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Between May 1993 and June 1996, 65 adults infected with human immunodeficiency virus (HIV) and 30 HIV-
negative patients (8 children and 22 adults) from the Mediterranean region with symptoms that included at
least fever were examined for Leishmania. A total of 128 bone marrow and 128 peripheral venous blood
samples were taken and cultured on NNN medium. At the initial diagnosis, 14 (6 HIV-positive and 8 HIV-
negative) of 15 patients with a positive blood culture also had a positive bone marrow culture. Two patients
(1 HIV-positive and the other HIV-negative) had a positive bone marrow culture but a negative blood culture.
During post-therapeutic check-ups, 7 out of 8 patients with a positive blood culture (6 HI V-positive and 1 HIV-
negative) also had a positive bone marrow culture. On the other hand, three patients (2 HIV-positive and 1
HIV-negative) had a positive bone marrow but a negative blood culture. Relapses were more frequent (9/65
vs. 3/30) and the demonstration of Leishmania in the blood was commoner (6/65 vs. 2/30) in the HIV-positive
than the HI V-negative patients. Stocks were identified by their isoenzymes: MON-1 from four HI V-positive
and eight HIV-negative patients, MON-28 from one HIV-positive patient and MON-29 from another. For each
patient, the same zymodeme was found in bone marrow and blood cultures, both at initial diagnosis and at
follow-up.

Introduction
During the past 10 years, there has been a steady
increase in the prevalence of visceral leishmaniasis
(VL) throughout the Mediterranean region. In
southern Europe this is directly related to co-
infection by Leishmania infantum and human
immunodeficiency virus (HIV) in adults aged 20-40
years (1-3).

In immunocompetent patients, diagnosis of VL
is generally based on the detection both of parasites
within the reticulohistiocytic organs and of circulat-
ing antibodies. In HIV-infected patients, however,
disruption of the immune system is so severe that
antibody detection is unreliable and diagnosis is
based essentially on the detection of parasites, either
by direct examination of bone marrow smears
stained with one of the Romanowsky stains and/or
by culture of bone marrow on specific media (3).

In the Mediterranean region, L. infantum has
been demonstrated in the peripheral blood of HIV-
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infected patients (4-6) and in endemic foci of
anthroponotic VL, while L. donovani has been
observed in circulating monocytes (7, 8). These
findings explain congenital transmission (9) and
transmission by blood transfusion (10-12) and possi-
bly through the exchange of syringes by injecting
drug users (13, 14).

In the present work, a comparison was made of
the relative efficiency of detecting Leishmania by
culturing peripheral blood and bone marrow on
NNN medium from both patients co-infected with
VL and HIV and HIV-negative patients with VL.

Materials and methods
Between 28 May 1993 and 7 June 1996, NNN culture
tubes were sown with a total of 128 samples each of
bone marrow or peripheral blood from 65 HIV-
infected adults and 30 HIV-negative patients (8
children and 22 adults). All patients were from the
Mediterranean region and exhibited at least fever.

A 0.5-ml sample of bone marrow was obtained
from the sternal manubrium or iliac crest of each
patient by aspiration in a syringe containing 2ml
isotonic saline plus 200000 units benzylpenicillin.
This suspension was then distributed into 6 NNN
culture tubes. A 10-ml sample of peripheral venous
blood, collected in citrated tubes from the same
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patient, was centrifuged at 10OOg for 10min. The
interface between the erythrocytic sediment and the
plasma, representing the leukocytic layer ("buffy
coat"), was collected and distributed into 3 more
NNN culture tubes.

The cultures were incubated at 24-26°C and
checked and subcultured every week for a month.

The isolated strains were cryopreserved and
later characterized by starch gel electrophoresis
using 15 enzyme systems: malate dehydrogenase
(EC 1.1.1.37); malate dehydrogenase (oxaloacetate-
decarboxylating) (EC 1.1.1.40); isocitrate dehydro-
genase (NADP+) (EC 1.1.1.42); phosphogluconate
dehydrogenase (decarboxylating) (EC 1.1.1.44);
glucose-6-phosphate 1-dehydrogenase (EC 1.1.1.49);
glutamate dehydrogenase [NAD(P)+] (EC 1.4.1.3);
cytochrome-b, reductase (EC 1.6.2.2); purine-
nucleoside phosphorylase (EC 2.4.2.1); pyrimidine-
nucleoside phosphorylase (EC 2.4.2.2); aspartate
aminotransferase 1 and 2 (EC 2.6.1.1); phospho-
glucomutase (EC 5.4.2.2); fumarate hydratase
(EC 4.2.1.2); mannose-6-phosphate isomerase (EC
5.3.1.8); and glucose-6-phosphate isomerase (EC
5.3.1.9) (15).

