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We present here the first report of disseminated skin Mycobacterium infections in two liver transplant
recipients, in which hsp65 gene sequencing was used for rapid species identification. Both patients had
hepatitis B virus-related cirrhosis and diabetes mellitus and presented with progressive generalized, nodular
skin lesions. In one patient, a 50-year-old woman who had frequent contact with marine fish, an acid-fast
bacillus was isolated from skin biopsy tissue after 2 months of culture. While awaiting phenotypic identification
results, hsp65 gene sequencing showed that it was most closely related to that of Mycobacterium marinum with
100% nucleotide identity. The patient was treated with oral rifampin, ethambutol, and moxifloxacin. In the
other patient, a 59-year-old woman, direct PCR for Mycobacterium using hsp65 gene from skin biopsy tissue was
positive, with the sequence most closely related to that of M. haemophilum with 100% nucleotide identity. Based
on PCR results, the patient was treated with clarithromycin, ethambutol, moxifloxacin, and amikacin. A strain
of M. haemophilum was only isolated after 3 months. Skin lesions of both patients resolved after 1 year of
antimycobacterial therapy. Nontuberculous Mycobacterium infections should be considered in liver transplant
recipients presenting with chronic, nodular skin lesions. This report highlights the crucial role of hsp65 gene
PCR and sequencing on both cultured isolates and direct clinical specimens for rapid diagnosis of slow-
growing Mycobacterium infection.

Organ and tissue transplant recipients are predisposed to
infections due to opportunistic pathogens, including various
Mycobacterium species. While Mycobacterium tuberculosis is
the most common Mycobacterium species associated with in-
fections, nontuberculous Mycobacterium infections have been
reported at an estimated incidence of 0.16 to 2.8% of trans-
plant recipients in the United States (8). Nontuberculous My-
cobacterium infections in these patients can be difficult to di-
agnose and often difficult to treat and are thus associated with
significant morbidity and mortality.

Identification of nontuberculous mycobacteria traditionally
relies on isolation of the Mycobacterium and subsequent iden-
tification by phenotypic conventional biochemical tests or
whole-cell fatty acid analysis. However, these methods are as-
sociated with a number of drawbacks. First, these bacteria are
often slow growing, so the turnaround time for identification is
long when conventional biochemical tests are used. Second,
noncultivable species or isolates with ambiguous biochemical
profiles are sometimes encountered, making them unidentifi-
able. As for whole-cell fatty acid analysis using gas chromatog-
raphy, the special equipment and expertise required are not
available in most routine clinical microbiology laboratories.
Newer technologies, such as liquid chromatography-nuclear

magnetic resonance/mass spectrometry, are being developed,
which may help diagnosis of mycobacterial infections in the
future (2).

Molecular methods, especially PCR and sequencing, have
revolutionized the rapid identification and classification of bac-
teria, including Mycobacterium species (20, 39). For example,
16S rRNA gene analysis has been used for this purpose, pro-
viding rapid diagnosis and guiding prompt antibiotic treatment
(37, 38). However, some Mycobacterium species cannot be dif-
ferentiated from one another by 16S rRNA gene sequencing,
e.g., between M. avium-intracellulare and M. paratuberculosis,
between M. chelonae and M. abscessus, between M. kansasii
and M. gastri, between M. malmoense and M. szulgai, between
M. marinum and M. ulcerans, between M. mucogenicum and M.
phocaicum, and among M. tuberculosis complex isolates (39).
As a result, other gene targets have been explored for differ-
entiation of some Mycobacterium species. We present here the
first report of disseminated skin Mycobacterium infections in
two liver transplant recipients, in which rapid species identifi-
cation was enabled by hsp65 gene sequencing. The crucial role
of hsp65 gene sequencing in the rapid diagnosis of nontuber-
culous Mycobacterium infections and the choice of an appro-
priate antibiotic therapy is also discussed.

MATERIALS AND METHODS

Patients and microbiological methods. Clinical specimens were collected and
handled according to standard protocols (34). Bacterial strains were identified by
standard conventional methods (34). Antibiotic susceptibility tests were per-
formed by proportion method according to Clinical and Laboratory Standards
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Institute (5, 34). For M. haemophilum, a test inoculum supplemented with hemin
was used.

