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Abstract
The studies aimed at presenting dynamic alterations in levels of lymphocytes T (receptor CD5+), 

Th (receptor CD4+), Tc/Ts (receptor CD8+), B (receptor IgM) and of lymphocytes with CD25+ 
receptor in rabbits immunized with Chlamydophila psittaci – strain 6BC. Serological studies were 
also conducted to detect presence of specific anti-Chlamydophila antibodies. Analysis of the results 
demonstrated that immunization of rabbits with the studied antigen resulted in an increase in levels 
of lymphocytes B in days 14, 28, 42, 49, 56, lymphocytes with CD25 receptor in days 14, 42, 49, 
lymphocytes T in days 14 and 35, Tc/Ts cells in days 28 and 35 and decreased levels of lymphocytes 
Th in days 7, 14 and 56, lymphocytes T in days 7, 42 and 49, lymphocytes Tc/Ts in the day 42 and 
lymphocytes with CD25 receptor in the day 21. On the other hand, positive titres of specific antibo-
dies were detected in days 49-56 following immunization, i.e. 5-6 weeks later than the first significant 
alterations in levels of lymphocytes and of their subpopulations. 
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Introduction
The genus of Chlamydophila (Chl.) sp., together with 

the Chlamydia sp. genus forms the Chlamydiaceae family 
of the Chlamydiales order [1-3]. The genus comprises six 
species: Chl. psittaci, Chl. abortus, Chl. felis, Chl. caviae, 
Chl. pecorum and Chl. pneumoniae [1-3]. Depending on 
their biotype and serotype, the bacteria induce various dise-
ases in humans and in animals (table 1). 

Studies on resistance phenomena in infections or follo-
wing immunizations of animals and humans with bacteria 
of Chlamydophila sp. and Chlamydia sp. genera demonstra-
ted that even if the immunity linked to lymphocytes and 
their subpopulations plays a significant role, few respective 
observations are available and the relevant studies were per-
formed in static systems. For example, in mice experimen-
tally infected with Ch. psittaci – strains Ab7 and 1B or with 

Ch. pecorum – strain iB1 [6] increases in lymphocyte T (re-
ceptor CD2), Th (receptor CD4) and Tc/Ts (receptor CD8) 
levels were observed. An analogous increase in the level of 
B cells was noted in mice experimentally infected with Ch. 
trachomatis – biotypes LGV and trachoma or Ch. psittaci 
– strain MnPn [7]. Such a pattern, i.e. increased levels of 
lymphocytes Th and B was noted also in turkeys following 
immunization with MOMP protein of Chl. psittaci – strain 
84/55 (serotype D) [8]. On the other hand, natural infection 
with Ch. psittaci in humans [9] permitted to find out that 
the infection was not always followed by changes in the 
pool of lymphocytes T, but in vitro was found to affect their 
transformation and proliferation under effect of concavalin 
A, pokeweed mitogen or phytohaemagglutinin. In cattle, 
natural infection with Chl. psittaci [10] was followed by 
augmented levels of lymphocytes B and lymphocytes T (re-
ceptor CD2), Th (receptor CD4) and Tc/Ts (receptor CD8). 
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It should be added that in other studies employing various 
experimental models (humans, mice, sheep, cattle, turkeys, 
cell lines) infection with Chlamydia sp. or Chlamydophila 
sp. Was found to increase levels of lymphocytes T [11-14] 
and lymphocytes B [6, 13, 15, 16]. 

Summing up the till now registered observations it sho-
uld be noted that demonstration of involvement of lympho-
cytes T and B as well as of their subpopulations in animals 
and humans infected with or immunized with Chlamydia 
sp. or Chlamydophila sp. bacteria, has not been followed 
by quantitative studies on the cells. Therefore, our studies 
aimed at determining numbers of lymphocytes T, Th, Tc, 
B and lymphocytes with CD25 receptor in the post-immu-
nization period in peripheral blood of rabbits - the model 
animal for human and animal pathology, immunized with 
the ubiquitous strain of Chlamydophila psittaci. 

Material and Methods
The studies were performed on 20 rabbits of mixed bre-

ed, in 4 groups of 10 animals each, weighing each 2.5 kg to 
4.0 kg, classified as conventional animals [17]. In course 
of the studies the animals were housed in a vivarium of the 
Chair of Microbiology and Immunology, in which zoohy-
gienic and housing criteria corresponded to legal standards 
binding in the country [18]. 

In two groups of immunized rabbits every animal rece-
ived in the first and the seventh days of the experiment, into 
the rear extremity, intramuscular injection of Chlamydophi-
la psittaci – strain 6BC antigen, isolated from a man infec-
ted by a parrot, dissolved in 1 ml sterile physiological saline 
to protein concentration of 50 µg/ml. Animals of the control 
group received at the same time and in the same amount 
intramuscular injection of a sterile physiological saline.