Results
The results of the blood and bone marrow culture
studies showed good correlation (Table 1). Of 23
blood samples that were positive for VL, 21 bone
marrow samples from the same patients (12 from
HIV-positive and 9 from HIV-negative patients)
were also positive. Of 105 blood samples that were
negative for VL, 99 bone marrow samples from the

same patients were also negative. The results did not
agree in eight cases: four HIV-positive and two HIV-
negative patients (1 adult and 1 child) with a nega-
tive blood culture had a positive bone marrow
culture, while two HIV-negative patients (1 adult
and 1 child) with a positive blood culture had a
negative bone marrow culture.

At initial diagnosis, 17 samples from patients
presenting clinical symptoms resembling those of
VL were positive for VL by one or other culture
technique or by both techniques (Table 1). There
was agreement between the positive results of
haemoculture and bone marrow culture for six
samples from HIV-positive and eight samples from
HIV-negative patients (including 3 samples from
children). Bone marrow cultures were positive for
one HIV-negative child and one HIV-positive adult,
while the corresponding haemocultures were nega-
tive. For one HIV-negative child, haemoculture was
positive but the bone marrow collected provided
insufficient material for a culture.

During post-therapeutic check-ups, 12 samples
were positive by one or both techniques (Table 1). In
six cases, samples from HIV-positive patients were
positive by both blood and bone marrow culture. For
one HIV-negative patient, haemoculture was posi-
tive but parasites were not detected in the bone
marrow. For the remaining four patients, three of
whom were HIV-positive, only the bone marrow
cultures revealed parasites.

All isolates were identified by isoenzymatic
characterization as L. infantum. The MON-1
zymodeme was found in four HIV-positive and eight
HIV-negative patients. The MON-28 and MON-29
zymodemes were each isolated from one HIV-

Table 1: Results of examination for Leishmania in 128 samples each of blood and bone marrow from 95 HIV-
positive and HIV-negative patients with clinical symptoms resembling those of visceral leishmaniasis

Bone marrow culture

+ve

HIV+

Initial diagnosis
Positive blood cultures
Negative blood cultures

Total bone marrow cultures

Post-therapeutic control
Positive blood cultures
Negative blood cultures

Total bone marrow cultures

Total
Positive blood cultures
Negative blood cultures

Bone marrow cultures

6
1

6
3
9

12
4
16

-ve

HIV-

8
1
9

2

9
2

11

HIV+

0
58
58

0
15
15

0
73
73

Total blood cultures

HIV-

20
21

6
7

2
26
28

HIV+

6
59
65

6
18
24

12
77
89

HIV-

9
21
30

2
7
9

11
28
39
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Total

15
80
95

8
25
33

23
105
128

204
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Table 2: Zymodemes of Leishmania infantum identified in 8 HIV-negative and 6 HIV-positive patients with visceral
leishmaniasis: comparison of bone marrow and blood samples

Patient

H/V-negative
1
2
3
4
5
6
7
8
1a

HIV-positive
9
10
11
12
13
14
9a
loa
1i a

13a

Stock code (bone marrow)

MHOM/FR/94/LEM2782
MHOM/FR/95/LEM2980
MHOM/FR/95/LEM3035
MHOM/FR/95/LEM3062
MHOM/FR/95/LEM31 17
MHOM/FR/96/LEM3146
MHOM/FR/96/LEM3185
MHOM/FR/96/LEM3235
MHOM/FR/94/LEM2881

MHOM/FR/95/LEM2990
MHOM/FR/95/LEM3016
MHOM/FR/95/LEM3047
MHOM/FR/95/LEM3071
MHOM/ES/95/LEM31 11
MHOM/FR/96/LEM3262
MHOM/FR/96/LEM3239
MHOM/FR/95/LEM3042
MHOM/FR/95/LEM3107
MHOM/ES/96/LEM3255

Zymodeme

MON-1
MON-1
MON-1
MON-1
MON-1
MON-1
MON-1
MON-1
MON-1

MON-1
MON-29
MON-1
MON-1
MON-28
MON-1
MON-1
MON-29
MON-29
MON-28

Stock code (blood)

MHOM/FR/94/LEM2781
MHOM/FR/95/LEM2986
MHOM/FR/95/LEM3050
MHOM/FR/95/LEM3073
MHOM/FR/96/LEM3139
MHOM/FR/96/LEM3176
MHOM/FR/96/LEM3223
MHOM/FR/96/LEM3258
MHOM/FR/94/LEM2897

MHOM/FR/95/LEM2986
MHOM/FR/95/LEM3021
MHOM/FR/95/LEM3067
MHOM/FR/95/LEM3065
MHOM/ES/95/LEM3135
MHOM/FR/96/LEM3261
MHOM/FR/96/LEM3259
MHOM/FR/95/LEM3068
MHOM/FR/95/LEM3110
MHOM/ES/96/LEM3256

Zymodeme

MON-1
MON-1
MON-1
MON-1
MON-1
MON-1
MON-1
MON-1
MON-1

MON-1
MON-29
MON-1
MON-1
MON-28
MON-1
MON-1
MON-29
MON-29
MON-28

a Relapses.

positive patient. Zymodemes from bone marrow
and blood were the same in each individual patient,
both at initial diagnosis and at post-therapeutic
examination (Table 2).

