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SPECIAL ARTICLE

Mycobacterium marinum infections in man

Mycobacterium marinum, formerly known as 'Mycobacterium balnei', is a
free-living organism which causes disease in fish and occasionally in man. When
such infections occur in man they are usually associated with some aquatic
activity, e.g. swimming, fishing, boating and keeping tropical fish. For this reason,
the organism has been called a 'leisure-time pathogen' by Feldman, Long & David
(1974) and the disease a 'hobby hazard' by Heineman, Spitzer & Pianphongsant
(1972).

Mycobacterial infection of the skin, especially with M. tuberculosis, has been
made complex by the plethora of synonyms bestowed upon the lesions by
dermatologists, though Beyt et al. (1981) have attempted to reduce the problem
to manageable proportions. With M. marinum infections, however, there is
universal agreement that the source is exogenous and that infection occurs as a
result of contamination of trivial skin lesions and is frequently connected in some
way with a watery environment.

This paper reviews the history, microbiology, clinical features, treatment and
epidemiology of the disease in man.

HISTORY

In 1886 Riehl & Paltauf described a form of skin tuberculosis which they called
tuberculosis cutis verrucosa (warty tuberculosis of skin). This usually occurred on
the hands and arms of healthy individuals where it remained localized and ran a
benign, self-limiting course. I t rarely involved local lymph nodes and could easily
be distinguished from the more serious and progressive forms of skin tuberculosis
such as lupus vulgaris but nevertheless usually yielded Mycobacterium tuberculosis.

Lesions of this type were reported in users of swimming pools by Hellerstrom
in 1939, and subsequently in 1944 and 1951. In the last of these three studies
Hellerstrom reviewed his six cases, all of whom had suffered facial abrasions.
'Koch's bacilli' were seen in one case but cultures and guinea pig inoculations were
all negative. Hellerstrom remarked t h a t ' . . .the condition may on safe grounds be
diagnosed as tuberculous primary infection of the skin' and he thus referred to
the disease as primary inoculation lupus vulgaris. One of Hellerstrom's six patients
had received a minor injury in a swimming pool at the town of Orebro in Sweden.
Similar lesions, developing subsequent to injuries received in swimming pools, were
also reported in America (Cleveland, 1951; Tomach & Franks, 1953; Rees &
Bennett, 1953) but again, no acid fast bacilli were cultured.

During the years 1949-50 an epidemic of self-limiting skin lesions occurred at
the town of Orebro (Linell & Norden, 1954). Eighty individuals were infected, of
whom 75 were children; the lesions were mostly on the elbows. At first they were
thought to be tuberculous but their origin remained a mystery until it was found
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that the five adult patients had one thing in common - they were all keen and

regular swimmers.

In an attempt to establish the aetiology of these lesions biopsy material was sent

to Professor Folke Linell at the University of Lund. Fortunately, he thought that

M. ulcerans might have been responsible and he therefore incubated his cultures

at 31 as well as at 37 °C. An acid fast bacillus was isolated at the lower temperature

from 3 of 19 biopsies. An identical organism was recovered from the walls of the

swimming pool used by the patients. Apart from not growing at 37 °C, these

isolates differed from the classical tubercle bacillus in producing a yellow pigment

on exposure to light and in the ease with which they emulsified in saline. As they

appeared to be a new species the name' M. balnei' (L. of the bath) was coined (Linell

& Norden, 1954). Shortly after the epidemic at Orebro, a second outbreak occurred

under similar circumstances, at the town of Vasteras and involved about 60

individuals (Zettergren et al. 1952).'M. balnei' was isolated from 11 of 15 biopsies

and also from the swimming pool.

There was, therefore, strong evidence that a new type of mycobacterial disease

had been found, but to overcome any doubt Linell & Norden (1954) inoculated

themselves with the causative agent, elicited identical lesions and reisolated the

organisms in culture. Koch's postulates were therefore fulfilled.

