66 patients (1%) developed BCG infections. There were 

no differences in age or Charlson Comorbidity Index between the patients in the study popu-

lation stratified by BCG  

infection. The median time from first BCG instillation until symptoms of BCG infection was 

169.5 days (IQR: 38-585). Extrapulmonary localization of BCG infections (37 patients; 

56.1%) were significantly more frequent than pulmonary BCG infections (20 patients; 30.3%, 

P<0.001). The most common extrapulmonary localization was the genitourinary tract (29 

patients; 78.4%).  

Conclusion. BCG infections after bladder instillation are rare, mainly affect male patients and 

are most frequently extrapulmonary. BCG infections should be suspected despite long 

timespan between occurrence of symptoms and prior bladder instillation. 
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INTRODUCTION 

Bladder cancer is the ninth most common cancer worldwide; the eight most common cancer 

in the high socio-demographic countries [1]. Approximately 75% of patients with bladder 

cancer present with a non-muscle-invasive bladder cancer (NMIBC), confined to the mucosa 

(stage Ta, carcinoma in situ) or submucosa (T1) [2].  

Adjuvant intravesical instillation of the attenuated live strain of Mycobacterium Bovis, Bacil-

lus Calmette-Guerin (BCG), is the most effective immunotherapy for patients with intermedi-

ate- and high-risk urothelial NMIBC and carcinoma in situ (CIS) [3] [4].  

Disadvantages of BCG instillations include local and systemic BCG infections that may fol-

low BCG instillation [5]. The BCG organisms can persist in the urinary tract for more than a 

year and provide prolonged risk of subsequent local or disseminated infection [6]. Known 

risk factors for haematogenous spread of BCG bacilli during instillation are disruption of the 

urothelial barrier due to traumatic urinary catheterization, early instillation after transurethral 

resection of the bladder (TUR-B), or concurrent urinary tract infection [4]. 

Current knowledge of BCG infections following bladder instillation predominantly comes 

from individual case reports. Only few studies have described the incidence of BCG infec-

tions after bladder instillations and the incidences of BCG infections varies from 3% to 7.6% 

[7] [5] [8]. A national study describing the incidence of BCG infection following bladder 

installation has never been conducted.   

The aim of this study was to describe the incidence, clinical characteristics and risk factors 

for BCG infections after bladder instillation among patients with NMIBC in Denmark.  

 

PATIENTS AND METHODS  

Setting  

We conducted a nationwide retrospective register-based cohort study of all patients treated 

with BCG bladder instillations from January 1
st
 2002 to June 30

th
 2017 in Denmark. The 

BCG strain RIVM (derived from strain 1173-P2) and the Danish strain 1331 were used for 

bladder instillations in Denmark during the study period. 
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Data sources 

Danish Hospital Registry 

The Danish National Hospital Registry (DNHR) contains information on all patients dis-

charged from Danish hospitals since 1997 and outpatient clinics since 1994.  The registry 

records dates of admission and discharge for each contact a patient made to a hospital or out-

patient clinic, as well as discharge diagnoses assigned by the treating physician and coded 

according to the International Classification of Diseases, 8
th

 revision (ICD-8) until the end of 

1993, and the ICD-10 thereafter. 

 

Microbiological data 

The International Reference Laboratory of Mycobacteriology (IRLM) at Statens Serum 

Institut performs all mycobacteria diagnostics as culture, drug susceptibility testing and mo-

lecular typing of M. tuberculosis complex and nontuberculous mycobacteria in Denmark.  

 

Principle of data linkage  

From DNHR, we identified patients with BCG treatments by the ICD-10 codes; “Instillation 

of BCG into the bladder/urinary bladder” (BJHE11), and “Immunomodulatory BCG treat-

ment” (BOHJ25). In order to acquire information on comorbidities, all discharge diagnoses 

reported in DNHR prior to BCG instillation were identified. Since there are no specific diag-

noses for BCG infections, we retrieved all patients diagnosed with tuberculosis during the 

study period using DA15*-19*, DB200*, DJ65*, DK930, DM011, DM900, DN330, 

DN741*, DO980, DP370, DA31*, DA318 and DA319, “*” indicates the inclusion of possi-

ble sublevels of the code. Patients with BCG infection following BCG instillation were iden-

tified by cross-linking the two cohorts, using the unique Danish civil registration number 

(CPR). A CPR is assigned to all residents at birth or after residing legally in Denmark for 

three months. 

