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the Swiss HIV Cohort Study

Objectives: To characterize clinical and epidemio-
logic features of infections with Mycobacterium genavense.

Design: Case series and case-control studies. Patients
with M genavense were compared with two control groups:
CD4 controls were matched on the basis of CD4 counts,
and Mycobacterium avium-intracellulare complex con-
trols had disseminated infection with M avium-
intracellulare complex.

Results: Fifty-four patients with disseminated infec-
tions caused by M genavense were found, from Europe
(37), North America (15), and Australia (two). All were
infected with human immunodeficiency virus. The me-
dian CD4 count was 0.016X10%L (16/mm’) (range, 0.001
to 0.082x10%L). Eighty-seven percent had fever and
weight loss, 44% had diarrhea, 43% had splenomegaly,
39% had hepatomegaly, and 72% had anemia. In Swiss
university hospitals, M genavense was responsible for
12.8% of nontuberculous disseminated mycobacterial in-
fections in patients with human immunodeficiency vi-

rus from 1990 to 1992. The median survival was 190 days
after the first isolation of M genavense. Among the pa-
tients who had been treated with at least two antimyco-
bacterial drugs for 1 month or more, median survival was
263 days (95% confidence interval, 144 to 382 days), com-
pared with 81 days (95% confidence interval, 73 to 89
days) for those not treated (P=.0009). Survival in pa-
tients with M genavense was similar to the survival of
M avium-intracellulare complex controls. However, pa-
tients with similar CD4 counts (CD4 controls) survived
longer (median, 342 days; 95% confidence interval, 269
to 415 days; P<<.0003).

Conclusions: Infection with M genavense may be re-
sponsible for more than 10% of disseminated nontuber-
culous mycobacterial infections in patients with human
immunodeficiency virus infection. Its clinical presenta-
tion and response to treatment are similar to those of in-
fection with M avium-intracellulare complex.

(Arch Intern Med. 1995;155:400-404)
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YCOBACTERIAL infec-
tions are a frequent
complication of hu-
man immunodefi-
ciency virus (HIV) in-
fection and impair both survival and
quality of life." After a diagnosis of ac-
quired immunodeficiency syndrome
(AIDS), the incidence of Mycobacterium
avium-intracellulare complex (MAC) bac-
teremia was 21% at 1 year and 43% at 2
years.” In a retrospective study of 1984
cases of disseminated mycobacteriosis, in-
vasive MAC infection was found in 1906
(96%), while Mycobacterium kansasii, My-
cobacterium gordonae, Mycobacterium for-
tuitum, and Mycobacterium chelonae ac-
counted forthe rest.” However, these data
may be biased in favor of mycobacterial
infections that are easy to diagnose and my-
cobacteria that are easily cultured.
Mycobacterium genavense is a newly
recognized fastidious pathogen that does
not grow on conventional solid media,*’
although limited growth has been ob-
served in liquid (Middlebrook 13) cul-

ture. The first patient suffered from fever
and gastrointestinal tract symptoms.”® Acid-
fast rods were found in the duodenum,
feces, urine, and bone marrow and in
multiple tissues at autopsy. Electron mi-
croscopy and lipid analysis suggested that
the pathogenic agent was a mycobacte-
rium. The infection could be transferred
to athymic nude mice but not to immu-
nocompetent mice. Amplification and se-
quencing of the 16S ribosomal RNA gene
demonstrated that the pathogen was a
new species, which was later named
M genavense.”® In this study, we describe
the clinical and epidemiologic features in
54 patients with AIDS with disseminated
infection caused by M genavense, and we
use case-control methods to compare pa-
tients with M genavense with other pa-
tients with HIV infection.