Discussion
The results show that haemoculture is a valuable tool
for the diagnosis of VL, both in HIV-positive and
in HIV-negative patients. Parasites were isolated
from 15 out of 17 blood samples at initial diagnosis,
and from 8 out of 12 samples at post-therapeutic
examination. Moreover, diagnosis was made by hae-
moculture for two HIV-negative patients with nega-
tive bone marrow cultures. This emphasizes the
advantage of haemoculture, which is minimally inva-
sive and easily performed.

Positive haemocultures were obtained for nine
samples from HIV-negative and for six samples from
HIV-positive patients, contradicting the common
view that only HIV-positive patients have parasites
circulating in the peripheral blood (5). The high
prevalence of parasites in the blood, irrespective
of the immune status of the patient, accounts for
the rare instances of congenital transmission of
leishmaniasis and of its transmission by blood trans-
fusion, or possibly by syringe exchange. It also sug-
gests that patients with Mediterranean VL may
occasionally act as reservoirs of the disease and

could easily infect sandflies, as already pointed out
by Molina et al. (16).

More HIV-positive than HIV-negative patients
suffered a relapse of VL and parasites were more
frequently found in the blood of HIV-positive
patients. The persistance of parasites during post-
therapeutic follow-up emphasizes the need to repeat
antileishmanial treatment, particularly for severely
immunocompromised patients.

Four techniques are used at present for the
detection of amastigotes in blood: leukocyte concen-
tration (4), xenodiagnosis (16), DNA detection
(R. Piarroux, personal communication, 1993) and
haemoculture. Leukocyte concentration has poor
sensitivity, is time consuming, and does not
allow the parasites to be characterized. Xeno-
diagnosis is a novel technique but not feasible for
general use. DNA detection is a rapid procedure
but is still being developed and evaluated. Hae-
moculture offers the advantage of being a simple
noninvasive diagnostic procedure that can be
carried out by nonspecialized laboratories. The in-
convenience of a slight delay in obtaining the result
is balanced by the fact that the parasites are isolated
and can be characterized.

In the present study, haemoculture followed by
isoenzyme typing revealed that a single zymodeme
was present in different organs of the same patient
and reappeared during relapse. We did not observe
the simultaneous presence of two zymodemes, as has
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been reported for a dog (17), but this needs further
investigation.
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Resume
L'hemoculture comme moyen de
diagnostic de la leishmaniose viscerale
chez les patients VIH-negatifs et VIH-
positifs et son interet pour l'identification
du parasite
De mai 1993 a juin 1996, 65 patients VIH-positifs
et 30 VIH-n6gatifs, originaires de la region
m6diterraneenne et pr6sentant au moins un
syndrome febrile, ont fait l'objet d'une recherche
de Leishmania. Au total, 128 prelevements de
moelle osseuse et de sang p6riph6rique ont ete
r6alis6s et mis en culture sur milieu NNN. Lors du
diagnostic initial, 14 sujets (six VIH-positifs et huit
VlH-n6gatifs), sur les 15 ayant une h6moculture
positive, avaient egalement une culture de moelle
osseuse positive. Chez deux sujets (un VIH-positif
et un VIH-n6gatif) les cultures de moelle osseuse
etaient positives alors que l'h6moculture 6tait
n6gative. A l'occasion du suivi post-therapeutique
sept patients (six VIH-positifs et un VlH-n6gatif), sur
les huit presentant une hemoculture positive,
avaient une culture de moelle osseuse 6galement
positive. Trois patients VIH-positifs et un VIH-
n6gatif avaient une culture de moelle osseuse
positive et une hemoculture n6gative. Chez les
patients VIH-positifs les rechutes semblaient plus
fr6quentes (9/65 contre 3/30), de meme que la
pr6sence de Leishmania dans le sang (6/65 contre
2/30). L'analyse enzymatique a permis d'identifier
trois zymodemes: MON-1 chez quatre patients
VIH-positifs et huit VIH-n6gatifs; MON-28 chez un
sujet VIH-positif; MON-29 chez un sujet VIH-positif.
De plus, pour un meme patient, le meme zymo-
deme 6tait retrouve au niveau des cultures de

moelle osseuse et de sang aussi bien lors du
diagnostic initial qu'a l'occasion du suivi post-
therapeutique.
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