 

Furthermore, we retrieved mycobacterial data from IRLM from 2002 through 2017. By merg-

ing these data with the cohort of patients who were treated with BCG instillation, we identi-

fied an additional 20 patients with positive culture for M. Bovis BCG who were not registered 

in DNHR with a tuberculosis diagnosis. Patients who had a positive urine culture for M. 
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Bovis BCG within a month following the last BCG instillation were excluded, because a posi-

tive culture would be anticipated (Figure 1).  

  

Hospital records 

We reviewed hospital records on patients who developed BCG infection for the following 

information: age, sex, immunocompromised status, alcohol consumption, smoking habits, 

previous tuberculosis, time from TUR-B to first BCG instillation, number of BCG instilla-

tions, lesion of the mucosal barrier during catheterization prior to BCG instillation, findings 

on urine-stix prior to instillation, influenza-like symptoms within a week following BCG in-

stillation, number of instrumental procedures in the urinary tract/bladder from first BCG in-

stillation until onset of symptoms of infection, time from first instillation to debut of symp-

toms and localization of infection.  

All data were registered in a Research Electronics Data Capture (REDCap) database.  

 

Defining localization of infections 

The localizations of BCG infections were classified as pulmonary or extrapulmonary. Pa-

tients with reactive arthritis, sepsis or persistent fever as only symptom were included in the 

category “Other” (Table 4). Reactive arthritis was defined by clinical presentation of arthral-

gia, that may include fever or conjunctivitis, but where other possible causes (septic arthritis 

or gout) were ruled out. 

 

Statistical analysis 

Continuous variables were described as medians with interquartile ranges (IQR) and com-

pared using the Wilcoxon rank sum test or described as means and compared using an un-

paired T-test when the observations were normally distributed. Categorical variables were 

described as proportions (percentages) and compared using χ
2
 test. All statistical tests were 

two-tailed and considered significant at P<0.05. The overall comorbidity burden was as-

sessed using Charlson Comorbidity Index (CCI) [9]. Multivariate analysis was performed to 

estimate the effect of sex, age and CCI on the risk of developing BCG infection. Statistical 

analyses were carried out using Stata, version 15 (StataCorp LP, Collage Station, Texas).  
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Ethical considerations 

The Danish Data Protection Agency granted permission for the study (16/17162), and the 

Danish Health and Medicines Authority approved access to patients’ hospital records (3-

3013-1749/1). An approval from the ethics committee is not required for register-based stud-

ies in Denmark. 

 

RESULTS   

Initially, we identified 7402 patients with BCG bladder instillation from the DNHR. Howev-

er, 647 of these patients were excluded since they did not have any bladder cancer-, polyp- or 

CIS diagnosis, but were registered erroneously with a procedure code for BCG bladder instil-

lation. In addition, we excluded two patients, because we were unable to obtain their hospital 

records (Figure 1). 

Hence, we included 6753 patients (5281 males, mean age of 71.1 ± 0.1 years) in the final 

analyses.  In total, 66 patients developed BCG infections in the study period (Figure 1), cor-

responding to 1% of the population.  

 

Demographic characteristics 

The demography of the study population stratified by BCG infections is listed in Table 1. The 

mean age was 71.8 in patients with BCG infection and did not differ from the patients with-

out BCG infection following BCG instillation. BCG infections were significantly more fre-

quent among men (P=0.01). There was no significant difference in the burden of comorbidity 

between the groups (P=0.69).  

 

Variables related to the BCG instillation procedure 

The median time from TUR-B to first BCG instillation was 43.5 days (IQR: 29-54) for pa-

tients who developed BCG infection. Overall, these patients received a mean of eight BCG 

instillations. The median time from first BCG instillation until symptoms of BCG infection 

was 169.5 days (IQR: 38-585) (Table 2). Lesion of the mucosal barrier or bleeding during 

catheterization prior to BCG instillation was reported for 12 (18.8 %) patients. 
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In total, 57 (86.4%) patients with BCG infection described influenza-like symptoms includ-

ing fever, chills and/or discomfort symptoms from the urinary tract, within a week following 

BCG instillation.  