A similar outbreak associated with swimming and involving about 300 people

occurred in Colorado, and was reported by Mollohan & Romer (1961). Another

occurred in Wales (Waddington, 1967). Similar incidents have also been reported

more recently, by Dailloux, Morlot & Sirbat (1980) in France and by Junger &

Witzani (1981) in Germany.

Sporadic cases associated with swimming pools and with sea bathing have also

been described (Evan Paz et al. 1976; Loria, 1976). Zeligman (1972) reported 18

cases resulting from minor injuries acquired while swimming, fishing or boating

in Chesapeake Bay, U.S.A.

Swimming pools are not the only aquatic features associated with these

granulomas. Philpott et al. (1963) referred to one case, not in their epidemic series,

in which M. marinum had been transferred from a tropical fish tank to man, and

Swift & Cohen (1962) are usually credited with reporting the first case offish tank

granuloma. Others, from several countries, were made by Pegum (1967), U.K.;

Barrow & Hewitt (1971), U.K.; Hay, McCarthy & Marks (1975), U.K.; Bourlond

(1973), Belgium; Simonart (1973), Belgium; Brodhagen et al. (1980), Denmark;

Engbaek, Thormann & Bergmann (1980), Denmark; Nilsen & Boe (1980), Sweden;

Junger & Witzani (1981), Germany; Janner, Reinel & Kuhlwein (1983), Germany;

Neidecken (1984), Germany; Monti et al. (1979), Italy; Horacek & Ulicna (1973),

Hungary; Brown, Keim & Bryan (1977), Canada; Sauder& Hanke (1978), Canada;

Black, Rush-Munro & Woods (1971), Australia; Faoagali et al. (1977), New

Zealand; Maclellan & Moon (1982), Australia/New Zealand; Saito et al. (1973),

Japan; Wolinsky, Gomez & Zimpfer (1972), U.S.A.

We have identified M. marinum from a patient's lesion and also from his fish

or fish tank water on five occasions in the last few years, but unfortunately have

not been able to follow up several other cases in the same way.

Infections arising from other aquatic activities have also been noted. Flowers

(1970) described one that followed a bite by a captive dolphin. In the cases reported
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by Smith & Jiji (1975) and Bailey et al. (1982) the patients' hands had been injured
by fish fins, while one of Loria's patients had injured his hand while working on
a boat engine (Loria, 1976).

A substantial proportion of cases, however, have either not been associated with
water, or the histories obtained by the clinicians have not revealed any association
with water. Jolly & Seabury (1972) mention one infection after an 'abrasion on
asphalt' in a school yard, two following injuries from rose thorns and one after
a contusion related to an electrical installation. Another 'asphalt' case was
reported by Arai, Nakajima & Nagai (1984): a Japanese lady sustained a minor
injury when she stumbled on an asphalt road outside a fish shop and her lesions
became infected. The association with fish and with water in this case is rather
tenuous.

The distribution of lesions in the cases where the source of infection is unknown
or not revealed, however, closely follows that of the non-swimming-pool cases.

A disseminated infection following renal transplant was reported by Gombert
et al. (1981). A second case was reported in a 16-month-old child whose father used
the child's bath to clean out a fish tank (King, Fairly & Rasmussen, 1983) but this
may more closely resemble the case with multiple lesions described by Yamamoto
et al. (1970).

NOMENCLATURE AND TAXONOMY

The name '31. balneV is no longer valid; in 1959 Bojalil found that the
organism was identical with 31. marinum, a species isolated in 1926 by Aronson
from some marine fish, namely a sergeant-major (Abudefduf mauritii), three
croakers (Micropogon undulatus) and two sea-bass (Centropristes slrialus). By the
law of chronological priority the earlier name is the correct one, and fortunately
it also relates to the aquatic habit of the species. Another organism, named '31.

platypoecilus', recovered from lesions in the Mexican platyfish by Baker & Hagen
(1942) was also identified with 31. marinum (Schaefer & Davis, 1961). Not all
pathogens offish, however, belong to this species (see the reviews by Vogel, 1958;
Parisot, 1958; Collins, Grange & Yates, 1984).