DNA extraction, PCR, and sequencing of hsp65 genes. Bacterial DNA from
tissues was extracted by using a DNeasy Blood & Tissue kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. Bacterial DNA extrac-
tion from bacterial colonies was performed as described previously with modi-
fication (15, 36). Briefly, 200 �l of bacterial colonies suspended in sterile water
was incubated at 95°C for 30 min, followed by the addition of 200 �l of 24:1
(vol/vol) chloroform-isoamyl alcohol. The mixture was centrifuged at 16,100 � g
for 5 min, and the supernatant was collected. Genomic DNA was extracted with
the addition of a 1/10 volume of 3 M ammonium acetate and a 2.5 volume of 95%
ethanol. After centrifugation for 5 min, the supernatant was removed, and the
pellet was air dried. The DNA pellet was resuspended in 100 �l of sterile MilliQ
water. PCR amplification and DNA sequencing of the hsp65 genes were per-
formed according to previously published protocols (15, 28, 36). LPW13636
(5�-ACCAACGATGGTGTGTCCAT-3�) and LPW13637 (5�-CTTGTCGAAC
CGCATACCCT-3�) (Sigma-Aldrich, Steinheim, Germany) were used as the
PCR primers. Both strands of the PCR products were sequenced using the PCR
primers.

Phylogenetic characterization. The sequences of the PCR products were com-
pared to known hsp65 gene sequences in the GenBank by multiple sequence
alignment using CLUSTAL X 1.83 (29). The phylogenetic relationships to other
closely related Mycobacterium species were determined by using the neighbor-
joining method. A total of 401 nucleotide positions were included in the analysis.

Nucleotide sequence accession numbers. The hsp65 gene sequences of patient
isolates 1 and 2 have been registered within the GenBank sequence database
under accession numbers JF775378 and JF775377, respectively.

RESULTS

Patients. Case 1 was a 50-year-old woman was admitted to
hospital in April 2010 because of progressive multiple painless,
erythematous, ulcerated, or crusted, nodular skin lesions for 3
months (Fig. 1a). The skin lesions first appeared on the tip of
nose and then spread to the face, upper limbs, and right leg
after receiving pulsed intravenous methylprednisolone for
acute rejection. She had history of hepatitis B virus (HBV)-
related cirrhosis with cadaveric liver transplant done in Octo-
ber 2007. She also had diabetes mellitus on insulin therapy and
was put on triple immunosuppressants, including mycophe-
nolate mofetil (MMF), tacrolimus, and prednisolone for graft
rejection. She was also receiving adefovir and lamivudine for
HBV reactivation. She was afebrile all along. Pancytopenia was
noted on admission, with a total white cell count of 1.22 �
109/liter, a neutrophil count of 0.93 � 109/liter, a lymphocyte
count of 0.19 � 109/liter, a monocyte count of 0.08 � 109/liter,
a hemoglobin level of 7.4 g/dl, and a platelet count of 55 �
109/liter. Her renal function was impaired with serum urea at
13.8 mmol/liter and creatinine at 125 �mol/liter. Liver enzymes
were within normal ranges. Bone marrow biopsy specimens
showed hypoplastic marrow with reduced granulopoiesis. Skin

FIG. 1. (a and b) Clinical photos showing multiple, erythematous, nodulo-ulcerative skin lesions on limbs from patients 1 (a) and 2 (b). (c) A
distinct microcolony of M. haemophilum (isolate 2) subcultured on Middlebrook 7H10 agar observed under a low-power light microscope after 2
weeks of incubation at 31°C. (d) Growth enhancement of M. haemophilum (isolate 2) around factor X disk on Middlebrook 7H10 agar after 3
weeks of incubation at 31°C, indicating hemin dependence.
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biopsy specimens of the face and left arm lesions for Gram
smear, bacterial, and fungal cultures were negative. Histology
showed florid histiocytic infiltrates throughout the dermis as-
sociated with scattered multinucleated giant cells and a rim of
lymphocytes suggestive of granulomatous dermatitis. However,
special histochemical stains, including periodic acid-Schiff,
Gram, Giemsa, Ziehl-Neelsen, Wade-Fite, Grocott, mucicar-
mine, and Wathin-Starry stains, were negative. Since she had
been a fisherman many years ago and had often handled and
consumed seafood and marine fish, treatment with empirical
antimycobacterial agents, including oral rifampin at 300 mg
daily, ethambutol at 800 mg every 36 h, and moxifloxacin at 400
mg daily, was commenced 2 days after admission, along with
titration of tacrolimus dosage. A dose of granulocyte colony-
stimulating factor was also given for neutropenia. Blood and
bone marrow cultures for mycobacteria were negative.

