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ABSTRACT: The aetiology of sarcoidosis is currently unknown. Due to the clinical and

histological similarities between sarcoidosis and tuberculosis, the role of mycobacteria has been

repeatedly investigated as an aetiological agent for sarcoidosis. The current meta-analysis aimed

to evaluate the available molecular evidence on the possible role of mycobacteria in the

development of sarcoidosis.

The MEDLINE, EMBASE, CINAHL, DARE and CENTRAL databases were searched for relevant

studies published from 1980 to 2006, and studies evaluating the presence of mycobacteria using

molecular techniques in biological samples of patients with sarcoidosis were included in the

current analysis. The 95% confidence intervals (CI) were calculated for the expected proportion

(of individual studies); the data was then pooled to obtain a summary success rate with 95% CI.

The odds ratio (95% CI) was also calculated in order to assess the presence of mycobacteria in

samples of patients with sarcoidosis versus those from nonsarcoidosis control samples.

The database search yielded 31 studies. All studies used polymerase chain reaction for nucleic

acid amplification followed by identification of nucleic acid sequences specific for different types

of mycobacteria. Overall, 231 out of the 874 patients were positive for mycobacteria with a

positive signal rate of 26.4 (23.6–29.5%), and the odds of finding mycobacteria in samples of

patients with sarcoidosis versus controls were 9.67 (4.56–20.5%) using the random effects model

and 19.49 (11.21–35.54%) using the exact method. There was methodological and statistical

heterogeneity and evidence of publication bias.

The results of the current study illustrate a demonstrable mycobacterial presence in

sarcoidosis lesions suggesting an association between mycobacteria and some cases of

sarcoidosis. To avoid methodological diversity, larger multicentre trials with a central laboratory

for sample testing should be designed.
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S
arcoidosis is a granulomatous disease of
unknown aetiology characterised by non-
caseating granulomas involving the lung,

lymph nodes and other organs [1]. It is believed
that granulomatous diseases may be the result of
continued presentation of a poorly degradable
antigen [2]. In the case of sarcoidosis, this agent
remains unclear. Numerous aetiological agents
have been incriminated, both infective and non-
infective [3]. Noninfective agents have been impli-
cated because of their epidemiological association
[4], but these implications have not stood the test of
time [5]. Currently, the focus is on infective agents,
and the two strongest contenders are Propioni-
bacterium and Mycobacterium [6]. A recent study
of culture and PCR analysis of Propionibacterium
species from lung tissues and lymph nodes from

subjects with and without sarcoidosis, showed
Propionibacterium acnes to be a common commensal
bacteria in peripheral lung tissues and mediastinal
lymph nodes, suggesting that it is less likely to be
the trigger for sarcoidosis [7].

Since sarcoidosis was first described, there has
always been a belief that the disease is in some
way related to tuberculosis [8]. However, the
inability to identify mycobacteria by histological
staining or culture from pathological tissues
continues to be one of the strongest arguments
against a potential role for mycobacteria. Of late,
molecular analysis (such as polymerase chain
reaction (PCR) techniques) for nucleic acids of
putative agents serves as an alternative method
for isolating fastidious organisms. This method
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has been used successfully in identifying Tropheryma whippelii
as a causative agent for Whipple’s disease [9] and corona-
viruses [10] as an agent for severe acute respiratory syndrome.

Several studies have been carried out using molecular
techniques to study the presence of mycobacteria in sarcoidosis
patients [5]. The aim of the current study was to systematically
analyse the available literature on this issue.

MATERIAL AND METHODS
Search strategy and selection criteria
To identify the studies for inclusion in this review, all authors
independently searched the National Library of Medicine’s
MEDLINE, EMBASE, CINAHL, DARE and CENTRAL data-
bases for relevant studies published from 1980–2006 using the
terms: sarcoidosis AND mycobacteria; sarcoidosis AND
mycobacterium; sarcoidosis AND Mycobacterium tuberculosis;
and sarcoidosis AND tuberculosis. Bibliographies of all
selected articles and review articles that included information
on the relationship between sarcoidosis and mycobacteria were
reviewed. In addition, the current authors’ studies were also
reviewed. All the studies irrespective of language were
identified.

