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Sensitivity to Six Mycobacterial Antigens
in Young Nigerian Adults

G. H. G. DAVIS & 0. OGUNBI1

A preliminary survey of sensitivity to six mycobacterial antigens in young Nigerian
adults resident in Lagos is reported. The results support the contention that non-specific
tuberculin reactions in Nigeria are largely the result of sensitization of the population by
atypical mycobacteria and that the bacteria most active in this respect are of Runyon's
Groups II and III (scotochromogens and unpigmented). Cross-reactions with antigens of
atypical mycobacteria in populations of different tuberculin status are analysed in some
detail.

In recent years studies in various countries have
shown the existence of two new, related aspects of
tuberculosis research-namely, on the one hand, the
isolation and study of anonymous, atypical or un-
classified mycobacteria (Runyon, 1959) from human
sources and the problem of their relationship to
human tuberculosis-like disease; and on the other
hand, the recognition and evaluation of non-specific
tuberculin reactions (Palmer, 1953; Edwards, 1963),
and the problems that this phenomenon introduces
in connexion with the application of the test for
epidemiological work. Although these fields of
research are independent in origin, it now appears
certain that they are in fact closely related and that
the " non-specific " reactions elicited by Mycobac-
terium tuberculosis purified protein derivative (PPD)
in the tuberculin test are in many, if not all, cases due
to sensitization by other species of mycobacteria,
notably atypical ones (Edwards et al., 1962; Palmer
& Edwards, 1962).

It is also apparent that the problems raised by
these developments are more acute in tropical and
subtropical areas than in temperate ones. The
association of infection with atypical mycobacteria
with certain parts of the southern USA on the basis
of observed disease (Chapman, 1962) and tuberculin
surveys (Edwards, 1963) illustrates this point, as do
the studies of Abrahams & Silverstone (1961) and
Singer & Rodda (1961) in Australia. Roelsgaard
et al. (1964) discussed the significance of non-specific
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tuberculin reactions as seen in various countries of
tropical Africa. Survey results in many tropical
countries in Africa, including Nigeria, have shown
that non-specific reactions to tuberculin are common,
although the rate and severity vary from place to
place. Results from Kenya (Roelsgaard et al., 1964)
confirmed those of Bates et al. (1951) in India in
showing a higher frequency of non-specific reactions
in populations living in lowland areas than in
highlands.
Beer & Davis (1965) reported relatively high rates

of isolation of atypical mycobacteria from human
sputum samples in Lagos, although none of the
isolates was of the type generally considered as
primarily pathogenic-Runyon's (1959) Group I,
photochromogens. The majority were unpigmented
(Runyon's Group III) or rapid growers (Runyon's
Group IV). It therefore appears that Nigeria re-
presents a suitable location for further investigations
of the aspects of mycobacterial disease mentioned
above; it is tropical, heavily populated, almost
entirely low in altitude and with known high inci-
dences of both non-specific tuberculin reactors and
atypical mycobacteria.

MATERIALS AND METHODS

The population tested consisted of young adults of
the 15-year to 25-year age-group in schools, factories
and other institutions in Lagos. The test protocol
was based upon details supplied by Dr Lydia
B. Edwards of the Public Health Service, Washing-
ton, D.C., and is essentially the same as that used
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by Dr Edwards and her colleagues in studies upon
naval recruits (e.g., Edwards, 1963). The antigens
used were as follows.

PPD-S
PPD-G

PPD-Y

PPD-B
PPD-F
PPD-269

Myco. tuberculosis
Gause strain (scotochromogen, Runyon's
group II)

- Myco. kansasii (photochromogen, Ru-
nyon's group 1)
Myco. batteyi (Runyon's group III)

- Myco. fortuitum (Runyon's group IV)
Runyon's group III.

