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HEMOPARASITES OF THE LAKE FROG
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The results of our study of the hemoparasites of the lake frog inhabiting the North-Western Ciscaucasian reservoirs are
presented. It was found that the parasites are represented by three species, namely: the sporozoa Hepatozoon magna and
Dactylosoma ranarum, and Microfilaria. Differences in the erythrocyte morphology of the lake frog when infected by
sporozoa were identified. Dactylosoma ranarum does not alter the size of the erythrocytes affected. If there are
Hepatozoon magna in the blood, the sizes of both the erythrocyte and its nucleus increase.
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INTRODUCTION

As the lake frog's habitat includes two environ-
ments: aquatic and terrestrial, it can be both an
intermediate and final host for a large number of blood
parasites. In connection with this, the study of the spe-
cies diversity of amphibian blood parasites as possible
factors that may affect the number of these animals is
of great interest (Frost, 2010). According to publica-
tions, the species that parasitize in the blood of lake
frogs are trypanosomes, hemogregarins, microfilaria
(Zmeev, 1935, 1936; Popov, 1951; Suzyumova, Gre-
bennikova, 1974; Mikailov, Guseynov, 1979; Gusey-
nov, 2002; Malysheva, 2009; Gaibova, Mamedova,
2010; Shiyan, 2011). Recently, hemogregarins of the
Lancestrel genus have been detected in the blood of
the lake frog (Mamedova, 2008). However, there are
no data on the infection of the lake frog with blood pa-
rasites in our region.

The article presents the results of studies of
blood parasites of lake frogs inhabiting two reservoirs
of the North-Western Ciscaucasia.

MATERIAL AND METHODS

During the field season (from April to Septem-
ber 2017), 109 sexually mature males and females of
the lake frog Pelophylax ridibundus (Pallas, 1771)
were examined. Both reservoirs are permanent, flo-
wing. The first reservoir is located in Krasnodar, near
the old riverbed of Kuban river in the territory of the
Krasny Kut forest park. 50 lake frogs were caught
there. The second reservoir is in the Republic of
Adygea, the Chibi Canal, in which 59 lake frogs were
caught.
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The captured animals were contained in aqua-
riums for five days, then euthanized at the laboratory
at the Department of Zoology of the Kuban State Uni-
versity. Their blood was taken from the heart ventricle
by cutting. During the experiment, the rules of main-
taining and processing experimental animals were
complied with, including the experimental animal
management and the animal sacrifice rules (Pravila
provedeniyarabot, 2008).

The blood preparations prepared on degreased
slides were anchored by 5-minute exposure in 95%
ethanol, then air-dried and stained with azure-eosin
for 40 minutes according to Romanovsky — Giemsa
(pH = 7.2). Peripheral blood smears were examined
with immersion (under a total magnification of 10x
x100) ofa Micros MC-209 light microscope.

When detecting hemoparasites during the blo-
od smear analysis, we measured them according to the
classical morphometric technique (Menshikov,
1999). We measured the size (length and width) of
trophozoites, gamonts, and the nuclei of the sporozoa.
As the main characteristics of infestation, we used
infection extensity (IE) and infection intensity (II).
The value of infection extensity (IE) characterizes the
share of infected individuals as a percentage of the
total number of examined frogs. Il was determined by
counting the number of parasites per 1000 erythro-
cytes in randomly selected fields of view of the micro-
scope. In these fields, we counted the number of ery-
throcytes, in which various stages of parasite develop-
ment were present and the number of extracellular
parasites.

We measured the parasite cells and the host
cells infected and free from parasites (in um) and de-
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termined the shape index (S7), i.e. the length-to-width
ratio of the cell. The reliability of differences in the si-
ze of different development stages of blood para-sites,
as well as blood cells of the lake frog, infected and free
from parasites, was determined by the Stu-dent's ¢-test
(¢ the significance level is 0.05) (Lakin, 1990).

The parasites' species were determined accor-
ding to the determinants of K. M. Ryzhikov et al.
(1980), R. S. Shultz, V. E. Gvozdev (1972), A. F. Ali-
mov (2007). The systematics of hemoparasites is gi-
veninaccordance with S. A. Karpov (2005).

