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Non-tuberculosis Mycobacteria in Africa
2. Sensitivity to Mycobacteriophages *

M. P. ZYKOV,1 JU. I. DONEC 1 & B. A. GODOVANNYI'

In this-the second ofa series ofstudies on the prevalence ofnon-tuberculosis mycobac-
teria in Africa-the susceptibility of 228 cultures of non-tuberculosis mycobacteria
isolated at tuberculosis laboratories in Nairobi, Kenya, and Lagos, Nigeria, to 7
laboratory strains of mycobacteriophages was examined. Of the 5I cultures found to
be phage-sensitive, just over half (29) were saprophytic. In the cultures from East Africa,
phage-sensitive strains were observed only among the saprophytes, whereas in those from
West Africa such strains occurred also among unpigmented mycobacteria (Runyon's
Group III). All but one strain of non-tuberculosis mycobacteria isolated from domestic
animals in East Africa were found to be resistant to all 7 phages used. Unfortunately, the
patterns ofphage sensitivity showed such variety that it was concluded that phage-typing
alone was unsuitable for the classification of non-tuberculosis mycobacteria.

During the past few years the problem of atypical
and saprophytic mycobacteria-i.e., non-tubercu-
losis mycobacteria-has attracted the attention of
tuberculosis bacteriologists all over the world (Zykov
et al., 1967 2). The name " non-tuberculosis " myco-
bacteria seems to be convenient because this group
of micro-organisms is not homogeneous and there is
as yet no classification which entirely satisfies both
bacteriologists and practitioners.
Although not perfect, Runyon's (1959) classifica-

tion of atypical mycobacteria is the most acceptable
at present, and has therefore been used in this study.
A number of investigators have tried to improve on
Runyon's classification with the aid of various tests
of enzymic activity (Bonicke, 1958, 1962; Konno et
al., 1962; Viallier et al., 1962). The authors of this
paper have attempted to use mycobacteriophages for
the differentiation of non-tuberculosis mycobacteria.
Up to now, phages have been used for the investiga-
tion of non-tuberculosis mycobacteria only in Eu-
rope, America and Japan (Hnatko, 1956; Takeya et
al., 1960; Vandra, 1962; Kappler, 1962; Redmond,
1963a, 1963b) and it therefore seemed to be of great
interest to use them for the characterization of non-
tuberculosis mycobacteria isolated in Africa.

* From the Central Tuberculosis Laboratory, P.O. Box
6105, Nairobi, Kenya.

1 Bacteriologist (WHO).
'See the article on page 927 of this issue.

MATERIALS AND METHODS

Cultures
This study was carried out on 228 strains of non-

tuberculosis mycobacteria isolated at the tubercu-
losis laboratories in Nairobi, Kenya, and Lagos,
Nigeria, from material sent from various parts of
Africa-namely, Kenya, Basutoland (now Lesotho),
Zambia, Tanzania, Southern Rhodesia, the Seychelles
Islands and Nigeria. These cultures were consi-
dered to be non-tuberculosis mycobacteria on the
basis of their morphology, strongly positive catalase
reaction, negative niacin reaction and growth on
L6wenstein-Jensen medium at room temperature. On
the basis of their speed of growth on Lowenstein-
Jensen medium at 37°C, formamidase activity, ability
to grow on nutrient media (broth and agar) and pig-
mentation in light and in darkness,' 228 cultures were
divided into 5 groups-namely, photochromogens
(Runyon's Group I; 3 strains), scotochromogens
(Runyon's Group II; 21 strains), unpigmented
(Runyon's Group III; 88 strains), rapid growers
(Runyon's Group IV; 32 strains) and saprophytes
(84 strains).

Mycobacteriophages
All the cultures were subjected to the action of

phages D12, D56, Dll, D35, D4, D29 and D28,
kindly supplied by Dr S. Froman, Olive View Hos-
pital, Olive View, Calif., USA. The stock phage
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suspensions were kept in the refrigerator and used
within 4 months.

Medium
Solidified Sula's lyophilized medium was used for

all phage-sensitivity experiments. The medium was

prepared before each experiment in the amounts re-
quired, and was dispensed into sterile Petri dishes of
about 8 cm in diameter in amounts of 30 ml each,
solidified at room temperature and dried in an incu-
bator for 30 minutes.