These were supplied by Dr Edwards at a dilution
of 0.0001 mg of protein per 0.1 ml, which was the
test dose used for all 6 antigens. Each person tested
received PPD-S, PPD-G and 2 of the remaining 4
antigens. The distribution of the antigens over the
4 test sites in each person was determined by refe-
rence to a randomization table. The test sites were

numbered 1-4, site 1 being on the upper-left forearm,
site 2 on the mid-left forearm, site 3 upper-right and
site 4 mid-right forearm. All tests were made intra-
dermally using 1-ml syringes and disposable needles.
The results of the skin tests were read after 48 hours
in most cases and after 72 hours in a few cases, and
the greatest diameter of the area of palpable indura-
tion was recorded. The name, age, sex, place of
birth, period of residence in Lagos and elsewhere
were recorded for each person tested. Compulsory
BCG vaccination of infants has only recently been
started in Lagos and only 4 of the people tested
reported that they had received BCG. The first
210 persons tested were asked to supply mouth and
throat washings using 5 ml of Ringer's solution
diluted 1: 4 at the time ofthe test. These washings were
subsequently centrifuged, the sediment decontamin-
ated with an equal volume of 4% NaOH, recentri-
fuged, neutralized and cultured on Lowenstein-
Jensen medium.

RESULTS

Of the 737 people tested, 490 were males, average
age 19 years, and 247 were females, average age
17 years. Analysis of the sample on the basis of place
of birth and residence history showed that the
majority were born in Lagos or within a radius of
100 miles (160 km) of Lagos; the proportion of
people who had been born and lived most of their
lives in any one place outside this area was not
significant. The sample was now broken down into
those who had lived in Lagos for under 5 years and
had been born elsewhere, and those who had lived

in Lagos for more than 5 years and had been born
in Lagos or elsewhere. Table 1 shows the frequency
distribution of reactions of different sizes to the
6 PPDs used in the 3 population groups. The results
in Table 1 confirm that reactions to antigens ofmyco-
bacteria other than Myco. tuberculosis are common
in the population tested. Assuming that any area of
induration larger than 2 mm in diameter indicates
some degree of sensitization we see that 3 of the anti-
gens (G, 269 and B) produced more reactions than
antigen S. Comparison of the size distribution of
reactions to PPD-S with those to the other antigens
shows, however, that the frequency of indurations
over 10 mm in diameter is greater in the case of
PPD-S than for any of the others, which, with the
exception of PPD-G, all show a definite prepon-
derance of smaller indurations. The figures for
PPD-S also differ from those for the other antigens
in showing significant differences between those
members of the sample population who have lived
less than 5 years in Lagos and those with longer
residence, whether born in or outside Lagos. These
differences are most apparent in the numbers of
persons showing " negative " reactions (under 2 mm)
or " strong " reactions (over 10 mm). There was no
significant difference in the numbers showing
" moderate " reactions (2 mm-9 mm). These figures
therefore confirm the relationship between tuber-
culosis experience and urban living. If the strong
reactions to PPD-S are taken to indicate past or
present tuberculous infection (Nyboe, 1964), then
it would appear that about 50% of the population
studied are or were infected.
Of the 737 people tested, 36 showed complete

absence of reaction to all the antigens used.
Fig. 1 illustrates the frequency distribution of

reactions to the 6 PPDs in the population tested. As
in Table 1, these results show a high frequency of
negative or moderate reactions to PPD-Y, PPD-G,
PPD-269 and PPD-B, while reactions to PPD-S tend
to be stronger and those to PPD-F tend to be weaker.

In view of the known cross-reactions exhibited by
animals infected with one mycobacterium towards
antigens derived from other mycobacteria (Edwards
et al., 1962), it is obvious that many of the reactions
observed in our study to antigens other than PPD-S
could be due to cross-reaction in people who are or
have been infected with Myco. tuberculosis. This
possibility is supported by the observed higher fre-
quency of strong reactions to PPD-S than to other
antigens. To determine how the sensitization of the
population by Myco. tuberculosis affects its reactions
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TABLE 1