Data abstraction
The abstracts of the studies were independently reviewed by
two authors (R. Agarwal and D. Gupta), who were not blind to
study details. Any disagreement was resolved by discussion
between the authors. Included studies were those that
evaluated the presence of mycobacteria using molecular
techniques in samples (both histological and cellular) of
patients with sarcoidosis. Data was recorded on a standard
data extraction form. The following items were extracted.
1) Publication details including title, author(s) and other
citation details. 2) The number of patients with sarcoidosis
and the number and type (tissue or cellular samples) of
samples used for analysis. 3) Details of the molecular test used
to evaluate the presence of mycobacteria in samples. 4) The
type of mycobacteria (tuberculous versus nontuberculous).
5) Percentage of the samples positive for mycobacteria in
patients with sarcoidosis versus the percentage of positive
control samples.

Determination of the pooled treatment effect
To calculate the percentage of mycobacteria-positive sarcoid
samples, binomial proportions were used in which the
numerator was success in isolation of mycobacteria and the
denominator was the total study sample. The expected
proportion was the success rate of each study included and
95% confidence intervals (CIs) were calculated for the expected
proportion using the Newcombe–Wilson method [11, 12]. Data
from individual studies was then pooled and a summary
success rate with 95% CI was calculated by summing up the
rate of mycobacteria-positive samples as the numerator and
the total number of samples evaluated as the denominator [13].

The odds ratio (OR) and 95% CI were also calculated to assess
the presence of mycobacteria in sarcoisosis samples versus
controls. The results from individual studies were pooled
using the random effects model of DERSIMONIAN and LAIRD [14]
and the exact method with conditional maximal likelihood as
described by MARTIN and AUSTIN [15].

Assessment of heterogeneity
The extent of heterogeneity was assessed by the Cochran Q-
statistic (weighted sum of squared differences between
individual study effects and the pooled effect across studies,
with the weights being those used in the pooling method). The
level at which heterogeneity should be diagnosed is unclear,
given that the Q-statistic has low power, and FLEISS [16]
recommended a p-value of .0.1.

The impact of heterogeneity upon the pooled estimates of the
individual outcomes of the meta-analysis was assessed using
the Chi-squared test and/or the I2 tests (this measures the
extent of inconsistency among the studies’ results and is
interpreted as approximately the proportion of total variation
in study estimates that is due to heterogeneity rather than
sampling error). An I2 value .40% indicates significant
heterogeneity. As the Chi-squared test has a low sensitivity
for detecting heterogeneity, a p-value ,0.1 was considered
significant for the presence of statistical heterogeneity [17].

Assessment of publication bias
The presence of a small study effect was examined by means of
funnel plots [18]. The funnel plot is a measure of the log of the
OR (in the X-axis; a measure of diagnostic accuracy) against the
standard error of the log of the OR (in the Y-axis; an indicator
of sample size). Each point represents each study in the meta-
analysis. The central line indicates the summary OR with other
lines indicating the 95% CI. In the absence of publication bias,
the OR estimates from smaller studies are expected to be
scattered above and below the summary estimate, producing a
triangular or funnel shape.

Institutional review board clearance was not required for this
study as this was a meta-analysis of published studies.

RESULTS
The initial data search yielded a total of 1,718 citations (fig. 1).
On review of the title and abstract, 1,679 articles were excluded
as they did not meet the inclusion criteria. A total of 40 studies
were identified that used nucleic acid amplification techniques
to identify mycobacterial nucleic acid sequences. Of these 40
studies, nine were further excluded; seven were single patient
case reports [19–25], one study analysed mycobacterial DNA in
nonsarcoid granulomatous disease [26] and one study had re-
analysed the Mycobacterium tuberculosis-positive samples of
sarcoid patients using a different technique to further clarify
the type of M. tuberculosis [27]. Therefore, 31 articles were
selected for analysis (table 1) [28–58].

All studies provided detailed methodology and the meta-
analysis included studies from around the world (table 1). In
total, the studies involved 882 samples (711 tissue samples and
71 fluid samples from which cells were isolated and further
analysed) from 874 patients with proven sarcoidosis and 611
samples from 600 controls (lung cancer, bronchiectasis and
other lung disorders). All but six studies [36, 37, 46, 49, 54, 55]
were case–control studies where the cases and controls have
been randomly sampled; all cases who have clinically
confirmed sarcoidosis have been included. All but five [28,
30, 32, 54, 55] studies used positive control samples of patients
with proven mycobacterial infections. The details regarding
the sites of biopsy were not provided by all studies but from
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the available data, lymph node samples (n5356) were used in
most studies, followed by the lung (n5146) and others
(bronchial fluid (n570), skin (n556), others (lacrimal gland,
pituitary; n512), cerebrospinal fluid (n51)). All studies used
PCR for nucleic acid amplification followed by identification of
nucleic acid sequences specific for different types of myco-
bacteria (table 1). Most studies used primers to detect the
presence of M. tuberculosis complex (MTC) and nontuberculous
mycobacteria (NTM); however, some studies detected only M.
tuberculosis [30, 39, 40, 43–45, 47, 54, 55, 57, 58] and some
atypical mycobacterial species alone [34, 37]. As there were
more samples than patients, which can lead to both over- and
under-estimation bias, further patient samples were excluded
(eight samples excluded: six negative and two positive) and
only 874 patients with 874 samples were included. Similarly,
600 controls had 611 samples evaluated, therefore 11 samples
were excluded (two positive and nine negative).

