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Chapter 5.
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biopsies: High prevalence of Mycobacterium haemophilum.
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Abstract.

Atypical mycobacterial skin infections are difficult to diagnose owing to their aspecific
histopathologic presentations and to the presence of few bacteria. Therefore, these
infections are often not recognized. Molecular detection of mycobacterial DNA has proven to
be useful in clinical samples. The aim of this study was to investigate the incidence of
mycobacterial involvement in skin biopsies showing granulomatous inflammation, using real-
time polymerase chain reaction (PCR).

Real-time PCR specific for the genus Mycobacterium and the species Mycobacterium avium
and Mycobacterium haemophilum was performed on formalin-fixed/paraffin-embedded
biopsies from patients with granulomatous inflammation of the skin, from the period 1984 to
2004. A control group was assembled from patients with proven basal cell carcinoma.
Amplicons of all positive reactions were sequenced to confirm or identify the mycobacterial
species.

Of 30 patients, 13 (43%) were found to be positive for mycobacterial infection, of whom only
5 patients had been previously diagnosed with a mycobacterial disease. M. haemophilum
was identified as the most common species (n=7). The other identified species were
Mycobacterium malmoense, Mycobacterium gordonae, and Mycobacterium marinum. The
results show that real-time PCR is useful in detecting mycobacterial infections in
undiagnosed formalin-fixed / paraffin-embedded skin samples and that the application of
molecular approaches would improve the diagnoses of mycobacterial skin infections.

Introduction.

Nontuberculous mycobacteria (NTM) cause a variety of diseases mostly in
immunocompromised patients in lungs, skin, lymph nodes, bone, joints, and intestines. The
incidence of NTM-infections has increased over the last few years, mainly in
immunocompromised patients but also in immunocompetent. The increase may be related to
the development of new diagnostic technologies (1). However, the true incidence is still
probably many times higher than that clinically diagnosed.

Mycobacterium leprae (leprosy) and Mycobacterium ulcerans (Buruli ulcer) are the most
notorious pathogens causing specific cutaneous infections, but other NTM like
Mycobacterium marinum, Mycobacterium avium, and Mycobacterium haemophilum have
highly variable clinical presentations. They can manifest as pustuls, hyperkeratotic papels,
suppurative noduli, ulcerations, cellulitis, or erythematous plaques. The histologic picture is
often a granulomatous lesion that can show variable forms of cellular infiltration (2,3). Owing
to the aspecific presentation, clinical and histologic recognition of mycobacterial involvement
is difficult. The conventional diagnostics for a mycobacterial infection in formalin-
fixed/paraffin-embedded (FF/PE) materials is mostly restricted to acid-fast staining but this
has an unsatisfying sensitivity. Therefore, a molecular approach is considered to be a
valuable alternative method.
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Recently, a real-time polymerase chain reaction (PCR) assay, specific for the genus
Mycobacterium, which could detect the slow-growing species and the species M. avium and
M. haemophilum, was developed in our hospital. Application of this test on cervical lymph
node biopsies in comparison with acid-fast stain and culture revealed that the molecular
approach had a significantly higher sensitivity (4). This assay helped to elucidate the
incidence of slow-growing mycobacterial species-associated lymphadenitis in The
Netherlands (5).

The aim of this study was to retrospectively apply the real-time PCR assay on FF/PE skin
biopsies with histologic evidences of granulomatous inflammation and to compare the results
with the earlier diagnostic examinations and clinical information.

Materials and Methods.

Patient materials.

A digital search was performed in the database of the department of pathology from our
hospital. The database was searched from 1984 to 2004 for cases that consisted of a
histologic diagnosis of granulomatous inflammation of the skin. Forty-two cases were
identified; 12 of the 42 were excluded as either there was insufficient material or they could
not be found in the archives. The clinical and histologic specifications of the remaining 30
patients who were included are listed in Table 2. The collection included materials from 14
male and 16 female patients. The patients’ ages ranged from 14 to 81 with a medium age of
47 years. A control group was assembled from archival skin biopsies of 30 patients with
diagnosed basal cell carcinoma (BCC). The patients were matched for age and the biopsies
were matched for year of investigation and body location.

Conventional mycobacterial diagnostics.

In 5 cases, mycobacterial diagnostics had been requested at the time of the case
presentations (Table 2). On the original biopsy materials, Ziehl-Neelsen (Zn) staining was
performed and a culture at 35°C on solid Léwenstein-Jensen (LJ) medium, and, after the
year 2000, also in liquid MGIT medium (Mycobacterial Growth Indicator Tube, Becton
Dickinson). No M. haemophilum specific culture conditions were applied until 2004.