Blood for tests was sampled to sodium versenate thro-
ugh a venflon from a marginal ear vein in the first day, i.e. 
before administration of Chl. psittaci in the groups of expe-
rimental rabbits or before administration of physiological 
saline in the group of control animals. Subsequently, blood 
tests in the experimental rabbits were conducted on 8 occa-
sions, spaced by 7 days, i.e. on days 7, 14, 21, 28, 35, 42, 49 
and 56 following the immunization.

Determination of lymphocytes T and B and of their 
subpopulations

The determination took advantage of a flow cytometer 
(Cytoron Absolute, Ortho, USA) according to the technique 
described by Deptuła et al. [19]. The technique used for de-
tection of lymphocytes and their subpopulations monoclo-
nal antibodies (mouse anti-rabbit antibodies; Serotec, USA) 
capable of identifying lymphocytes B with IgM receptor, 
lymphocytes T carrying CD5+ receptor, lymphocytes Th 
with CD4+ receptor, lymphocytes Tc/Ts with CD8+ recep-
tor and lymphocytes carrying CD25+ receptor.

Serological studies

Presence and titre of antibodies to Chlamydophila sp. 
In rabbit sera were determined by complement fixation test, 
executed according to manufacturer’s instruction [20], in 
which a positive titre is denoted by inhibition of hemolysis 
of ++ intensity in serum dilutions of 1:32 and higher. 

Statistical analysis

Results of the immune tests were subjected to statisti-
cal analysis using Student’s t-test at p=0.05, comparing the 
obtained results with those found in rabbits of control gro-

Table 1. Characteristics of bacteria of Chlamydophila sp. order [1, 2, 4] 

Species Biotype Serotype Pathology

Chlamydophila 
psittaci*

lack of data
A, B, C, D, E, F, M56 Psittacosis of wild and household birds, abortions, pneumoniae in humans

WC enteritis in cattle

Chlamydophila 
abortus*

lack of data lack of data
abortions, weak newborns in ruminants (cattle, goats, sheep), abortions in 
horses, rabbits, guinea pigs, mice, pigs and in women

Chlamydophila 
felis

lack of data probably 4 (?) conjunctivitis, nasal mucositis in cats

Chlamydophila 
caviae

lack of data lack of data conjunctivitis, mucositis, infections of genital tract in guinea pigs

Chlamydophila 
pecorum

lack of data lack of data
pathology of genital and urinary systems (koala); abortions, conjunctivitis, 
enteritis, pneumoniae, meningitis, polyarthritis (ruminants)

Chlamydophila 
pneumoniae

TWAR
TW-183, AR-37, AR- 

-277, AR-388, AR-427, 
AR-231, LR-65

acute or chronic bronchitis and pneumoniae, potential for arteriosclerosis, 
myocardial infarction, coronary and ischemic disease of the heart, Reiter’s 
syndrome and sarcoidosis, Alzheimer disease, multiple sclerosis in humans

Koala lack of data infections of respiratory tract in koala

Equine lack of data pathology of respiratory tract in horses

* – The �
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ups, and were presented in forms of arithmetic mean and 
standard deviations (SD+) in table 2. Serological results are 
shown in table 3.

Results
Analysis of results showed that Chlamydophila psittaci 

– strain 6BC induced a statistically significant increase only 
in levels of lymphocytes B. The levels of lymphocytes with 
CD25 receptor and of lymphocytes Tc/Ts and T manifested 
an increase and a decrease, while levels of lymphocytes Th 

manifested a significant decrease (table 2). Increase in le-
vels of lymphocytes was observed in days 14, 28, 42, 49 
and 56 of the experiment while increase in lymphocytes 
with CD25 receptor was noted in days 14, 42 and 49, in-
crease in lymphocytes T was seen in days 14 and 35, and 
increase in lymphocytes Tc/Ts was detected only in days 28 
and 35. Decreased levels of lymphocytes Th were recorded 
in days 7, 14 and 56, decreased levels of lymphocytes T in 
days 7, 42 and 49, decreased levels of lymphocytes Tc/Ts 
in day 42 and decreased levels of lymphocytes with CD25 
receptor in day 21 of the experiment.