Of the 874 samples, 187 were positive for MTC and 43 samples
were positive for NTM; one sample was found to have a
nucleic acid sequence for both types of mycobacteria (table 1).
In total, 231 samples from 874 patients were positive for
mycobacteria with a positive signal rate of 26.4 (23.6–29.5%;
fig. 2). Seven studies found a positive signal rate .50%, eight
studies had a rate between 20–50%, nine studies found a
positive signal in ,20% and seven studies did not find any
evidence of mycobacteria in the analysis (fig. 2).

Of the 31 studies, six had no control arm and were excluded for
the calculation of OR and 95% CI. Five studies specifically
reported on the detection of NTM (104 cases and 145 controls),
and the odds of finding NTM was 19.63 (2.74–140.64) and 30.72
(8.32–177.18) by the random effects model and exact method,
respectively (fig. 3, table 2). The odds of finding both MTC and
NTM (680 cases and 600 controls) in samples of patients with
sarcoidosis versus controls were 9.67 (4.56–20.5) using the
random effects model (fig. 3, table 2) and 19.49 (10.86–37.1)
using the exact method.

There was methodological (table 1) and statistical heterogene-
ity (Cochran Q-statistic 30.31, p50.034; I2 40.6 (8.2–73.1%); Chi-
squared 35.02, p,0.0001). The funnel plot also showed
evidence of publication bias (fig. 4).

DISCUSSION
Meta-analysis is a statistical procedure that integrates the
results of several relevant independent studies and allows a
common conclusion to be drawn from an entire body of
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research. It provides a more precise estimate of a treatment
effect, and may explain heterogeneity between the results of
individual studies. The results of the present meta-analysis
indicate that almost 30% of patients with sarcoidosis have the
presence of mycobacterial nucleic acids within the lesions and
there are significant odds of finding mycobacteria in samples
from sarcoidosis patients (OR59.67 and 19.49 by the random
effects and exact methods, respectively), thereby suggesting an
association between mycobacteria and sarcoidosis. In addition
to the conventional technique of random effects meta-analysis,
the partial polynomial multiplication algorithm [15] was also
used in the present study; because the method is exact the
sparseness of individual studies in the current analysis was not
an issue. Although the OR doubled with the exact technique,
the CIs also widened, suggesting a weaker but definite
association.

There are numerous factors that favour mycobacteria as a
trigger for sarcoidosis. These include: histopathological appear-
ances of the granulomas [2]; reports of mycobacterial disease
either existing coincidentally, succeeding or pre-dating sarcoi-
dosis [59, 60]; and the finding of mycobacteria in occasional
granulomas of sarcoidosis [61–63]. Passage experiments have

also suggested that mycobacteria with characteristics of M.
tuberculosis may be the incriminating agent [64–67]. Recent
studies on humoral immunity to mycobacterial antigens from
sarcoidosis patients have renewed interest in the potential of
mycobacteria in sarcoidosis [68]. It has also been suggested that
the organism might exist in a cell-wall deficient bacteria (L-
form) and may be difficult to isolate [69]. However, there is no
clear evidence to determine whether the tubercle bacillus is
really the cause of sarcoidosis.

The presence of mycobacteria can be considered incidental but
it may also suggest that sarcoid lesions result as a continued
reaction to mycobacteria. The isolation of genetic material from
mycobacteria in granulomas of sarcoidosis, at least, suggests
that the granuloma was initiated by mycobacteria but whether
the organism is currently viable is a different question.

