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Introduction
At present, the rabbit haemorrhagic disease (RHD) virus

is present in all continents, and since its description in 1984
in China [1], over 400 strains are identified [2]. So far, in
the aspect of specific and non-specific cellular and humoral
immunity induced in rabbits, 22 strains of RHDV have been
studied [3-22] including 3 French strains (Fr-1, Fr-2,
9905RHDVa), 10 Polish strains (K-1, Kr-1, KGM,
SGM, MAŁ, BLA, PD, GSK, Ż, ŻD), 4 German strains
(Hagenow, Frankfurt, Triptis, Hartmannsdorf), 3 Italian
strains (BS89-reference strain, Vt97, PV97), 1 English
strain (Rainham), 1 Spanish strain (Asturias) and 1 French
strain (9905 RHDVa). The following immunological param-
eters were studied: various functions of granulocytes, con-
centration and activity of LZM, and lymphocyte membrane
markers. Studies of lymphocyte markers were also per-
formed in rabbits infected with 4 Czech strains of RHD
virus, CAMPV-351 (reference strain), CAMP-561,
CAMPV-562, CAMPV-558, and concerned examination of
CD5, CD4, CD8, CD25 markers and the number of lym-
phocytes B with IgM receptors [23, 24]. The research on
RHDV strains indicates the presence of immunotypes

(immunogroups) within this virus. The first classification
of RHDV strains into immunogroups was performed by
Tokarz-Deptuła [6]. Considering the recorded changes to
non-specific and specific cellular and humoral immunity
in rabbits infected with 10 studied strains (SGM, MAŁ,
KGM, ŻD, PD, GSK, KR-1, BLA, Fr-1, Fr-2) of the RHD
virus, Tokarz-Deptuła [6] identified three immunogroups
(immunotypes). The first immunogroup (immunotype I)
was formed by the most immunogenic French strain – Fr-
2, the third immunogroup (immunotype III) was formed by
the least immunogenic Polish strain Kr-1; while the second
immunogroup (immunotype II) was formed by medium-
immunogenic strains – Fr-1, SGM, MAŁ, KGM, ŻD, PD,
GSK, BLA. Furthermore, Hukowska-Szematowicz [3] and
Niedźwiedzka-Rystwej [16] pointed to a different immuno-
logical response within 10 European strains (Bs89,
Hagenow, Rainham, Framkfurt, Asturias, Vt97, Triptis,
Hartmannsdorf, Pv97, 9905RHDVa) [16] and 4 Czech
strains (CAMPV-351, CAMPV-561, CAMPV562,
CAMPV-558) [3].

The purpose of this study was to evaluate some param-
eters of non-specific immunity (myeloperoxidase (MPO)
activity in PMN cells and lysozyme (LZM) concentration
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and activity in serum) in rabbits experimentally infected
with 4 Czech strains of the RHD virus: CAMPV-351 (ref-
erence strain), CAMP-561, CAMPV-562, CAMPV-558.
Furthermore, mortality was recorded among the animals
infected with four Czech strains of the RHDV.

Material and methods
The study was conducted on 120 mixed-breed rabbits

designated as conventional animals, originating from a farm
run under zoo-technical and veterinary supervision [25].
The weight of animals ranged from 2.5 kg to 3.0 kg. Dur-
ing the study, the rabbits remained at the vivarium of the
Department of Microbiology and Immunology, Department
of Natural Sciences, University of Szczecin, where zoo-
hygienic parameters corresponded to standards applicable
in Poland [26]. Experimental animals designated for infec-
tion were divided into 4 groups of 20 rabbits each. Animals
in group 1 were administered intramuscularly (leg muscles)
with lyophilisate of reference strain CAMPV-351 diluted
in 1 ml sterile physiological saline, animals in group 2 were
administered in the same manner the strain CAMPV-561,
the ones in group 3 – with CAMPV-562, while in group 4
– with CAMPV-558. Each group of infected animals had
a corresponding group of control animals comprising 10
animals each, whereas each animal was intramuscularly
administered (leg muscles) 1 ml of sterile physiological
saline.