Bacteriophage-sensitivity test

Rapid-growing and saprophytic mycobacteria
were cultured at 37°C for 2 to 3 days on Lowenstein-
Jensen medium, and more slowly growing mycobac-
teria were cultured for 2 to 3 weeks on Lowenstein-
Jensen slants. About one 3-mm loop-full of culture
was then taken and a homogeneous suspension
prepared in a 7-ml screw-cap bottle containing
0.5 ml of saline solution and 3 or 4 glass beads;
3 drops of the suspension were then spread on solid
Sula's medium in a Petri dish.

Procedure. The spot method for determination of
phage-sensitivity (Redmond, 1962; Ward & Red-
mond, 1962; Redmond et al., 1963) has been adapted
for use with mycobacteria so as to differentiate sus-

ceptible from non-susceptible strains. The principle
of this method is fundamentally the same as that
employed in other investigations (for example, Fro-
man et al., 1954; Takeya et al., 1957; Murohashi,
1961; Doke, 1960): a drop of the undiluted phage
suspension is spotted on to the plate inoculated with
the test bacteria.

Recently, the routine test dilution (RTD) method
for the identification of mycobacteria has been de-
scribed (Redmond et al., 1963; Tokunaga & Muro-
hashi, 1963).

Before starting our experiments on the phage-sensi-
tivity of non-tuberculosis mycobacteria, the RTD
for the phages used by us was determined. In the
estimation of phage-susceptibility, the results of spot-
ting both with undiluted suspensions and with the
RTD suspension were taken into consideration. A
culture was considered to be phage-sensitive if any
degree of lysis was shown (see below).

After inoculation on gula's solidified medium, each
plate was placed in a plastic bag and incubated at
37°C. Various time-intervals between bacterial inoc-
ulation and phage-spotting have been used by dif-
ferent workers; for instance, Will et al. (1957) spotted
phages 5 days after inoculation; Takeya & Yoshimura

(1957) did so after a longer period; and Doke (1960)
carried out the spotting immediately after the drying
of the medium. Bearing in mind that if the time-
interval is too long, the phage-resistant part of the
culture's population grows over the lysed area, we
chose the following intervals in our experiments: for
slow-growing mycobacteria, 2 days; and for rapid-
growing ones, 2 hours.

After the preliminary incubation, all 7 phages were
spotted with a standard 3-mm loop on 1-cm squares
of the medium's surface marked on the bottom of
the Petri dish. Then all the plates were replaced in
plastic bags for further incubation. The results of
lysis were recorded for rapid-growing cultures after
1, 2, 5 and 10 days; for more slowly growing cultures
after 2, 5, 10 and 15 days; and for very slowly growing
strains after 1, 2, 3 and 4 weeks.

Recording of degree of lysis
The degree of lysis was expressed according to the

code used by Tokunaga & Murohashi (1963):
5 : completely confluent lysis;
4 : almost completely confluent lysis, with some

phage-resistant colonies present;
3 : so-called" semi-confluent "lysis;
2 : ten or more independent plaques;
1: less than ten independent plaques;
0 : no lysis.

RESULTS

Of the 228 cultures examined, 51 (22.3%) were
found to be sensitive to one or more of the 7 phages
used. As is shown in Table 1, phage-sensitive cul-
tures were found in all groups but that of the photo-
chromogens (Runyon's Group I): 29 strains (56.9 %)

TABLE I

PHAGE-SENSITIVITY OF AFRICAN NON-TUBERCULOSIS
MYCOBACTERIA

No. of Phage- Phages
Group of cul- sensitive producing

mycobacteria tures cultures mostmycobacteria exa- frecuent
mined No. % lysis

Photochromogens 3 0 -

Scotochromogens 21 3 14.3 D12

Unpigmented 88 15 17.0 D35, D56, D28

Rapid growers 32 4 12.5 D35

Saprophytic 84 29 34.5 D35, DlI
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of phage-sensitive mycobacteria were saprophytes,

15 (29.4%) were unpigmented mycobacteria (Run-

yon's Group III), and the remaining 7 cultures

(13.70 ) were either scotochromogens (Runyon's

Group 11-3 strains) or rapid growers (Runyon's

Group IV-4 strains). Some phages showed a certain

degree of specificity, D 12 more frequently lysing

scotochromogens, D 56 and D 28 unpigmented myco-

bacteria and D 11I saprophytes; on the other hand,

phage D 35 often lysed mycobacteria of all three

above-mentioned groups.

