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Blood lymphocytes were prepared from 6 patients at various time intervals
after the onset of tularemia and from 10 subjects after vaccination against this
disease. Lymphocytes were also prepared from subjects who had been vaccinated
1 and 2 years previously. The lymphocytes were incubated in the presence of
membranes of the vaccine strain. Lymphocytes obtained 2 weeks or later after
onset of the disease responded to the membranes with increased deoxyribonucleic
acid synthesis, whereas lymphocytes obtained earlier than 2 weeks after onset did
not respond. Lymphocytes of the vaccinated subjects did not respond to the
membranes of the vaccine strain before vaccination. Two to 4 weeks after
vaccination lymphocytes from six of the vaccinees yielded a high response, and
this response was consistently high for several months. Lymphocytes from four of
the vaccinated individuals responded to a low extent only, and this was consist-
ently low for several months. Lymphocytes from individuals vaccinated 1 year

before testing responded to a similar extent to the membranes, as did lymphocytes
from those who had been vaccinated 1 month previously. Lymphocytes from
individuals vaccinated 2 years previously, however, showed a diminished response

to the membranes. There was no correlation between titer of agglutinating
antibodies and magnitude of lymphocyte reactivity.

The lymphocyte stimulation test has been
used to demonstrate an immune response in
humans to Francisella tularensis (17, 18). In
this test, the stimulation of blood lymphocytes
by antigenic preparations of a vaccine strain, F.
tularensis LVS, was assayed by incorporation of
radioactively labeled thymidine into deoxyribo-
nucleic acid (DNA) of the lymphocytes. Lym-
phocytes from vaccinated individuals and from
tularemia patients responded to the antigenic
preparations with an increased DNA synthesis,
whereas lymphocytes from unexposed individ-
uals responded poorly or not at all. Most of the
responding cells were found to be T lympho-
cytes, and a minor fraction were B lymphocytes
(18). Thus, the lymphocyte stimulation test
seems to estimate cell-mediated rather than hu-
moral immunity to F. tularensis.

Cell-mediated immunity is known to correlate
better than humoral immunity with host resist-
ance against various intracellular bacteria in-
cluding F. tularensis (1, 7, 10, 13, 15, 19). There-
fore, the lymphocyte stimulation test may be-
come an in vitro assay of resistance against F.
tularensis.

In the present study, the time of appearance
of lymphocyte response to F. tularensis antigen
after the onset of tularemia and after tularemia
vaccination was studied. The response of lym-

phocytes from individuals vaccinated 1 and 2
years previously was also studied.

MATERIALS AND METHODS

Tularemia patients. Six tularemia patients were
included in the study. They lived within an area of
about 50 km2 in the county of Vasterbotten in northern
Sweden and became ill during the first part of August
in 1978. They had all been in the woods within a week
before onset of the disease. When first visited by one
of us (A.T.), each of five patients had a rounded red
efflorescence about 1 cm2 in size with a central pustule
or ulcer. The efflorescence was located on the neck,
arm, or leg and did not bother the patient. The other
patient became ill 13 days before our visit. She re-
ported a similar efflorescence. Each patient had a
clearly palpable regional lymphadenit. The onset of
fever varied from 4 days before to 6 days after the
patients first noticed their efflorescence. All patients
received doxycycline, 200 mg on day 1 of treatment
and 100 mg on each of the following 9 days. Treatment
was initiated within 4 days of onset of fever in five
cases. They responded promptly to treatment and
became afebrile within a week. The sixth patient did
not get doxycycline until day 11 after the onset of
fever. She was still febrile 14 days after initiation of
treatment. She then received another course of treat-
ment with a double dose of doxycycline. She recovered
after that.
Venous blood was obtained from the patients at

various time intervals for three weeks after the onset
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of disease and put into heparinized, and nontreated
glass tubes (100 by 16 mm; Becton, Dickinson & Co.,
Rutherford, N.J.).
Vaccinated individuals. Ten healthy individuals

were vaccinated with F. tularensis LVS, which was
supplied lyophilized by the U.S. Army Medical Re-
search Institute of Infectious Diseases, Fort Detrick,
Frederick, Md. Before and at various intervals after
vaccination, samples of venous blood were obtained
and put in heparinized and nontreated tubes. Fourteen
and 18 other healthy individuals had been vaccinated
1 and 2 years, respectively, before sampling. All indi-
viduals were vaccinated intradermally by the same
vaccinator, using vaccine from one batch.
Lymphocyte-stimulating agents. Membranes of