Table 2. Numbers of lymphocytes B and T and of their subpopulations in peripheral blood of rabbits immunized with Chlamydo-
phila psittaci – strain 6BC (χ and SD±)

Lymphocy-
tes with a 

specific CD 
receptor (%)

Numbers in individual days

1↓ 7↓ 14 21 28 35 42 49 56

Z K Z K Z K Z K Z K Z K Z K Z K Z K

lymphocytes 
B 

(IgM)

16.3

3.5

8.8

2.1

12.6

4.2

8.4

4.3

14.1*

3.4

4.8

1.5

9.6

3.4

8.6

3.0

12.9*

2.9

5.0

2.2

10.9

3.1

12.6

1.5

20.5*

3.3

16.5

3.5

24.8*

1.6

18.6

1.4

20.2*

3.7

16.1

2.2

lymphocy-
tes T 

(CD5+) 

55.9

7.1

52.3

8.7

47.1

3.9

60.4*

3.6

50.5*

9.1

42.4

8.0

57.0

10.0

52.0

13.8

58.0

10.7

55.4

13.9

58.5*

6.9

44.3

6.6

34.3

10.3

48.5*

10.5

47.9

5.6

53.1*

6.6

54.4

10.0

55.2

9.5

lymphocy-
tes Th 
(CD4+) 

34.2

8.6

32.6

7.8

37.4

6.6

44.5*

7.7

34.2

8.5

50.2*

8.6

35.4

7.4

38.8

9.0

34.4

6.6

32.3

6.7

35.8

10.9

32.9

11.1

31.8

7.0

32.4

7.3

36.6

7.8

33.9

8.0

37.1

8.9

43.5*

8.2

lymphocy-
tes Tc/Ts 
(CD8+) 

16.4

3.3

17.6

2.9

14.9

3.6

13.7

3.7

14.9

3.0

12.5

3.5

15.7

5.2

13.8

4.7

17.5*

2.1

14.5

1.2

23.3*

8.5

15.1

7.0

13.8

3.7

22.1*

2.7

11.4

2.4

14.1

3.6

14.2

1.1

14.5

2.2

lympho-
cytes 

CD25+ 

7.3

2.6

6.5

2.9

7.4

3.8

7.6

4.4

5.6*

1.4

3.0

1.4

2.2

0.5

4.3*

0.7

3.7

1.3

3.1

1.4

4.3

1.3

3.4

1.5

10.5*

2.6

7.6

2.0

12.0*

2.6

8.7

2.7

8.7

1.5

8.8

2.1

Z – immunized animals; K – control animals; ↓ – day of immunization; * – difference significant at p≤0.05.

Table 3. Results of serological studies in rabbits immunized with Chl. psittaci 

Day of studies

Chlamydophila psittaci – strain 6BC

dilution of serum

1:2 1:4 1:8 1:16 1:32 1:64

1 -- -- -- -- -- --

7 -- ++++ + -- -- --

14 ++++ ++++ ++ + -- --

21 ++++ ++++ + -- -- --

28 ++++ ++++ ++ + + --

35 ++++ ++++ ++++ +++ + --

42 ++++ ++++ ++++ ++++ + --

49 ++++ ++++ ++++ ++++ ++ ++

56 ++++ ++++ ++++ ++++ ++ +

Inhibition of hemolysis deter�
marked by 2 pluses (++) or more pluses at the dilution of 1:32 was regarded to represent a positive titre [20].
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Analysis of results obtained in serological studies (table 
3) demonstrated that positive titres obtained according to 
the binding instruction [20] did not appear in rabbits immu-
nized with Chl. psittaci – strain 6BC until days 49 and 56 
following the immunization.

Discussion
In present studies the increase in peripheral blood 

lymphocytes B observed in rabbits immunized with Chl. 
psittaci confirmed observations of Levitt et al. [7], who de-
monstrated proliferation of mouse lymphocytes B in vitro 
following their stimulation with Ch. psittaci – strain MnPn 
and Ch. trachomatis – biotype LGV. On the other hand, 
distinct results in the number of lymphocytes B were ob-
tained by Buendia et al. [6], who observed that infection in 
mice with Ch. psittaci – strain AB7 and 1B and with Ch. 
pecorum – strain iB1, induced in their spleens a decreased 
number of the cells. Still another pattern of lymphocytes B 
in the genital tract was obtained by Maxion et al. [13] in 
mice experimentally infected with Ch. muridarum. Also in 
the cattle naturally infected with Chl. psittaci [10] and in 
turkeys immunized with a plasmid coding MOMP prote-
ins of Chl. psittaci [8] augmented peripheral blood levels of 
lymphocytes B were noted. Involvement of lymphocytes B 
in anti-chlamydial immunity was confirmed also by Morri-
son et al. [15] who studied effects of re-infection with Ch. 
trachomatis in mice with depleted lymphocytes B and de-
monstrated that animals with depleted lymphocytes B were 
particularly prone to another infection with the bacteria. 
Moreover, the team of Ramsey [16] demonstrated in mice 
that augmented activity of lymphocytes B due to their infec-
tion with Ch. trachomatis induced a compensatory respon-
se of other specific mechanisms: the delayed type response 
conditioned by lymphocytes T. 