Table 2 shows the distribution of phage-sensitive

mycobacteria isolated in Africa from humans (207

cultures) and domestic animals (21 cultures). All the

21 strains from animals came from East Africa, as

well as 46 of the strains from humans. The remaining

161 strains were all isolated from humans in Nigeria.

As can be seen from the table, only one of the 21

strains isolated from domestic animals was found to

be sensitive to phages. The percentage of phage-

sensitive non-tuberculosis mycobacteria isolated

from humans in East Africa (1 3.00%) was lower than

that in West Africa (27.3 %). The phage-sensitive

cultures from West Africa were more frequently

found to be unpigmented or saprophytic than to be

photochromogens, scotochromogens or rapid grow-

ers. The frequency of lysis by different phages of all

the phage-sensitive non-tuberculosis mycobacteria

isolated in East and West Africa is shown in detail

in Table 3.

In an attempt to determine the nature of this phage-
sensitivity, the characteristics of the phage-sensitive
mycobacteria have been analysed in Table 4. It can
be seen that all 51 of the phage-sensitive strains were
niacin-negative, but catalase-po,,itive; and that, with
one exception, all of them grew at room temperature.
It was found, however, that the above-mentioned
characteristics were also exhibited by, the phage-
resistant mycobacteria belonging to the same groups.
We could not detect any difference between the sensi-
tive and the resistant strains in the results of direct

TABLE 2

DISTRIBUTION OF PHAGE-SENSITIVE
NON-TUBERCULOSIS MYCOBACTERIA

ISOLATED IN EAST AND WEST AFRICA

East Africa West Africa
Group of _______________-_______________ _________________

mycobacteria DomesticI
______ ~~~Humans a Iml Humans

Photochromogens 0 0 0

Scotochromogens 1 0 2

Unpigmented 0 1 14

Rapid growers 1 0 3

Saprophytic 4 0 25

Total 6 1 44

TABLE 3

FREQUENCY OF LYSIS BY DIFFERENT MYCOBACTERIOPHAGES OF NON-TUBERCULOSIS
MYCOBACTERIA ISOLATED IN EAST AND WEST AFRICA

East Africa West Africa
Group of No. of Lysis by phage No fLysis by phage

yco acteria sN o_

tested D12 D56 D28 Dll D35 D4 D29 tested D12 D56 D28 DIl D35 D4 jD29

Photo-
chromogens 2 1

Scoto-
chromogens 9 1 12 2 2 1 1 1 1 1

Unpigmented 22 a 1 1 1 1 1 1 66 6 9 9 8 10 4 5

Rapid growers 22 1 1 1 10 1 2 2~ 2 3 1 1

Saprophytic 12 1 4 1 2 72 16 15 7 16 20 6 10

Total 67 3 2 2 5 2 4 161 25 28 19 27 34 12 17

a The only phage-sensitive strain in this group was isolated from a goat.
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TABLE 4

CHARACTERISTICS OF PHAGE-SENSITIVE STRAINS OF NON-TUBERCULOSIS
MYCOBACTERIA ISOLATED IN AFRICA

Growth Growth
No at Niacin Cata- Forma- on No. of acid-fast bacilli by No. of colonies inGroup of room lase midase simple direct microscopy primary culture