DNA-extraction.

The FF/PE biopsies were at least 1 mm? in size. Five to 10 sections of 10 pm were collected
in sterile tubes for DNA extraction. The sections were cut after removal of the outer parts of
the paraffin blocks. To avoid cross contamination, the microtome block was wiped with
xylene and the blade was shifted or discarded with each new block. With every 8 samples, a
negative control was added, which consisted of a paraffin block without tissue.

Deparaffinization and tissue digestion was performed according to an in-house method using
an overnight incubation at 56°C with proteinase K (Invitrogen, Breda, The Netherlands) (add
per sample: 0.5 mg proteinase K, dissolved in 400 pL buffer solution with 0.01M Tris-HCI and
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0.45% Tween 20). Then the paraffin was separated from the tissue cells by increasing the
temperature to 95°C for 5 minutes, centrifuging, cooling at 4°C for 5 minutes. This allows the
paraffin to coagulate and the transfer of the approximately 350 pL of the liquid volume to a
clean tube. Subsequently, a second incubation with fresh proteinase K (add per sample: 0.2
mg proteinase K, dissolved in 50 yL buffer solution with 0.01M Tris-HCI and 0.45% Tween
20) was performed for 1 hour at 60°C for an extra rigorous digestion of the acid-fast wall of
the intracellular bacilli. The total volume of 400 L tissue cells and buffer was then used for
DNA extraction. For 1 patient (patient 30), only sections on glass slides were available.
These were scraped off the glass slide and were processed similarly for DNA extraction. The
DNA-extraction protocol described by Boom et al (6) was followed. DNA was eluted in 50 uL
TE and stored at 4°C before using in the PCR.

Table 1: sequences of primers and probes.

oligo sequence (5'-3') with attached fluorophore and quencher for  product
probes size

16S forward primer * TAACACATGCAAGTCGAACG ca 323 bp

16S reverse primer ° CCCATTGTGCAATATTCCCC

ITS forward primer ® GGGGTGTGGTGTTTGAG ca 170 bp

ITS reverse primer ® CTCCCACGTCCTTCATC

genus-specific Tagman-probe ° FAM -TGGATAGTGGTTGCGAGCATC- Tamra

M. avium specific molecular beacon ° FAM-CCCACCGGCCGGCGTTCATCGAAATGGTGGG-DabCyl

M. haemophilum specific

MinorGrooveBinder-probe ° VIC ~ACGCCACCATTACT- MGB

#16S PCR used in early molecular identification of culture in patient 10.
® Genus and species specific real-time PCR retrospectively used for all specimens.
°Probes applied in combination with ITS forward and reverse primer.

Real-time PCR and nucleotide sequence analysis.
Real-time PCR was performed as described previously (4,7). Oligos used for real-time PCRs

and for the sequencing of the internal transcribed spacer (ITS) and 16S rRNA gene are
described in Table 1. The genus-specific PCR was performed twice for each sample, the M.
avium and M. haemophilum-specific PCRs only once because of the limited amount of DNA
extract.

When a positive signal was found in the real-time PCR, the amplicon was sequenced to
determine the involved species or to confirm a species-specific signal. All positive PCR
reactions were analyzed with gel-electrophoresis. Bands between 150 and 200 bp were
subsequently cut out and purified with the Qiagen gel-extraction kit (Qiagen, Venlo, The
Netherlands). These bands represent the amplified region of the mycobacterial ITS.
Sequence reactions have been performed with the PCR primers using the Qiagen Big Dye
terminator ready reaction kit (Applied Biosystems, Nieuwerkerk a/d IJssel, The Netherlands)
and have been analyzed on an ABI 3100 automatic sequencer (Applied Biosystems).
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Results.

Archival FF-PE materials from 30 patients were collected from the archives of the pathology
department. All the available clinical and histologic information on these patients was
collected and the data revealed 14/30 immunocompromised patients (Table 1). Overall, the
materials from 13 of the 30 (43%) patients contained mycobacteria (or mycobacterial DNA),
diagnosed by conventional methods or by real-time PCR. Table 3 describes the diagnostic
results of 15 samples from the 13 positive patients. Fourteen samples from 12 patients
showed a positive signal in the genus-specific PCR.