RESULTS

We found three types of hemoparasites in the
examined erythrocytes and in the blood plasma of lake
frogs. These are sporozoa Hepatozoon sp. (Adeleo-
rina, Apicomplexa, Alveolata): trophozoites and ga-
monts; sporozoa Dactylosoma ranarum (Adeleorina,
Apicomplexa, Alveolata): meronts; as well as nema-
tode Microfilaria sp. (Nematoda). The combined in-
vasion with two or three parasites in one individual of
lake frogs were not detected in both reservoirs.

Currently, there are two known species of the
Hepatozoon genus infecting lake frogs: H. magna and
H. ridibundae. H. magna was found in frogs inhabi-
ting Kyrgyzstan (Malysheva, 2009). H. ridibundae
was detected in frogs inhabiting Saudi Arabia (Shazly,
2003). The sporozoa discovered by us belong to the
Hepatozoon magna species. Hepatozoon magna was
found in 3 species of semi-terrestrial frogs and in 8
species of semi-aquatic frogs of South Africa (Ne-
therlands etal., 2015). The lake frog is a semi-aquatic
species too.

Hepatozoon magna were found both in and
outside erythrocytes. Erythrocytes were infected with
gamonts, while blood plasma with trophozoites. He-
patozoon gamonts are of elongated shape, have cells
bent in the middle: the “tail” is pressed against the
main body and is almost half as long. Trophozoites are
more elongated, porrect, one end of the body is narro-
wer, the other is wider and rounded (Figure 1).

The nuclei of infected erythrocytes were
swollen, enlarged, pushed towards one of the cell's
ends, their color is violet, but less saturated compared
to the color of an unaffected erythrocyte's nucleus;
there may be signs of polychromasia; the nuclei of
some cells showed signs of lysis.

In erythrocytes infected with gamonts, the cell
nucleus is pushed towards one of the cell's poles
(Figure 1A). We found only a few cells, in which the
nucleus was in the center and the parasite was pushed
towards the cell's edge (Figure 1C). The front end of
the gamonts is somewhat wider than the rear end. The
parasite's cytoplasm was from bluish to lilac; in the

center there is a lilac- to crimson-colored nucleus (Fi-
gure 1B).
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Fig. 1. Stages of Hepatozoon magna development (A, B,
C): 1 —nucleus of the infected erythrocyte; 2 — nucleus of
the uninfected erythrocyte; 3 — nucleus of the trophozoite;

4 — a free trophozoite; 5 — gamont; 6 — endoglobular tro-
phozoite (photo by O. N. Bachevskaya)

1

Such indicators as the width of the gamont, the
length and width of the gamont nuclei, and the length
of the trophozoite nuclei of Hepatozoon magna are
significantly different. All these parameters are grea-
ter in parasites from the blood of lake frogs caught in
Chibi Canal. Infected erythrocytes also differ by the
cell and nucleus widths. At the same time, the size of
the erythrocyte itself are higher in the blood of frogs
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from Krasny Kut, and the size of the erythrocyte nu-
cleus is higher in the blood of frogs from Chibi Canal.
As for uninfected erythrocytes, the cell and its nucleus
are larger in frogs from Chibi Canal. Hepatozoon sp.
found in toads in three populations from Africa also
showed significant between-population differences in
morphology of gamonts (Netherlands etal., 2014).

The intensity of infection with gamonts Hepa-
tozoon magna in both reservoirs was validly higher
than with trophozoites (¢,=2.44 for frogs from Krasny
Kut and z, = 12.34 for frogs from Chibi Canal). In ad-
dition, the trophozoite and gamont infection intensity
is higher in frogs from Krasny Kut reservoir (¢,= 3.02
and 2.04, respectively). In South Africa Hepatozoon
intensity across frog species (3’ = 17.683, P = 0.028),
across families (3’ =11.717, P=0.006), and across the
different habitat types (y'=7.227, P=0.007) showed a
significant difference (Netherlandsetal.,2015).

In the blood smears of the examined frogs from
both biotopes, another species of sporozoa was iden-
tified. Its cells are oval, round, or lobate; their cyto-
plasm does not stain and contains chromatin grains
(Figure 2). They have a different effect on the frogs’
erythrocytes. These intra-erythrocyte parasites do not
change the shape of the erythrocyte’s nucleus and its
localization in the cell, as well as the size of the ery-
throcyte. This parasite was identified as sporozoa
Dactylosoma ranarum (Miyata, 1976; Malysheva,
2009). It is known that Dactylosoma spp. was found
only in one species of amphibian of South Africa — se-
mi-aquatic frogs Ptychadena anchietae (Netherlands
etal.,2015).