of myco- cult- temp. media
bacteria curet 5- 1

+ | + - + + - + - 0 1-3 4-10 111-50 1 100+ 1-3 4-10 1-50 1500oo +

Photo-
chromogens 0

Scoto-
chromogens 3 2 1 3 3 3 3 3 3

Unpig-
mented 15 15 13 14 15 2 13 8 1 2 5 2 4

Rapid
growers 4 4 4 4 4 3 1 2 1 1 1 1

Sapro-
phytic 29 29 28 29 27 2 29 17 1 2 1 3 14 1 4 1 5

Total 51 51 48 [50 J 51 51 41 42

microscopy or primary culture examination. In both
cases the results were similar to those usually ob-
served with atypical mycobacteria: a high frequency
of negative results both by direct microscopy and by
primary culture. As mentioned earlier, the possi-
bility of phage-typing for the differentiation of myco-
bacteria has been studied by many investigators
(Hnatko, 1953, 1956; Froman, 1954, 1959; Will,
1957; Takeya & Yoshimura, 1957; Takeya et al.,
1960; Redmond et al., 1963; Murohashi, 1961). For
phage-typing purposes, mycobacteriophages with a

constant spectrum of activity were sought. Unfortu-
nately, none of those discovered proved to be highly
specific, but examination of the lytic patterns of more
than 200 phages in Froman's laboratory (Froman &
Bogen, 1953) revealed that there were differences for
various types of mycobacteria. Bearing in mind these
patterns and using the procedure for phage-typing
described by Froman (unpublished data, 1959), we
analysed the spectra of our phage-sensitive cultures
(Table 5). From this table, the variety of phage acti-
vity for each group of mycobacteria and for each
phage used in the study can be seen. Clearly, there
was no one lytic pattern that might be regarded as

typical for a particular group of mycobacteria. This
lack of specificity of mycobacteriophages means that
the results of phage-typing alone cannot be relied
upon for the differentiation ofnon-tuberculosis myco-

bacteria, but must be correlated with the results of
other tests (cultural, biochemical, etc.).

DISCUSSION

Of the several hundred bacteriophages isolated,
only relatively few have been found to lyse the patho-
genic and atypical mycobacteria. This is not too
surprising, since most phages have been isolated from
soil, where the presence of saprophytic mycobacteria
rather than that of pathogenic or atypical ones would
be expected.

If phage-typing of mycobacteria could be achieved
as in the case of other bacterial species, this would
contribute greatly to facilitate epidemiological studies
of tuberculosis. Since, as yet, no phage specific
enough to identify beyond question a particular type
of mycobacteria has been discovered, the only pos-
sibility at present is to use a combination of phages
that might produce characteristic lytic patterns with
different types of mycobacteria. Thus, Froman se-
lected 14 phages for the typing of saprophytic myco-
bacteria, while Tokunaga & Murohashi (1963) also
selected 14 strains out of 32 phage-typed by the
neutralization test of anti-phage sera.

In view of the very marked heterogenicity, it was
difficult to establish specific phage-types in our study.
The various strains of mycobacteria varied in suscep-
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TABLE 5
PHAGE-SENSITIVITY SPECTRA OF NON-TUBERCULOSIS MYCOBACTERIA ISOLATED IN AFRICA
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tibility, some being sensitive to none of the 7 test It has been stated that an increase in chromogenicity
phages used, while others were sensitive to all of them. is associated with an increase in resistance to lysis
Thus, we observed 26 lytic patterns among our 51 (Froman & Bogen, 1953) and that a large majority of
phage-sensitive strains of mycobacteria: 4 groups of scotochromogens are phage-resistant (Froman et al.,
cultures were sensitive to a single different specific 1961). In our study all 3 photochromogenic strains
phage; 8 groups were each sensitive to 2 phages; 4 were phage-resistant-a finding that corroborates the
groups were sensitive to 3 phages; 5 groups showed observations of some other authors (Redmond et al.,
different 4-phage lytic patterns; 3 groups were each 1963; Tokunaga & Murohashi, 1963). It seems pos-
lysed by 5 phages in various combinations; and 2 sible, therefore, that our results reflect a general trend
groups were sensitive to 6 or all 7 of the phages used. in this respect.
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The scotochromogens in our study showed, on the
whole, a rather weak phage-sensitivity, though an
elective susceptibility to phage D12 was noted. Some
of the unpigmented mycobacteria were remarkably
susceptible to the phages, showing considerable elec-
tive sensitivity to phages D35, D56 and D28. The
sensitivity of unpigmented cultures to phage D28 is
of special interest since mycobacteria of the other
groups were lysed by this phage to a considerably
lesser degree. The group of rapid-growing myco-
bacteria showed weak phage-sensitivity and no elec-
tive sensitivity to any phage. This finding is rather
important because it may make it possible to differ-
entiate the rapid growers (Runyon's Group IV) from
the saprophytes, which are very similar in respect of
their speed of growth. Saprophytes, as was men-
tioned earlier, were found to be the most susceptible
to the action of phages. This finding is in agreement
with theoretical predictions. The fact that sapro-
phytic cultures were the last on which each of the
seven phages was propagated probably influenced
the biological properties of the phages and increased
their lytic power in respect of saprophytic myco-
bacteria. In particular, we observed the development
of a rather marked elective sensitivity of saprophytes
to phages D35 and Dl 1. Up to a point, our results
support the thesis of Froman et al. (1961) that in-
crease in resistance of non-tuberculosis mycobacteria
to phages is related to the intensity of pigment pro-
duction. But since both pigmented and unpig-
mented cultures were found among the two other
groups (rapid growers and saprophytes), the
question arose whether Froman's thesis was valid
within these two groups. The answer is given in
Table 6, from which it can be seen that the frequency
of phage-sensitive cultures was appreciably lower
among the pigmented strains than among the unpig-
mented in both groups. With regard to our investi-
gation of non-tuberculosis mycobacteria isolated
from domestic animals (mainly cattle), the results
showed that the phage-sensitivity pattern was
markedly different from that exhibited by the cultures
from humans; 20 out of 21 strains isolated from
domestic animals appeared to be resistant to all 7
phages used in the study. These findings agree with