In their descriptions of granulomatous lesions associated with the use of
swimming pools, Zettergren (1952), Hellerstrom (1951) and Rees & Bennett (1953)
concluded that the disease was caused by 31. marinum. Linell & Norden (1954)
did not accept this conclusion. On the basis of pathogenicity for mice they
considered that

 l
31. balneV was different from Aronson's organisms and this

conclusion was supported by Aronson himself. Nevertheless, the former view
proved to be correct, as clearly demonstrated by Bojalil in 1959 and the name '31.

balnei' was dropped.

Further difficulties with the name 31. marinum occurred, however, because of
the existence of an organism with a very similar name, '31. marianum' (Suzanne
& Penso, 1953). Bojalil, Trujillo & Cerbon (1962) placed this organism, along with
a strain labelled '31. marinum ATCC 8138 Battaglini' with 31. scrofulaceum

(Prissick & Masson, 1956). In 1963 one of us (CHC) received three strains labelled
31. marinum from the National Collection of Type Cultures. One of these was
numbered 8138. Tests showed that it was not 31. marinum but a scotochromogen,
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probably 31. scrofulaceum. The NCTC admitted a clerical error and according to
the American Type Culture Collection catalogue there was no ATCC 8138. In the
course of correspondence Bojalil (pers. comm.) found that he also had made a
clerical error. Thus two errors, undoubtedly compounded by the existence of two
very similar names, caused some confusion!' 31. marianum' has since been reduced
to synonymy with 31. scrofulaceum.

BACTERIOLOGY

31. marinum is a member of the slowly-growing group of mycobacteria, but its
growth is more rapid than that of most members of this group. Indeed, in the
identification system of Pattyn & Portaels (see Jenkins, Pattyn & Portaels, 1982)
it is included with the rapid growers as, like others in that group, it shows
putrescine diamine oxidase activity, although it resembles the slow growers in
failing to produce abundant growth on peptone agar within 5 days. On immuno-
diffusion analysis, however, 31. marinum is clearly placed among the slow growers
on account of its possession of a group of antigens characteristic of the group
(Stanford & Grange, 1974). Superficially it resembles 31. kansasii in producing a
yellow pigment following exposure to light; the pigments formed by the two species
are identical, but are different from those found in other chromogenic mycobacteria
(Tarnok & Tarnok, 1970). Furthermore, the two species are similar in their rate
of growth (except on primary culture at 37 °C), and in their microscopic
appearance.

Silcox & David (1971) used numerical analysis to differentiate between 31.

marinum and 31. kansasii, employing 53 tests on 63 strains of the former and 139
of the latter. The 31. kansasii strains formed an homogenous cluster at 80-100 %
but the 31. marinum strains clustered at 40-80 % and further analysis of this group
showed that it was heterogenous, made up of one large cluster containing three
small subgroups, and two smaller clusters. Tsukamura (1976) included 12 strains
of 31. marinum and 11 of 31. kansasii in a numerical classification of slowly growing
mycobacteria and found that they were clearly differentiated from one another and
from other species.

Isolation

The specimens submitted for laboratory examination must be exudates or

biopsies. Cultures should be made for 'other organisms' including fungi, in the

usual way and incubated at 37 °C. If necessary the material should be treated to

eliminate other organisms, using one of the techniques employed in tuberculosis

bacteriology, and then cultured in duplicate on Lowenstein-Jensen or other

mycobacterial medium. One set of these cultures should be incubated at 30-33 °C

and the other at 37 °C. Both sets should be examined after 7 days and then weekly

for up to 6 weeks.

