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Serological Typing of Mycobacteria
for Tracing Possible Sources of Avian Mycobacterial

Infections in Man*
M. KUBfN 1 & E. MATUgKOVA'

Avian mycobacteria represent a potential danger to the human population in areas
where effective control of tuberculosis has been achieved, but where tuberculosis is still
present in poultry. During the period 1957-67, a total of 44 cases ofpulmonary and non-
pulmonary disease in man caused by avian mycobacteria were recorded in Czechoslovakia.
The source of infection was reliably established in only a small number of cases.

The strains of bacteria isolated were, therefore, subjected to serological analysis using
Schaefer's method of direct agglutination of bacterial suspensions by type-specific rabbit
antisera. This procedure made it possible to differentiate true avian mycobacteria (sero-
types I and II) from Runyon group III nonchromogens. The majority of the cultures
isolated from man, and also a large proportion of those from cattle and swine, consisted
of serotypes I and II, which are those of Mycobacterium avium.

The possibility of classifying avian and atypical mycobacteria by means of agglutination
procedures represents a valuable tool in the study of the epidemiology of mycobacterial
diseases. Evidence was presented which indicated that, in Czechoslovakia, patients with
tuberculosis due to avian mycobacteria acquire their infection mainly from animal sources.

The occurrence of diseases in man, caused by
avian mycobacteria suggests deep changes in the
ecology of acid-fast micro-organisms. Although
they have been widely discussed, the real causes of
changes in the distribution of mycobacteria are not
yet fully understood. Presumably, the shift of avian
strains to human hosts is a result of the vacuum
created by the general decline of classical myco-
bacterial infections. They represent a new epidemio-
logical factor as the tuberculosis eradication pro-
gramme enters its final stages, especially in areas
where effective control of tuberculosis in poultry
has not yet been achieved.
A study of these infections and their respective

etiological agents seems to be justified for the
following reasons: (1) the pathways of avian myco-
bacteria to the human population are not fully
understood; (2) knowledge of the circulation and
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spread of avian mycobacteria, among susceptible
hosts in newly discovered endemic areas, is meagre;
(3) the species characteristics of Mycobacterium
avium are still widely disputed; and (4) the relation-
ship of avian strains to the group III (Runyon)
atypical mycobacteria is not clear.
The present study deals with the serological

analysis of the avian mycobacteria responsible for
pulmonary and non-pulmonary diseases in humans
observed in Czechoslovakia during the period
1957-67. Schaefer's method of direct agglutination
of the bacteria by type-specific rabbit antisera was
adopted in this study. This procedure has been
shown to be reliable in several studies concerning
the classification and natural pathogenicity of avian
and atypical mycobacteria (Schaefer, 1965, 1967a,
1967b, 1968; Hobby et al., 1967).

MArERIALS AND METHODS

Mycobacteria
The study included 44 avian strains isolated from

patients suffering from pulmonary, lymph-node and
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TABLE 1

AGE AND SEX OF PATIENTS WITH AVIAN
TUBERCULOSIS

Localizatio NO Age range Avage Males Females
of infection N (years) (yeas Male _Feale

Lungs 33 32-76 55.5 27 6

Lymph nodes 7 1-14 4.6 2 5

Generalized 4 3-61 35.7 3 1

Total 44 - - 32 12

generalized tuberculosis (Table 1). Most of the
isolates originated in elderly males with pulmonary
disease (33 strains). A further 7 strains came from
cervical lymphatic tissue of children, and the
remaining 4 cultures were from generalized lymphatic
infections.
As to the geographical distribution, the cases of

pulmonary disease appeared predominantly in the
western parts of Czechoslovakia as shown in the
accompanying figure. It was reported earlier '
that the 9 and 8 cases observed in the central and
northern districts of Bohemia represented 0.900%
and 1.31 %, respectively, of the bacillary cases in
these areas. The sporadic occurrence of the remain-
ing cases of localized and systemic lymphatic
disease does not permit a reliable evaluation of their
geographical distribution. It is worth while men-
tioning, however, that 4 of the 7 lymph-node
isolates came from the eastern part of the country
(the western and central districts of Slovakia).