Mycobacterial culture of the skin biopsy tissue was positive
for an acid-fast bacillus (isolate 1) on Lowenstein-Jensen solid
medium 4 weeks later. PCR of the hsp65 gene was performed
for rapid identification to the species level. The isolate grew
better at 31°C than at 37°C, appearing as yellow-pigmented
colonies following exposure to light, suggesting that it was a
photochromogen. It was positive for Tween hydrolysis, urease,
and pyrazinamidase but was negative for nitrate reduction. The
isolate was phenotypically identified as M. marinum 2 months
from the date of the skin biopsy. Antimicrobial susceptibility
tests showed that the isolate was susceptible to clarithromycin,
amikacin, rifampin, ethambutol, and moxifloxacin. Her skin
lesions resolved with antibiotics, which were given for a total of
1 year.

Case 2 was a 59-year-old woman was admitted to hospital in
April 2010 because of progressive multiple painless, erythem-
atous, nodular skin lesions for several months (Fig. 1b). The
skin lesions were distributed on face and trunk. She also had a
history of HBV-related cirrhosis with cadaveric liver transplant
done in April 2002, for which she was receiving MMF and
lamivudine. She had moderate obesity and diabetes mellitus on
oral hypoglycemic agents and history of esophageal variceal
bleeding and duodenal ulcer. She was afebrile all along. She
also had mild pancytopenia with a total white cell count of
3.43 � 109/liter, a neutrophil count of 2.48 � 109/liter, a lym-
phocyte count of 0.52 � 109/liter, and a monocyte count of
0.18 � 109/liter. The hemoglobin level was 10.4 g/dl, and the
platelet count was 131 � 109/liter. Her renal function was
impaired with serum urea at 10.6 mg/dl and creatinine at 1.3
mg/dl. Liver enzymes were within normal ranges. Skin biopsy
specimens of the right arm and back lesions for Gram smear,
bacterial, and fungal cultures were negative but positive for
acid-fast bacilli on Ziehl-Neelsen stain. Histology showed sup-
purative granulomatous inflammation with numerous acid-fast
bacilli identified with the Ziehl-Neelsen stain. Direct PCR of
the skin tissue for hsp65 gene was performed. Based on the
sequencing result, antimycobacterial agents, including oral cla-
rithromycin at 600 mg twice daily, ethambutol at 800 mg daily,
and moxifloxacin at 400 mg daily was commenced 1 week after
admission, together with intravenous amikacin for the initial 3
weeks. Blood cultures for mycobacteria were negative.

In view of the positive results from the PCR and Ziehl-
Neelsen staining of the direct tissue specimen, mycobacterial
culture of the skin biopsy tissue was performed on Lowenstein-