Cultural and microscopic appearance

On primary culture 31. marinum will grow at 30-33 °C in 7—10 days but usually
not at 37 °C. The occasional strains that grow at 37 °C take longer to give visible
growth. 31. kansasii, which is occasionally isolated from skin lesions, grows at both
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Table 1. Principal diagnostic differences between M. marinum and M. kansasii

Property
Growth at 37 °C
Nitrate reductase
Pyrazinamidase
Growth on hydroxylamine,
250 mg/1

Growth on isoxyl,
50 mg/1

Allantoinase
aL-fucosidase

M. marinum
—

—

+
+

+

+
+

M. kansasii

+
+
—
—

—

—

Rei

1
2
2
9

2

3
4

* l,Goodfellow& Wayne (1982); 2, Wayneetal. (1978); 3, Tsukamura e< a/. (1973);4, Grange
& Mclntyre (1979).

temperatures in 10-14 days. After 7-10 days at 30-33 °C colonies of 31. marinum

are about 2 mm in diameter, shiny and smooth. Wrinkled and rough colonies are
occasionally seen. Cultures showing colonies should be placed about 50 cm from
a 40 W tungsten filament lamp for about 1 h or left in daylight on the bench for
1 or 2 h. They should then be re-incubated overnight. 31. marinum and 31. kansasii

are photochromogens and after illumination and re-incubation their colonies will
be bright yellow.

31. marinum will grow on blood agar and on glycerol agar in 7-10 days, but not
on MacConkey agar.

In microscopic preparations stained by the Ziehl-Neelsen method the cells of
31. marinum, like those of 31. kansasii, are elongated and barred or beaded,
although shorter and more solidly staining forms may be seen.

Identification

The most important tests are those that differentiate 31. marinum from 31.

kansasii. Growth at 30-33 °C and not at 37 °C on the primary culture is a good

guide, but not wholly reliable. Some strains, depending on the constituents of the

culture medium, will grow at the higher temperature (Schaefer & Davis, 1961).

Temperature tests are not reliable on subcultures as most strains adapt rapidly

to laboratory conditions and subcultures will usually grow at 37° and at 25° and

may even grow at 20 °C.

Silcox & David (1971) suggest that the nitratase test, ability to grow in media
containing 10 /fg/ml of thiacetazone, possession of an arylsulphatase, sensitivity
to kanamycin and ability to grow in less than seven days differentiated 31.

marinum from 31. kansasii.

Other properties of 31. marinum include: allantoinase (Tsukamura, 1967);
aL-fucosidase (Grange & Mclntyre, 1979); pyrazinamidase (Wayne et al. 1978);
picric acid reduction (Kazda & Hampl, 1965); resistance to amithiozone, 10 /*g/ml;
hydroxylamine, 250/ig/ml; rifampicin, 25/ig/ml (Tsukamura et al. 1973); and
resistance to isoxyl, 50/ig/ml (Wayne et al. 1978). The techniques used in these
tests are discussed by Tsukamura et al. (1973).

The properties of 31. marinum, compared with those of 31. kansasii are shown
in Table 1.
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Table 2. Minimal inhibitory concentration {MIC) of antibiotic to M. marinum

Antibiotic

Tetracycline

Doxycycline
Minocycline
Gentamicin
Kanamycin
Amikacin
Tobramycin
Streptomycin
Erythromycin
Trimethoprim

Number of
strains tested

A

A

16
16
16
7

16
16

ND
ND
16
16

B

19
19
19
16
16
16
16
16

ND
ND

MIC range
(/*g/>

A

3-1-50
1-2-20
2-5-20

5-20
0-3-10
1-2-5

ND

ND
1-2-40
1-2-20

ml)

B

1-16
1-8
1-4

16-32
2-4
1-4

16-64
8-32

ND
ND

MIC 50%
C«g/ml)

A
1

A

5
5
5

> 10
1-2
1-2

ND
ND
6-2

5

B

4
4
2

32
2
2

32
16

ND
ND

A, Sanders & Wolinsky, 1980; B, Wallace & Wiss, 1981; ND, not done.