See Patients and Methods
on next page
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PATIENTS AND METHODS

For a patient to be included in this series, at least
one culture of blood (n=30), bone marrow (n=2),
or biopsy tissues (n=2) had to be positive for M
genavense. Some of these cases have been partly
described previously.*'* Patients with only pulmo-
nary or gastrointestinal tract colonization were
excluded. Clinical information came [rom a stan-
dard questionnaire. The date of occurrence of M
genavense or MAC was defined as the time when
the first positive sample was taken. The definition
of AIDS was that of the criteria established in 1987
by the Centers for Disease Control and Preven-
tion.'” The diagnosis of M genavense infection was
established by polymerase chain reaction amplifi-
cation and sequencing of the 165 rRNA gene as
previously described.*'*"*

Cases of infection with M genavense were
compared with two control groups. The first
included patients with disseminated MAC infec-
tions (MAC controls). For each case infected with
M genavense, one control patient was chosen from
the same facility, who had blood cultures positive
for MAC within 6 months before or after M
genavense was found in the case patient. The sec-
ond control group included patients with a similar
degree of immunosuppression as measured by the
CD4 count, but without documented M genavense
infection (CD4 controls). For each case with M
genavense, control patients were chosen who were
matched for hospital or region of origin and whose
CD4 counts were comparable with that of the case
patient (the difference between the counts in the
case patient and controls varied from 0 to
0.050x 10%L [0 to 50/mm’]) within 1 month of
diagnosis of M genavense infection. Controls either
had blood cultures that were negative or contained
bacteria other than M genavense, or did not have
blood cultures. For each case, two controls were
chosen (with the exception of two cases for which
only one control was available). A standard ques-
tionnaire was filled out for all MAC controls and
CD4 controls.

To compare the frequency of infections with
M genavense with the frequency of disseminated
mycobacterial infections in patients with AIDS,
data from the Swiss HIV Cohort Study were used.
This study contains data on more than 6000 HIV-
positive patients treated at the Swiss university
hospitals, with regular standardized laboratory and
clinical examinations.'

Survival of cases and controls was analyzed by
the Kaplan-Meier life table method and compared
by the Mantel-Cox (log-rank) tests.”

— .

Fifty-four cases ol disseminated M genavense infection
were identified from three continents. There were no
known contacts between cases. The 37 European cases
(68%) came [rom Switzerland (29), Germany (four),

Table 1. Symptoms and Signs in Disseminated Infection
With Mycobacterium genavense (N=54)
Symptoms/Signs No. (%)
General (systemic)
Fever 47 (87)
Weight loss 47 (87)
Gastrointestinal tract
Pain 16 (30)
Diarrhea 24 (44)
Splenomegaly 23 (43)
Hepatomegaly 21(39)
Blood
Anemia 39(72)
Pancytopenia 17 (32)
Others
Pulmonary 6(11)
Asymptomatic 0(0)

Italy (two), and Austria (two). Fifteen cases (28%)
were diagnosed in North America in Seattle, Wash
(eight); Denver, Colo (five); and lowa City, lowa
(two). Two cases (4%) were from Melbourne, Austra-
lia. All patients were infected with HIV, and all risk
groups were represented. There were 27 homosexual
or bisexual men (50%), 15 injecting drug users (28%),
two (4%) who had both risk factors, six (11%) who
had acquired HIV by heterosexual transmission, three
(6%) who had acquired HIV through blood products,
and one (2%) who had acquired HIV through congeni-
tal transmission. In North America, all cases were
male, and 13 (87%) of 15 were homosexual. The
median age at the time of M genavense diagnosis was
34 years (range, 6 to 51 years). All patients were
severely immunosuppressed. with a median CD4
count of 0.016X10%L (range, 0.001 to 0.082x10%L).
Forty-six cases (85%) had CD4 counts of less than
0.050X10%L. In 16 patients (30%), M genavense was
the first major opportunistic infection. In the remain-
ing 38 patients (70%). AIDS had been diagnosed an
average of 15.2 months earlier (range, 1.3 to 48.9
months). At the time of diagnosis, all patients were
symptomatic (Table 1). The most common clinical
signs were fever in 47 cases and weight loss in 47
cases (87%). Gastrointestinal tract symptoms and
signs were frequent. Chronic diarrhea was found in 24
(44%), splenomegaly in 23 (43%), hepatomegaly in 21
(39%), and abdominal pain in 16 (30%). Hematologic
abnormalities were also common, with anemia in 39
cases (72%) and pancytopenia in 17 cases (32%). Pul-
monary symptoms were present in only six cases
(11%) and were often associated with another pulmo-
nary disease, such as Pneumocystis carinii pneumonia.