Amplicons formed in real-time PCR were sequenced to confirm or determine the species. All
the amplicons but 1 (patient 3) were successfully sequenced and were recognizable as
mycobacteria. The materials of 7 patients were positive for M. haemophilum, of which 3 were
also directly identified in the M. haemophilum-specific PCR. No variation was found between
the M. haemophilum sequences and 100% concordance was found with M. haemophilum-
specific sequences in the NCBI BLAST database. The latter differentiated this species clearly
from others. Other identified species were Mycobacterium malmoense (n=1), Mycobacterium
gordonae (n=2), and M. marinum (n=1). Two sequences did not match any known
sequences.

For several samples only 1 of the duplicate genus-specific reactions was positive. All of
these samples had high Threshold cycle (Ct) values (Ct between 40 and 47). For the
samples for which duplicate positive reactions were obtained, the Ct-values were lower (Ct
between 32 and 41). The sequences of the positive duplicate reactions were identical.
Conventional mycobacterial diagnostics was requested for only 5 patient materials. All the 5
patients were subsequently diagnosed with a mycobacterial infection. Two were only positive
in Zn staining (patients 8 and 28) and 3 were both Zn stain and culture positive (patients 7, 9,
and 10). Discrepancies to the current molecular identification were found in the latter 3
patients: 2 patients (patients 7 and 10) were previously diagnosed with a M. marinum
infection, but the real-time PCR assay identified M. haemophilum in both cases. One patient
(patient 9) previously had a positive culture for M. marinum but yielded no positive signal in
real-time PCR. Fresh sections were cut from the materials from these 3 patients and
processed again. The new PCR results confirmed our initial PCR results. From 1 patient, 3
different materials were collected. The first sample dated from 1987 and 2 dated from 1993
but were from different locations of the body. All the 3 samples yielded positive signals in
PCR but all with different sequences. The sample from 1987 yielded a M. haemophilum, 1
from 1993 resembled an M. gordonae and 1 sequence did not match any known sequence
(Table 3).

A control group was assembled from the biopsies of 30 patients with histologic proven BCC.
Of these, 2 materials yielded positive signals for the genus Mycobacterium (Ct values: 42.1
and 39.0) in one of the duplicate tests. From these 2 materials paraffin sections were
prepared again and tested a second time in the real-time PCRs. Now only 1 sample yielded
positive signals, twice in the genus-PCR and once in the M. haemophilum-specific PCR (Ct
values: genus-specific PCR: 38.9 and 39.3, M. haemophilum-specific PCR: 41.1). The other
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sample now remained consequently negative in all PCRs performed and could not be
confirmed. However, it was only weakly positive the first time round (Ct value: 42.1). No
positive reactions were obtained in the M. avium-specific PCR. Negative controls (paraffin
blocks) remained negative in all reactions.

Discussion.

In the last few years, several molecular assays for the detection of mycobacteria in clinical
materials have been developed. Especially, the diagnosis of Mycobacterium tuberculosis
infection has improved considerably, mainly because of the ability of PCR to deliver results in
a clinically relevant timeframe and the resulting improved sensitivity (8—12). For the detection
of atypical mycobacteria, several PCR assays have been developed (4,13—-17). Also for the
detection of mycobacteria in FF/PE materials, molecular assays have been applied to
improve the sensitivity of the diagnostics. However, a real-time PCR assay for the direct
recognition of nontuberculous mycobacteria in FF/PE specimens has not been evaluated, as
described previously.

From the 14 materials that yielded positive real-time PCR signals, 13 were successfully
identified as mycobacteria by sequencing of the PCR amplicon. The obtained sequences of
M. haemophilum, M. malmoense, and M. marinum were 100% identical to sequences in the
NCBI database and were, therefore, clearly identifiable. The sequences of M. gordonae
showed 99% and 97% homology to known sequences. Because the variability of the ITS
sequences in this species is considerable, the obtained sequences can be considered
representative for M. gordonae. For 2 patient materials, however, the obtained ITS
sequences did not yield species identification. Both were recognizable as mycobacteria but
could not be ascribed to 1 species. They both resembled the species M. tuberculosis and
Mycobacterium asiaticum with 90% to 94% homology. Probably, as there were few bacteria
available to be detected in the samples, several of the cases were on the detection limit of
the assay (shown by the high Ct-values) and hence only positive in 1 PCR. However,
comparison with the results from the control group shows that these results are associated
with granulomatous inflammation. Moreover, a more sensitive assay would require a multi-
copy target, which is not available for the detection and differentiation of slow-growing
mycobacteria.

