Diagnosis of disseminated mycobacterial
infection: testing a simple and inexpensive
method for use in developing countries
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With the development of the acquired immunodeficiency syndrome (AIDS) epidemic, the isolation of
mycobacteria from blood has become a common problem for clinical laboratories. In this study two methods
were used for the recovery of mycobacteria from blood specimens obtained from AIDS patients: (1) direct
inoculation of a biphasic medium, and (2) a non-commercial lysis—centrifugation method. A total of 3
consecutive blood samples were taken at 15-minute intervals from each of 50 AIDS patients with clinical
suspicion of disseminated mycobacterial disease. Mycobacterium growth was noted in 70/138 blood speci-
mens from 30 (60%) patients. These cultures yielded Mycobacterium tuberculosis in 19 (63%) and
Mycobacterium avium complex organisms in 11 (37%) patients. Cultures using the lysis—centrifugation
method were positive in 54% of the patients while cultures using biphasic medium were positive in 44% (P
> 0.05). The positivity for M. avium complex was higher with lysis—centrifugation (91%) than with biphasic
medium (45.4%) (P < 0.05). However, the positivities for M. tuberculosis with the lysis—centrifugation
method (89.5%) and direct inoculation in biphasic medium (100%) were similar (P > 0.05). The use of a non-
commercial lysis—centrifugation technique is inexpensive, reliable, and can be an alternative method for the
diagnosis of mycobacteraemia in developing countries.

Introduction

Following the development of the acquired im-
munodeficiency syndrome (AIDS) epidemic, an
increasing number of secondary disseminated
mycobacterial infections has prompted the search
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for a sensitive method of recovering mycobacteria
from blood. The highest diagnostic yield for Myco-
bacterium avium complex organisms is achieved by
lysis—centrifugation culture methods (7, 2). Such sys-
tems are commercially available and are commonly
used in the USA and in Western Europe (3, 4). Diag-
nosis with the radiometric BACTEC culture me-
dium is more rapid and has a similar sensitivity but
requires a radioactive substrate and does not yield
isolated colonies (5, 6). Both methods are too expen-
sive for routine use in developing countries. This
prospective study compares the efficiency of two dif-
ferent methods for detecting mycobacterial growth
from the peripheral blood of AIDS patients: (1)
direct inoculation onto a biphasic medium and (2)
an inexpensive non-commercial lysis—centrifugation
method.

Methods

Patients

During the period December 1993 to August 1994,
blood specimens were obtained from 50 AIDS pa-
tients with suspected disseminated mycobacterial
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disease. The main characteristic used to select pa-
tients was fever of unknown origin plus one of the
following: hepatosplenomegaly, lung infiltrate, anae-
mia, or elevated alkaline phosphatase. Furthermore,
when possible, a CD4 lymphocyte T cell count (cells
per ul) was performed.

Blood specimens

A total of 3 blood samples were taken from each
patient at 15-minute intervals by a trained phle-
botomist. Each sample was collected in 2 Vacutainer
tubes (Becton Dickinson, MD, USA) containing
ethylenediaminetetraacetic acid (EDTA) as an
anticoagulant. The temperature of the patients
was measured at each sample. A total of 138 blood
samples were obtained from the patients studied.
Other specimens (e.g. sputum) were obtained for
routine mycobacterial culture according to clinical
indications.

Procedure

Upon arrival in the laboratory the contents of one
Vacutainer tube were mixed with 30ml of 0.3%
(w/v) sodium deoxicholate solution and incubated
for 15min at room temperature. After centrifuga-
tion for 25min at 3000g (4°C), the pellet was sus-
pended in 1ml of 0.2% bovine albumin saline
(Fraction V, Sigma, St. Louis, MO, USA), and
0.2ml of the suspension was added to one tube with
Middlebrook 7H9 broth and to two Lowenstein—
Jensen slants.

The contents of the second Vacutainer were di-
rectly added to biphasic medium containing Sml of
Middlebrook 7H9 broth and 15ml of Middlebrook
7H10 agar. All mycobacterial isolates were identified
using standard biochemical methods.