Do mycobacteria have a role to play in causing sarcoidosis?
The case of sarcoidosis does not meet Koch’s postulates but
this is not always true and many pathogens, for example
Pneumocystis jiroveii, cannot be grown outside the host but do
clearly cause pulmonary disease. It is also possible that these
mycobacteria may be different from the conventional myco-
bacteria in that they may be difficult to culture using existing
microbiological techniques. In fact, the organism causing
Whipple’s disease (T. whippelii) was grown in culture using a
technique that added the cytokine interleukin-4, which causes
deactivation of macrophages [70]. The present meta-analysis
does provide evidence to suggest an association in o30% of
cases, but future research is necessary to establish the cause of
this association.

Interestingly, the presence of mycobacteria also seems to
influence disease outcome, with mycobacterial nucleic acid-
negative patients showing better outcomes [58]. In one study it
was reported that all patients with mycobacteria-positive
samples did not respond to the typical immunosuppressive
treatment for sarcoidosis but the remaining mycobacteria-
negative patients reacted positively to the same therapy [46].
Also, patients with positive mycobacterial nucleic acid samples
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have been found to show a tendency for a chronic disease
course compared with mycobacteria-negative patients [55].

Can treatment with anti-tuberculous drugs alter the natural
history and course of sarcoidosis? Very few trials have been
conducted in the past and the results of these trials have been
discouraging. These trials were generally small studies and
were limited by time-bias and the use of older regimens based
on isoniazid, amino-salicylic acid and streptomycin [71–76].
The current authors’ experience (in a high tuberculosis-
endemic zone) with a large (n5500) number of patients with
sarcoidosis show that a substantial number (on an average
40%, unpublished data) of patients are treated for tuberculosis

and anti-tuberculous therapy probably does not influence
outcome in these patients. However, this data reflects only the
patients who have been referred to the tertiary care institute
and this observation needs to be confirmed by a randomised
controlled trial.

The major limitation of the present systematic review is
reflected in the highly variable results with rates of
mycobacteria-positive samples ranging 0–100%, which pre-
cludes any definite causal association. The reasons may be
manifold and include issues of technique (including the type of
mycobacteria detected) and thus the sensitivity and specificity
of PCR [77]; the organ specificity of the biopsy specimens may

TABLE 2 Forest plot data of the presence of mycobacteria in samples from sarcoidosis patients versus control samples

Study Sarcoidosis n/N Control n/N Study weight Random effects

NTM

SABOOR [31] 4/20 3/22 31.94 1.58 (0.31–8.15)

POPPER [36] 11/35 0/39 18.26 37.08 (2.09–657.9)

LI [48] 14/20 0/20 17.65 91.46 (4.77–1754.5)

KLEMEN [50] 3/4 0/39 14.69 184.33 (6.26–5425.47)

DRAKE [51] 4/25 0/25 17.46 10.67 (0.54–209.64)

Subtotal 104 145 100 19.63 (2.74–140.64)

Tuberculous and NTM

BOCART [28] 2/22 0/22 4.20 5.49 (0.25–121.18)

GERDES [29] 0/14 0/10 NE

MITCHELL [30] 5/5 0/5 2.80 121 (2.02–7259.18)

SABOOR [31] 14/20 5/22 9.02 7.93 (1.99–31.59)

THAKKER [32] 1/14 1/11 4.59 0.77 (0.04–13.87)

FIDLER [33] 7/16 1/16 6.12 11.67 (1.23–110.95)

LISBY [34] 0/18 0/18 NE

GHOSSEIN [35] 0/10 0/10 NE

RICHTER [38] 1/24 3/57 5.95 0.78 (0.08–7.93)

CANNONE [39] 2/30 0/10 4.16 1.84 (0.08–41.62)

OZCELIK [40] 3/5 2/15 5.92 9.75 (0.95–99.96)

POPPER [41] 11/35 0/39 4.62 37.08 (2.09–657.90)

VOKURKA [42] 0/15 0/27 NE

VAGO [43] 2/30 0/17 4.20 3.07 (0.14–67.75)

WILSHER [44] 0/31 0/10 NE

GROSSER [45] 35/65 1/34 6.72 38.50 (4.96–298.57)

ISHIGE [47] 3/15 1/15 5.75 3.50 (0.32–38.23)

LI [48] 16/20 0/20 4.39 150.33 (7.54–2997.83)

KLEMEN [50] 3/4 0/39 3.72 184.33 (6.26–5425.47)

DRAKE [51] 15/25 0/25 4.56 75.29 (4.12–1377.06)

EISHI [52] 5/108 2/86 7.99 2.04 (0.39–10.78)