The tests that are easiest to perform in a clinical laboratory employ media and
techniques that are normally available in tuberculosis laboratories. For clinical
purposes a photochromogen that grows on Lowenstein-Jensen medium containing
10 /ig/ml of thiacetazone (Vestal & Kubica, 1967); gives a negative nitratase test
(Kazda & Hampl, 1965; Kappler, 1968) and fails to hydrolyse Tween 80 in 7 days
(Wayne, Doubek & Russell, 1964; Kappler, 1968) is almost certainly M. marinum.

ANTIBIOTIC RESISTANCE

Early studies showed that M. marinum was resistant to isoniazid, PAS and

thiosemicarbazone and partially resistant to streptomycin at 4 fig/m\ (Linell &

Norden, 1954; Schaefer & Davis, 1961). Barrow & Hewitt (1971) reported a strain

that was resistant to streptomycin (10/fg/ml), and rifampicin (20 g/ml) as well

as to PAS, isoniazid, thiacetazone and capreomycin, but sensitive to trimethoprim

with sulphamethoxazole. Later, Cunningham, White & Samman (1978) reported

a trimethoprim resistant strain in the U.K. and all of the nine isolates from a single

source in Israel by Evan Paz et al. (1976) were also resistant to cotrimoxazole. The

other antibiotics used in recent years are the tetracyclines. Torres, Sands & Sanders

(1978) studied 32 clinical isolates from the U.S.A. and concluded that most of them

were sensitive to doxycycline and minocycline.

A range of MIC values from two publications is shown in Table 2.

CLINICAL FEATURES
Diagnosis

Lesions caused by M. marinum closely resemble those of sporotrichosis — an
infection caused by the soil fungus Sporothrix schenkii (Dickey, 1968). They usually
occur on the elbows, knees and feet in swimming pool related cases and on the hands
and fingers of fish fanciers. They have also been reported on the bridge of the nose
and the chin. A history of a recent injury sustained in a swimming pool or other
watery environment, or while handling fish or working with an aquarium is helpful.

On presentation at 3-5 weeks duration the lesions are typically 1—2*5 cm in
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diameter. They are variously described as non-tender inflammatory nodules, as
ulcerated granulomata or as resembling the warty lesions of cutaneous tuberculosis
(although this may be more typical of older lesions). In a proportion of cases there
may be sporotrichoid spread: further nodular lesions appearing on the hands and
arms following the line of the lymphatic ducts as in sporotrichosis. Axillary pain
and lymphadenopathy are usually absent nowever (Brown, Keim & Bryan, 1977;
Cortez & Pankey, 1973). Some authors have reported tenosynovitis following a
penetrating injury to the hand, e.g. by fish spines, and also bursitis of the knee
in similar circumstances (Winter & Runyon, 1965; Hay, McCarthy & Marks, 1975;
Wayne et al. 1981).

In an immunocompromised patient, M. marinum caused the formation of a
deeply undermined ulcer, similar to those seen in M. ulcerans infection (Meyers,
1981).

Skin tests

Although infection by M. marinum induces dermal reactivity to skin-testing
reagents prepared from the organism in some patients the size of the reaction is
similar to that induced by standard PPD or to analogous reagents prepared from
other slowly-growing mycobacteria (Judson & Feldman, 1974; Jolly & Seabury,
1972; Schaefer, Blatman & Bravo, 1962). Accordingly, skin testing is of little value
in this infection.

Histology

Histological examination reveals cutaneous lesions with slight to moderate
epidermal hyperplasia. Parakeratotic scales are seen in lesions of less than 6 months
duration, while other lesions tend to show hyperkeratotic scales. The dermis
contains granulomas composed of lymphocytes and epithelioid cells and there is
often a more diffuse cell infiltrate. Langhans' giant cells occasionally occur but
caseation is unusual. There may be evidence of secondary infection and ulceration.
Older healing lesions reveal non-specific focal aggregates of lymphocytes. Lesions
are described as comparable with mycobacterial disease in the presence of a well
developed cell-mediated immunity (Marsch, Nurnberger & Stuttgen, 1978). It is
agreed by most workers who have studied the histopathology that acid fast bacilli
appear to be absent or at the most scanty but Schaefer & Davis (1961), who
examined 15 specimens obtained during a large outbreak associated with a
swimming pool, reported that acid fast bacilli were present in 9 of the tissue
sections; positive cultures were obtained from 12.

