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Studies on Trachoma
5. Complement-Fixation Tests in Human Volunteers

M. L. TARIZZO 1 & Y. MITSUI 2

Complement-fixation tests carried out on serial serum samples from human volunteers
indicate that group-specific antibodies develop after experimental inoculation of trachoma
virus and inclusion conjunctivitis virus. The results obtained with antigens prepared from
four trachoma virus strains isolated in Tunisia and one strain from Japan and with an
ornithosis antigen suggest that there may be antigenic differences among trachoma virus
strains and that the use ofhomologous antigens will therefore give the best results.

The development of group-specific complement-
fixing (CF) antibodies in the serum of human
volunteers after inoculation with the trachoma virus
has been already demonstrated by Collier et al.
(1960) and by Grayston et al. (1960). The present
paper summarizes the results obtained in a series of
CF tests carried out on sera of human volunteers
inoculated with different strains of trachoma and
inclusion conjunctivitis virus, using antigens pre-
pared with various strains of the trachoma virus as
well as an ornithosis antigen. The pertinent data
regarding these human volunteers and the experi-
mental inoculations will be reported elsewhere
(Mitsui et al., 1962).

MATERIAL AND METHODS

Serum saniples
Series of serum samples were obtained from four

human volunteers in Japan inoculated with Ameri-
can and Japanese strains of trachoma and inclusion
conjunctivitis virus (Patients 3-6; no serum samples
were available from the first two volunteers). These
series consisted of 4-11 serum samples for each
individual: the first four collected at weekly intervals
starting with the day of inoculation and, in three of
the four patients, later samples collected at varying
intervals up to about two months after the inocula-
tion; from one of these patients, a sample collected
after four months was also available.

1 Laboratoire de Recherches virologiques, Institut
d'Ophtalmologie de Tunis, Tunisia.

'Department of Ophthalmology, Tokushima University
School of Medicine, Tokushima, Japan.

The serum samples were sent by air mail to the
Tunis laboratory, in sealed ampoules, without pre-
servatives and without refrigeration; upon arrival
they were heat-inactivated and then frozen at
-25°C for storage. The tests were carried out within
two months of the arrival of the samples.

Antigens

Five trachoma and one ornithosis antigens were
used in the tests reported here. The trachoma anti-
gens were prepared in the Tunis laboratory with
five different virus strains; four of them were isolated
in Tunisia (Tarizzo, 1961), and the fifth was one of
the Japanese strains used in the experimental
inoculation. This strain, " Mita" (Mitsui et al.,
1961), is maintained in culture in the Tunis labora-
tory where it was received lyophilized in January
1961 after 12 egg passages carried out in Japan. All
trachoma antigens were prepared with the same
technique-heat treatment and phenolization-based
on the technique described by Meyer & Eddie (1956)
for the preparation of the CF psittacosis antigen.
Details regarding the virus material used in the
preparation of these antigens are given in Table 1.
The ornithosis antigen, F-15, was kindly supplied

to us by Dr Volkert, of the Statens Seruminstitut,
Copenhagen; this is a thermostable yolk-sac antigen,
ether-extracted and acetone-precipitated (Volkert
& Moller-Christensen, 1955).

In addition, all serum samples were tested with a
control antigen prepared with normal yolk sacs
from chick embryos incubated under the same con-
ditions as the inoculated eggs, and of the same age.
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TABLE 1
VIRUS MATERIAL USED IN THE PREPARATION OF THE

TRACHOMA ANTIGENS

Virus Egg Anti-
strain pas- gen Origin and date of isolation

Mita 2-7a 50 Tokushima, Japan, June 1960

Tu-2 47-51 30 Sidi Thabet, Tunisia, June 1959

Tu-8 15-19 56 Teboulbou, Tunisia, November 1959

Tu-4 15-19 42 Ghennouch, Tunisia, November 1959

Tu-14 19-21 58 Ghennouch, Tunisia, November 1960

a Number of passages in the Tunis laboratory; 12 egg
passages had been carried out in Tokushima before lyophili-
zation.