Occupational exposure was verified in only a
small number of cases, and often no source of
infection could be reliably established. Among
patients with pulmonary lesions, however, almost
half had worked in a dusty environment or in
metallurgical industries (Table 2).
The criteria for collecting and identifying avian

mycobacteria from human pathological material
have been fully described elsewhere (Kubin et al.,
1966, 1967). The only cases taken into account
were those in which the strains had the following

1 Kubin, M., Hebelka, M. & Sobotkiewicz, J., Surveil-
lance of infections caused by Mycobacterium avium; un-
published paper presented to the Inter-regional Course on
Methods of Epidemiological Surveillance, Karlovy Vary,
Czechoslovakia, 13-31 August 1968.

TABLE 2

OCCUPATIONS OF PATIENTS WITH AVIAN
TUBERCULOSIS

Localization Agricul- Mining or Other Chidrenon oaof infection ture metallurgy er and non- Tota

Lungs 5 14 9 5 33

Lymph nodes 0 0 0 7 7

Generalized 2 0 1 1 4

Total 7 14 10 13 44

properties: (1) they were isolated at least twice
from sputum or laryngeal swabs, or were cultivated
from tissues removed under aseptic conditions;
(2) they showed characteristic morphology on solid
and in liquid media; (3) they were resistant to
streptomycin, para-aminosalicylic acid and iso-
niazid; (4) they were niacin-negative, and nicotin-
amidase- and pyrazinamidase-positive; (5) they were
pathogenic for chicken and rabbits; and (6) they
were non-pathogenic for guinea-pigs.

In addition, studies were made of the avian
mycobacteria isolated from veterinary materials.
The first group comprised 14 strains isolated from
slink-calves, 8 isolates from the lymph nodes of
cattle, and 2 strains from the drinking-water given
to the cattle in a herd in which multiple avian
infections of cows were observed. These isolates,
which were submitted by Dr Jirasek, originated in a
relatively restricted area of the northern district of
Bohemia. A second group of isolates, submitted
by Dr Cernovsky, originated in the central region of
Moravia and came from the lymph nodes of swine
(17 strains) and various organs of poultry (4 strains).

Finally, 3 strains from the water given to poultry
to drink, and which caused non-specific tuberculin
allergy in poultry, were examined. These strains
were isolated by Dr Kazda in a locality in the
southern district of Bohemia and were subsequently
described and given the name M. brunense (Kazda,
1967).

Serotyping

The procedures adopted in this study were those
described in detail by Schaefer (1965, 1967a, 1967b).
The bacterial suspensions were collected from the
surface of solid, oleic-acid-albumin-agar media.
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GEOGRAPHICAL DISTRIBUTION OF INFECTIONS IN MAN DUE TO AVIAN MYCOBACTERIA
IN CZECHOSLOVAKIA DURING THE PERIOD 1957-67
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The type-specific rabbit antisera, comprising 23 sero-

types, were kindly provided by Dr Schaefer. At
least 2 antisera of each type, in single working
dilutions, were employed and the tests were per-

formed by mixing 0.5 ml of standard bacterial
suspension and an equal amount of antisera in
test-tubes. The results were first recorded after
3-5 hours, with a final reading after 18-20 hours
of incubation at 37°C.

Agglutinations which developed at the early
reading and which were present in all the antisera
for one particular type were considered to be
specific. Late-appearing or weak agglutinations
were considered to be non-specific cross-reactions.
Strains showing multiple agglutinations were ex-

cluded from the study because they were not iden-
tifiable.

In some of the strains which displayed only weak
and late agglutination with 1 or 2 antisera of a

particular serotype the antibody-adsorbing capacity
was tested. The particular antiserum, diluted
I :10, was mixed with a heavy suspension of the
bacterial strain under examination and kept in
the refrigerator overnight. Then, serial dilutions
of the supernatant were titrated against a homo-
logous strain and also against the strain under
examination. The non-adsorbed antiserum was

examined in the same way.

RESULTS

The majority of cultures isolated from human
pathological materials were identified as belonging
to the serotypes I and 11 (79.5% of the classifiable
strains; see Table 3). In all the type II cultures the
agglutination in the specific antisera appeared at
the early reading. Among the 21 type It strains,
5 cross-reactions against type VI, 8 against type
Altman, and 2 against type Watson were recorded.
These reactions were observed at the late reading.