To estimate the frequency of infection with
M genavense, we counted cases with disseminated
mycobacterial infections in general, and with
M genavense in particular, diagnosed in 1990, 1991,
and 1992 in the Swiss HIV Cohort Study. One hun-
dred eighty-seven disseminated mycobacterial infec-
tions were recorded, of which 24 (12.8%) were caused
by M genavense.

Two cases diagnosed at autopsy were excluded
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Figure 1. Survival curves for patients with Mycobacterium genavense and
Mycabacterium avium-intracellulare complex (MAC) controls.

Table 2. Case-Control Study*
Patients With
Mycobacterium MAC cD4
genavense Controls Controls
(N=52) (N=52) (N=98)
Sex, No.
F 7 1 16
M 45 4 82
Risk group
Homosexual 28 31 64
Heterosexual 6 8 1
Injecting drug abuse 14 11 18
Blood 3 1 1
Other 1 1 4
Age, v (average/median) 335/33.4 35.8/344 36.2/345
CD4x10%L
(average/median) 0.025/0.016  0.022/0.010 0.025/0.016
Treatment of HIV, No. 36 29 70
Prophylaxis for PCP, No. 40 40 77

*MAC indicates Mycobacterium avium-intracellulare complex; HIV,
human immunodeficiency virus; and PCP, Pneumocystis carinii
pneumonia. None of the differences between the two groups were
significant (two-tailed x° test).

from the survival analysis illustrated in Figure 1. Day
0 was defined as the day of the first sample that ulti-
mately vielded M genavense, ie, usually the day the
first positive blood culture was taken. The estimated
mortality was 35% at 3 months, 51% at 6 months, and
76% at 12 months. Most patients had general and gas-
trointestinal tract symptoms at the time of death.
According to the physicians in charge, M genavense
infection was the principal or major contributing
cause of death in 25 (56%) of the 45 cases who died.
Two deaths were definitively not HIV related (suicide
in one and extensive burns in one).

With a case-control study, we compared the prog-
nosis of infections with M genavense and MAC. The
MAC controls were matched for the date of diagnosis
and the region of origin. Table 2 shows the charac-

teristics of the two groups. There were no significant
differences in risk group, sex, age, or CD4 count. In
both cases and MAC controls, the most frequent clini-
cal presentations were systemic signs, hepatospleno-
megaly, diarrhea. abdominal pain, and anemia. The
proportion of patients who received antimycobacterial
treatment (for more than 1 month with at least two
drugs) was 54% for M genavense and 56% for MAC.
Anti-HIV treatment and prophylaxis for P carinii
pneumonia were given to 69% and 77% of the patients
with M genavense and 73% and 77% of the patients
with MAC. The median survival of patients with
M genavense was 190 days (95% confidence interval
[C1]. 131 to 249 days) and that of MAC controls was
212 days (95% CI, 124 to 300 days), a nonsignificant
difference (P=.37) (Figure 1).

Does infection with M genavense adversely affect
the prognosis? We tried to answer this question by
comparing patients with M genavense with patients
with a comparable degree of immunosuppression as
indicated by CD4 count. Two M genavense cases were
excluded from this analysis because CD4 counts were
not available. Characteristics of controls, matched for
CD#4 count, date when CD4 counts were determined,
and region of origin are listed in Table 2. There were
no significant differences between the two groups in
risk behavior, sex, or age. Twelve CD4 controls were
infected with MAC. The median survival was 190 days
(95% Cl, 123 to 257 days) for M genavense and 342
days (95% CI, 269 to 415 days) for CD4 controls
(Figure 2). This was a significant difference accord-
ing to the log-rank test (P<.0003).

At the time these patients were seen, there was no
standard therapy for treating infection with atypical
mycobacteria. Twelve patients were not treated, 41
patients received at least one antimycobacterial drug
for at least 1 day, and 30 patients received at least two
such drugs for more than 1 month. Drugs used are
listed in Table 3. Survival analysis showed a differ-
ence between treated and untreated patients, with a
median survival of 210 days for the group with any
treatment and 81 days for the untreated group (P=.02,
Cox-Mantel log-rank test). The difference was more
striking if “treatment” was defined as receiving at least
two antimycobacterial drugs for at least 1 month
(Figure 3). with a median survival of 263 days (95%
Cl. 144 to 382 days) compared with 81 days (95% ClI,
73 to 89 days) for the totally untreated patients who
survived at least 1 month (log-rank test, P=.0009).
Between treated and untreated patients, there were no
significant differences in sex, age, risk groups, occur-
rence of other opportunistic infections, and CD4
count.

