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Comparison of methods for isolating Mycobacterium
avium-intracellulare from blood of patients with AIDS
D C SHAN SON, M S DRYDEN St Stephen's Hospital, London

SUMMARY A variety ofblood culture media were compared to determine the optimal method for the
isolation of Mycobacterium avium-intracellulare (MAI) from the blood of patients with AIDS.
Simulated laboratory blood cultures and clinical blood cultures were tested. Glucose broth, Bactec
aerobic medium, Kirschner's medium, and Bactec Middlebrook medium supported the growth of
MAI. The Isolator system, a lysis centrifugation method, facilitated the most rapid isolation ofMAI
(p = 0 001). The Bactec Middlebrook medium gave the most rapid detection rate (p = 0001) as acid
fast bacilli could be stained by the Ziehl-Neelson method before colonies were isolated in the Isolator
system. The growth index readings did not reliably predict mycobacterial growth in the two
radiometric media tested.
Although several methods may be used to isolate MAI from blood, the most rapid and sensitive

method is the Isolator system used in combination with the Bactec Middlebrook medium.

Disseminated mycobaterial infection, particularly
with Mycobacterium avium intracellulare (MAI), is
common in patients with AIDS.'-'We compared the in
vitro growth of MAI in several conventional and
specialised blood culture media, and also carried out a
clinical comparison of these media.

Material and methods

Kirschner broth culture of five strains of MAI,
cultured from different patients with AIDS, were
inoculated in whole human blood to give two final
concentrations. A heavy inoculum represented 50 to
500 colony forming units (cfu)/ml of blood, and a light
inoculum I to 5 cfu/ml of blood.

Blood containing both concentrations of organisms
was inoculated into a variety of commercial blood
culture media (table 1). The media tested were digest
broth with 0-1% glucose and 0 05% liquoid (30 ml)
(Southern Group Laboratories), Bactec radiometric
tryptic soy broth (30 ml) (Becton Dickinson) (Bactec
aerobic), Bactec radiometric 7H12 Middlebrook
medium (4 ml) (Becton Dickinson), a standard liquid
Kirschner medium (30 ml) (Oxoid), and Isolator (Du
Pont), a lysis centrifugation method. This last method
contains saponin which produces cell lysis, and
sodium polyanetholesulphonate, and which acts as an
anticoagulant, neutralises the bactericidal properties
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ofblood, and inhibits phagocytosis. The Isolator tubes
were centrifuged at 2000 rpm for 30 minutes. The
supernatant was discarded and the deposit was
inoculated on a Lowenstein Jensen slope and 7H 11
agar which was treated in the same way as the other
plates. Two anaerobic media were also tested: a brain
heart infusion broth with cysteine and panmede (50

Table 1 Simulated laboratory blood cultures

Heavy inoculum Light inoculum
Media Day (5S-500 eful (1-5 cfu/ml)

ml)

Bactec aerobic 14 32 0
21 36 15
32 36 33

Bactec Middlebrook 14 36 11
21 36 24
32 36 35

Glucose broth 14 25 0
21 36 9
32 36 29

Kirschner medium 14 36 2
21 36 16
32 36 34

Isolator lysis 14 12 11
centrifugation 21 (only 12 12 12
system 32 tested) 12 12

Bactec anaerobic 14 0 0
21 (only 10 0 0
32 tested) 2 0

Brain heart infusion 14 0 0
broth 21 (only 10 0 0

32 tested) 1 0
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ml) (Gibco) (BH) and Bactec anaerobic tryptic soy
broth (30 ml) (Becton Dickinson). Volumes of blood
inoculated were those recommended by the manufac-
turers: Isolator (10 ml); Bactec broth, Bactec aerobic
medium, BH, digest broth, Kirschner medium (all 5
ml); and Bactec Middlebrook medium (2 ml). The five
strains of MAI were randomly distributed among the
sets.

Radiometric readings were recorded daily from the
Bactec bottles. Broth cultures were subcultured on
days 3, 6, 8, 13, and 21 on 7H1 I agar (Difco) and on a
Lowenstein Jensen slope. The subculture plates, sealed
inside a plastic bag and incubated at 37°C for up to six
weeks, were examined daily for mycobacterial growth.
A further simulated laboratory experiment was

performed to compare the more promising media. One
strain ofMAI was used, and four concentrations ofthe
organism in blood were prepared: 550 cfu/ml, 55 cfu/
ml, 5 5 cfu/ml and < I cfu/ml (average 0 55 cfu/ml).
Each of these concentrations was inoculated simultan-
eously into five sets of the following media: Bactec
broth, Bactec Middlebrook medium, Kirschner
medium, digest broth, Isolator. The deposits from the
Isolator tubes containing the lowest concentration of
organisms (< I cfu/ml) were also inoculated into
Bactec Middlebrook medium bottles which were sub-
cultured on 7H 11 plates after three days' incubation.
The other bottles and tubes were treated the same as in
the preliminary study. A Ziehl-Neelson stain was
performed on the culture fluid on each day that it was
subcultured. Ziehl-Neelson stains were also carried
out on all the Isolator deposits at the time of subcul-
ture.