TREATMENT

Few clinicians have seen enough cases to make definitive statements about the
best form of therapy and the self-limiting nature of the infection renders the
evaluation of the therapeutic regimens difficult. Lesions will generally resolve with
no treatment other than excision and drainage, although this may result in a long
period of infection (see, e.g. Morgan & Blowers, 1964; Brown, Keim & Bryan, 1977).
Heat treatment has been advocated (see, e.g. Aaronson & Park, 1974) but there
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Table 3. Site o/M. marinum lesions as percentage of sites involved-

Swimming pool epidemics

Hand
Arm except elbow
Elbow-
Knee
Leg except knee
Other sites

Total patient (number
sporotrichoid)

Site not recorded
(Feldman, Long &
David, 1974)

Grand Total patients

Hand
Arm except elbow-
Elbow
Knee
Leg except knee
Other sites

Total patient (number
sporotrichoid)

Site not recorded
(Feldman, Long &
David, 1974)

Grand Total patients

Sweden:
Zettergren
etal. (1952)

0
0

100
0
0
0

Sweden:
Linell &
Norden
(1954)

0
0

98-6
1-4
0
0

USA:
Philpott

etal.
(1963)

0-7
0

89
7-4
2-9
0

Wales:
Waddington

(1967)

0
0

82

14-5
3-5
0

60 74 269

60 74 269

Collected cases from literature*

Aquarium
associated

97
3
0
0
0
0

59 (34)

24

Marine
or fresh-

water origin

47
12
0

23
11
7

58 (10)

21

Other
origin

88
0
0

12
0
0

8(1)

83 79

* Based on 69 publications.

15

81

81

Source
not known

or not
recorded

59
10
0

17
10
4

29(6)

27

56

is no firm evidence that this is better than drainage alone. Antibiotic therapies fall
into three classes: rifampicin plus another drug, frequently ethambutol; tri-
methoprim plus sulphonamides; and tetracyclines, especially minocycline.
Although the evidence for these three is about evenly balanced, there is a preference
for minocycline in the more recent descriptions. Examples of these therapies are
given by Wolinsky, Gomez & Zimpfer (1972); Loria (1976); and Kirk & Kaminsky
(1976).

Jolly & Seabury (1972) described 31 cases seen in America by local clinicians
who carried out their own therapies; they reported that in 13 excision was
performed, including one amputation. Heat lamps were used in two cases, and
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chemotherapy (unspecified) in seven. Arai, Nakajima & Nagai (1984) described 75
cases seen in Japan and also found a variety of therapies; they reported that
minocycline was twice as effective as rifampicin in speed of healing (1*5 against
3*5 months). Local steroids should be avoided as these exacerbate the lesions and
enhance sporotrichoid spread (Aaronson & Park, 1974).

EPIDEMIOLOGY

As indicated above, most infections with M. marinum are associated with water;
the two aquatic sources most often involved are swimming pools and aquaria — hence
swimming pool granuloma and fish tank granuloma, the ' hobby hazards' referred
to in the introduction.

Swimming pool granuloma

Most of the early proven cases of M. marinum infections occurred in epidemics
associated with swimming pools, and the lesions usually occurred on the elbows,
with the knees as the second most common site (Table 3). In the first report, the
outbreak in Sweden, Linell & Norden (1954) reported on 80 patients, most of whom
had lesions on the elbow, although 'a few' had lesions on the knee. Most of the
minor injuries that became infected probably occurred whilst children were
climbing out of the pool, as many children scorn the use of the steps and lever
themselves out using their elbows and knees.