PERCENTAGE OF REACTIONS OF DIFFERENT SIZES IN 3 POPULATION GROUPS

Lived under Lived over 5 years in Lagos 1

Antigen Reaction 5 years in Lagos TotalAntigen Reaction tested
Born outside Born outside Born in

Lagos Lagos Lagos . -

Total No. tested 250 171 296 717 a

Under 2 mm 44 % 25 % 21 % 30 %
PPD-S 2 mm-9mm 21 % 22 % 26 % 23 %

Over 10 mm 35 % 53 % 53 % 47 %
Total over 2 mm 56 % 75 % 79 % 70 %

Total No. tested 258 175 304 737 a

Under2 mm 15% 5% 10% 11%
PPD-G 2 mm-9mm 45 % 47 % 49% 47 %

Over 10 mm 40% 48 % 41% 42 %
Total over 2 mm 85% 95% 90% 89 %

Total No. tested 127 79 156 362

Under 2 mm 34 % 33 % 27 % 31 %
PPD-Y 2 mm-9mm 43 % 39 % 49 % 45 %

Over 10 mm 23 % 28 % 24 % 24 %
Total over 2 mm 66 % 67 % 73 % 69 %

Total No. tested 134 103 156 393

Under2 mm 25% 17% 23% 22%
PPD-269 2 mm-9mm 59 % 67 % 60% 61 %

Over 10 mm 16% 16% 17% 17%
Total over 2 mm 75 % 83 % 77 % 78 %

Total No. tested 129 95 146 370

Under2 mm 28% 21% 23% 24%
PPD-B 2 mm-9mm 58 % 61 % 61 % 60 %

Over 10 mm 14% 18 % 16 % 16 %
Total over 2 mm 72 % 79% 77 % 76 %

Total No. tested 124 93 151 368

Under2 mm 69% 74% 76% 73%
PPD-F 2 mm-9 mm 27 % 26 % 22 % 25 %

Over 10 mm 4 % 0 % 2 % 2 %
Total over 2 mm 31 % 26 % 24 % 27 %

a Owing to shortage of PPD-S, the last 20 persons tested were given PPD-G and 2 other anti-
gens only. This is the reason for the difference between the total number of persons given PPD-S
and PPD-G.
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FREQUENCY DISTRIBUTION
FIG. I

OF REACTIONS TO 6 MYCOBACTERIAL PPD ANTIGENS IN YOUNG NIGERIAN ADULTS
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to the other antigens the analysis shown in Fig. 2 was
made. This shows the frequency distribution of
reactions to PPD-G, PPD-269, PPD-Y, PPD-B and
PPD-F for persons with negative (0-1 mm), weak
(2 mm-9 mm) and strong (over 10 mm) reactions to
PPD-S. It might be assumed that reactions observed
in persons who show no reaction to PPD-S represent
true reactions to the other antigens. This assump-
tion is not valid, however, as cross-reactions can
occur between antigens other than PPD-S. The
histograms in Fig. 2 do, however, show that in most
cases the number of reactions of 10 mm and over
increases with increasing reaction to PPD-S, whereas
the number of reactions under 6 mm decreases.
Unfortunately, the number of non-reactors to
PPD-S (216) was not large enough to allow subdivi-
sion of the groups that were also negative to PPD-
269, PPD-B, PPD-Y, etc. and comparison of these
antigens. However, we did obtain the over-all
percentage of reactors (over 2 mm) to the 5 antigens
other than PPD-S in people showing no reaction to

PPD-S itself. Table 2 shows these values compared
with those for the total population (see Table 1) and
those reported by Edwards (1963) for American
naval recruits. It will be seen that the values vary
greatly between the different populations but the
ranking of the PPDs remains constant.
The correlation of individual reactions to PPD-G

with those to PPD-S is presented in Table 3. A co-
efficient of correlation of +0.437 with a standard
error of 0.0302 was obtained, indicating that the
correlation was statistically significant.