The risk of PCR inhibition has not been completely excluded. An internal control could be of
benefit, but it could also affect the sensitivity of the assay and has, therefore, not been
applied here. The sensitivity of the assay (both genus and species specific) has been
determined previously to be 27 CFU per reaction in spiked pus (4). This explains the high Ct
values encountered in several samples for which a more sensitive assay would provide
stronger PCR reactions.

As the diagnosis of rapid-growers is less difficult, the assay applied here is mainly designed
for slow-growers. The detection limit for several rapid-growing species like Mycobacterium
chelonae can be completely different owing to sequence variability.
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Several discrepancies were examined in more detail. In 2 patients M. haemophilum was
identified by ITS sequencing; whereas, previously M. marinum infection had been diagnosed
using conventional cultures not suitable for the recovery of M. haemophilum. In the first
patient (patient 7), the species M. marinum was identified biochemically. For the second
patient (patient 10) 16S sequencing of the cultured isolate revealed M. marinum. Both 16S
and ITS are sufficiently discriminative. A possible explanation for these discrepancies is the
presence of a mixed infection. Dual infections have been described before and it is
suggested that superinfections of previously established granulomas can occur (18-21). For
another patient a positive culture for M. marinum had originally been obtained but real-time
PCR remained repeatedly negative, although it was suitable for the detection of this species.
This could be caused by the degrading of DNA, a sensitivity problem or nonhomogenous
distribution of the bacteria in the sample.

The prevention of laboratory contamination with mycobacterial bacilli or DNA has been
carefully taken into account and precautionary measures have been applied as much as
possible. Although it cannot be excluded, it is not expected that positive reactions, obtained
during this study, are the result of previous contaminating handling of the materials because
the sections that were cut out of the paraffin blocks had all been cleared from the outer parts.
However, as no other diagnostic tool can distinguish between contaminant and true positive
sample, this assay cannot either.

The control group was assembled from patients with diagnosed BCC. Because
mycobacterial infections are not linked to specific histopathologic patterns (22), it is very
difficult to exclude mycobacterial involvement in samples of a control group. Our aim of
testing this control group was to confirm that the mycobacteria are not a contamination owing
to the handling of the sample but are indeed present within the tissue. Two materials from
the control group gave positive real-time PCR signals. This could indicate carriership or
colonization. However, these patients have conclusive diagnoses of BCC, but seemed to
have severe and variable skin disease. In the histologic description of the biopsies
inflammatory infiltrates were found besides evidence of BCC. This could be indicative for an
additional infection by atypical mycobacteria.

Mycobacterial infection has often been described in immunocompetent patients although the
pathogenic properties of most atypical mycobacteria are unclear. In this test group 6 patients
were found positive for mycobacterial skin involvement, which had no known underlying
disease at the time of diagnosing the skin infection, but it remains possible that they had a
genetic disorder predisposing for mycobacterial infections (23, 24) or a yet unrecognized
underlying disease. Interestingly, such an immunocompromising condition was recognized in
2 patients after the onset of the skin inflammation.

Striking is the high prevalence of M. haemophilum in these patient materials. In 7 of 14
positive biopsies M. haemophilum was identified. This species is an important pathogen in
cervicofacial lymphadenitis (5,7), has been described as cause of pneumonia (25,26),
arthritis (25,26), and bacteremia (27) and is probably underestimated in skin infections as
well. M. haemophilum was first described as the cause of skin inflammation in 1978 (28).
Since then approximately 100 cases of M. haemophilum associated skin infection have been
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described worldwide. In The Netherlands the first skin infection owing to M. haemophilum
was described in 1997 (29). Other M. haemophilum infections occurred only sporadically until
a series of M. haemophilum-associated lymphadenitis was recently discovered (7). The
histologic manifestation of M. haemophilum is generally granulomas with giant cells,
lymphocytes, and histiocytes. Necrosis can be absent. The number of bacteria is mostly low.
Several publications suggest this species to be underdiagnosed (25,30,31), which is
confirmed by the results described here. Although increasing number of laboratories are
applying specific culturing methods suitable for the recovery of M. haemophilum, some
laboratories still do not. In some cases when the culture becomes positive at 30 °C, it is
assumed that M. marinum is involved without proper species identification (32). It is shown
here that M. haemophilum-infections were present in The Netherlands years before the first
diagnosis.

In conclusion, the application of molecular diagnostics can be useful to diagnose atypical
mycobacterial skin infections in FF/PE patient materials. A higher awareness about
mycobacterial involvement and the diagnostic possibilities should be raised by both clinicians
and pathologists.
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