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Tuberculosis in the elderly in Germany

To the Editors:

Germany has a low tuberculosis (TB) incidence with a decreasing
trend [1].

However, the proportion of TB patients aged o60 yrs is in-
creasing (1976: 26.5%; 1986: 30.9%; 1996: 33.7%; 2006: 34.8%.
1976 and 1986 figures are for the Federal Republic of Germany
only), reflecting demographic changes. Age-related factors not
only increase the risk of TB reactivation but also enhance
susceptibility to TB infection, abetting outbreaks, e.g. in nursing
homes [2, 3]. To optimise healthcare services and TB control in
this subpopulation of growing impact, detailed knowledge of
the epidemiological features of TB in the elderly is needed.

National German TB notification data from 2002 to 2006 were
analysed as a pooled 5-yr data set stratified into two age groups:
TB patients 15–59 yrs (referred to as ‘‘younger adults’’) and those
aged o60 yrs (‘‘the elderly’’). For both groups, proportions of TB
cases with reference to demographic factors, affected organs,
drug resistance, case finding and treatment outcome were
determined. Mortality (based on treatment outcome notification
data), TB incidence, and age-specific TB incidence in 5-yr strata
were calculated based on population data from regional statistical
offices (time averaged 2002–2006). As the country of birth was
unknown for the general population, origin-related TB incidence
was derived from citizenship information. Proportion (%) and
incidence (cases per 100,000 population) were compared between
both groups using the Z-test. Odds ratios (ORs), 95% confidence
intervals (CIs) and corresponding p-values were specified. Data
were collected using the electronic reporting system SurvNet@rki
(Robert Koch Institute, Berlin, Germany) and analysed using
SPSS version 15 (SPSS Inc., Chicago, IL, USA), Excel (Microsoft
Corporation, Redwood, CA, USA) and Stata version 11.0
(StataCorp LP, College Station, TX, USA).

A total of 31,459 TB cases aged o15 yrs were identified. Details
of the study set are presented in table 1.

The proportion of elderly patients (36.0%) remained stable
over the study period. The elderly differed from the younger
TB cases, first of all in patient origin: 45.0% of the younger TB
cases had a foreign citizenship and 56.6% were born abroad,
versus 12.0% and 23.1%, respectively, of the elderly patients.

Proportions of pulmonary TB (PTB), which was the most
common form, and of extrapulmonary TB (EPTB) were almost
similar in the two age groups. However, the EPTB forms
differed: genitourinary TB was more often diagnosed among the
elderly, especially in males, while extrathoracic lymph node TB
was seen less frequently. Among PTB patients, both culture-
positivity rate and positive microscopy results were seen
significantly less frequently in the elderly (76.2 versus 79.1%,
OR 0.84 (95% CI 0.79–0.90), p,0.001 and 38.5% versus 44.7%, OR
0.78 (95% CI 0.73–0.83), p,0.001, respectively).

Drug resistance rates were markedly lower in the elderly for
any drug resistance (6.5 versus 13.9%, OR 0.43 (95% CI 0.39–0.48),
p,0.001) and for multidrug resistance (0.6 versus 3.1%, OR 0.18
(95% CI 0.13–0.25), p,0.001). Drug resistance rates in the foreign-
born elderly exceeded those among German-born patients by a
factor of 2–3, although the discrepancy was less pronounced
than in younger adults. However, the pyrazinamide resistance
rate was higher in the elderly (3.2 versus 2.6%, OR 1.28 (95% CI
1.07–1.52), p50.006) and more frequent in the German-born
elderly than in the foreign-born elderly (3.8% (n5188) versus
1.7% (n527)).

Fewer elderly patients than younger patients were diagnosed
via active case finding (5.9 versus 18.4%, OR 0.28 (95% CI 0.25–
0.31), p,0.001), including contact tracing (1.6 versus 6.9%, OR
0.21 (95% CI 0.18–0.26)). TB as a post mortem diagnosis was c
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more frequently established among elderly patients (1.5% versus
0.3%, OR 4.50 (95% CI 3.28–6.24), p,0.001).

The treatment success rate was lower in the elderly (67.0 versus
85.8%, OR 0.34 (95% CI 0.32–0.36), p,0.001), dropping steadily
with age to 36.8% in patients aged o90 yrs.