Further attempts were made to determine the
correlation between reactions to PPD-S and the
other antigens by inspecting correlation tables of
individual reactions to PPD-S with those to each of
the other antigens (see Chin, 1964, Tables 2 to 5; our
results for PPD-F were very similar to those shown
in Chin's Table 3). None of the antigens showed
close correlation with PPD-S. Fig. 3 was constructed
from data obtained by inspection of the correlation
tables, and again shows the dominant role of the
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SENSITIVITY TO SIX MYCOBACTERIAL ANTIGENS

FIG. 2
FREQUENCY DISTRIBUTION OF REACTIONS TO 5 MYCOBACTERIAL PPD ANTIGENS
ASSOCIATED WITH NEGATIVE, WEAK AND STRONG REACTIONS TO PPP-S a
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reactions to PPD-S above the 9-mm level. The
figures for PPD-269 and PPD-B are very similar.
PPD-G shows the greatest tendency to produce larger
reactions than PPD-S at levels over 10 mm, while

PPD-F shows very few reactions larger than PPD-S
at any level. PPD-Y resembles PPD-269 and PPD-B
except in the under-2-mm zone, where the number of
reactions larger than PPD-S is smaller. As pointed
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TABLE 2

PERCENTAGE FREQUENCY OF REACTIONS OF 2 mm

OR MORE TO 5 MYCOBACTERIAL PPD ANTIGENS

IN, 3 POPULATION GROUPS

Lagos USA a

Total Non-reactors Naval

population to PPD-S recruits

PPD-F 27 16 8
PPD-Y 69 34 13
PPD-B 76 63 35
PPD-269 78 66 39
PPD-G 89 76 49

a Data from Edwards (1 963).

out by Edwards (1963), it seems likely that a person

showing a larger reaction to an antigen other than

PPD-S than to PPD-S itself has been infected with

mycobacteria other than Myco. tuberculosis. For

epidemiological purposes testing with non-PPD-S and

PPD-S antigens might therefore be a more accurate

way of discoverin'g persons infected with tubercie

bacilli. From our results it appears that an antigen

such as PPD-G would be a useful one to use in con-

junction with PPD-S because sensitization to it is

widespread. In Fig. 3, the distribution curve for reac-

tions to PPD-S greater than those to PPD-G shows a

nearly normal distribution around a mode at about

TABLE 3. CORRELATION OF REACTIONS TO PPD-S AND PPD-G a
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FIG. 3
DISTRIBUTION OF REACTIONS TO

5 MYCOBACTERIAL PPD ANTIGENS GREATER,
EQUAL TO OR LESS THAN THE REACTION TO PPD-S
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14 mm, which agrees well with the expected unimodal
distribution in populations infected with Myco.
tuberculosis (Nyboe, 1964).
The construction of population sensitivity profiles

(Edwards et al., 1962) based upon mean diameters of
induration for a range of antigens is a further interest-
ing application of data obtained in studies of the
present type. Fig. 4 shows profiles based upon our
results for the entire population tested and also for
the three sections of the population with negative,
weak and strong reactions to PPD-S. It should be
noted that for our profiles PPD-269 has been used
instead of the PPD-A used by Edwards et al.
(1962). These two antigens are both derived from
mycobacteria of Runyon's Group III, and Edwards
(1963; Table 1) found that the mean diameter of
induration produced by PPD-A is 6.7 mm as com-
pared with 7.2 mm for PPD-269. We therefore
assume that the error involved in comparing our
profiles including PPD-269 with published ones
including PPD-A will not be very great. And indeed,
our profile for the total population closely resembles

FIG. 4
SENSITIVITY PROFILES OF THE TOTAL POPULATION

TESTED AND OF 3 POPULATION GROUPS
WITH DIFFERENT DEGREES OF REACTION TO PPD-S
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that found by Edwards et al. (1962; Fig. 9) for US
naval recruits, except that we found much higher
values for PPD-S and PPD-Y. Our total population
profile resembles very closely the profile for the
population group with 2 mm-9 mm reactions to
PPD-S. The profile for the population group with
reactions to PPD-S of over 10 mm bears comparison
with that found by Edwards et al. (1962) in guinea-
pigs with Myco. tuberculosis except that we found
increased reaction to PPD-B. The profile for the
non-reactors to PPD-S is perhaps the most useful,
and, apart from higher values for PPD-269 (A) and
PPD-Y, shows a fair likeness to the naval-recruit
profile of Edwards et al. (1962). The spread of the
profiles amounts to 1.1 mm for PPD-F, 2.3 mm for
PPD-269, 3 mm for PPD-B, 4.5 mm for PPD-G,
6.8 mm for PPD-Y and 13 mm for PPD-S.