Technique of the reaction
The Kolmer technique has been used for all the

tests, with slight modifications: the volume of each
reagent has been reduced to 0.10 ml and Veronal

buffer has been used for all dilutions. In the reading
of the results, the highest serum dilution giving
complete complement fixation (no evidence of
haemolysis) is considered as the end-point of the
reaction. Although they are not reported in detail,
all tests included the usual controls for serum,
antigens, complement, red blood cells and haemo-
lytic system.

Results
The results obtained are summarized in Table 2

and in the accompanying figure.
In two patients, 5 and 6, the samples collected

before inoculation were positive at low titre with
practically all the antigens used.

Patient 3, inoculated with the American strain,
Bour, of trachoma virus, did not show any significant
rise in titre up to 21 days after inoculation; no later
samples were available.

Patients 4, 5 and 6 all showed significant changes
consisting of at least a fourfold titre increase within
this period of time; the peak titre was reached
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TABLE 2
RESULTS a OF COMPLEMENT-FIXATION TESTS IN HUMAN VOLUNTEERS

Patientb Antigens 1_ _ _ _ _ _Days after Inoculation __
0 17 14 21 26 28~ 35 39 42 49 56 70 T76 j77 178 1136

No. 3 --Trachoma--_ _ -

lnoculatedwithBour Mita 0 4 0 0
strain (Trachoma,
USA) Tu-2 0 4 0 0

Tu-8 0 0 0 0

Tu-4 0 4 0 4

Tu-14 0 0 0 0

Ornithosis 0 0~ 4 0

No. 4 Trachoma:

Inoculated with Mita Mita 0 0 32 64 16 16 4
and Kondo strains
(Trachoma, Japan) Tu-2 0 0 8 4 4 4 0

Tu-8 ND 0 8 4 4 8 0

Tu-4 0 4 16 ND 4 16 8

Tu-14 ND 4 16 ND ND 16 4

Ornithosis 0 0 8 4 4 8 0

No. 5 Trachoma:

IlnoculatedwithKon- Mita 16 8 16 64 32 128 32 32 64 32 32
do strain (Tracho-
ma,Japan) Tu-2 8 0 4 64 32 64 32 128 16 8 0

Tu-8 4 4 ND 64 64 128 32 32 16 32 16

Tu-4 4 8 8 321 64 32 32 32 16 16 16

Tu-14 8 4 ND 32 64 32 32 32 16 16 8

Ornithosis 0 0 0 16 4 16 16 8 8 8 8

No. 6 Trachoma:

Inoculated with Ka- Mita 8 16 32 128 128 32 32
mi strain (inclusion
conlunctivitis) Tu-2 4 4 64 256 128 128 32

Tu-8 16 16 16 32 64 16 I8

Tu-4 8 16 16 128 64 128 64

Tu-14 16 8 16 32 64 128 8

Ornithosis 4 8 8 16 16 32 8

a Results are expressed as the reciprocal of the highest serum dilution giving complete complement fixation. ND =not done.
b1 No serum samples available from patients 1 and 2.

within this period, further increases observed with

later samples being almost all within the limits of

error of the technique (one dilution).

A general downward trend in the antibody titre is

present after two months in patients 5 and 6, while

in patient 3 this is evident after four months only;

however, a direct comparison is not possible because
after the first three weeks the samples were not
collected at uniform intervals.

In patient 4, inoculated with both the Kondo and
the Mita strains of trachoma virus, the highest titre
was obtained with the antigen prepared with the
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homologous strain (Mita); a close relationship was
present between the results obtained with antigens
Tu-4 and Tu-14 and also among the Tu-2, Tu-8 and
the ornithosis antigens.

In patient 5, inoculated with the Kondo strain,
the highest titres were obtained with the Mita, Tu-2
and Tu-8 antigens. As in the previous case, the
results obtained with the Tu-4 and Tu-14 antigens
are closely related, while the ornithosis antigen-
which gave negative results with the early specimens
-showed lower titres.

In patient 6, inoculated with the Kami strain of
inclusion conjunctivitis virus, the relationship among
the results obtained with the various trachoma anti-
gens is less clear, but the titres obtained with the
ornithosis antigen are still the lowest.
The titres obtained in the two patients giving

positive results at low titres before inoculation were
somewhat higher than those obtained in patient 4,
although in this case a homologous antigen had also
been employed.