Each of the virus strains: CAMPV-351 (obtained in
1987), CAMPV-561 (1996), CAMPV-562 (1992), CAM-
PV-558 (1988) originated from a naturally dead animal.
With these strains, in the form of liver homogenate, rabbits
were experimentally infected, from which (after their death)
liver was sampled. Next, liver was prepared as 20%
homogenate cleared by centrifugation at 3000 rpm, 10%
chloroforming for 60 minutes and centrifugation again, and
then lyophilisation in 24-hour procedure [27]. All the anti-
gens prepared had the same number of viral particles spec-
ified by density, within the range from 1.310 to 1.340 g/cm3

[16].
Blood from infected and control animals was drawn

through a port from the marginal vein of the ear onto an
anti-coagulant or without it, depending on the needs and
requirements of the method. For all groups of the studied
experimental animals, blood was drawn at hour “0”, name-
ly before the administration of the RHD virus in the group
of infected rabbits and sterile physiological saline in the
group of control animals, and then at hours 4, 8, 12, 24, 36,
48, 52, 56, 60, 72; except for CAMPV-561 strain, in which
case after hour 48 all the infected rabbits died. In the case
of strains CAMPV-351, CAMP-562, and CAMPV-558, the
research was continued until the appearance of the first clin-
ical symptoms characteristic of the RHD virus.

Myeloperoxidase activity (MPO) in PMN cells was
assessed according to the Graham method described by

Zawistowski [28]. The lysozyme concentration in serum
was determined by the method of plate diffusion according
to Hankiewicz [29], while the use of Micrococcus lysodeik-
ticus, while LZM activity index was calculated according
to Szmigielski [30]. All the results of the studies were sub-
jected to statistical analysis with Student t-test at p = 0.05
in the Statistica software 6.0 (StatSoft, Poland), by com-
paring the results obtained in infected and control rabbits
(Tables 1-4). In animals infected with the RHD virus, mor-
tality was recorded at particular hours of the experiment,
on the basis of which records the mortality index was cal-
culated.

For all experiments, the animals were handled accord-
ing to the Polish law on the protection of animals and NIH
standards. Experiments were accepted by the local Ethical
Committee.

Results
Results of the study (Tables 1-4) indicated that changes

in the form of increase and/or decrease occurred for all
indices and with high frequency occurred at hour 24, 36,
48, 52, and slightly less frequently at the end of the exper-
iment, namely at hour 56, 60 and 72.

Myeloperoxidase activity in rabbits infected with four
Czech strains of the RHD virus was similar (Tables 1-4).
In the case of CAMPV-351 strain, this was a single change
in the form of increase (12 h), whereas in the case of
CAMPV-558 strain, two changes were recorded in the form
of increase (24 h) and decrease (52 h).

Results regarding LZM concentration (Tables 1-4) indi-
cate that among four analysed Czech strains of the RHDV,
three yielded small changes to this index. CAMPV-351
strain caused few changes in the form of increase (24 h, 36 h
and 72 h), similarly as CAMPV-561 strain – decrease (12 h),
and CAMPV-558 – decrease (52 h). CAMPV-562 strain did
not cause changes of statistical significance. Lysozyme
activity in serum (Tables 1-4) recorded significant changes,
both in the form of increase and decrease. Reference strain
CAMPV-351 caused most changes in the form of increase
(36, 48, 56, 60, 72 h), followed by CAMPV-562 strain caus-
ing decrease (36, 48, 56, 60 h), and CAMPV-558 strain,
which causes increase (36, 48, 52 h). The lowest number
of changes in the form of decrease was observed for
CAMPV-561 (8 h).