The overall mean number of instrumental procedures (transurethral resection of the blad-

der/prostate (TUR-B/-P), cystoscopy) in the urinary tract and bladder from the first BCG in-

stillation until onset of symptoms of infection was 2.4 (2.4±3.3).  

 

Characteristics of the patients with BCG infections 

The general characteristics of 66 patients who developed BCG infections are summarised in 

Table 2. Most patients were ≥70 years old, smokers or ex-smokers. Previous tuberculosis was 

noted in three patients (4.5%) and seven patients (10.6%) had other malignant diseases during 

their BCG instillations. In total, four patients (6%) received varying degree of immunosup-

pressive medication at the time of BCG instillations, and one patient had received cytostatic 

agents within six months prior to the BCG instillations.  

 

Site of infection and clinical findings 

The clinical characteristics of patients with BCG infections are presented in Table 3. In total, 

40 (60.6%) patients presented with fever, 25 (37.9%) had weight loss and 10 (15.2%) had 

night sweats. Male patients with epididymo-orchitis presented with painful scrotal swelling 

and/or palpable testicular nodule, abscesses or scrotal ulcers. Lower back pain was present in 

three (4.5%) patients, all of which had spondylodiscitis.  

The localizations of BCG infections are listed in Table 4. Overall, extrapulmonary BCG in-

fections were significantly more frequent than pulmonary BCG infections (P<0.001) and the 

most frequent extrapulmonary localization was the genitourinary tract (29 patients; 78.4%).  

Overall, 15 patients had BCG infection located to the bladder; 12 patients had pollakisuria 

and dysuria, nine had haematuria and three had concomitant reactive arthritis. In addition, 

three patients had no symptoms, but were diagnosed by incidental finding of granulomatous 

inflammation and acid fast bacilli in bladder biopsies 7 to 22 months after last BCG instilla-

tion.  BCG infection in the prostate was diagnosed in three patients, who all presented with 

pollakisuria and dysuria, and one patient had pain located to the perineum.  
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The five (7.6%) patients with reactive arthritis as only manifestation, and the three patients 

with concomitant bladder symptoms, presented with classical symptoms of migratory oligo 

arthritis, primarily located to the lower limbs. In this group of patients, concurrent symptoms 

were conjunctivitis, muscle soreness and joint swelling. 

 

DISCUSSION  

In this nationwide cohort study of patients treated with BCG intravesical instillation for 

NMIBC covering 15 years, we identified 66 (1%) cases with incident BCG infections. Male 

patients had a significantly higher risk of BCG infection compared with women; age and the 

burden of comorbidity were not identified as risk factors. Constitutional symptoms were pre-

sent, but fever of unknown origin was the most common symptom. Extrapulmonary BCG 

infection was significantly more frequent than pulmonary. The time from first BCG instilla-

tion until symptoms of infection varied widely.  

The incidence of infectious complications to BCG intravesical instillation has been reported 

with different frequencies during the last decades. Lamm et al. pooled data from multiple 

investigators on 2602 patients and reported overall complication rate of 7.6%, including all 

complications such as rash, hematuria and cytopenia [7]. We investigated the development of 

BCG infections; hence our incidence rate is not directly comparable. In a prospective study,  

Steg et al. observed 5 cases (3%) of BCG infections among 169 patients treated with 

intravesical BCG [8]. Finally, a recent study from Spain, found the rate of systemic BCG 

infection following bladder instillation at 4.3% [5]. The diagnosis of BCG infection does not 

always rely on culture verification and lack of ICD-codes in the DNHR might underestimate 

the true incidence of BCG infections in Denmark.  

Evaluation of smoking habits was based on the hospital records. In our study the percentage 

of never smokers was similar to patients treated with BCG instillation described elsewhere 

[10]. The reported total number of eight BCG instillations does not take into account whether 

the patients completed their first series of six BCG instillations, had maintenance therapy or a 

second series of instillations. It is, however, comparable to the number of instillations pre-

sented in other studies of patients with BCG infection [5] [11].  
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The median time from first BCG instillation until symptoms of infection was 169.5 days. 