Statistical analysis

The 7?2 test (with Yates’ correction for 2 X 2 tables)
and Fisher’s exact test were used to compare statis-
tics between the patient groups. For continuous
variables Student’s t-test was used. In each case, a
two-sided test with a 0.05 significance level was
used.

Results

Mycobacterial growth was obtained from 70/138
specimens (from 30/50 (60%) patients). Positive
cultures yielded M. tuberculosis in 19 (63%) and
M. avium complex organisms in 11 (37%) patients.
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Only 4 patients with M. avium complex cultured
from blood had mycobacteria isolated from cul-
tures obtained from other clinical specimens. Of
these, one patient had M. avium complex iso-
lated from a liver sample (patient No. 3). Two
patients with M. avium complex isolated from
blood showed M. tuberculosis in cultures from
either sputum (patient No. 46) or a lymph node
biopsy (patient No. 1). One patient had Myco-
bacterium gordonae isolated from faeces (patient
No. 13). The majority of patients with positive blood
cultures for M. tuberculosis had the same myco-
bacteria species isolated from other clinical samples.
However, 5 patients could be diagnosed with tuber-
culosis only after the results of blood culture (pa-
tients No. 6, 7, 18, 19, and 32). These results, includ-
ing CD4 lymphocyte T cell counts, are depicted in
Table 1.

The mean of CD4 lymphocyte T cell counts for
patients with positive blood cultures for M. avium
complex was 15.9 cells per pl, while for patients with
positive M. tuberculosis cultures the mean was 71.1
cells per pl (range, 0-449 cells per pl).

A total of 19 (63%) patients with positive
mycobacterial cultures were positive by both meth-
ods used. With the lysis—centrifugation method
blood cultures were positive for 54% (27/50) of
patients, while with biphasic medium blood cul-
tures were positive for 44% (22/50). A comparative
analysis of the two methods showed no statistically
significant difference (P > 0.05). The mean detection
time for lysis—centrifugation and biphasic medium
was 42.8 and 58.5 days, respectively. This prob-
ably means that the lysis—centrifugation method
recovered more viable mycobacteria from blood
than did the biphasic medium, despite the lack of
a statistically significant difference between them.
A comparison of the results obtained with the
Lowenstein-Jensen slants and the Middlebrook 7H9
broth used for the isolation of mycobacteria in
the lysis—centrifugation method showed that for
M. tuberculosis (34% and 42%, resp.) as well as
for M. avium complex (45% and 36%, resp.) no
statistically significant difference was observed
(P > 0.05, results not shown). However, a striking
difference was observed when we compared the
two blood-culture methods according to the species
of mycobacteria recovered (Table 2). The posi-
tivity for M. avium complex was higher with lysis—
centrifugation (10/11 = 91%) than with biphasic
medium (5/11 = 45.4%) (P < 0.05), although the
positivity for M. tuberculosis by the lysis—centrifuga-
tion method (89.5%) and direct inoculation of bi-
phasic medium (100%) was similar (P > 0.05) (Fig.
1). Samples from the same patient showed concor-
dant results in 39/50 (78%) patients.
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Table 1: Mycobacterium culture results for the 50 AIDS patients studied