Fig. 2. Stages of Dactylosoma ranarum development (Me-
ront): / —nucleus of the infected erythrocyte; 2 — meront of
Dactylosoma ranarum; 3 — nucleus of the uninfected
erythrocyte (photo by O. N. Bachevskaya)
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The discovered larvae of microfilaria in both
reservoirs had the following dimensions: 14.2+2.61x
4.16+0.03 um. The cytoplasm is colored from pale to
rich lilac; the body is oblong, sometimes curved.
Microfilaria were outside erythrocytes of the lake frog
(Figure 3). Microfilaria were found in frogs’ blood in
many regions. We were unable to establish a more
precise taxonomy of the parasite, as because of a ra-
ther large size, many of the larvae in the peripheral
blood smears were damaged.

Fig. 3. Microfilaria in the lake frog's peripheral blood
smears (photo by O. N. Bachevskaya)

Table 1 provides information on the infection of
lake frogs from two reservoirs with these parasites.

A comparison of the intensity of infection with
intra-erythrocytic stages of two sporozoa showed the
existence of valid differences. The population of Dac-
tylosoma ranarum meronts significantly exceeds the
number of Hepatozoon magna gamonts in both reser-
voirs (¢,=2.77 and 2.51 for Krasny Kut and Chibi Ca-
nal, respectively). There are no significant differen-
ces in the intensity of invasion between Dactylosoma
ranarum meronts and Hepatozoon magna tropho-
zoites. The intensity and extensity of infection with
Microfilaria sp. is less than that with sporozoa.

The infection extensity of Dactylosoma rana-
rum is about twice as large as the infection extensity of
Hepatozoon magna trophozoites. However, if we con-
sider the infection extensity of Hepatozoon magna
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Table 1. Main indices of blood-parasite infection of the lake

frog's erythrocytes
. Infection Infection .
Reservoir intensity, qty | extensity, % Shape index
Hepatozoon magna, trophozoites
Krasny Kut 2-20 12.0 9.7+0.36
10.8+1.24
Chibi Canal 3-34 17.0 10.1+£0.75
17.3+£1.76
Hepatozoon magna, gamonts
Krasny Kut 4-10 2.0 2.3+0.07
7.0+£0.94
Chibi Canal 2-12 10.2 2.3+0.04
5.2+1.08
Dactylosoma ranarum, meronts
Krasny Kut 3-48 24.0 1.5+£0.14
15.3+2.85
Chibi Canal 2-46 322 1.3+0.06
14.1+£3.38
Microfilaria sp.
Krasny Kut 3-5 6.0 -
4.3+1.06
Chibi Canal 3-6 34 -
4.5+1.44

without taking into account the stage of this parasite,
the data the difference in the level of extensity of two
sporozoa is less in 1,7 times (for lake frogs from Kras-

ny Kut) and in 1,2 times (for lake frogs from Chibi
Canal).

The sporozoa cell and nuclei size, as well as
those of infected and uninfected erythrocytes of lake
frogs from the two reservoirs, are provided in Tables 2
and 3. Table 4 shows the Student's test values, when
similar indicators of lake frogs from the two reservoirs
were compared.

DISCUSSION

The infection intensity in the blood of lake
frogs from the reservoirs in Azerbaijan with Hepa-
tozoon magna gamonts is from 3 to 18 and with tro-
phozoites is from 1 to 3 (Gaibova, Mamedova, 2010).
A comparison with the data obtained by us showed
that the gamont infection intensities in the reservoirs
of Azerbaijan and North-West Ciscaucasia do not dif-
fer, and the intensity of trophozoite infection in reser-
voirs of the North-Western Caucasus is higher.

The extensity of infection with Hepatozoon
magna in various reservoirs in Azerbaijan was 9 —
60% (Gaibova, Mamedova, 2010), i.e. higher than in
reservoirs in our region. According to M. A. Guseynov
(2002), the extensity of Hepatozoon magna infection
varies in reservoirs of various types: in Azerbaijan, it
is 0 — 27.8% in rivers, 0 — 10.3% in lakes, and 0 —
33.3% in water-storage reservoirs. Our data obtained
by studying frogs from flowing water bodies corres-
pond to these values.