This interval does not take into account whether the patients received maintenance therapy or 

a repeated series of BCG instillations. Additionally, contacts made to patients’ general prac-

titioner with symptoms of BCG infections are not registered in the DNHR. This could result 

in an overestimated time from first BCG instillation to debut of symptoms of BCG infection. 

In a study by Gonzales et al., 35 patients with BCG infections were divided into either early 

(8-12 weeks after first instillation, 20 patients) or late presenters (>1 year following first in-

stillation, 15 patients) [11]. The wide IQR of 547 days presented here also illustrates the het-

erogeneity of when these infections appear, posing a challenge in differential diagnosis.  

In total, 57 (86.4%) patients had influenza-like symptoms and/or discomfort symptoms from 

the urinary tract, within one week following BCG instillation. This is described as a result of 

the immune reaction against the BCG bacilli [12] [13], and explained as a necessity for ade-

quate antitumor effect [14].  

Extrapulmonary tuberculosis accounted for approximately 20% of all notified tuberculosis 

cases in the European area in 2002-2011 [15]. In Denmark, 26% of tuberculosis cases had 

extrapulmonary localization and genitourinary tuberculosis accounted for 9% [16]. In our 

study, extrapulmonary localization comprised of 56% of patients, of whom genitourinary 

localization made up 78.4%.  Thus, BCG infections after bladder instillation were mainly 

extrapulmonary in Denmark.  In contrast, a recent study from Spain only found genitourinary 

BCG infection in 23.4% of patients [5]. However, most of the patients included in this study 

originated from case reports and as severe systemic infections are more likely to be published 

(publication bias), it could explain the difference in frequencies of local genitourinary BCG 

infections.  

The strengths of this study are the nationwide design and a long follow-up period. The Dan-

ish CPR allows for cross-linking detailed information in the large central registers and reduc-

es loss to follow-up. However, errors might be introduced by typing errors, inter-observer 

variation in the allocation of diagnoses, and inaccuracies in diagnoses and dates of registra-

tion [17].  

The main limitations of our study are the data validity and reporting bias of the DNHR; a 

validation study found that diagnoses are reported correctly in 65.5% of cases from medical 

departments and in 76.7% from surgical wards [18]. Likewise, we excluded 15 patients with 

suspicion of BCG infection due to misclassification (Figure 1). Finally, we have not been 
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able to review hospital records for the remaining 6687 patients who did not develop BCG 

infection, and therefore cannot describe characteristics regarding risk factors for BCG infec-

tion.  

 

Conclusions 

In Denmark, BCG infections following intravesical instillation are rare and have very diverse 

presentations, affecting mainly male patients. BCG infections may cause diagnostic challeng-

es. Unlike tuberculosis, BCG infections after bladder instillation are more frequently 

extrapulmonary and should be suspected despite long time span between occurrence of symp-

toms and prior bladder instillation. 
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Table 1 

Characteristics of the population with BCG bladder instillations stratified by BCG infection 

  BCG infection, n=66  No BCG infection, n=6687  P 

Age yrs (mean ± SD)* 71.8 ± 0.9 71.1 ± 0.1 0.617*** 

Sex, male (%) 60 (90.9) 5221 (78.1) 0.012** 

Charlson comorbidity index (%)     0.687** 

0 20 (30.3) 2165 (32.4)   

1 32 (48.5) 2896 (43.3)   

≥ 2 14 (21.2) 1626 (24.3)   

* At the time of first BCG instillation  

 ** Chi2 test 

 *** Wilcoxon rank sum test 
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Table 2 

Demographic and BCG instillation related variables for patients who developed BCG infec-

tion after intravesical instillation 

Patients characteristics N=66 % 

Sex, male 60 90.9 

Age, yrs (mean ± SD)* 72.1±7.5   

<70 11 16.7 

 ≥ 70 55 83.3 

Smoking habits      

Smoker 14 21.2 

Ex-smoker 34 51.5 

Never smoker 18 27.3 

Alcohol consumption     

Greater than recommended by the Danish Health-Authority** 9 13.6 

In adherence with the Danish Health -Authority’s recommendations** 56 84.9 

Unknown  1 1.5 

Other non-urothelial malignancy*** 7 10.6 

Immunosuppression      

Corticosteroids 2 3 

Biologic treatment**** and Azatrioprin 1 1.5 

Methotrexate, Leflunomide, Sulfasalazin and Prednisolone 1 1.5 

Cytostatic agents within the previous 6 months of BCG instillation    1 1.5 

HIV-infected 0   

Splenectomy  0   

Neutropenia 0   

Previous tuberculosis 3 4.5 

BCG instillation related variables 

Time from TUR-B to first BCG instillation (days) (median; IQR)  43.5 (29-54)   