CLINICAL COMPARISON OF MEDIA
All human immunodeficiency virus (HIV) positive
patients with a fever had blood taken for culture. At
the beginning of the study blood was inoculated into
four types ofmedia: digest broth, Bactec broth, Bactec
anaerobic medium, and BH. As the study progressed
specialised media became available: Bactec Mid-
dlebrook medium and Isolator. The digest broth,
Bactec broth, Bactec anaerobic medium, and BH
bottles were incubated for a week initially and proces-
sed for routine bacteriological culture. At first all these
bottles were subcultured directly on 7H1 1 agar and
Lowenstein Jensen slopes for mycobacterial isolation.
Later in the study only the Bactec broth, Bactec
Middlebrook medium bottles, and Isolator tubes were
subcultured for mycobacteria. Subculture was carried
out after an incubation period of one week.

Isolates of Mycobacteria were initially identified by
their morphology and acid fast properties with the
Ziehl-Neelson stain. Further identification and sen-
sitivity testing was kindly performed by the Public
Health Laboratory at Dulwich Hospital.

Shanson, Dryden
Results

SIMULATED IN VITRO COMPARISON OF MEDIA

The preliminary simulated experiments showed that
all the aerobic media, but none ofthe anaerobic media,
supported the growth of MAI.
The Bactec radiometric readings were unreliable in

the detection ofMAI growth. The Bactec broth bottles
gave readings under the positive threshold value
despite positive growth on subculture. The Bactec
Middlebrook medium often gave high readings
immediately after inoculation. This was true of both
the simulated preparations and the clinical specimens.
There was no statistical difference in the rate of
recovery of a heavy inoculum ofMAI from the aerobic
media tested. A variation in the rate of recovery was
much more noticeable with the light inoculum (table
1). In rank order Isolator was the most rapid and
sensitive medium. Eleven of 12 tubes yielded a positive
growth on subculture by the fourteenth day
(p = 0 001). This compared with Bactec Middlebrook
medium, ranking second, in which 11 of 36 bottles
were positive by the fourteenth day, 24 of 36 positive
by the twenty first day and 35 of 36 positive by the
thirty second day. Isolation of MAI from Bactec
Middlebrook medium was statistically greater
(p = 0-001) at day 14 than from Bactec broth, digest
broth, or Kirschner medium.
There was no statistical difference between the

performance of Kirschner medium and Bactec aerobic
broth. Digest broth performed the least well of all the
aerobic media tested, but nevertheless, 29 of 36 bottles
yielded growth from the light inoculum by the thirty
second day.

In the final simulated laboratory experiment (table
2), the Isolator system was the most rapid in detection
and isolation at the higher concentrations (550 cfu/ml
and 55 cfu/ml). Acid fast bacilli were detected in the
initial centrifuged deposit at day 0. Culture was also
most rapid, colonies being visible on the 7H1 1 agar
plates usually by day 5. Bactec Middlebrook medium
again ranked second.
At the lower concentrations the differences in rate of

detection and isolation were more pronounced as in
the preliminary studies. Of the liquid media, Bactec
Middlebrook medium consistently showed the most
rapid rate of detection and isolation. Overall, Isolator
was the most rapid method of isolation, but the Ziehl-
Neelson stains of the centrifuged deposits were
negative in all cases. At a concentration of 5 5 cfu/ml,
this made Bactec Middlebrook medium the most rapid
method of detection as the Ziehl-Neelson stain was
positive at day 6, whereas colonies were not detected
on the Isolator subculture plates until day 9.
The sensitivity of most media in recovering MAI

suffered at the lowest concentration of < 1 cfu/ml. In
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Methods to isolateM avium-intracellularefrom patients with AIDS

the liquid media only two of five bottles yielded MAI.
MAI were recovered from three Isolator tubes out of
five. Sensitivity was noticeably increased by inoculat-
ing the Isolator centrifuged deposit into a Bactec

Table 2 Rate ofdetection ofMAIfrom various culture
media

Media 550(cfu/ml) 55(cfu/ml) 5-5(cfu/ml) <1(cfu/ml)