Table 2. Morphometric characteristics of Hepatozoon magna blood parasites and erythrocytes of the lake frog

o , Parasite sampling sites
The para“&f S:%%?"St s cells Krasny Kut (7/50) * Chibi Canal (16/59) *
Length, um | Width, pm |Shape index | Length, um | Width, um |Shape index

Gamont 16.34£0.28 | 7.1+0.16 2.3+0.07 | 17.2+0.58 7.6+0.12 2.3+0.04

Gamont nucleus 3.5+0.09 3.1+0.07 1.1£0.05 4.0+0.22 3.6+0.09 1.1+0.16

Trophozoite 28.9+1.13 | 3.0+0.09 9.740.36 | 31.0+0.71 3.1+0.22 10.1£0.75

Trophozoite nucleus 4.8+0.25 3.1+0.10 1.54+0.08 6.2+0.28 2.8+0.19 2.2+0.07

Infected erythrocyte 25.1£0.54 | 16.3+0.36 | 1.5+0.04 | 26.4+0.54 | 14.84£0.41 1.8+0.07

Nucleus of an infected erythrocyte 14.4+0.43 | 7.7+0.21 1.940.10 | 15.3+0.46 | 8.5+0.37 1.8+0.09

Uninfected erythrocyte 23.240.35 | 12.0+£0.22 | 1.940.04 | 24.5+0.13 | 11.6+0.24 | 2.1+0.01

Nucleus of an uninfected erythrocyte | 8.8 £0.11 | 5.4+0.13 1.7+0.05 9.6+0.17 6.1+0.16 1.6+0.06

Note. * The ratio of the numbers of infected cells and examined hosts is provided.
Table 3. Morphometric characteristics of Dactylosoma ranarum blood parasites in the lake frog
., , Parasite sampling sites
The parasi s:alnodoi“’“ s cells Krasny Kut (12/50) * Chibi Canal (19/59) *
Length, um | Width, um |Shape index | Length, pm | Width, um | Shape index
Parasite 6.840.27 | 4.5+£0.32 1.5+0.14 7.7+0.43 6.1+0.60 1.3+0.06
Infected erythrocyte 23.740.57 | 13.6+£0.47 | 1.7+£0.03 | 24.3+1.01 | 13.6+0.77 1.840.12
The nucleus of infected erythrocytes 8.1+0.15 4.9+0.06 1.6+£0.02 8.3+0.27 5.1+0.17 1.6+£0.06
Uninfected erythrocyte 22.740.26 | 12.3+0.21 | 1.8+0.03 | 22.8+0.28 | 12.4+0.26 1.8+0.05
The nucleus of uninfected erythrocytes | 8.1+0.14 | 5.1+0.07 1.6+0.02 8.1+£0.15 5.1+0.08 1.6+0.04
Note. * The ratio of the numbers of infected cells and examined hosts is provided.
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Table 4. Student's test values at pairwise comparison of the
morphometric characteristics of blood parasites in lake
frogs from two reservoirs

Parasite type Cell type lecnjgltlh wclfiltlh
Hepatozoon Gamont 1.40 | 2.25*
magna Nucleus of the gamont 2.40% | 4.12%
Trophozoite 1.56 | 0.42
Nucleus of the trophozoite 3.76% | 1.40
Infected erythrocyte 1.69 | 2.79*
Nucleus of an infected 1.46 | 2.00*
erythrocyte
Uninfected erythrocyte 3.51*%] 1.23
Nucleus of an uninfected 3.90* | 3.98*
erythrocyte
Dactylosoma Parasite 1.79 | 3.30*
ranarum Infected erythrocyte 0.47 | 0.03
The nucleus of infected 0.74 | 0.77
erythrocytes
Uninfected erythrocyte 0.39 | 0.24
The nucleus of uninfected 0.15 | 0.38
erythrocytes

Note. * Valid differences for the 5% significance
level.

The intensity of infection with Dactylosoma
ranarum sporozoa in the reservoirs of Azerbaijan is 6 —
10% (Gaibova, Mamedova, 2010), which is less than
in frogs from the reservoirs studied by us. According
to other data (Guseynov, 2002), Dactylosoma rana-
rum was not found at all in any of 577 examined lake
frogs.

In South Africa Hepatozoon sp. accounted for
most of the infections at 59/436 (14%), microfilaria
infections accounted for 2/436 (0.5%) and Dactyloso-
ma sp. accounted for 13/436 (3%) of the overall pre-
valencerespectively (Netherlands etal., 2015).