F. tularensis LVS were prepared in a similar way to
that used to isolate outer membranes of Escherichia
coli and Neisseria gonorrhoeae (18, 20, 21). Purified
protein derivative of tuberculin (Statens Seruminsti-
tut, Copenhagen, Denmark) was also used. The mem-
branes were suspended and the purified protein deriv-
ative was solubilized in RPMI 1640 N-2-hydroxyethyl-
piperazine-N'-2'-ethanesulfonic acid containing 100 tig
of streptomycin sulfate per ml (RPMI-HEPES).
Serum. Venous blood from tularemia patients and

vaccinated individuals was centrifuged. Serum was
inactivated at 56°C for 30 min and kept frozen at
-20°C until testing. Serum was also pooled from sev-
eral healthy blood donors, inactivated, and kept fro-
zen.
Lymphocyte cultures. Lymphocytes were pre-

pared from heparinized blood by centrifugation on
Lymphoprep (Nyegaard A/S,'Oslo, Norway) as de-
scribed by Boyum (4), washed, and suspended in a
culture medium containing RPMI-HEPES supple-
mented with 15% pooled human serum or 15% serum
from a specified vaccinated individual. Cultures were
established in Microtest II tissue culture plates (Fal-
con Plastics, Los Angeles, Calif.). Each culture con-
tained 100 pl of a lymphocyte suspension and 100 IlI of
antigen-containing RPMI-HEPES. The final lympho-
cyte density was 1.5 x 106/ml of culture. If not other-
wise stated, the final density of F. tularensis LVS
membranes was 10,g of protein per ml, and the
concentration of purified protein derivative 20 ,ug/ml
of culture. Each microplate was closed with a film
(Falcon Plastics) and incubated at 37°C for 6 days.
The cultures were then pulsed with ['4C]thymidine
and harvested by the technique described by Hartz-
man et al. (9) with minor modifications (17). The
incorporation of ['4C]thymidine has been found to be
optimal after about 6 days of incubation with antigen
from F. tularensis (17).

Agglutination tests. The agglutination test (8)
was performed as previously described (17). The an-
tibody titer was expressed as the reciprocal of the
highest serum dilution giving agglutination with a
clear supernatant.

RESULTS
Lymphocyte response to various doses of

F. tularensis LVS membranes. Lymphocytes
from vaccinated individuals were incubated in
the presence of various doses of F. tularensis
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LVS membranes, and the incorporation of
["4C]thymidine into DNA of the lymphocytes
was measured. An optimal incorporation was
induced by about 10 ,ug of protein per ml of
culture (Fig. 1). This dose was used in the study.
Time of lymphocyte response of F. tula-

rensis LVS membranes during the course
of tularemia. Lymphocytes were obtained re-
peatedly from six patients during the first 3
weeks after the onset of fever. They were incu-
bated in the presence and absence of F. tularen-
sis LVS membranes, and the incorporation of
[14C]thymidine was measured. Lymphocytes ob-
tained 2 weeks or more after onset responded
with increased incorporation, whereas lympho-
cytes obtained earlier after onset did not respond
(Fig. 2).

Agglutinating serum antibodies appeared dur-
ing the end of week 2 after the onset of fever
(Fig. 2). Generally, the appearance of antibodies
coincided with the appearance of lymphocyte
reactivity, although there were discrepancies in
individual cases. One patient (Fig. 2) showed no
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FIG. 1. Response to various doses of F. tularensis
LVS membranes of lymphocytes from vaccinated in-
dividuals. Lymphocytes were incubated for 6 days,
and the ["4C]thymidine incorporation into DNA was
estimated. Mean counts per minute of four or five
cultures are indicated and the mean counts of cul-
tures without antigen have been subtracted.
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FIG. 2. Development of lymphocyte reactivity and
agglutinating serum antibodies after the onset of
tularemia. Lymphocytes were incubated for 6 days in
the presence of F. tularensis LVS membranes, and
the ['4C]thymidine incorporation into DNA was es-

timated. Mean counts per minute offive cultures are

indicated after the subtraction of the mean counts of
cultures without antigen. Each kind of symbol rep-

resents one patient.

serum agglutinins even on day 19, whereas his
lymphocytes responded to the F. tularensis LVS
membranes. On day 50, however, he had an

agglutinin titer of 40.
Time of the lymphocyte response to F.

tularensis LVS membranes after tularemia
vaccination. Lymphocytes obtained before and
at various intervals after tularemia vaccination
were incubated in the presence and absence of
F. tularensis LVS membranes, and the incor-
poration of [14C]thymidine into the DNA of the
lymphocytes was estimated. In lymphocytes ob-
tained before vaccination, the membrane-in-
duced incorporation was generally low (Fig. 3).
After vaccination, the membranes induced a

high incorporation into lymphocytes from 6 of

FIG. 3. Lymphocyte response to F. tularensis LVS
membranes before and at various intervals after tu-
laremia vaccination. The incorporation of [4C]thy-
midine into DNA was estimated, and the means ±

standard error of five cultures are indicated (0), as

well as the titers of agglutinating serum antibodies
(0). Individuals were numbered from 1 to 10.