TABLE 6
CORRELATION BETWEEN PHAGE-SENSITIVITY
AND PIGMENTATION OF RAPID GROWERS

AND SAPROPHYTES

Pigmented Unpigmented
Group of

mycobacteria Phage- Phage- Phage- Phage-
sensitive resistant sensitive resistant

Rapid growers 1 16 3 11

Saprophytic 21 52 8 5

those of Froman et al. (1961) and may offer some
clues as to possible sources of infection for man.
Among the 29 phage-sensitive saprophytic strains

isolated from humans in our study, 18 different
phage-patterns were observed (see Table 5). This is
in line with the findings of other workers-for exam-
ple, Penso & Ortali (1949), Hnatko (1953), Froman
& Bogen (1953) and Takeya et al. (1959). In order to
get more reliable information, we used the phages
both in undiluted suspension and at the RTD and
found, as did Redmond et al. (1963), that lysis was
produced less frequently with the RTD than with the
undiluted suspension. In our view, the weak point
in the use of the RTD is that this working dose of
phage particles is determined on a highly sensitive
host-strain and reflects only this particular phage-
culture relation. Using the RTD, therefore, it is pos-
sible to obtain a negative result simply owing to an
inadequate proportion of phage-culture particles. It
can be seen from the Appendix Table that identical
results were obtained with the undiluted phage and
the RTD in only 25.6% of the cultures, that in 31.4%
the undiluted phage suspension gave a higher degree
of lysis, and that 41.2% of the cultures were negative
when tested with the RTD but positive when tested
with the undiluted suspension. It is possible that, as
has been suggested by Redmond et al. (1963), un-
diluted suspensions tend to give false-positive results.
Be this as it may, we feel that there is probably some
concentration between the RTD and the undiluted
suspension that would produce confluent lysis on
both test-culture and host-strain. In our opinion,
this question needs further investigation.

RJvSUMIt

La diff6renciation des mycobacteries autres que
Mycobacterium tuberculosis pose encore de nombreux
problemes. La classification des mycobact6ries atypiques

proposee par Runyon, bien que la plus acceptable
actuellement, est encore imparfaite. Dans le present article,
le deuxieme d'une serie de trois, les auteurs rapportent les
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r6sultats obtenus par 1'emploi des mycobacteriophages
au cours d'essais de differenciation de souches isolees
en Afrique.
On a recherche la sensibilite a 7 mycobacteriophages de

228 souches de mycobact6ries isolees A partir d'un
materiel en provenance de diverses r6gions d'Afrique.
Sur 51 cultures sensibles, un peu plus de la moitie (29)
&aient des mycobacteries saprophytes. Parmi les cultures
provenant d'Afrique orientale, seules les souches sapro-
phytes se montraient sensibles aux phages. En revanche,
certaines souches d'Afrique occidentale appartenant au
groupe des mycobacteries non piginent6es (groupe III de
Runyon) etaient egalement lysees. Toutes les souches,
sauf une, de mycobacteries autres que Myco. tubercu-
losis isoldes a partir d'animaux domestiques d'Afrique
orientale 6taient resistantes aux phages.