Fish tank granuloma (' Fish fanciers finger')

Aquarium-associated cases usually occur singly and involve fingers and hands

that have already sustained minor injuries as a result of other activities (e.g.

gardening), although sometimes the injury arose from the fish tank itself. In some

incidents the organisms were also recovered from the fish or the aquaria. The

distribution shown in Table 3 is derived from many publications citing one or two,

rarely more, cases. Not all of these publications are cited in the References. In one

case (Mansson et al. 1970) the bacilli were transferred by water-fleas, used as fish

food, from a pond.

Other sources

Like aquarium-associated infections, cases connected with fishing, boating and

aquatic sports usually occur singly and the lesions are almost always on the hands,

as are most infections that do not appear to be connected with water.

Epidemiological investigations

The usual case histories tend to be inadequate and the investigator needs to seek
information about leisure activities. The history of a minor injury, e.g. from thorns
or spines during gardening activities, may obscure the fact that the patient had
been swimming or that he kept tropical fish. Laboratory investigations should
include culture of water from swimming pools even where chlorination appears
sufficient (Beurey et al. 1981), material from behind loose tiles (Thomas, 1967) and
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the inner surfaces of pipes. Likewise, in possible cases offish tank granulomas, the

water and the sand from the bottoms of fish tanks should be cultured, as well as

the scales of live fish and the scales and skin of those that are dead or moribund.

It is worth noting here that infections by M. marinum are recognized as

compensatable occupational diseases in Japan (Arai, Nakajima & Nagai 1984).

CUTANEOUS INFECTIONS CAUSED BY OTHER MYCOBACTERIA

It is necessary to guard against the assumption that all cutaneous mycobacterial

infections, even all sporotrichoid infections, are associated with M. marinum. A

few cases have been recorded in which cellulitis or sporotrichoid cutaneous

infection was caused by M. kansasii (Maberry, Mullins & Stone, 1965; Owens &

McBride, 1969; Fraser et al. 1975; Hirsch & Saffold, 1976; Dore, Collins &

Mankiewicz, 1979; Rosen, 1983). Similarly, infections, including sporotrichoid

forms, have been ascribed to M. chelonei (Bernstadt, 1974; Greer, Grose &

Martensen, 1979; Fenske & Millns, 1981), to M. szulgai (Sybert, Tsou & Garagusi,

1977), to unidentified slow-growing scotochromogens (Knox et al. 1961; Cott,

Carter & Sail, 1967), and to M. gordonae (Shelley & Folkens, 1984).

In recent years a new mycobacterial pathogen M. haemophilum has emerged as

a cause of skin lesions in man. This species, described by Sompolinsky et al. (1978,

1979) is so named because it requires iron supplements, usually ferric ammonium

citrate or haemin, for growth. Its colonies are off-white or pale yellow and, like

M. marinum, it is psychrophilic. It is easily differentiated from the latter, however,

by its absence of catalase and urease activity, its failure to grow on iron-free media

and to develop pigment on exposure to light. It is metabolically rather inert. To

date, all infections have occurred in immunosuppressed individuals, notably renal

transplant recipients (Sompolinsky el al. 1978; Mezo et al. 1979; Dawson & Jennis,

1980; Davis et al. 1982; Branger et al. 1983; Moulsdale et al. 1983). In one report

the infection was initially thought to be due to M. marinum as the patient's

daughter had kept goldfish that had died during the preceding year (Moulsdale

et al. 1983). In view of the occurrence of such infections it appears advisable to

inoculate skin biopsies, particularly if they are from immunosuppressed patients,

on to media supplemented with ferric ammonium citrate as well as on standard

media.

Finally, there have been a number of ulcerating skin lesions containing acid-fast

bacilli reported in non-immunosuppressed patients living in the region of the

border between Canada and the U.S.A. (Feldman & Hershfield, 1974). The bacilli

could not be cultured, raising the possibility that these cases represent yet another

mycobacterial species and disease.
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