ten individuals (numbers 1 to 6, Fig. 3). The
interval between vaccination and the first sam-
ple yielding increased ["C]thymidine incorpo-
ration varied among the individuals. In lympho-
cytes from two of them, it occurred after about
2 weeks (numbers 1 and 5), and in the others it
occurred after about a month. The incorporation
was then consistently high in consecutive sam-

ples from these individuals. Lymphocytes from
four of them were tested as long as half a year
after vaccination and found still to respond well

to the membranes (Fig. 3). Lymphocytes of the
remaining individuals (numbers 7 to 10) incor-
porated more ["4C]thymidine in the presence
than in the absence of membranes on some

occasions after vaccination. However, the incor-
poration was not as high as that of lymphocytes
from the other individuals, and it was not con-

sistent in cultures from consecutive samples.
Thus, there was a marked variation in the lym-
phocyte response to the F. tularensis LVS mem-
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branes among vaccinated individuals, but the
ability or inability to respond was reproducible
within individuals.

Agglutinating antibodies in serum to F. tula-
rensis appeared 2 to 4 weeks after vaccination.
Titers in serum from all individuals except one
(number 10, Fig. 3) rose to 40 or more. In two of
the individuals whose lymphocytes responded
well, there was a discrepancy in time between
the appearance of serum agglutinins and that of
membrane-induced lymphocyte stimulation. In
numbers 4 and 1, serum agglutinins and lympho-
cyte reactivity, respectively, appeared first.
The reasons for the wide variability between

individuals in the membrane-induced lympho-
cyte stimulation after vaccination is unknown.
One possibility could be that inhibitory antibod-
ies or other immunoregulatory substances were
induced to varying extents in serum by vacci-
nation. Therefore, well-responding lymphocytes
(number 1, Fig. 3) were incubated in culture
medium containing serum taken before and at
various intervals after vaccination of an individ-
ual whose lymphocytes responded poorly (num-
ber 10, Fig. 3). There was no difference in incor-
poration of [14C]thymidine between cultures
containing serum taken before and at various
intervals after vaccination (Fig. 4). Neither was
there any difference in incorporation, whether
the serum of the culture was from this individual
(Fig. 4a) or from an individual (number 5, Fig.
3) whose lymphocytes had been found to re-
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spond well to the membranes (Fig. 4b). Similar
results were obtained in two additional experi-
ments in which other combinations of sera and
lymphocytes were used (data not shown). Thus,
no effect of serum was found that might explain
the individual variability in the lymphocyte re-
sponse to F. tularensis LVS membranes after
vaccination.
Lymphocyte response to F. tularensis

LVS membranes of individuals vaccinated
1 month, 1 year, or 2 years before testing.
Lymphocytes from individuals vaccinated 1
month or 1 year before testing responded to F.
tularensis LVS membranes with similar magni-
tudes of [14C]thymidine incorporation (Fig. 5).
The thymidine incorporation induced into lym-
phocytes from individuals vaccinated 2 years
before testing was, however, significantly (P <
0.02) lower than that induced into lymphocytes
of individuals vaccinated 1 year previously.
There was no difference in purified protein de-
rivative-induced incorporation among the three
groups of individuals (Fig. 5).

Also, the agglutinin titers were lower in sam-
ples from individuals vaccinated 2 years before
testing than in samples from those who had been
vaccinated 1 month or 1 year before testing (Fig.
6). The correlation between the two parameters
was poor. Thus, the groups vaccinated 1 month,
1 year, or 2 years before the investigation showed
correlation coefficients of 0.6, 0.2, and -0.1, re-
spectively. It may be remarked that two of the
individuals who lacked demonstrable serum an-
tibodies 2 years after vaccination reacted
strongly in the lymphocyte stimulation test (Fig.
6).

DISCUSSION
l l It was previously reported that lymphocytes

from many tularemia-vaccinated individuals re-
sponded in vitro to heat-killed bacteria of the

(4\vaccine strain, whereas lymphocytes from un-

vaccinated individuals did not respond (17). The
immunospecific nature of the reaction is further