— .

In Switzerland, M genavense was responsible for 12.8%
of disseminated mycobacterial infections in patients
with AIDS from 1990 to 1992. Among 30 consecutive
instances where mycobacteria grew in liquid blood
cultures, but not in standard subcultures, we diag-
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Figure 2. Survival curves for patients with Mycobacterium genavense and
CD4 controls.

Table 3. Drugs Used for Treating Patients
With Mycobacterium genavense (n=41)
No. of Treated

Drug Cases (%)
Ethambutol 32 (78)
Rifampin 29 (71)
Clofazimine 23 (56)
Ciprofloxacin 21 (51)
Isoniazid 19 (46)
Clarithromycin 17 (41)
Amikacin 11 (27)
Pyrazinamide 9(22)
Rifabutin 7(17)

nosed 29 cases of M genavense infection and one case
of MAC infection by polymerase chain reaction. In
fact, it was found wherever practitioners who treat
many patients with AIDS looked for it, most notably in
Switzerland, but also elsewhere in Europe, in the
United States. in Canada, and in Australia. Therefore,
we assume that this microorganism is widespread. So
far it has been isolated from humans and pet birds.”
Although, in this series, all 54 patients had HIV infec-
tion, M genavense was also recently identified in an
HIV-negative child with abdominal pain and enlarged
abdominal lymph nodes (D. Turck, MD, Lille, France,
personal communication, November 1993). All of our
patients were severely immunosuppressed, with a
median CD4 count of only 0.016 X10%L. At the time
of infection with M genavense, they were also exposed
to many other opportunistic pathogens, MAC among
them. Nonetheless, we did not find double infec-
tions with MAC and M genavense. Possibly, this is
because of the higher growth rate of MAC in culture,
which might obscure concomitant infection with

Figure 3. Survival for treated and untreated patients with disseminated
Mycobacterium genavense infection. Treatment was defined as having
received at least two antimycobacterial drugs for at least 1 month.
Patients who survived less than 1 month were excluded from analysis.

M genavense. In one patient, MAC was found 2
months alter M genavense.

Pathogenic mechanisms are still unknown. The
first step leading to infection may be colonization of
the gastrointestinal tract. Two patients who were not
included in this series had M genavense in feces but
negative blood cultures. Furthermore, gastrointestinal
tract symptoms were frequent, and intestinal biopsy
specimens, obtained clinically or at autopsy, showed
massive infiltration of submucosal connective tissue.
In contrast, we did not find evidence of pulmonary
colonization or disease.

At the time of diagnosis, patients had advanced
HIV infection with systemic, gastrointestinal tract, or
hematologic signs or symptoms. We cannot prove that
all these were caused only by M genavense, because
many of the signs and symptoms are common in AIDS
and may result from a number of other opportunistic
diseases. Indeed, one may doubt whether infection
with M genavense affects the prognosis. To answer this
question, 50 cases were compared with control
patients with a similar degree of immunosuppression
as indicated by CD4 lymphocyte count. The survival
was clearly diminished in the group with M genavense
(Figure 2). Our interpretation is that M genavense
lessens survival and that it is probably important to
treat this infection. Comparison of patients with
M genavense and matched patients with MAC dis-
closed comparable survival (Figure 1). Patients with
MAC who are treated survive longer than those who
are not.”> The same appears to be true for M genavense,
as we found a median survival of 263 days (95% (I,
144 to 382 days) in those who received at least a
month of treatment compared with 81 days (95% ClI,
73 to 89 days) in those who did not (Figure 3). It
should be stressed that ours was a retrospective analy-
sis, and the assignment to treatment was not random-
ized. Therefore, a bias toward treatment in patients
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who are “healthier” cannot be excluded. Nevertheless,
for the time being, we recommend treating M genavense
infection in a manner similar to MAC. In the future,
clinical trials, results of treatment in the nude mouse
model. and characterization of resistance factors will indi-
cate the best treatment strategy for patients infected with
M genavense.
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