GAZOULI [53] 33/46 0/20 4.62 101.74 (5.74–1804.62)

MARCOVAL [56] 0/35 0/39 NE

DUBANIEWICZ [57] 3/50 0/10 4.31 1.55 (0.07–32.27)

FITE [58] 9/23 1/23 6.35 14.14 (1.61–124.11)

Subtotal 680 600 100 9.67 (4.56–20.50)

Data are presented as % or odds ratio (95% confidence interval), unless otherwise stated. NTM: nontuberculous mycobacteria; NE: not estimable.
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also have some role to play. Some variation may also be
observed because of the difference in local environmental
exposures and the fact that some sarcoidosis patients may have
a disorder initiated by organisms or triggers other than
mycobacteria.

In conclusion, the results of the present study suggest an
association between mycobacteria (both Mycobacteria tubercu-
losis complex and nontuberculous) and sarcoidosis. These
mycobacteria might be members of slow-growing types with
low pathogenic potential but the capability of eliciting a type
IV immune response. To avoid methodological diversity,
larger multicentre trials with a central laboratory for sample
testing should be designed.

REFERENCES
1 Statement on sarcoidosis. Joint Statement of the American

Thoracic Society (ATS), the European Respiratory Society
(ERS) and the World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG) adopted by the ATS
Board of Directors and by the ERS Executive Committee,
February 1999. Am J Respir Crit Care Med 1999; 160: 736–755.

2 Perez RL, Rivera-Marrero CA, Roman J. Pulmonary
granulomatous inflammation: from sarcoidosis to tubercu-
losis. Semin Respir Infect 2003; 18: 23–32.

3 Newman LS. Aetiologies of sarcoidosis. In: Dent M,
Costabel U, eds. Sarcoidosis. Eur Respir Mon 2005; 32: 23–48.

4 Thomeer M, Demedts M, Wuyts W. Epidemiology of
sarcoidosis. In: Dent M, Costabel U, eds. Sarcoidosis. Eur
Respir Mon 2005; 32: 13–22.

5 du Bois RM, Goh N, McGrath D, Cullinan P. Is there a role
for microorganisms in the pathogenesis of sarcoidosis?
J Intern Med 2003; 253: 4–17.

6 Drake WP, Newman LS. Mycobacterial antigens may be
important in sarcoidosis pathogenesis. Curr Opin Pulm Med
2006; 12: 359–363.

7 Ishige I, Eishi Y, Takemura T, et al. Propionibacterium acnes
is the most common bacterium commensal in peripheral
lung tissue and mediastinal lymph nodes from subjects
without sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2005;
22: 33–42.

8 Sharma OP. Murray Kornfeld, American College Of Chest
Physician, and sarcoidosis: a historical footnote: 2004
Murray Kornfeld Memorial Founders Lecture. Chest 2005;
128: 1830–1835.

9 Relman DA, Schmidt TM, MacDermott RP, Falkow S.
Identification of the uncultured bacillus of Whipple’s
disease. N Engl J Med 1992; 327: 293–301.

10 Ksiazek TG, Erdman D, Goldsmith CS, et al. A novel
coronavirus associated with severe acute respiratory
syndrome. N Engl J Med 2003; 348: 1953–1966.

11 Armitage P, Berry G, Matthews JNS. Analysing means and
proportions. Statistical Methods in Medical Research. 4th
Edn. Oxford, Blackwell Science, 2002; pp. 83–146.

12 Newcombe R. Two-sided confidence intervals for the
single proportion: a comparative evaluation of seven
methods. Stat Med 1998; 17: 857–872.

13 Agarwal R, Aggarwal AN, Gupta D, Jindal SK. Efficacy
and safety of iodopovidone in chemical pleurodesis:

a meta-analysis of observational studies. Respir Med 2006;
100: 2043–2047.

14 DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986; 7: 177–188.

15 Martin DO, Austin H. An exact method for meta-analysis
of case-control and follow-up studies. Epidemiology 2000;
11: 255–260.

16 Fleiss JL. Analysis of data from multiclinic trials. Control
Clin Trials 1986; 7: 267–275.

17 Lau J, Ioannidis JP, Schmid CH. Quantitative synthesis in
systematic reviews. Ann Intern Med 1997; 127: 820–826.

18 Dear K, Begg C. An approach to assessing publication bias
prior to performing a meta-analysis. Stat Sci 1992; 7: 237–245.