-z..---'-...±.--... established by the present results, since lympho-
o 10 20 30 cytes from the same individuals were studied
i n at on before as well as after vaccination and found to
on the lymphocyte respond to membranes of F. tularensis LVS
mbranes. Lympho- after vaccination only. Furthermore, patients
;ence of serum ob- with clinically and serologically verified tulare-
fter vaccination of mia developed a lymphocyte reactivity to the
whose lymphocytes membranes during illness.
n3branes and from The magnitude of the lymphocyte responses3),whose lympho- varied widely among the vaccinated individuals.Oanes were present Some responded well and consistently whenof incubation, the

pe eeotie eetdydrn eeanto DNA was esti- samples were obtained repeatedly during several
ror of five cultures months. Lymphocytes from other individuals

responded poorly in repeated cultures. The rea-
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FIG. 5. Response to F. tularensis LVS membranes of lymphocytes from individuals vaccinated on various
occasions before testing. One group of individuals (n = 10) was tested on the day of vaccination as well as 1
month later. Another group (n = 14) had been vaccinated 1 year before testing, and a third group (n = 18) was
vaccinated two years before testing. From each individual, five cultures were established with F. tularensis
LVS membranes as antigen (dotted bars), five cultures without stimulating agent (open bars), and five cultures
with purified protein derivative (lined bars). After 6 days of incubation, the incorporation of[4C]thymidine
into DNA was estimated. Counts per minute x 10-2 ± the standard error of the mean are indicated.
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son for the difference in lymphocyte reactivity
among individuals is unknown. It might be due
to an individually variable activity of immuno-
regulatory cells or humoral factors. Suppressive
effects of human lymphocyte subpopulations
and adherent mononuclear leucocytes have been

reported (3, 11). One approach may be to study
the relative quantity or activity of suppressor
and helper cells in the blood of individuals who
respond well and poorly to F. tularensis LVS
after tularemia vaccination.
Humoral factors may affect the lymphocyte
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response to specific antigens (cf. reference 15).
Immune complexes of IgM antibodies and ru-
bella antigen have been found to inhibit the
response of rabbit lymphocytes to rubella anti-
gens (12). A similar explanation for the poor
lymphocyte reactivity of some of the present
individuals seems improbable. Thus, serum ob-
tained at various intervals after vaccination of
individuals, whose lymphocytes responded
poorly, did not affect the response to F. tularen-
sis LVS membranes of highly reactive lympho-
cytes.
The interval between vaccination and the first

sample yielding a lymphocyte response to the
membrane preparation was 2 weeks in two cases
and 1 month in four cases. After the onset of
tularemia, there was a period of about 2 weeks
before the lymphocyte response appeared in vi-
tro. These results are in contrast to those of a
study on vaccination with killed bacteria of Bru-
cella abortus, when lymphocytes were found to
respond in vitro as early as 3 days after vacci-
nation (2). After BCG vaccination, on the other
hand, a lymphocyte response has been demon-
strated at day 13 (16). The long interval between
the appearance of a lymphocyte response after
tularemia vaccination may be due to a subopti-
mal sensitivity of the assay or to a long duration
of the immune process in vivo. Delayed hyper-
sensitivity seems not to appear earlier than 2
weeks after vaccination (5) which indicates that
in humans the development of immunity against
F. tularensis is a relatively slow process. It re-
mains to be established whether a specific lym-
phocyte response to antigens other than the
present may appear earlier.
The lymphocyte stimulation test may be used

as a supplement in tularemia diagnostics. It has
been found to estimate T lymphocyte reactivity
mainly, and its nature is therefore different from
that of serological assays. No correlation was
found in the present and in a previous study (17)
between the magnitude of lymphocyte response
and the titer of agglutinating serum antibodies
after tularemia vaccination. Two of four vacci-
nated individuals who lacked demonstrable se-
rum agglutinins 2 years after vaccination re-
sponded well in the lymphocyte stimulation test.
One of the patients who had a clinically verified
tularemia lacked demonstrable serum aggluti-
nins 3 weeks after the onset of disease but re-
sponded in the lymphocyte stimulation test.

Cell-mediated immunity is probably a better
correlate of host resistance against F. tularensis
than is the presence of humoral antibody (1, 7,
10, 15, 19). Since the present lymphocyte stim-
ulation test has been found to estimate T lym-
phocyte reactivity mainly (18), it is reasonable
to assume that individuals who respond vigor-
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ously have a higher degree of protection than
those who respond poorly. This assumption
might be tested by investigating vaccinated in-
dividuals of high-risk groups, such as workers in
risk laboratories. It is well known that the pres-
ent vaccination procedure does not induce an
obligate resistance in the individual against tu-
laremia. Protection is good against the respira-
tory form but not against the ulceroglandular
form of the disease (6). The lymphocyte stimu-
lation test may become one tool in evaluating
the effect of vaccination in individual subjects.
According to the present results, cell-me-

diated immune reactivity may often be demon-
strated within a month of vaccination and de-
clines significantly within 2 years of vaccination.
Revaccination of risk groups may therefore be
indicated only a few years after the first vacci-
nation. However, more efforts should be put
toward the standardization of preparations for
the lymphocyte stimulation test to get more
data before a recommendation of a vaccination
schedule can be given.
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