Jensen solid medium, chocolate agar, Middlebrook 7H10 agar
with X factor (hemin) disks, and MGIT broth medium. How-
ever, all solid medium cultures were overgrown by bacteria.
Pure colonies of acid-fast bacilli (isolate 2) were only finally
isolated after subcultures of NaOH-decontaminated sediments
from MGIT broth on Middlebrook 7H10 agar 3 months later.
The isolate was initially detected as microcolonies observed
around the factor X (hemin) disk, from which subculture was
performed for isolation (Fig. 1c). The isolate grew on choco-
late agar as rough, nonpigmented colonies after 2 weeks of
incubation at 31°C. Growth was enhanced by addition of factor
X (hemin) disk (Fig. 1d). It does not grow at 37°C or on
Lowenstein-Jensen medium. It was negative for nitrate reduc-
tion. The isolate was phenotypically identified as M. haemo-
philum more than 4 months from the date of the tissue biopsy.
Antimicrobial susceptibility test by proportion method showed
that the isolate had a proportion of resistant mutants of �1%
to rifampin, ethionamide, kanamycin, ofloxacin, and cycloser-
ine but �1% to ethambutol, isoniazid, streptomycin, and para-
aminosalicylic acid. The MIC of the isolate to clarithromycin
was determined to be �0.015 �g/ml by the Etest method. Since
the patient was intolerant to moxifloxacin, she was continued
with oral clarithromycin and ethambutol and her skin lesions
resolved after 1 year of antimycobacterial therapy.

PCR and sequencing of hsp65 gene and phylogenetic char-
acterization. PCR of the hsp65 genes of the two isolates
showed bands at about 441 bp. The hsp65 gene sequence of
isolate 1 possessed no base difference compared to that of M.
marinum strain M (GenBank accession no. CP000854), a one
(0.2%)-base difference compared to that of M. pseudoshottsii
strain JCM 15466 (GenBank accession no. AB548711), and
two (0.5%)-base difference compared to that of the M. ulcerans
strain ATCC 19423 (GenBank accession no. AB548728) and
the M. shottsii strain NCTC 13215 (GenBank accession no.
AM902955) (Fig. 2). The hsp65 gene sequence of isolate 2
possessed no base difference compared to that of M. haemo-
philum CIP 105049 (GenBank accession no. AF547841), a 21
(5.2%)-base difference compared to that of M. scrofulaceum
strain CIP 105416 (GenBank accession no.AF434733), and a
23 (5.7%)-base difference compared to that of M. parascrofu-
laceum strain ATCC BAA-614 (GenBank accession no.
GQ153295), M. kansasii strain CIP 104589 (GenBank acces-
sion no. AF292375), M. intracellulare strain ATCC 13950
(GenBank accession no. GQ153290), M. paraffinicum strain
ATCC 12670 (GenBank accession no. GQ153287), M. lacus
strain DSM 44577 (GenBank accession no. AY438090), and M.
lentiflavum strain CIP 105465 (GenBank accession no.
AF547851), indicating that the isolate was a strain of M. hae-
mophilum. (Fig. 2).

DISCUSSION

We present here the first report of disseminated Mycobac-
terium skin infections in two liver transplant recipients. M.
marinum and M. haemophilum have rarely been reported as
pathogens after transplantation. M. marinum has been re-
ported to cause infections after renal and lung transplant, with
most cases presenting as erythematous cutaneous, sometimes
disseminated, nodules, with sporotrichoid spread (10, 19, 31).
M. haemophilum has also rarely been associated with infections
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in immunocompromised patients, including renal, heart, lung,
and bone marrow transplant recipients (12, 16, 17, 21, 26, 35).
Although infections due to other nontuberculous Mycobacte-
rium species have been occasionally reported in liver transplant
recipients (4, 18), disseminated infections due to M. marinum
and M. haemophilum in these patients have not been reported.
In this report, both patients had received liver transplant more
than 2 years ago and were receiving heavy immunosuppres-
sants with lymphopenia, who presented with disseminated skin
lesions. Although the two isolates were not recovered from
blood or other body tissues which may be have been limited by
their optimal growth temperatures, the two patients likely had
systemic dissemination of the infections, as manifested by the
generalized distribution of the skin lesions. The presentation
of chronic, nodular skin lesions in these patients should raise
the suspicion of disseminated infection due to M. marinum or
M. haemophilum.