These figures suggest that sensitization to PPD-S
is likely to induce a greater cross-reaction to PPD-Y
(ratio S Y = 1: 0.52) than to PPD-G (ratio
S G = 1: 0.42) and so on. This agrees with Chin's
(1964) finding that with the three antigens other than
PPD-S used in his work (PPD-F, PPD-Y, PPD-B),
the reactions to PPD-Y showed most correlation
with those to PPD-S, but not with the profile found
by Edwards et al. (1962) for Myco. tuberculosis in
guinea-pigs, where PPD-G gave higher mean (cross-)
reaction values than PPD-Y.

Of the 210 cultures set up in this study using
throat washings, only 5 yielded growth of acid-fast
bacilli, and only 1 of these showed more than 2
colonies. These cultures have not been studied
further and the approach was abandoned as being
unlikely to yield useful results.

CONCLUSIONS

This preliminary survey has shown that reactions
to PPDs of mycobacteria other than Myco. tubercu-
losis are very common in Lagos. The population
tested showed a high frequency of sensitization to
Myco. tuberculosis, which probably accounts for
some of the differences between our results and those
obtained by workers in the USA with comparable
age-groups. After allowance has been made for this
difference, it appears reasonable to conclude from
our results that atypical mycobacteria of Runyon's
groups II and III (scotochromogen and unpig-
mented) are important human sensitizers. This
agrees with skin-test results obtained in other parts
of the world. It is, however, not entirely consistent
with the results of a culture study made by one of us
in Lagos (Beer & Davis, 1965), where Myco. fortui-
tum was commonly encountered, nor with the
suggestion of some other workers that Myco.
fortuitumn may play a significant part in human
sensitization by mycobacteria.
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R1tSUMI

Afin de poursuivre l'evaluation de l'epreuve A la tuber-
culine en ce qui concerne les reactions dites non speci-
fiques dues pour une large part a d'autres especes de
mycobacteries (surtout celles qui sont atypiques ou non
classees), on a entrepris une enquete preliminaire sur la
sensibilite a six antigenes mycobacteriens chez de jeunes
adultes nigeriens habitant Lagos, ville tropicale ou l'on
avait isole une proportion relativement elevee de myco-
bacteries atypiques.
De jeunes adultes ages de 15 A 25 ans ont e soumis A

l'epreuve tuberculinique. Les antig&nes suivants ont e
utilises:

PPD-S - Myco. tuberculosis
PPD-G - Groupe 2 des mycobacteries indeterminees,

souche de Gause, scotochromogene
PPD-Y - Groupe 1 des mycobacteries indeterminees,

Myco. kansasii, photochromogene
PPD-B - Groupe 3 des mycobacteries indeterminees,

Myco. batteyi
PPD-F - Groupe 4 des mycobacteries indeterminees,

Myco. fortuitum
PPD-269 Groupe 3 des mycobacteries indeterminees.
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La dose administree etait de 0,0001 mg de proteine
pour 0,1 ml. Elle a ete injectee par voie intradermique
dans I'avant-bras en utilisant une table de distribution
aleatoire.
La plupart des resultats ont ete lus au bout de 48

heures. L'age, le sexe, le lieu de naissance et le domicile
de chaque sujet ont ete enregistres.

Sur les 737 personnes soumises A l'epreuve, on comptait
490 hommes ag6s en moyenne de 19 ans et 247 femmes
agees en moyenne de 17 ans.