In the case of Czech strain CAMPV-351, the first symp-
toms of the disease were observed at 36 h of the experi-
ment. The first deaths were recorded between 24/36 h
of the study (6 rabbits). Mortality for this strain in the course
of the entire experiment, namely up to 72 h amounted to
80%. In the case of the second of the analyzed strains,
CAMPV-561, the first symptoms were recorded as early as
at 24 h of the experiment, and they preceded very numer-
ous deaths. Between 12/24 h, one death took place, where-
as between 24 and 36 h of the experiment, as many as
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14 animals died, while between 36/48 h – 5 animals.
The mortality ratio amounted to 100%. Experimental infec-
tions of rabbits with CAMPV-562 strain caused the occur-
rence of symptoms in animals starting from 36 h of the
experiment, whereas a single death without symptoms was
recorded between 12/24 h. Between 24/36 h, 12 deaths were
observed, while in other hours of the experiment, single
deaths were recorded. Mortality rate in the case of this strain
amounted to 85%. The Czech strain CAMPV-558 caused
excitability of the infected animals, and increased blood
coagulability already starting from 24 h of the experiment.
The first deaths were recorded between 24/36 h of the
experiment (1 rabbit), and then between 36/48 h (5 rabbits),
between 48/52 h (1 rabbit), and between 60/72 h (2 rab-
bits). At 72 h of the experiment, mortality rate in the case
of this strain amounted to 45%.

Discussion
The increase in MPO activity (12 h) obtained in own

study for reference strain CAMPV-351 is completely dif-
ferent from the one obtained for reference Italian strain
BS89 (decrease 8, 12, 24 h) [16]. Contrary to the Italian
strain, changes recorded for strains Fr-1 (increase at 4-56 h),
Fr-2 (4-8, 24-48 h), Kr-1 (increase at 24-36, 52 h), BLA
(increase at 8-60 h), ŻD (increase at 24, 36, 52 h) [6, 15]
are similar to changes in the case of CAMPV-351. In turn,
the results of the studies obtained for CAMPV-558 are part-
ly similar to the ones obtained for SGM strain (decrease at
52 h), KGM (increase at 24, 52 h, decrease at 60 h) and
Triptis (decrease at 8, 12, 24 h) [6, 16, 21]. The recorded
lack of changes to the MPO activity after infecting rabbits
with CAMPV-561 and CAMPV-562 strains is similar to
results obtained for strains MAŁ, PD, GSK, Vt97, Hart-
mannsdorf and HA-Hagenow, Rainham, Frankfurt, Asturias
[6, 16, 21].

When discussing the results in the area of LZM con-
centration obtained for reference strain CAMPV-351
(increase at 24, 36, 72 h), one may determine that they dif-
fer from the results obtained for reference strain BS89
(decrease at 8, 12, 24 h) [16]. Just as in the case of infec-
tion with CAMPV-351, increase in LZM concentration was
observed for other strains – Fr-2 (increase at 4-56 h), MAŁ
(increase at 8, 24-56 h), PD (increase at 24, 48, 52, 60, 72 h),
Ż (increase at 52, 56, 60 h), ŻD (increase at 8, 48-56 h),
Vt97 (increase at 4, 12, 24, 36 h), Hatrmannsdorf (4, 8 h)
and Rainham (increase at 4, 24 h), Hagenow (increase at 4,
8, 12 h), Frankfurt (4, 8, 12, 24 h), Asturias (increase at 8,
12, 24 h) [4, 6, 16, 21]. CAMPV-562 strain did not cause
changes to LZM concentration, which conforms to the
observations by other authors for strains Fr-1 [6], Triptis
[6, 16], 9905RHDVa [6, 16, 21]. In turn, the decrease to
this parameter recorded for strains CAMPV-561 and CAM-
PV-558 conforms to changes observed for strains SGM
(8-60 h), KGM (8-60 h), BS89 and BLA (12, 48, 52 h),