19 Liedtke W, May A, Dux R, Faustmann PM,
Zimmermann CW. Mycobacterium tuberculosis polymerase
chain reaction findings in neurosarcoidosis. J Neurol Sci 1993;
120: 118–119.

20 Eguchi T, Kobayashi M, Miyoshi I. Mycobacterial DNA
was detected in a intramuscular sarcoid granuloma by the
polymerase chain reaction – a case report. Jap J Chest Dis
1994; 53: 848–852.

21 Schick U, May A, Schwarz M. Detection of mycobacterial
DNA in a patient with neurosarcoidosis. Acta Neurol Scand
1995; 91: 280–282.

22 Baselga E, Barnadas MA, Margall N, de Moragas JM.
Detection of M. tuberculosis complex: DNA in a lesion
resembling sarcoidosis. Clin Exp Dermatol 1996; 21: 235–238.

23 el-Zaatari FA, Graham DY, Samuelsson K, Engstrand L.
Detection of Mycobacterium avium complex in cerebrospinal
fluid of a sarcoid patient by specific polymerase chain
reaction assays. Scand J Infect Dis 1997; 29: 202–204.

24 Wong CF, Yew WW, Wong PC, Lee J. A case of
concomitant tuberculosis and sarcoidosis with mycobac-
terial DNA present in the sarcoid lesion. Chest 1998; 114:
626–629.

25 Moling O, Sechi LA, Zanetti S, et al. Mycobacterium
marinum, a further infectious agent associated with
sarcoidosis: the polyetiology hypothesis. Scand J Infect Dis
2006; 38: 148–152.

26 Bohle RM, Heidemann A, Borkhardt A, Velcovsky HG,
Altmannsberger HM. [Detection of mycobacterial DNA
from paraffin-embedded tissue in lung and lymphoid
epithelial granulomas.] Verh Dtsch Ges Pathol 1994; 78:
189–194.

27 Gazouli M, Ikonomopoulos J, Koundourakis A, et al.
Characterization of Mycobacterium tuberculosis complex
isolates from Greek patients with sarcoidosis by spoligo-
typing. J Clin Microbiol 2005; 43: 4858–4861.

28 Bocart D, Lecossier D, De Lassence A, Valeyre D,
Battesti JP, Hance AJ. A search for mycobacterial DNA in
granulomatous tissues from patients with sarcoidosis
using the polymerase chain reaction. Am Rev Respir Dis
1992; 145: 1142–1148.

29 Gerdes J, Richter E, Rusch-Gerdes S, et al. Mycobacterial
nucleic acids in sarcoid lesions. Lancet 1992; 339: 1536–1537.

30 Mitchell IC, Turk JL, Mitchell DN. Detection of mycobac-
terial rRNA in sarcoidosis with liquid-phase hybridisation.
Lancet 1992; 339: 1015–1017.

31 Saboor SA, Johnson NM, McFadden J. Detection of
mycobacterial DNA in sarcoidosis and tuberculosis with
polymerase chain reaction. Lancet 1992; 339: 1012–1015.

ROLE OF MYCOBACTERIA IN SARCOIDOSIS D. GUPTA ET AL.

514 VOLUME 30 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL



32 Thakker B, Black M, Foulis AK. Mycobacterial nucleic
acids in sarcoid lesions. Lancet 1992; 339: 1537.

33 Fidler HM, Rook GA, Johnson NM, McFadden J.
Mycobacterium tuberculosis DNA in tissue affected by
sarcoidosis. BMJ 1993; 306: 546–549.

34 Lisby G, Milman N, Jacobsen GK. Search for Mycobacterium
paratuberculosis DNA in tissue from patients with sarcoi-
dosis by enzymatic gene amplification. Apmis 1993; 101:
876–878.

35 Ghossein RA, Ross DG, Salomon RN, Rabson AR. A search
for mycobacterial DNA in sarcoidosis using the polymer-
ase chain reaction. Am J Clin Pathol 1994; 101: 733–737.

36 Popper HH, Winter E, Hofler G. DNA of Mycobacterium
tuberculosis in formalin-fixed, paraffin-embedded tissue in
tuberculosis and sarcoidosis detected by polymerase chain
reaction. Am J Clin Pathol 1994; 101: 738–741.

37 el-Zaatari FA, Naser SA, Markesich DC, Kalter DC,
Engstand L, Graham DY. Identification of Mycobacterium
avium complex in sarcoidosis. J Clin Microbiol 1996; 34:
2240–2245.