Blood culture: Other specimen culture:
Patient CD4 lymphocyte Biphasic Lysis—centrifugation Mycobacterium Collection Mycobacterium
No. T cell counts medium method species identified sites species identified
1 0 + + M. avium complex lymph node M. tuberculosis
2 52 + + M. avium complex — —
3 12 + + M. avium complex liver M. avium complex
4 40 + + M. tuberculosis BAL# M. tuberculosis
5 100 - - —_ _ -
6 46 NP® + M. tuberculosis — —
7 86 NP + M. tuberculosis — -—
8 50 - + M. avium complex — —
9 0 + + M. tuberculosis sputum M. tuberculosis
10 0 - + M. avium complex —_ -
11 20 - + M. avium complex — —
12 0 - - — — _
13 19 - + M. avium complex faeces M. gordonae
14 31 - - _ — —_
15 165 - - — sputum M. tuberculosis
16 89 - - — — —
17 49 - - —_ — —
18 0 + + M. tuberculosis —_ —_
19 50 + + M. tuberculosis — —
20 32 - - — sputum M. tuberculosis
21 38 - - — — —_
22 34 - - — — —_
23 80 - - — _ —_—
24 265 - - — —_ —_
25 48 + + M. tuberculosis bone marrow M. tuberculosis
25 — sputum M. tuberculosis
25 faeces M. tuberculosis
26 151 + + M. tuberculosis bone marrow M. tuberculosis
27 15 - - -_ — —_
28 59 + + M. tuberculosis lymph node M. tuberculosis
29 33 + + M. tuberculosis bone marrow M. tuberculosis
30 135 + + M. tuberculosis sputum M. tuberculosis
30 bone marrow M. tuberculosis
30 lymph node M. tuberculosis
31 53 - - — - —
32 20 + + M. tuberculosis — —
33 25 + + M. tuberculosis liver M. tuberculosis
33 sputum M. tuberculosis
34 75 + + M. tuberculosis lymph node M. tuberculosis
35 0 + - M. tuberculosis sputum M. tuberculosis
36 449 + + M. tuberculosis sputum M. tuberculosis
37 5 + + M. tuberculosis sputum M. tuberculosis
38 13 + + M. tuberculosis sputum M. tuberculosis
39 116 + - M. tuberculosis bone marrow M. tuberculosis
40 0 - - — sputum M. tuberculosis
41 0 - - — — —
42 15 + - M. avium complex — -
43 100 - - — sputum M. tuberculosis
44 2 - - — sputum M. tuberculosis
45 0 - - — sputum M. tuberculosis
46 5 - + M. avium complex sputum M. tuberculosis
47 2 + + M. avium complex — _
48 0 - + M. avium complex — —_
49 2 - - - BAL M. tuberculosis
50 5 - - — lymph node M. tuberculosis

2 BAL = bronchoalveolar lavage.
» NP = not performed.
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Table 2: Comparison of different culture media for the recovery of
mycobacteria from the blood of AIDS patients studied

M. tuberculosis:

M. avium complex:

Biphasic Biphasic

LC-7H92 LC-LJ® medium LC-7H92 LC-LJ® medium
Positive 16 13 17 8 10 5
Negative 3 6 0 3 1 6
Not performed 0 0 2 0 0 0

2 Blood processed by lysis—centrifugation and added to Middlebrook 7H9 broth.
b Blood processed by lysis—centrifugation and added to Léwenstein—Jensen slants.

Fig. 1. Comparison of the positivity of the two culture
methods studied, by species isolated. Biphasic
medium, P < 0.05.
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Discussion

Despite culture techniques making the detection of
mycobacteria in blood easier (2, 7), few studies have
focused on M. tuberculosis bacteraemia in AIDS
patients (6, 8, 9). This study suggests that M. tubercu-
losis bacteraemia is common among AIDS patients
in Brazil, and some workers have suggested that
such bacteraemia has become more frequent (5).
This study also suggests that blood culture is a valu-
able diagnostic tool when tuberculosis is suspected,
even when the culture of other specimens fails to
yield the organism. Thus, our observations concur
with those of Bouza et al. (10), but contrast with
those of Shafer et al. (6), who did not find blood
culture useful for the diagnosis of tuberculosis.
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M. avium complex is the most common bacterial
infection in AIDS patients in the USA and Europe
(3, 8), but its frequency in developing countries is
almost unknown (II). Our results and those of
Barreto et al (12) suggest that M. avium complex
infection might be more common in AIDS patients
in Brazil than is realized.

The higher yield for isolation of M. avium com-
plex with the lysis—centrifugation method arises be-
cause M. avium complex organisms are not usually
found free in plasma (I). The lysis of peripheral
blood leukocytes releases intracellular mycobac-
teria, which are concentrated by centrifugation, in-
creasing the sensitivity of blood culture (4). As M.
tuberculosis is a true pathogenic bacterium with
greater capacity for causing disseminated disease,
both methods were sensitive for detecting M.
tuberculosis bacteraemia. Although Middlebrook
7H9 broth has generally been found to be more
sensitive than tests on solid media, such as the
Lowenstein-Jensen slants, the lack of significant dif-
ference found here may be due to the relatively small
sample size.