Determination of numbers of lymphocytes T, obtained 
in a dynamic system in rabbits immunized with Chl. psit-
taci, demonstrated that their alterations manifest by both 
augmented and, in other time points, by decreased levels 
of lymphocytes T, Tc/Ts and of lymphocytes with CD25+ 
receptor but only by a decrease in level of lymphocytes Th, 
which pointed to the role of lymphocytes T and their sub-
populations in anti-chlamydial immunity. The results have 
confirmed the data of till now performed studies [6, 8-14, 
21, 22], which, however, were examining single time po-
ints, i.e., were not performed in a dynamic manner. Com-
parison of alterations in numbers of lymphocytes T and of 
their subpopulations in rabbits immunized with Chl. psit-
taci has found partial confirmation in studies of Buendia 
et al. [6], who in spleens of mice infected with Chlamy-
dophila psittaci recorded not only increased numbers of 
lymphocytes T with CD4 receptor but also a decrease in 
lymphocytes T with CD8 receptor. In cattle naturally infec-
ted with Chl. psittaci also increased levels of only periphe-
ral blood lymphocytes T, Th and Tc/Ts were detected [10].  

Similar results were described also in blood of turkeys 
immunized with a plasmid coding MOMP protein of Chl. 
psittaci – strain 84/55 (serotype D), which manifested au-
gmented activity of lymphocytes Th [8], and in humans 
naturally infected with Ch. psittaci [9]. Also the increase in 
lymphocytes Th and decreased level of lymphocytes Tc/Ts 
recorded in spleens of mice experimentally infected with 
Chlamydophila pecorum [6] as well as decreased numbers 
of lymphocytes Th detected in genital tract on mice infected 
with Ch. muridarum [13] partially confirmed the presented 
results of our own studies. A pattern similar to that descri-
bed in [13] was registered in mice experimentally infected 
with the germ [14], in which spleens contained elevated le-
vels of lymphocytes T and lymphocytes Th in particular. 
Also in cultures of line L cells [11] and in cultures of human 
lymphocytes isolated from patients naturally infected with 
Chlamydia trachomatis [12] augmented levels of lympho-
cyte Tc/Ts activity were seen [11, 12]. The results [6, 8, 9, 
11-14] were confirmed also in humans naturally infected 
with Chl. pneumoniae [21] and in mice experimentally in-
fected with the bacteria [22], in whom/in which intensified 
in vitro proliferation of lymphocytes T [21] was accompa-
nied by increased activity of mainly lymphocytes Tc/Ts ori-
ginating from lungs [22]. It should be added that, despite 
similarities, the results of studies [6, 8-14, 21, 22] cannot 
unequivocally be related to results of our present work since 
alterations in levels of immunocompetent cells, including 
lymphocytes T and their subpopulations, remain slightly 
different in peripheral blood, as compared to spleen, liver or 
placenta in mammals or birds. 

Nevertheless, the presented observations of our own or 
of other authors [6-12, 14-16, 21, 22] indicate that already 
due to alterations in levels of lymphocytes T and B detected 
in a static set-up, lymphocytes B, T, and their subpopula-
tions represent a significant element of protection against 
infections with Chlamydia sp. and Chlamydophila sp. bac-
teria. The studies have shown that lymphocytes B, lympho-
cytes Tc/Ts and lymphocytes Th represent the most impor-
tant cells involved in anti-chlamydial response in humans 
and in animals (laboratory and farm animals) due the timing 
of alterations in their levels. Present studies have shown that 
immunization of rabbits with Chl. psittaci induces increase 
in lymphocytes B only, an increase and a decrease in levels 
of lymphocytes with CD25 receptor, lymphocytes T and 
Tc/Ts and a decrease only in lymphocytes Th. The incre-
ased levels have been observed in days 7, 14, 28, 35, 42, 49 
and 56 following immunization while decreased levels have 
been detected in days 14, 21, 42, 49 and 56 after immuni-
zation. The alterations have persisted for the longest time in 
levels of lymphocytes B and T. It can be concluded that the 
timing of increased or decreased numbers of lymphocytes 
B and T and their subpopulations has not been described 
in the till now performed studies, which were conducted in 
static experimental set-up and which therefore did not do-
cument time progress of the alterations. The documented 
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time course of the alterations represents, therefore, a new 
element of our knowledge on anti-chlamydial immunity. 
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