Ces recherches ont montr6 le manque de sp6cificit6 des
mycobacteriophages et I'absence de r6ponses caract6ris-
tiques permettant de distinguer un groupe d6termin6 de
mycobacteries. La lysotypie, a elle seule, semble impuis-
sante a differencier les souches et ses resultats doivent
etre mis en correlation avec ceux d'autres 6preuves.
Cependant, la these selon laquelle il existe un lien entre la
resistance aux phages et l'intensite de la production de
pigment a et corroboree cans une certaine mesure.

Les auteurs discutent quelques aspects techniques de
leur experimentation. Si l'on doit attribuer a l'emploi de
suspensions de phages non diluees certains resultats
faussement positifs, les suspensions dilu6es peuvent de
leur c6te fournir des resultats faussement n6gatifs. De
nouvelles recherches sont n6cessaires pour tenter de
d6finir une dilution optimale.
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APPENDIX TABLE
DEGREE OF SENSITIVITY OF MYCOBACTERIA TO UNDILUTED PHAGE AND TO PHAGE AT ROUTINE TEST DILUTION

Group of ISensitivity to phage a

mycobacteria Strain No. DIl D28 D35 D12 D56 [ D4 D29

Z 687 3/1
Scotochromogens 7802 2/0 3/0

2882 4/4 4/4 4/4 _/4 b 4/4 3/4 -.4 b

F 13 5/5 5/5 5/5 3/3 4/4 4/4
519 2/0 3/2
2539 2/2 1/1 1/1 2/2
2085 2/0
1546 1/0
952 3/0 3/0

2839 3/2 3/2 3/2
Unpigmented 7346 2/2 2/1 5/3

6708 2/0 2/0 2/0 2/0
8870 3/3
6627 3/2 3/1 2/1 2/1 2/1 2/2 212
7548 3/1 5/3

79 2/2 3/2 3/2 -/2 b 3/2 -/2 b -/2 b
583 4/0 4/0 4/0 4/0 4/0 4/0 410
729 4/5 1/1 2/0 -/1 b 2/2 b -/1 b

BI 787 3/2 2/2 0/1

Rapid growers 4906 4/4
1278 2/2 2/2 3/3 2/0
1069 4/0 3/0 3/2 3/0 4/3 4/0 4/0

850 4/1 3/0 4/1 4/2 4/1 4/0 4/0
408 5/5 5/5 4/2

Cy 3218 1/1 5/5
Ky 3539 2/1 1/0

1132 1/0 5/0 2/0
478 2/2 3/3 212 2/2 3/2 -/2 b -/2 b

2552 0/1 3/3
7080 5/5
660 3/0 1/0 1/0 1/1 3/0 3/1 3/0

7043 3/2 2/0 1/0 1/0 1/1
5968 2/2 1/0 1/0 2/0

BI 0212 1/0 3/0
3641 5/5 2/0

Saprophytic 512 2/0 2/0 1/0 1/0 1/0
3595 1/0 4/0
5912 0/2 314 2/2
8458 5/2 5/1
3358 2/1 2/2
8248 2/2 4/0 2/0 1/0
7308 3/1 1/0 1/0 1/0
4736 4/5 4/5 3/5 3/4 4/5 4/5 3/5
2955 4/4 4/4 3/4 4/5 4/5 5/5 5/5
7553 1/0
8771 2/2 3/2

Cx 6979 1/0 5/1
1115 3/2 1/0
988 2/0
902 2/0 2/0
214 2/0 2/0 3/0 3/0

a The degree of lysis with the undiluted phage is given first, followed by the degree of lysis at the RTD; both are expressed
according to the code used by Tokunaga & Murohashi (1963).

b The results of the test with undiluted phage were invalid, owing to contamination of the culture.