DISCUSSION

The results presented here confirm that comple-
ment-fixing antibodies develop after experimental
inoculation of trachoma and inclusion conjunctivitis
virus into human volunteers.
A significant rise in titre-at least fourfold but

up to 16-fold-was obtained also in the two patients
in whom positive results were obtained with the
samples collected before inoculation; the time at
which this increase was observed corresponded to
that observed in the patient in whom no antibodies
could be detected before inoculation. The specificity
of the antibody response was confirmed by the more
pronounced rise in titre observed with the trachoma
antigens as compared with the ornithosis antigen
in all patients; with this antigen also, however, the
increase in antibody titre was at least fourfold.
The presence in two patients of CF antibodies at

low titres before inoculation suggests, in our opinion,
a previous infection with the virus-of which, how-
ever, no clinical traces were evident at the time of the
inoculation-or an infection with another virus of
the group, such as psittacosis. The fact that the
antibody titres obtained after inoculation in these
two series of samples were somewhat higher than in
the other series, although no homologous antigen
was employed, supports this interpretation.

In the three patients showing a significant increase
in antibody titre, circulating antibodies appeared

about two weeks after the development of clinical
signs and tended to disappear with them when treat-
ment was instituted five weeks later
Although it cannot be ruled out that antibodies

might have developed later on in the volunteer
inoculated with the Bour strain (patient 3), it seems
that the lack of detectable response within three
weeks of inoculation might suggest some antigenic
difference between this strain and the other strains
used for the inoculation and for the preparation of
the antigens. However, this strain appeared to be
the most virulent; the lack of antibody response
could be related to this fact and be interpreted as a
consequence of or even as a reason for the more
pronounced virulence of the strain.
The results obtained seem to confirm other still

unpublished observations made by one of us in the
course of comparative studies on various strains of
the trachoma virus, suggesting the existence of
differences in the antigenic properties of different
isolates. In this connexion it is interesting to note
that the two antigens which gave almost identical
results in this series of tests were prepared with two
strains, Tu-4 and Tu-14, isolated at one year's
interval from two trachoma patients living in the
same small village. The differences between the
results obtained with these two antigens were only
slightly more pronounced in the case of the sera
obtained from the patient inoculated with a Japanese
strain of inclusion conjunctivitis virus; as mentioned
above, the results obtained in this patient with all
the antigens used showed less evident affinities and
differences, suggesting a somewhat less specific
response.
The complement fixation with heat-stable antigens

used in this series of tests is essentially a group-
specific reaction. However, the differences observed
in the results obtained, even if slight, appear to
indicate that homologous antigens may give better
results, as is also recognised in the case of other
viruses of the group. The possibility of differences
in the antigenic properties of different strains would
-if confirmed by further observations with more
specific techniques-have obvious implications for
the development of laboratory methods for the
immunological diagnosis of the disease and of
immunological methods for its prevention.
We hope that the results presented here may

clearly show the need for more work in this direction
and for comparative studies of trachoma virus
strains isolated in different regions.
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RtSUMI

11 est connu depuis 1960 que l'infection par le virus du
trachome donne naissance dans le serum humain a des
anticorps fixateurs du complement. Dans cette etude, les
auteurs ont suivi le d6veloppement de ces anticorps chez
quelques volontaires inocul6s par des antig6nes prepares
a partir de cinq souches du trachome et d'une souche de
virus de l'ornithose. Quatre des antigenes du trachome et
celui de l'ornithose provoquerent la formation d'anticorps
fixateurs du complement. Une augmentation du titre de
4-16 fois a ete observe'e chez deux sujets positifs avant
l'inoculation- probablement infectes anterieurement par
un virus apparente. La specificite de ces anticorps ressort

du fait que I'augmentation des anticorps contre le tra-
chome est plus elevee a la suite de l'inoculation du virus
du trachome que de celui de l'omithose. L'inertie appa-
rente de la cinquibme souche de virus du trachome, qui,
apres trois semaines, n'avait pas provoque d'anticorps
decelables par la methode employee pour les autres, fait
supposer l'existence de variations de l'antig6nicite entre
les souches de virus du trachome. Des etudes doivent etre
entreprises sur ce point. Si cette supposition devait se
verifier, cette variabilite aurait evidemment des reper-
cussions sur la mise au point des methodes immunolo-
giques de diagnostic et de prevention.
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