TABLE 3

SEROTYPES OF AVIAN MYCOBACTERIA ISOLATED
FROM PATIENTS SUFFERING FROM AVIAN

TUBERCULOSIS

Localization Total
of infection

Serotypes

I III III IV VIl Davis

Not
iden-
tified

Lungs 33 9 14 0 1 1
;

3 5

Lymph nodes 7 0 5 1 0 0 1 0

Generalized 4 1 2 0 1 0 0 0

Total 44 10 21 1 2 1 4 5

% of total
no. identified 79.5 10.25 10.25
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TABLE 4 and bovine mycobacteria. Such procedures recently
AVIAN MYCOBACTERIA ISOLATED became available, however, for the identification of

*LE, SWINE, WATER AND POULTRY avian and similar mycobacteria with the reintroduc-

Serotypes tion of the agglutination test in this field (Schaefer,
Total 1965).

_ }I 11 i Davis The agglutination method has already contributed

to exact descriptions of the species M. kansasii,
14 3 1i 0 and M. marinum and these can now be identified
8 0 8 o0 serologically. On the other hand, the avian, non-

17 0 9 8 chromogenic, and scotochromogenic mycobacteria
form antigenically rather heterogeneous groups and

5 0 2 3
4 0 include at least 20 independent serotypes (Schaefer,

4 0o 4 0 1968).
The direct agglutination of bacterial suspensions

48 3 . .. ..........................34 I 11 ...by hyperimmune antisera is limited to the cultures
which propagate in smooth colonies and form
stable suspensions. Therefore, avian strains exhibit-
ing regular growth in emulsifiable colonies represent

againcltures dantisplayed 6clarctaneal the most suitable object for these studies.
nagningstrtypeIanser 6 eintae True avian mycobacteria, such as those found in

namrbingstracinsba they exhibed epizootics in poultry, almost always belong to

sidsorbing capagtyof type Ieantipe.s serotypes I and II. The presence of these serotypes
roderedI cultoubelongtonth-speifirotyp in 79.5 % of the cultures analysed during the present
istotype I cutures, n onspeif cs study indicates that most patients were probably

infected through animal sources. It is conceivable
that such a finding could have been obtained in

streinsofeli type
cl
and Istrassesh persons whose occupation brought them into

sain ofI type Ibserved.1rIn theach contact with poultry. Unfortunately, in a rather
ppeanedVI wee osearv . in thse, high percentage of diseased individuals no reliable

source of infection could be established. In these
were recorded. Four isolates pro- circumstances various channels of dissemination of
tagglutination with type Davis anti- avian mycobacteria by infected poultry may exist,actions were highly type-specific. and an indirect method of transmission may playstrains isolated by the veterinary an important role. Therefore, in city dwellers,

es I and II prevailed (Table 4). In the children, coal miners, industrial workers and other
ins from the northern district of patients excreting type I and type II strains, thether serotype was observed. Among links to the infected animals are also probably
m slink-calves or the lymph nodes of complicated.
and 19 type II cultures were identified. These findings in humans are in close accord withrTains isolated from cattle drinking- the epizootiological situation of the country. Nearly[to type II. 30 million fowl are kept in Czechoslovakia, about
ins isolated in central Moravia,, the half of them on large poultry farms. On the average,
types I and II representatives was 20-3 O of the fowl are tuberculin-positive, and
,mie (17 strains examined) 9 isolatesw

pe(17 n
str ainsexam ined) 9 i es about half of the small poultry farms are heavilyas type II, and the remaining 8 were inetd

y the Davis antisera. Three of the
inetd

yulthe dais -antiera Three ofthe Avian mycobacteria also complicate the final
oultry drinking-water were identified stages of the campaign against tuberculosis in cattle.