The low CD4 lymphocyte T cell counts in
patients with positive M. avium cultures from blood
(15.9 cells per pl) are concordant with the findings of
some workers who estimate the risk for the occur-
rence of M. avium bacteraemia to be much greater
when the CD4 lymphocyte T cell count is less than 50
cells per wl (13-15). However, the mean CD4
lymphocyte T cell count of 71.1 cells per ul in pa-
tients with M. tuberculosis cultured from blood was
lower than most of those reported elsewhere (range,
23-742 cells per ul) at the moment of tuberculosis
diagnosis. Human immunodeficiency virus (HIV)
positive patients with extrapulmonary tuberculosis
have lower CD4 lymphocyte T cell counts (mean,
153 cells per pul) than patients with pulmonary tuber-
culosis only (16, 17). The characteristics used to se-
lect patients for this study probably favoured the
selection of more complicated cases of tuberculosis.
This is supported by the high percentage of patients
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with disseminated tuberculosis (78%) in this study
and by the fact that all patients had negative tuber-
culin skin tests.

All three consecutive blood samples from an
individual showed concordant results in 39 patients
(78%), suggesting that one blood sample is sufficient
for the diagnosis of mycobacteraemia. Similar results
were found in a retrospective study evaluating the
usefulness of paired blood cultures, which demon-
strated concordant results in 96% of pairs (/8). None
of our patients had fever at the moment of blood
collection, which contrasts with the criteria for tak-
ing blood samples for the diagnosis of bacteraemia
caused by non-acid-fast organisms.

In conclusion, this study shows that blood cul-
ture can be performed using a non-commercial, sen-
sitive, inexpensive method for the diagnosis of
disseminated mycobacterial disease, and we recom-
mend it for routine use in mycobacterial laboratories
in developing countries; moreover, this study dem-
onstrated a high frequency of disseminated M. avium
complex infection in HIV-positive patients in Brazil.
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Résumé

Diagnostic de la mycobactériose
généralisée: essai d’une méthode simple
et bon marché utilisable dans les pays en
développement

Avec le développement de I'épidémie de syndrome
d'immunodéficience acquise (SIDA), lisolement
des mycobactéries dans le sang est devenu un
probleme fréquent pour les laboratoires d’analyses
médicales. Deux méthodes ont été utilisées dans
la présente étude pour cultiver les mycobactéries
a partir des prélévements de sang pratiqués chez
les patients atteints de SIDA: 1) inoculation directe
d’'un milieu biphasique, et 2) méthode non com-
mercialisée par lyse et centrifugation. Au total, trois
échantillons de sang consécutifs ont été prélevés a
15 minutes d’intervalle chez chacun des 50 patients
présumés cliniquement atteints de mycobactériose
généralisée. Les mycobactéries ont cultivé pour
70 des 138 prélevements de sang réalisés chez
30 patients (soit 60%). Ces cultures ont permis
d’'obtenir Mycobacterium tuberculosis chez 19 pa-
tients (soit 63%), et des germes appartenant au
complexe Mycobacterium avium chez 11 patients
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(soit 37%). Les cultures obtenues par lyse-centrifu-
gation étaient positives chez 54% des patients,
tandis que les cultures sur milieu biphasique étaient
positives chez 44% des patients (p > 0,05). Le nom-
bre de cultures positives pour le complexe M. avium
était plus grand avec la lyse-centrifugation (91%)
qu’avec le milieu biphasique (45,4%) (p < 0,05).
Pour M. tuberculosis, la sensibilit¢ de la lyse—
centrifugation (89,5%) et celle de linoculation
directe en milieu biphasique (100%) étaient tou-
tefois comparables (p > 0,05). La lyse—centrifuga-
tion non commercialisée est une technique bon
marché, fiable, et qui peut étre utilisée comme
méthode de remplacement pour le diagnostic de la
mycobactériémie dans les pays en développement.
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