Number of intravesical BCG instillationss (days) (mean ± SD) 8±4.5   

Urine stix prior to BCG instillation 60 90.9 

Urine stix prior to BCG instillation positive for:      

Leucocytes  51 85 
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 Blood 45 75 

Protein  14 23.3 

Nitrite 1 1.7 

Lesion of mucosal barrier (bleeding) during catheterization prior to BCG instillation 12 18.8 

Influenza-like symptoms within a week following BCG instillation 57 86.4 

Fever 35 61.4 

Discomfort symptoms from the urinary tract 35 61.4 

Chills 24 42.1 

Number of instrumental procedures in the urinary tract/bladder from first BCG instil-

lation until debut of symptoms of infection (mean ± SD). ***** 
2.4±3.3   

Time from first BCG instillation to debut of symptoms of BCG infection (days) (me-

dian; IQR) 
169.5 (38-585)  

* Age at time of suspicion/diagnosis of BCG infection 

** Recommended maximum alcohol intake of seven units/week for women and 14 units/week for men 

***Four had prostate cancer, one had myelomatosis, one had cervical cancer and one had smallcell lung cancer. 

**** Infliximab 

***** Including transurethral resection of the bladder/-prostate (TUR-B/-P) and cystoscopy 
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Table 3 

Presenting clinical features of BCG infections after intravesical BCG instillation in Denmark 

 

Constitutional symptoms N=66 % 

Fever  40 60.6 

Weight loss 25 37.9 

General malaise 20 30.3 

Fatigue  16 24.2 

Night sweats 10 15.2 

   

Respiratory symptoms 24 36.4 

Dyspnoea 21   

Cough 11   

Expectoration  4   

Hemoptysis 0   

 

Urinary symptoms 24 36.4 

Pollakisuria 16   

Dysuria 13   

Haematuria 9   

Incontinence  3   

 

Genital symptoms 12   18.2 

Swelling and/or palpable nodule in scrotum 10   

Scrotal pain  9   

Scrotal ulcer 3   

Pain located to the prostate/perineum 1   

 

Nausea 4 6.1 

Arthralgia  10 15.2 

Muscle pain 4 6.1 

Joint swelling  3 4.6 

Lower back pain 3 4.6 

No symptoms
*
 3 4.6 

* But incidental finding of granulomatous inflammation and acid fast bacilli in 

bladder biopsies seven to 22 months after last BCG instillation.  

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Table 4 

Localization of BCG infections 

  N (%)  

Pulmonary 20 (30.3) 

Pulmonary
*
 10 

Miliary
*
  10 

  

Extrapulmonary 37 (56.1) 

Sepsis and fistula from bladder to prosthetic joint 1 

Mycotic aorta aneurism, spondylodiscitis, intraspinal- and psoas muscle abscess 1 

Mycotic aorta aneurism and joint infection 1 

Spondylodiscitis and psoas muscle abscess or intraspinal abscess 2 

Pancytopenia and granulomas in bone marrow biopsy 1 

Bone marrow biopsy with granulomas and acid-fast bacilli, PET-CT positive finding in aorta 1 

Peritoneal cavity 1 

    

Local genitourinary infection 29 (78.4) 

Bladder 12 

Bladder and reactive arthritis 3 

Epididymo-orchitis 10 

Prostatitis 3 

Kidney abscess with involvement of psoas muscle 1 

  

Others 9 (13.6) 

Reactive arthritis 5 

Persistent high fever as only symptom of infection 2 

Sepsis 2 

*One patient had concomitant prostatitis 
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Figure 1 

Study enrolment chart for the patients with BCG infections after bladder instillation in Den-

mark from 2002 through 2017 

 

 

*International Reference Laboratory of Mycobacteriology (IRLM) 

 