L'analyse statistique de l'echantillon de population a
montre que la reponse aux antigenes mycobacteriens
autres que Myco. tuberculosis est frequente chez la popu-
lation etudiee. Trois antig6nes (G, 269 et B) ont provoqu6
plus de reactions (diametre de l'induration superieur a
2 mm) que l'antig6ne S; cependant, la frequence des
reactions de diametre superieur A 10 mm est plus 6lev6e
avec S qu'avec tous les autres antig6nes qui, A l'exception
de B, suscitent tous une nette preponderance de petites
r6actions.

II y a une difference significative de reaction au PPD-S
entre l'echantillon de population vivant A Lagos depuis
moins de cinq ans et ceux dont la duree de residence est
plus longue. Cette difference se fait surtout sentir dans
le nombre de personnes qui presentent une reaction nega-
tive (inferieure A 2 mm) ou forte (superieure a 10 mm).
Ces chiffres confirment l'existence d'une relation entre le
contact avec la tuberculose et la vie en ville.
Pour tenter de trouver une correlation entre le PPD-S

et les autres antigenes, d'autres analyses statistiques ont
ete effectuees. Avec les PPD 269, B, Y et G, le nombre
de reactions egales ou superieures A 10 mm augmente en
m8me, temps que la r6action A S augmente, tandis que le
nombre de reactions inferieures A 6 mm diminue. L'article
comporte une table de corr6lation entre les reactions
individuelles au PPD-S et au PPD-G. On a employ6 aussi
la methode d'analyse de Chin pour tenter d'etablir une
correlation entre ces reactions. Les resultats obtenus

indiquent qu'il n'y a pas de corr6lation etroite entre
l'antigene S et les autres. Les reactions au PPD-S et au
PPD-G sont associees de telle maniere que l'une et l'autre
augmentent et diminuent de concert avec une correlation
moderee. D'apres la methode d'analyse de Chin, c'est le
PPD-G qui a le plus tendance a provoquer des reactions
superieures A celles de S (depassant les 10 mm).
Comme Edwards l'a souligne (1963), on peut supposer

qu'une personne qui re'agit moins A l'antigene S qu'A un
autre a ete contaminee par une mycobact6rie diff6rente
de Myco. tuberculosis. Les resultats de cette etude in-
diquent que la sensibilisation au PPD-G est largement
distribuee; aussi, l'utilisation du PPD-S et du PPD-G
pour les enquetes epidemiologiques dans cette r6gion
aidera-t-elle A depister d'une maniere plus precise les
individus infectes par le bacille tuberculeux.
On a etabli pour toute une gamme d'antigenes les pro-

fils de sensibilite de la population fond6s sur les diametres
moyens de l'induration r6actionnelle et on les a compar6s
A ceux qui avaient ete obtenus sur les jeunes recrues de la
marine americaine (Edwards et al., 1962).

Les ecarts de la dimension moyenne des reactions entre
les trois groupes suivant lesquels on avait divise l'6chan-
tillon de population semblent confirmer l'existence d'une
reaction croisee entre les mycobact6ries. Les rapports
calcules d'apres ces chiffres portent a croire que la sensi-
bilisation A S est capable d'induire une reaction crois6e
plus forte a l'egard de Y (rapport S: Y = 1: 0,52) qu'A
l'egard de G (rapport S: G = 1: 0,42).

Cette enquete permet de conclure qu'a Lagos, les
reactions aux PPD de mycobacteries autres que Myco.
tuberculosis sont tres courantes, les mycobact6ries ind6-
terminees du type scotochromog6ne et du groupe III
constituant les sensibilisateurs humains les plus impor-
tants. Cette conclusion est en accord avec les resultats
des epreuves cutanees obtenus ailleurs, mais non pas avec
les resultats que l'un des auteurs avait tires d'une etude
par culture A Lagos (Beer & Davis, 1965), ou Myco.
fortuitum avait ete frequemment mis en evidence.
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