E. A. Sils (2008) believes that the immune pro-
cesses in lake frogs inhabiting urbanized ecosystems
enhance, the protective function of blood increases,
which leads to a decrease in the intensity and extensity
of blood-parasite infection. The scale of these proces-
ses depends on the level of the area urbanization. Ba-
sed on this premise, we can suggest the same level of
anthropogenic impact on the reservoirs studied by us.

We did not find any differences in the shape in-
dex of both Hepatozoon magna gamonts and tropho-
zoites in the blood of lake frogs when compared frogs
from the two reservoirs. For frogs from the reservoirs
in Azerbaijan, gamonts and trophozoites have the sa-
me cell size as those known from publications (Gai-
bova, Mamedova, 2010). The shape index of Dactylo-
soma ranarum meronts in frogs from reservoirs of the
Western Ciscaucasia is lower than that of frogs from
Azerbaijan.

A comparison of the linear dimensions of ery-
throcytes infected and uninfected with Hepatozoon
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magna in the blood of lake frogs from the same reser-
voir shows significant differences in all indicators; the
infected erythrocyte and its nucleus are larger than the
uninfected one. We may say that the sizes of gamont
and its nucleos of Hepatozoon sp. from there species
of African bufonids are larger than the ones we deter-
mined —22.5(21.2-26.6)x8.2 (7.7—9.1) pm and 4.3
(4.1 — 4.6)x4.5 (4.3 — 4.8) um respectively (Nether-
landsetal., 2014).

Analysis of the morphometric characteristics of
unaffected frog erythrocytes and their SI showed no
significant differences in the individuals from two
biotopes, where Hepatozoon was found. When com-
paring the morphometric parameters of parasitized
erythrocytes the significant increase by 7.8% of length
and 27.8% (P < 0.001) of width was found, but the SI
of red cells was less than 15.25% (P < 0.001) (Korzh,
Zadorozhnyaya, 2013).

An analysis of the linear dimensions of Dacty-
losoma ranarum, as well as of its infected erythro-
cytes, showed a difference only by one parameter: the
width of the sporozoa cell. The size of an infected and
an uninfected erythrocytes of lake frogs from both
reservoirs are not validly different.

CONCLUSION

In the two examined populations of lake frogs,
the observed species diversity of the blood parasites
decreased to three species. In amphibians, we did not
detect trypanosomes and some sporozoa, which are
regularly detected by researchers in frogs in other re-
gions.

The obtained data on the intensity and extensity
of infection with the found blood parasites, as well as
on the morphometry of the parasite cells and ery-
throcytes of the lake frog, show the presence of both
interpopulation differences of these indicators within
the same region and interregional differences.

The intensity and extensity of infection of mi-
crofilaria is less than these characteristics of sporozoa
inblood oflake frogs from both reservoirs.
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TEMOIIAPA3HUTHI O3EPHOI JAT'YIIKHN PELOPHYLAX RIDIBUNDUS (PALLAS, 1771)
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[IpuBeneHs! pe3yabTaThl HMCCIEAOBAHMS TeMONApa3sUTOB O3EpHOHN JArymKkud u3 BogoémoB Cesepo-
3amagnoro IlpeakaBkasps. YCTaHOBIEHO, YTO BUAOBOW COCTAB MAapa3HTOB MPEICTABICH TPEMS BHIAMH —
9T0 cnopoBuku Hepatozoon magna, Dactylosoma ranarum n mukpoduisipus. OnpeneneHsl pa3jinuus
MOP(OJIOTHH IPUTPOLIUTOB 03EPHON JIATYIIKH TPU MOPAKEHUH criopoBukamu. Dactylosoma ranarum He
M3MEHSIET pa3Mepbl OPAKEHHBIX dPUTPOLUTOB. Ecnu B KpoBu umerorcs Hepatozoon magna, TO yBelu-
YUBAIOTCS Pa3MePhl KaK CaMOTO SPUTPOIUTA 03EPHOM JIATYIIKH, TaK U €T sSIpa.

KuaroueBsie cioBa: Pelophylax ridibundus, Hepatozoon magna, Tpoho30uTsl, raMOHTHI, Dactylosoma
ranarum, MEpOHTHI, ceBepo-3amnagHoe [IpeakaBkaspe.
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