The present report highlights the role of PCR and sequenc-
ing in the rapid diagnosis of infections due to these slow-
growing mycobacteria. 16S rRNA sequencing is known to be
limited by the lack of sequence divergence among some closely
related mycobacterial species. For example, the 16S rRNA
gene of M. marinum shared �99.6% identities to that of M.
ulcerans, M. pseudoshottsii, and M. shottsii; whereas the 16S
rRNA gene of M. haemophilum shared 99.4% identity to that
of M. malmoense (data not shown), in line with previous stud-
ies suggesting that 16S rRNA gene alone may not be suffi-

ciently accurate for identification of these species (30, 33).
Alternative gene targets, such as hsp65, rpoB, sodA, gyrB, dnaK,
and 16S-23S rRNA internal transcribed spacer, have therefore
been studied for the identification of Mycobacterium species (1,
7, 13, 24, 25, 27). hsp65 gene analysis has been used for the
identification of nontuberculous Mycobacterium species such as
M. marinum, M. haemophilum, M. chelonae, M. fortuitum, and
M. avium (3, 6, 9, 11, 14). In the present study, PCR and
sequencing of hsp65 was useful in rapid diagnosis and guiding
empirical antimicrobial treatment well before the culture re-
sults were available. In particular, direct PCR of the hsp65
gene from the skin biopsy tissue was positive in the second
patient, achieving rapid diagnosis without awaiting culture and
phenotypic identification which had taken more than 4 months.
Although in the first patient, the hsp65 gene of the M. marinum
isolate only possessed a one-base difference compared to that
of M. pseudoshottsii, and a two-base difference compared to
that of M. ulcerans and M. shottsii, reflecting the close related-
ness of these species (22, 23, 32), the present PCR was still
helpful in rapid diagnosis. hsp65 gene analysis suggested that
the isolate belonged to M. marinum, a much more commonly
encountered species than M. pseudoshottsii, M. ulcerans, and
M. shottsii in our population, which is also compatible with the
patient’s frequent exposure to aquatic environments. Although
limitations in applying hsp65 gene analysis for species identi-
fication should be noted, the present report illustrates its role
as a fast and effective diagnostic method, and this approach

FIG. 2. Phylogenetic tree showing the relationships of the hsp65 genes of patient isolates to related mycobacteria. The tree was constructed by
using the neighbor-joining method, and the Nocardia asteroides hsp65 gene sequence was used as outgroup. Bootstrap values were calculated from
1,000 trees. The scale bar indicates the estimated number of substitutions per 100 bases using the Jukes-Cantor correction. Names and accession
numbers are given as cited in the GenBank database.
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should be considered in severe infections due to slow-growing
mycobacteria.

The ideal choice and optimal duration of treatment of non-
tuberculous Mycobacterium infections in transplant recipients
is often difficult to determine. M. marinum is susceptible in
vitro to antibiotics such as ethambutol, rifamycins, macrolides,
and moxifloxacin, whereas M. haemophilum is known to be
most susceptible in vitro to clarithromycin, ciprofloxacin, ami-
kacin, and rifabutin/rifampin (19). As in most reported cases of
M. marinum and M. haemophilum infections in other trans-
plant recipients (19, 26), both of our patients responded to
antimycobacterial treatment without surgical excision.

While the source of M. marinum infection in the first patient
is likely related to aquatic waters or fish, the origin of the M.
haemophilum isolate in the second patient remains obscure.
Although believed to be ubiquitous, the natural habitat and
mode of transmission of M. haemophilum is much less under-
stood. Earlier reports speculating water and aerosolized pen-
tamidine as sources were not supported by more concrete
evidence (26). A recent report also described its association
with dental manipulation (17). Further studies are required to
investigate the source of M. haemophilum infections in hu-
mans.

Because M. haemophilum is difficult to isolate, the incidence
of M. haemophilum infections may have been underestimated.
M. haemophilum (which means “blood-loving” Mycobacterium)
does not grow in routine mycobacterial cultures such as Low-
enstein-Jensen or Middlebrook 7H11 medium unless the me-
dium is supplemented with ferric iron-containing compounds
(26). Similar to M. marinum, it grows best at 28 to 32°C, which
also reflects its predilection for skin involvement on the face
and extremities in a high proportion of cases (26). In the
present study, the isolation of pure colonies of M. haemophi-
lum for phenotypic identification was time-consuming. Clinical
suspicion of M. haemophilum infection should be raised in
patients presenting with features suggestive of nontuberculous
mycobacteriosis, where routine mycobacterial cultures are neg-
ative.
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