*vis. Non-specific tuberculin reactions appearing for the

DISCUSSION first time in cattle herds are attributed mostly to
avian infections (Anderle, 1960-67). Furthermore,

nethods are not available for epide- infections with avian strains have replaced Brucella
(eys of tuberculosis caused by human infections as the main cause of abortion in cows
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(Jirasek, personal communication, 1968). The
limited data collected in this study also indicate
that cattle were infected predominantly by type I
and type II avian mycobacteria most probably
originating in poultry flocks.
Apart from the typical avian strains other sero-

types were only rarely encountered in human
material. In the limited number of isolates from
the veterinary materials serologically tested, not
one of these serotypes was discovered. It should be
mentioned, however, that mycobacteria of type IV
were detected in sparrows (Passer domesticus). The
sparrows were nesting in close contact with cattle
in stables where a micro-epizootic (not included in
this paper) had developed (Matejka & Kubin, 1967;
Schaefer, 1967a, 1967b).
Four isolates of type Davis were found in the

screened human materials. Surprisingly enough,
the results of tests with strains taken from lymph
nodes of swine and surface waters may provide an
explanation of the origin of these strains. In swine,
all the Davis strains were isolated only from circum-
scribed caseous lesions in mesenteric lymph nodes,
and no signs of organ dissemination were demon-
strable ((ernovsky & Kubin, 1969). It is assumed,
therefore, that such animals must have been infected
by external sources, and that the disease was not
transmitted from one animal to another. The
finding of Davis strains in surface-water samples
may be taken as evidence for this assumption.
Indeed, Kazda (1967) has shown that the isolates

originally described by him as M. brunense _sp.. nov.
were the cause of non-specific tuberculin allergy in
poultry that had been given water from the-infected
pools. None of these chickens had signs of tuber-
culosis but strains of type Davis were isolated from
the apparently normal organs.

Geographical differences in the distribution of
diseases caused in humans by mycobacteria other
than tubercle bacilli have already been recorded.
True avian strains are extremely rare in human
diseases in North America and Western Australia,
where various serotypes of nonchromogenic myco-
bacteria predominate (Schaefer, 1967a, 1967b, 1968;
Hobby et al., 1967). In Europe, however, although
the classical mycobacterial infections are still epide-
miologically dominant, the avian strains are more
common. Even in this area, however, their incidence
varies (Schaefer 1967a, 1967b, Engbek et al.,
1968); in Czechoslovakia, owing to the unfavourable
epizootiological background, true avian myco-
bacteria predominate among the nonchromogenic
strains.
The possibility of classifying avian and atypical

mycobacteria by means of agglutination procedures
represents a valuable tool in the study of the epide-
miology of mycobacterial diseases. Systematic
analysis of strains isolated from human and animal
populations, and from the external environment, may
help to discover the means of dissemination of
these pathogens from natural sources to susceptible
hosts.
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RESUMIt

On a proced6 a l'analyse serologique de mycobact6ries
aviaires, responsables d'infections chez l'homme, par
l'epreuve d'agglutination directe en pr6sence d'anti-
s6rums de lapin sp6cifiques de type. Le materiel consistait
en 44 souches isolees chez des patients atteints de tubercu-
lose pulmonaire (33 souches), ganglionnaire (7 souches)
ou generalisee (4 souches). On a 6tudie en outre 48 souches
isol6es de veaux mort-nes (14 souches), de ganglions
lymphatiques de b6tail (8 souches), de ganglions lympha-

tiques de porc (17 souches), de divers organes d'oiseaux
de basse-cour (4 souches) et de l'eau utilis6e pour
l'abreuvage de la volaille et du betail (5 souches).

Sur les 44 souches isolees chez l'homme, 39 ont 6t6
identifi6es: 31 (79,5 %) appartenaient aux s6rotypes I et II
(10 et 21 souches respectivement), 4 (10,25 Y.) au serotype
Davis, les 10,25% restants etant repr6sent6s par 2 s6ro-
types IV, 1 s6rotype III et 1 serotype VII. Cinq souches
n'ont pu etre identifiees.
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Les 22 souches isolees chez le btail appartenaient
aux s6rotypes I (3 souches) et II (19 souches). Chez le
porc, on a denombr6 9 s6rotypes II et 8 s6rotypes
Davis, et chez la volaille 4 s6rotypes II. Enfin 1'eau
utilisee pour I'abreuvage de la volaille a fourni 3 sero-
types Davis.

Selon les auteurs, ces observations, faites en Tch6co-

slovaquie, montrent que les malades atteints de tubercu-
lose aviaire contractent pour la plupart leur infection a
partir de l'animal, en fonction des conditions epizootiques
locales. La pr6sence du s6rotype Davis chez l'homme,
chez le porc et dans le milieu plaide en faveur d'une
propagation de ces mycobacteries a l'h6te humain receptif
ayant son origine dans des r6servoirs naturels.
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