Pv97 (4-36 h) [6, 16]. Increase in LZM activity was record-
ed both for reference Czech strain CAMPV-351, and for
Italian BS89 strain, whereas in the case of CAMPV-351
changes commenced later and lasted longer (36-72 h), while
BS89 strain caused changes earlier (4 h) [16]. Increase in
LZM activity was also observed for strains CAMPV-562
and CAMPV-558, and the result was very similar to strains
BS89 (4 h), Ż (56 h) and HA-Rainham (4-36 h), BLA (56,
60 h) and Hagenow (12 h) [4, 6, 16, 21]. In turn, the
decrease in LZM activity (8 h) recorded for CAMPV-561
strain conforms to the result observed for strains Fr-1
(decrease at 12, 48, 52 h), Fr-2 (decrease at 4-56 h), SGM
(decrease at 24, 36 h), MAŁ (decrease at 8, 24, 56 h), PD
(decrease at 4, 8, 24, 36, 52, 56, 72 h), GSK (decrease at
48, 56, 60 h), Vt97 (decrease at 8, 36 h), Hartmannsdorf
(24 h) and Asturias (decrease at 8, 24 h), 9905RHDVa
(36 h) [4, 6, 16]. However, the changes recorded for all
four Czech strains analysed do not confirm the results
obtained for strains Kr-1 (increase at 4, 12, 24; decrease at
48 h), KGM (increase at 12, 36, 48 h; decrease at 8, 24 h),
Frankfurt (increase at 4, 12 h; decrease at 36 h), Triptis (no
changes) and K-1 (no changes) [6, 16, 21].

The time and number of deaths of rabbits infected with
four Czech strains of the RHDV points to differences in
their pathogenicity. The highest 100% mortality was record-
ed in the group of animals infected with CAMPV-561,
while the lowest (45%) – in the group of animals infected
with CAMPV-558 strain. The recorded mortality was sim-
ilar to the one recorded by other authors [6, 16, 31] for Pol-
ish and foreign strains. Mortality of 100% (CAMPV-561)
was also observed for strains ŻD, BS89, Pv97, Frankfurt,
Triptis, Hartsmanndorf, Rainham, Asturias [16] and Fr-2
[6]. In turn, it was slightly lower for Kr-1 (90%), SGM
(95%), GSK (95%), Hagenow (90%), 9905RHDVa (90%),
Fr-1 (90%). However, mortality for reference strain CAM-
PV-351 (80%) and CAMPV-562 (85%) was the same as in
the case of MAŁ (80%) and American strains (70-95%)
[31]. Mortality recorded for CAMPV-558 (45%) was so far
the lowest recorded mortality among Czech strains of the
RHDV. Lower mortality was only recorded in the case of
infection with Italian strain Vt97 (30%) [16]. In the case of
French strains – Fr-1, Fr-2 – 90% mortality was recorded
for Polish strains: MAŁ, SGM, K-1 – 80-95%, PD – 25%,
BLA – 32%, GSK – 93%, Ż – 87%, ŻD – 100% and 90-
100% mortality for foreign strains. The time of occurrence
of clinical symptoms and their type did not differ from clin-
ical symptoms recorded by other authors [4-7, 10, 13].

Conclusions
The analysis of changes in the MPO activity in PMN

cells, and LZM concentration and activity, indicated that
the most numerous changes to such indices were caused by
reference strain CAMPV-351, followed by strains CAM-
PV-562 and CAMPV-558, and strain CAMPV-561. In turn,
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when assessing the intensity of changes to such indices, one
may state that it was the greatest in the case of LZM activ-
ity in blood serum, lower to the concentration of lysozyme,
while it was the lowest in the MPO activity in PMN cells.
Such four Czech strains of the RHDV also caused a differ-
ent mortality, which proves that they include very patho-
genic strains (100% mortality up to 48 h of the experiment
– CAMPV-561 strain), less pathogenic strains (80-85%
mortality up to 72 h – CAMP-351 and CAMPV-562), and
the least pathogenic strains (45% mortality up to 72 h of
the experiment – CAMPV-558). Immunological difference
of the analysed strains as compared to the division into very
pathogenic, less pathogenic and the least pathogenic strains,
indicates that the strains causing the most numerous
changes (CAMPV-351) and many changes to immunity
indices (CAMPV-562, CAMPV-558) were in the group of
less pathogenic strains (CAMPV-351 and CAMPV-562)
and the least pathogenic strains (CAMPV-558). In turn,
CAMPV-561 strain, which caused few changes to the
immunological factors analysed, was classified into the
group of very pathogenic strains (100% mortality).
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