Foreign citizenship was associated with a 3.6-fold increase in
TB incidence compared with German citizens (32.4 versus 6.4
out of 100,000 for the entire study population). TB incidence
peaked in foreign citizens in the 75–79 yrs age group of (45.5
out of 100,000), and in Germans in the 85–89 yrs age group
(14.3 out of 100,000). Among German citizens, TB incidence
was two-fold higher in the elderly compared to younger adults

(10.0 versus 4.8 per 100,000, OR 2.08 (95% CI 2.02–2.14),
p,0.001), while no significant age-associated difference was
observed among foreign citizens. Among German citizens, TB
incidence in males was nearly twice as high as in females
regardless of age, while among foreign citizens, sex-associated
difference was identified only in younger adults, related to the
finding that higher TB incidence was documented in elderly
females than in younger females (33.3 versus 27.5 per 100,000),
while the converse was true in males (33.5 in elderly verus 36.5
per 100,000 in younger adults).

General mortality in the elderly was remarkably higher than in
younger TB cases (1.0 versus 0.2 per 100,000, OR 4.77 (95% CI 4.26–
5.35), p,0.001), and increased continuously with age (o90 yrs:

TABLE 1 Comparison of younger (aged 15–59 yrs) and elderly (aged o60 yrs) adult tuberculosis (TB) patients registered
2002–2006

Study population Younger adults Elderly adults p-value OR (95% CI)

Proportion % (n/N)

Total TB cases 100 (31459) 63.6 (20000) 36.4 (11459) NA NA

Male sex 60.9 (19142/31451) 62.3 (12451/19994) 58.4 (6691/11457) ,0.001 0.85 (0.81–0.89)

Foreign citizenship 33.0 (10083/30561) 45.0 (8745/19444) 12.0 (1338/11117) ,0.001 0.17 (0.16–0.18)

Foreign country of birth 44.5 (13360/30032) 56.6 (10849/19178) 23.1 (2511/10854) ,0.001 0.23 (0.22–0.24)

PTB 79.9 (24488/30643) 80.8 (15796/19557) 78.4 (8692/11086) ,0.001 0.86 (0.82–0.92)

PTB culture + 78.1 (17328/22180) 79.1 (11452/14470) 76.2 (5876/7710) ,0.001 0.84 (0.79–0.90)

PTB smear + 42.7 (8438/19782) 44.7 (5939/13297) 38.5 (2499/6485) ,0.001 0.78 (0.73–0.83)

Extrapulmonary TB 20.1 (6155/30643) 19.2 (3761/19557) 21.6 (2394/11086) ,0.001 1.16 (1.09–1.23)

Genitourinary TB 14.9 (918/6155) 11.2 (422/3761) 20.7 (496/2394) ,0.001 2.07 (1.79–2.39)

Males 17.3 (510/2953) 12.3 (233/1891) 26.1 (277/1062) ,0.001 2.51 (2.06–3.06)

Females 12.8 (408/3200) 10.1 (189/1868) 16.4 (219/1332) ,0.001 1.75 (1.41–2.17)

Extrathoracic lymph node TB 35.5 (2188/6155) 38.8 (1461/3761) 30.4 (727/2394) ,0.001 0.69 (0.61–0.77)

Males 26.6 (785/2953) 31.7 (600/1891) 17.4 (185/1062) ,0.001 0.45 (0.38–0.55)

Females 43.8 (1401/3200) 46.0 (859/1868) 40.7 (542/1332) 0.003 0.81 (0.70–0.93)

Any drug resistance 11.4 (2294/20099) 13.9 (1849/13269) 6.5 (445/6830) ,0.001 0.43 (0.39–0.48)

Multidrug resistance 2.3 (454/20099) 3.1 (414/13269) 0.6 (40/6830) ,0.001 0.18 (0.13–0.25)

Pyrazinamide resistance 2.8 (560/20099) 2.6 (339/13269) 3.2 (221/6830) 0.006 1.28 (1.07–1.52)

Active case finding# 14.1 (3810/27048) 18.4 (3258/17717) 5.9 (552/9331) ,0.001 0.28 (0.25–0.31)

Contact investigation 5.0 (1362/27048) 6.9 (1217/17717) 1.6 (145/9331) ,0.001 0.21 (0.18–0.26)

Post mortem diagnosis 0.7 (194/27048) 0.3 (58/17717) 1.5 (136/9331) ,0.001 4.50 (3.28–6.24)

Treatment success (all forms) 78.8 (23080/29274) 85.8 (15784/18387) 67.0 (7296/10887) ,0.001 0.34 (0.32–0.36)

Incidence cases per 100,000 (n)

All patients 8.9 (31459) 8.0 (20000) 11.2 (11459) ,0.001 1.41 (1.37–1.44)

German citizenship 6.4 (20478) 4.8 (10699) 10.0 (9779) ,0.001 2.08 (2.02–2.14)

Foreign citizenship 32.4 (10083) 32.2 (8745) 33.4 (1338) 0.217 (NS) 1.04 (0.98–1.10)

Males 11.2 (19142) 9.8 (12451) 15.3 (6691) ,0.001 1.56 (1.52––1.61)

Females 6.8 (12309) 6.1 (7543) 8.2 (4766) ,0.001 0.13 (0.13–0.14)

Males with German citizenship 8.2 (12733) 6.2 (6974) 13.8 (5759) ,0.001 2.25 (2.17–2.33)

Females with German

citizenship

4.6 (7742) 3.4 (3723) 7.1 (4019) ,0.001 2.10 (2.01–2.20)

Males with foreign citizenship 36.1 (5870) 36.5 (5139) 33.5 (731) 0.027 0.92 (0.85–0.99)

Females with foreign citizenship 28.2 (4208) 27.5 (3602) 33.3 (606) ,0.001 1.21 (1.11–1.32)

Mortality rates per 100,000 (n)

Mortality general 0.4 (1436) 0.2 (547) 1.0 (889) ,0.001 4.77 (4.26–5.35)

TB mortality 0.3 (1204) 0.1 (358) 0.8 (846) ,0.001 5.80 (5.11–6.57)

Mortality other causes 0.7 (2569) 0.2 (566) 2.0 (2003) ,0.001 8.68 (7.90–9.54)

PTB: pulmonary TB; NA: not applicable; NS: not significant. #: active screening of high-risk population groups is defined by the German Protection Against Infection Act as

contact investigation or investigation prior to admission to a shared accommodation such as a nursing home or a shelter for homeless people.
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2.8 per 100,000). In the elderly age group, male mortality was
higher than female (1.2 versus 0.7 per 100,000) and foreign citizens
had a higher mortality rate than German citizens (1.4 versus 0.9
per 100,000). The fraction of all deaths that were TB-related was
smaller in the elderly than in younger adults (29.7 versus 38.7%;
p,0.001).

To our knowledge, this is the first study comparing demo-
graphic, clinical and bacteriological characteristics between
elderly and younger TB patients among all TB cases notified
in Germany in recent years. The study identified several specific
epidemiological features of TB in the elderly, such as a high
proportion of genitourinary TB (predominantly among males), a
considerable fraction of culture-confirmed TB cases, a relatively
small contribution of active case finding, comparatively low
drug-resistance rates except for pyrazinamide, low treatment
success and high mortality rates.

These findings have an impact on the diagnosis of TB in elderly
individuals. EPTB is generally difficult to diagnose in this age
group due to pre-existing comorbidities [3, 4]. The clinical
picture of genitourinary TB in particular may be influenced by
pre-existing factors such as prostatic hypertrophy or permanent
indwelling bladder catheters, which compromise patients’ abi-
lity to resolve bacterial infection [4].

The rate of culture-confirmed TB in the elderly (76.2%) exceeded
findings of other studies by 8–15% [5, 6]. This may indicate
either good or more invasive diagnostic practice in Germany, or
it could be explained by patients’ or diagnostic delay, resulting
in more advanced disease. The latter hypothesis is supported by
STORLA et al. [7], who found old age to be a risk factor for
diagnostic delay, with factors such as poverty, social isolation,
and specific health-seeking behaviour hampering the elderly
in gaining timely access to medical care. Regardless of the
underlying causes, the subgroup of the elderly have a potential
for transmitting TB that may be underestimated.

The low fraction of elderly TB patients identified by active case
finding may reflect a high proportion of reactivated TB as well
as a low performance of contact tracing. The use of molecular
epidemiological methods could help in understanding whether
ongoing transmission plays a relevant role [8]. The low contribu-
tion of post mortem diagnosis to TB case finding is influenced by a
generally low autopsy rate in Germany of 3.1% (in 1999) [9].

Comparatively low drug-resistance rates in the German elderly
support the assumption of a high proportion of reactivated
infections acquired prior to introduction of anti-tuberculous
antibiotics [3], when TB prevalence was exceptionally high.
The higher frequency of pyrazinamide resistance in the elderly
may be due to Mycobacterium bovis infections: most of the 164
M. bovis TB cases registered in 2004–2006 (no earlier data
available) were found in the elderly. Yet strains were not
differentiated in all cases, which would be recommendable to
avoid unnecessary exposure to the potentially hepatotoxic
pyrazinamide [6].

The low treatment success rate and high mortality in TB patients
of very old age confirmed earlier findings [5, 10]. New evidence
was provided for a higher mortality rate in males, consistent
with the findings of LEFEBVRE and FALZON [10], and in the elderly
with foreign citizenship compared to the German elderly. Even

among the elderly, almost 30% of deaths were TB-related. The
cause of death can be difficult to determine, as TB may not be the
only life-threatening disease and autopsies are rarely performed
[9]. Detailed data on underlying diseases, diagnostic delays and
course of treatment are therefore needed.

Overall, TB incidence increases with advancing age. Although
decreasing infection prevalence can be assumed in successive
elderly indigenous cohorts, with rising longevity TB is likely to
remain a problem in this population. Despite a high incidence
in elderly foreign citizens, absolute case numbers were low, as
this was a small population subgroup, presumably due to re-
settling in the country of origin or a lower life expectancy, both
factors which are expected to change over time.

As our analysis is based on notification data, we faced some
limiting factors such as potential under-reporting in some patient
subgroups (e.g. undocumented migrants), the influence of dy-
namics of the population structure and migration patterns, lack
of clinical insight, e.g. information on specific specimen type
(spontaneous, induced or post-bronchoscopic sputum), or details
on prior treatment.

Altogether, the present study provides substantial new evidence
that elderly adults present a vulnerable group for TB, and stresses
the importance of TB as a differential diagnosis in geriatrics to
reduce avoidable mortality and prevent further spread of the
disease.
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Rituximab in bronchiolitis obliterans after

haematopoietic stem cell transplantation
To the Editors:

Bronchiolitis obliterans (BO) following allogeneic haemato-
poietic stem cell transplantation (HSCT) is recognised as a
pulmonary manifestation of chronic graft-versus-host disease
(GVHD) [1, 2]. As lung biopsy is rarely performed in these
patients, the diagnosis of BO syndrome (BOS) usually relies on
pulmonary function testing (PFT) and computed tomography
(CT) lung scans [1, 2]. Very little retrospective data exist
regarding the treatment of BOS, which currently consists of
increasing a patient’s baseline dose of systemic immunosup-
pressive therapy; however, this treatment strategy has been
shown to have poor efficacy [2, 3]. The efficacy of new drugs
for the treatment of chronic GVHD, including the anti-CD20
monoclonal antibody rituximab, must be specifically evaluated
for BOS. Here, we report three cases in which patients received
rituximab for BO after allogeneic HSCT.

Patient 1 was a 15-yr-old male who received bone marrow from
a sibling human leukocyte antigen (HLA)-matched donor for
acute myeloid leukaemia after a myeloablative conditioning
regimen that included 12 Gy fractionated total body irradiation
(FTBI) and cyclophosphamide. 5 months after transplantation,
he was diagnosed with chronic liver GVHD that led to the
initiation of prednisone at a dosage of 1 mg?kg-1?day-1 as well as
tacrolimus. 8 months after transplantation, as his liver GVHD

was coming under control, he presented with dyspnoea, dry
cough and chest pain. At this time, he was receiving tacrolimus
and prednisone at a dosage of 20 mg?day-1. PFT revealed a
severe obstructive pattern based on a forced expiratory volume
in 1 s (FEV1) of 1.13 L (33% predicted), a forced vital capacity
(FVC) of 2.79 L (65% pred) and FEV1/FVC ratio of 41%. A lung
CT scan demonstrated the presence of air trapping and a
pneumomediastinum. A pulmonary infection was ruled out,
and the diagnosis of post-allogeneic HSCT BOS was made. The
patient presented with no other signs of chronic GVHD at this
time. The prednisone dosage was increased to 2 mg?kg-1?day-1,
tacrolimus treatment was continued, and mycophenolate
mofetil, inhaled steroids, bronchodilators and low-dose macro-
lides were added to the treatment regimen. Despite this
treatment and although the pneumomediastinum resolved,
PFT revealed consistent deterioration over the following months.
4 yrs after transplantation, the patient was still receiving
20 mg?day-1 prednisone, inhaled steroids, bronchodilators and
low-dose macrolides, and developed a left spontaneous pneu-
mothorax that necessitated pleurectomy. A surgical lung biopsy
was simultaneously performed. A histological examination
confirmed the diagnosis of BO: several bronchioles were
narrowed or completely obliterated by fibrosis, while others
had walls containing lymphocytes, primarily B-cells (fig. 1).
In response to these findings, the patient received two infusions

a) b) c)

FIGURE 1. a) The lumen of this bronchiole is completely obliterated by dense fibrosis (haematoxylin and eosin staining (HES)). b) A nodular lymphoid infiltrate is found in

the wall of this bronchiole (HES). c) The lymphocytes of the infiltrate are predominantly B-cells (immunohistochemistry with anti-CD20 antibody). Scale bars5200 mm.
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