Bactec aerobic:
Day positive by

Ziehl-Neelson 6 6 13 21
Day positive on

culture (range) 11 (9-16) 13 (10-15) 19 (17-23) 32 (25-39)
5/5 5/5 4/5 2/5

Bactec Middlebrook:
Day positive by

Ziehl-Neelson 3 6 6 13
Day positive on

culture (range) 9 (8-10) 9 (8-10) 14 (12-18) 25 (16-34)
5/5 5/5 5/5 2/5

Glucose broth:
Day positive by

Ziehl-Neelson 8 8 13 21
Day positive on

culture (range) 15(13-20) 17(13-22) 25 (16-40) 36 (25-47)
5/5 5/5 3/5 2/5

Kirschner medium:
Day positive by

Ziehl-Neelson 6 6 13 21
Day positive on

culture (range) 12 (10-15) 13 (10-15) 17 (16-22) 29 (23-39)
5/5 5/5 4/5 2/5

Isolator lysis centrifugation system:
Day positive by

Ziehl-Neelson 0 0 negative negative
Day positive on

culture (range) 5 (5) 5 (5) 9 (6-13) 15 (11-18)
5/5 5/5 5/5 3/5

Isolator lysis centrifugation system + Bactec Middlebrook:
Day positive by

Ziehl-Neelson ND ND ND negative
Day positive on

culture (range) ND ND ND 14(11-15)

Middlebrook medium bottle, and incubating these for
three days before subculture.

CLINICAL COMPARISON OF MEDIA
Between January 1986 and July 1987 one hundred and
thirty seven HIV positive patients had blood taken for
culture. A total of 306 blood culture bottles were
processed for mycobacterial culture. Mycobacterial
growth was observed in 48 bottles from 13 (9 5%)
patients. MAI was never isolated from one aerobic
medium and not from another (table 3). They were
equally sensitive. None ofthe anaerobic media subcul-
tured for mycobacteria yielded any growth. The
difference between the aerobic media lay in the rate of
isolation.

It took longer to isolate MAI from clinical
specimens than from the simulated preparations.
Detection in some cases was rapid, acid fast bacilli
being detected from the Bactec Middlebrook medium
broth on day 7 (case 12), and in another case from the
Bactec Middlebrook medium and Bactec broth on day
8 (case 6). Isolation was clearly most rapid using the
Isolator system (cases 2 and 3). In both these cases
MAI was isolated from the Isolator tubes over 10 days
before the broth subcultures yielded growth.

Discussion

MAI infection in patients with AIDS in the United
Kingdom seems to be as common as in the United
States of America.'5 It is therefore important for all
microbiology departments dealing with specimens

from this group ofpatients to be in a position to isolate
MAI from blood cultures. Early detection of MAI
infection assists with the rapid diagnosis of opportun-
istic infection in patients with AIDS. It also allows
prompt initiation of anti-mycobacterial treatment,
although at present the value of this treatment is
limited.
MAI is not a fastidious organism. It grows well in a

variety of commercially available media, and, as has
been shown in this study, MAI may be isolated from
conventional blood culture media such as glucose

Table 3 Day ofdetection ofMAIftom clinical samples

Bactec aerobic Bactec Middlebrook Other media

Case No Ziehl-Neelson Culture Ziehi-Neelson Culture Ziehi-Neelson Culture

I 15 33 Not tested
2 Not tested 16 28 Negative Isolator 17
3 19 39 17 37 Negative Isolator 20
4 20 29 Not tested 20 glucose broth 29
5 Not tested Negative 40
6 8 25 8 25
7 38 Not tested Negative glucose broth 45
8 Not tested Negative 46
9 10 21 Not tested
10 13 22 13 22
1 1 12 33 Not tested
12 Negative 31 7 27
13 Negative 33 Not tested
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690 Shanson, Dryden
broth and Bactec aerobic media. Anaerobic media do
not support the growth of MAI, and they should not
be used. Specialised blood culture systems are not
essential for the isolation of MAI, but may speed up
the rate of detection.
Both the simulated laboratory and the clinical

comparison ofmedia has shown a noticeable variation
in the rate and sensitivity of various blood culture
media to detect MAI, particularly when there was a
light inoculum of organisms. The Isolator system was
consistently the most rapid method of isolation. MAI
is an intracellular parasite. The ability of the Isolator
system to lyse blood cells and neutralise the antibac-
terial properties of blood promotes the isolation of
these organisms. The Isolator system has the added
advantage of being simple to handle and process.
When blood is being collected for culture, the Isolator
tubes can be inserted into a Vacutainer sheath. The use
of needles is minimised for both the clinician and the
laboratory technician.
The growth index readings were not a reliable

indicator of positive mycobacterial growth in the
radiometric bottles. MAI grows rapidly in the Bactec
Middlebrook medium, and, where low inocula are
present, this method may provide the most rapid
detection rate, as Ziehl-Neelson staining of the broth
may show acid fast bacilli.

For the most rapid and sensitive method for the
isolation of MAI from blood, we recommend collect-
ing the blood in Isolator tubes. Halfthe deposit should
be subcultured on Middlebrook 7H1 1 agar and a
Lowenstein Jensen slope, and the other half should be

inoculated into Bactec Middlebrook media, which
should be subcultured on solid media after three to five
days. For those laboratories which do not have access
to these specialised blood culture methods, conven-
tional blood culture techniques should yield MAI if
present, but the incubation period may need to be
extended. (Further details of the Bactec readings and
details of the techniques referred to in the text can be
obtained from the authors).
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