38 Richter E, Greinert U, Kirsten D, et al. Assessment of
mycobacterial DNA in cells and tissues of mycobacterial
and sarcoid lesions. Am J Respir Crit Care Med 1996; 153:
375–380.

39 Cannone M, Vago L, Porini G, et al. [Detection of
Mycobacterium tuberculosis DNA using nested polymerase
chain reaction in lymph nodes with sarcoidosis, fixed in
formalin and embedded in paraffin.] Pathologica 1997; 89:
512–516.

40 Ozcelik U, Ozkara HA, Gocmen A, et al. Detection of
Mycobacterium tuberculosis DNA in tissue samples of
children with sarcoidosis. Pediatr Pulmonol 1997; 24: 122–124.

41 Popper HH, Klemen H, Hoefler G, Winter E. Presence of
mycobacterial DNA in sarcoidosis. Hum Pathol 1997; 28:
796–800.

42 Vokurka M, Lecossier D, du Bois RM, et al. Absence of
DNA from mycobacteria of the M. tuberculosis complex in
sarcoidosis. Am J Respir Crit Care Med 1997; 156: 1000–1003.

43 Vago L, Barberis M, Gori A, et al. Nested polymerase chain
reaction for Mycobacterium tuberculosis IS6110 sequence on
formalin-fixed paraffin-embedded tissues with granulo-
matous diseases for rapid diagnosis of tuberculosis. Am J
Clin Pathol 1998; 109: 411–415.

44 Wilsher ML, Menzies RE, Croxson MC. Mycobacterium
tuberculosis DNA in tissues affected by sarcoidosis. Thorax
1998; 53: 871–874.

45 Grosser M, Luther T, Muller J, et al. Detection of M.
tuberculosis DNA in sarcoidosis: correlation with T-cell
response. Lab Invest 1999; 79: 775–784.

46 Ikonomopoulos JA, Gorgoulis VG, Zacharatos PV, et al.
Multiplex polymerase chain reaction for the detection of
mycobacterial DNA in cases of tuberculosis and sarcoi-
dosis. Mod Pathol 1999; 12: 854–862.

47 Ishige I, Usui Y, Takemura T, Eishi Y. Quantitative PCR of
mycobacterial and propionibacterial DNA in lymph nodes of
Japanese patients with sarcoidosis. Lancet 1999; 354: 120–123.

48 Li N, Bajoghli A, Kubba A, Bhawan J. Identification of
mycobacterial DNA in cutaneous lesions of sarcoidosis.
J Cutan Pathol 1999; 26: 271–278.

49 Ikonomopoulos JA, Gorgoulis VG, Kastrinakis NG, et al.
Sensitive differential detection of genetically related

mycobacterial pathogens in archival material. Am J Clin
Pathol 2000; 114: 940–950.

50 Klemen H, Husain AN, Cagle PT, Garrity ER, Popper HH.
Mycobacterial DNA in recurrent sarcoidosis in the
transplanted lung--a PCR-based study on four cases.
Virchows Arch 2000; 436: 365–369.

51 Drake WP, Pei Z, Pride DT, Collins RD, Cover TL,
Blaser MJ. Molecular analysis of sarcoidosis tissues for
mycobacterium species DNA. Emerg Infect Dis 2002; 8:
1334–1341.

52 Eishi Y, Suga M, Ishige I, et al. Quantitative analysis of
mycobacterial and propionibacterial DNA in lymph nodes
of Japanese and European patients with sarcoidosis. J Clin
Microbiol 2002; 40: 198–204.

53 Gazouli M, Ikonomopoulos J, Trigidou R, Foteinou M,
Kittas C, Gorgoulis V. Assessment of mycobacterial,
propionibacterial, and human herpesvirus 8 DNA in
tissues of Greek patients with sarcoidosis. J Clin Microbiol
2002; 40: 3060–3063.

54 Milman N, Lisby G, Friis S, Kemp L. Prolonged culture for
mycobacteria in mediastinal lymph nodes from patients
with pulmonary sarcoidosis. A negative study. Sarcoidosis
Vasc Diffuse Lung Dis 2004; 21: 25–28.

55 Grosser M, Luther T, Fuessel M, Bickhardt J, Magdolen V,
Baretton G. Clinical course of sarcoidosis in dependence on
HLA-DRB1 allele frequencies, inflammatory markers, and
the presence of M. tuberculosis DNA fragments. Sarcoidosis
Vasc Diffuse Lung Dis 2005; 22: 66–74.

56 Marcoval J, Benitez MA, Alcaide F, Mana J. Absence of
ribosomal RNA of Mycobacterium tuberculosis complex in
sarcoidosis. Arch Dermatol 2005; 141: 57–59.

57 Dubaniewicz A, Dubaniewicz-Wybieralska M, Sternau A,
et al. Mycobacterium tuberculosis complex and mycobacterial
heat shock proteins in lymph node tissue from patients with
pulmonary sarcoidosis. J Clin Microbiol 2006; 44: 3448–3451.

58 Fite E, Fernandez-Figueras MT, Prats R, Vaquero M,
Morera J. High prevalence of Mycobacterium tuberculosis
DNA in biopsies from sarcoidosis patients from Catalonia,
Spain. Respiration 2006; 73: 20–26.

59 Kent DC, Houk VN, Elliott RC, Sokolowski JW Jr, Baker JH,
Sorensen K. The definitive evaluation of sarcoidosis. Am
Rev Respir Dis 1970; 101: 721–727.

60 Hatzakis K, Siafakas NM, Bouros D. Miliary sarcoidosis
following miliary tuberculosis. Respiration 2000; 67: 219–222.

61 Vanek J, Schwarz J. Demonstration of acid-fast rods in
sarcoidosis. Am Rev Respir Dis 1970; 101: 395–400.

62 Cantwell AR Jr. Variably acid-fast bacteria in a case of
systemic sarcoidosis and hypodermitis sclerodermiformis.
Dermatologica 1981; 163: 239–248.

63 Cantwell AR Jr. Histologic observations of variably acid-
fast pleomorphic bacteria in systemic sarcoidosis: a report
of 3 cases. Growth 1982; 46: 113–125.

64 Mitchell DN, Rees RJ. A transmissible agent from sarcoid
tissue. Lancet 1969; 2: 81–84.

65 Mitchell DN, Rees RJ. An attempt to demonstrate a
transmissible agent from sarcoid material. Postgrad Med J
1970; 46: 510–514.

66 Mitchell DN, Rees RJ, Goswami KK. Transmissible agents
from human sarcoid and Crohn’s disease tissues. Lancet
1976; 2: 761–765.

D. GUPTA ET AL. ROLE OF MYCOBACTERIA IN SARCOIDOSIS

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 30 NUMBER 3 515



67 Mitchell DN. The nature and physical characteristics of a
transmissible agent from human sarcoid tissue. Ann NY
Acad Sci 1976; 278: 233–248.

68 Song Z, Marzilli L, Greenlee BM, et al. Mycobacterial
catalase-peroxidase is a tissue antigen and target of the
adaptive immune response in systemic sarcoidosis. J Exp
Med 2005; 201: 755–767.

69 Almenoff PL, Johnson A, Lesser M, Mattman LH. Growth
of acid fast L forms from the blood of patients with
sarcoidosis. Thorax 1996; 51: 530–533.

70 Schoedon G, Goldenberger D, Forrer R, et al. Deactivation
of macrophages with interleukin-4 is the key to the
isolation of Tropheryma whippelii. J Infect Dis 1997; 176:
672–677.

71 Edelson E. Isoniazid in the treatment of sarcoidosis; a
preliminary report. J Invest Dermatol 1953; 21: 71–74.

72 Israel HL, Sones M, Harrell D. Ineffectiveness of isoniazid
and iproniazid in therapy of sarcoidosis. Am Rev Tuberc
1953; 67: 671–673.

73 Holsinger RE, Dalton JE. Isoniazid therapy in cutaneous
tuberculosis and sarcoidosis. J Am Med Assoc 1954; 154:
475–481.

74 Hoyle C, Dawson J, Mather G. Treatment of pulmonary
sarcoidosis with streptomycin and cortisone. Lancet 1955;
268: 638–643.

75 Chatterjee SC, Ghosh JC. Sarcoidosis treated with anti-
tuberculous drugs. J Indian Med Assoc 1957; 29: 61–63.

76 James DG, Thomson AD. The course of sarcoidosis and its
modification by treatment. Lancet 1959; 1: 1057–1061.

77 Mangiapan G, Hance AJ. Mycobacteria and sarcoidosis: an
overview and summary of recent molecular biological
data. Sarcoidosis 1995; 12: 20–37.

ROLE OF MYCOBACTERIA IN SARCOIDOSIS D. GUPTA ET AL.

516 VOLUME 30 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL


