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Abstract

Total number and types of hemocytes were analysed in hemolymph of Roman snail (Helix pomatia L.). Significant differences in the 
number and types of hemocytes during the season at different locations were identified. The average number of  hemocytes ranged 
from 154 to 288 per 10 μL of hemolymph. The highest number of hemocytes was recorded in snails at higher altitudes. Significant 
intergroup differences between all sites were identified. The most numerous hemocytes were granulocytes, followed by agranulocytes, 
while hyalinocytes were the least common in the post-hibernation period. Post hoc analysis showed certain intragroup differences 
for most locations except for comparison between wet habitat and habitats with anthropogenic influence, and between wet habitats 
and urban place with wet vegetation. A large number of transformed hemocytes in the encapsulated phase were identified in snail 
hemolymph infected with flat worms. Our results represent the first record of data for the number of hemocytes in molluscs and the first 
data for hemocytes of Helix pomatia. Further investigations and development of a uniform classification of hemocytes and their role in 
the immune response would be necessary in the future.  
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Introduction

Hemocytes in molluscans occur in circulating hemolymph 
and are involved in many biological processes such as 
tissue reparation, nutrition and shell building (Batistella 
et al. 1996). On the other hand, one study suggested 
that hemocytes significantly participate in the immune 
response, and thus they are often named „immunocytes“ 
(Matozzo, Gogné 2016). The classification of hemocytes is 
not uniform due to different criteria, although today it is 
accepted that in molluscans (like bivalves), hemocytes are 
categorized into two groups: granulocytes and hyalinocytes 
(Matozzo, Gogné 2016; Pila et al. 2016).  

However, in gastropods three types of hemocytes have 
been identified: agranular (semigranular), granular cells and 
hyaline cells (Martin et al. 2007). A more recent classification 
includes: agranulocytes (hyaline cells), granulocytes, and 
small immature spherical cells (prohemocytes) (Cossarizza 
et al. 2005). This classification is supported by recent flow 
cytometric and electron microscopic analysis (Cossarizza 
et al. 2005), even though lack of specific cell markers 
makes it difficult to establish a more precise classification. 
Variation in hemocyte types occurs due to functionality of 
different morphological types (Pila et al. 2016). In general, 
all cells carry out the phagocytosis process, excepting for 
the immature form of hemocytes (Barracco, Steil 1993; 
Malagoli 2018). Mainly, granular hemocytes are phagocytes 
(Limnaea) with primarly location in connective tissue of 

different organs (Boisseaux et al. 2016). In the genus Haliotis, 
hyaliocytes are predominant and take over the functions of 
other cells, like adhesion and phagocytosis (Sahaphong et 
al. 2001). After stimulation of immune response, hyaline 
and granular cells are acivated in freshwater snails, like in 
genera Biomphalaria and Haliotis (Donaghy et al. 2010; 
Calvacanti et al. 2012); hyalinocytes are more numerous, 
but their precise role in defense against different antigens 
has not been invesigated yet. 

In molluscans, seasonal variation of hemocyte number 
during cellular defenses have been determined mainly 
in bivalves like oyster Crassostrea virginica. Hemocyte 
bactericidal activity and mean hemocyte number in oyster 
hemolymph was observed to be significantly higher in 
warmer months compared to winter months (Volety et 
al. 1999). Also, it has been observed that environmental 
changes had impact on the transmission of many parasitic 
diseases in snails, consequently leading to numerical 
changes in different types of hemocytes (Liang et al. 
2007; Oliviera et al. 2010). The presence of heavy metals 
and pesticides in the environment also affects lysosome 
instability and affects hemocyte number (Molnar, Fong 
2012). Possibly, different physiological processes, like 
hibernation, can result in changes of hemocyte number, 
due to activation of alternative physiological processes. 
The first data regarding protein and mineral concentration 
during hibernation were obtained in the species Helix 
pomatia, where total proteins, albumins, globulins, Ca2+ 
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and K+ concentrations were measured at the beginning of 
hibernation, end of hibernation and posthibernation period 
(control group), which might be associated with different 
amounts of hemocytes (Suljević et al. 2017). Overall, 
hemocyte numbers in molluscan that live under different 
environmental conditions have been mainly described in 
bivalves and classification of hemocytes is based mainly on 
morphological, cytochemical and functional characteristics 
(Matozzo, Gogné 2016; Smith et al. 2016). However, there 
are no available data regarding number of hemocytes in the 
hibernation period and limited data are present regarding 
their functions in snails, like Roman snail. It is considered 
that all hemocyte populations are not fully investigated and 
their types are not completely distinguished (Smith et al. 
2016). 

Since snails have great importance for the economy, 
health and environment, we decided to examine the effect 
of environmental factors on hemocyte number, which 
is an indicator of the snail’s health state. In the natural 
microenvironment they are under different stressful 
pressures, which directly result in changes of number 
of hemocytes that are mainly responsible for innate 
immune defense system of the snail. Given the increasing 
environmental pollution, the health status of the snails 
shown by the number of hemocytes may be an indicator 
of the level of pollution in the environment. Additionally, 
limited data are available regarding type and number of 
hemocytes in Roman snail after a period of hibernation, 
when snails are exposed to drastic temperature changes in 
the environment. 

The aim of this study is to determine the total 
hemocyte number and hemocyte types in the Roman snail 
Helix pomatia, whose life cycle occurs under different 
environmental conditions, such as higher altitude and 
different types of habitats. Also, number and types of 
hemocytes were determined in the post-hibernation 
period, when hemocytes are extremely active due to the 
initiation of various physiological processes after awaking.

Materials and methods

Sampling
Total number of circulating hemocytes and percentage of 
different hemocyte types in Roman snail (Helix pomatia 
L.) hemolymph was determined in this study. The research 

was carried out at five different locations in the wider 
area of Sarajevo, Bosnia and Herzegovina, in the period 
from April 2018 to June 2018. Locations were selected at 
different altitudes (511, 697, 850 m). Vegetation at locations 
was divided into two groups: vegetation of dry habitats and 
vegetation of wet habitats, according to their ecological 
characteristics.  

Characteristics of locations included in this study are 
presented in Table 1. The sampling from location V was 
performed twice, because the hibernation period of the 
snails on the mountain ended later. The in situ collected 
specimens with random sample method were transferred 
to the laboratory and analysed during the same day. 
Overall, 60 individuals were analysed (10 individuals per 
each location). All snails were between four and five years 
old according to the relationship between number of layers 
at the lip and age. A total of 80% of snails had between two 
and nine layers  The “year” used to determine growth class 
was assumed to begin in midsummer when a new layer is 
visible.

Weighing of snails and hemolymph extraction
Weighing of the snails was done on an analytical scale (with 
two decimal places). Non-invasive hemolymph extraction 
was performed from the pericardial area. The selected 
portion of the shell was disinfected with 70% isopropyl-
alcohol prep pads (Romed, Netherlands). A part of the 
shell with size 10 mm2 was removed using a monoscope 
magnifier (Voyager 10-25x42). The hemolymph collection 
was performed by needle (0.90 × 38 mm, 20Gx11/2, Romed, 
Netherlands) through the pericardial cavity. A total of 0.5 
mL of hemolymph was used for the analysis. All analysis 
were done in accordance with the Universal Declaration on 
Animal Welfare and animals were returned to their natural 
habitat after research.

Analysis of total hemocyte number
A combined method for counting blood cells in a Nauber’s 
hemocytometer was used for the analysis of circulating 
hemocytes number. Giemsa stain (10 µL) was added in a 
volume of 40 µL of hemolymph (0.8 dilution factor). The 
solution was gently stirred and left for 5 min at room 
temperature to allow hemocytes to dye. A volume of 10 µL 
of diluted hemolymph was used for counting. Counting 
of cells was done using bright field microscope Olympus 

Table 1. Locations of snail sampling and their ecological characteristics 

Location Date of collection Altitude (m) Characteristics
I 09.04.2018 511 Urban place, vegetation of wet habitats with anthropogenic influence
II 09.04.2018 511 Urban place, vegetation of dry habitats with anthropogenic influence
III 19.04.2018 511 Urban place, vegetation of wet habitats with anthropogenic influence
IV 25.04.2018 697 Urban place, vegetation of wet habitats with anthropogenic influence
V1 08.05.2018 850 Meadow, vegetation of wet habitats without anthropogenic influence
V2 01.06.2018 850
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BX41. The number of hemocytes was determined in 10 µL 
of solution multiplied with dilution. 

Differential hemocyte counting
A hemolymph smear was used to differentiate types of 
hemocytes. The smear was prepared by applying two drops 
of hemolymph onto the microscope slide and spreading 
evenly over the entire surface using a glass stick. The 
prepared smear was air-dried for 30 minutes. After drying, 
fixation for 5 min was performed by using 99.8% p.a. 
methanol (Semikem, Sarajevo, Bosnia and Herzegovina). 
The residue of methanol was removed by turning the slide 
at an angle of 45° and left to dry well at room temperature 
for 15 min. The slide was then dyed by Giemsa stain for 
20 min. The hemocyte differentiation was determined 
undermicroscope 1000× magnification (Olympus BX41) at 
total count of 100 cells. 

Statistical analysis
Mean value, standard deviation and range as descriptive 
statistical parameters were determined for all parameters. 
ANOVA variance analysis was used to test the intergroup 
differences, while intragroup differences were determined 
by Post Hoc Tukey test. All analyses were made using the 
IBM SPSS Statistics 20 software package. 

Results

Table 2 illustrates the mass values as mean and standard 
deviation including the range for analysed snails from the 
five locations. The Shapiro Wilk test indicated differences to 
a normal data distribution for the mass of the investigated 
individuals. Locations I, II, III, and IV were compared 
by ANOVA to location V, because sampling of the snails 
was performed in the same period of time. Additionally, 
comparison between location V1 and V2 was done due to 
fact that snails were collected from the same location, but in 
different periods of time.  

The average snail mass ranged from 12.84 to 18.99 g. 
The snails from the higher altitude (location V1 and V2) 
and also the snails from dry habitats (location II) had the 
smallest mass Among all groups the ANOVA test showed 
statistically significant differences (0.00). The Tukey test 
showed some statistically significant differences between 
groups. There were differences between site II (dry habitat) 
and all other (wet habitats), also differences were detected 
between sites at lower altitudes (location I, II, III, IV) and 
higher altitude (location V1). Significant differences in mass 
were not found between group V1 and group V2, probably 
because the individuals originated from the same site but 
were collected in different time periods.

Table 3 illustrates the number of circulating hemocytes 

Table 2. Total mass (in grams) of the snails collected at different locations. ANOVA – Sig.; Tukey test – significant intragroup differences 
(I-V1);  vs – versus; * Statistically significant values at 0.05

Location Mean Range Shapiro Wilk test Tukey test
Statistics Sig.

I 18.53 ± 1.35 16.19 – 20.42 0.949 0.617 II vs I
II 13.10 ± 2.19 8.45 – 15.93 0.944 0.553 II vs III
III 18.99 ± 1.34 16.38 – 21.22 0.988 0.999 II vs IV
IV 17.52 ± 1.68 14.86 – 21.09 0.952 0.661 II vs V1
V1 13.02  ± 3.70 7.50 – 21.40 0.934 0.429 V1 vs I
Sig. (I – V1) 0.00* V1 vs III
V2 12.84 ± 2.55 9.66 – 17.94 0.923 0.437 V1 vs IV
Sig. (V1 – V2) 0.49

Table 3. Total number of circulating hemocytes in snails hemolymph by location. ANOVA – Sig.; Tukey test – insignificant intragroup 
differences (I-V1); vs – versus; * Statistically significant values at 0.05

Location Mean (10 μL) Range (10 μL) Shapiro Wilk test Tukey test
Statistics Sig.

I 188.00 ± 10.06 169 – 203 0.951 0.648 I vs III
II 154.00 ± 9.71 139 – 170 0.959 0.776 I vs IV
III 180.17 ± 10.00 162 – 199 0.989 0.997
IV 202.50 ± 9.39 185 – 217 0.961 0.798
V1 288.33 ± 18.49 259 – 320 0.974 0.945
Sig. 0.00*
V2 218.40 ± 16.37 198 – 245 0.932 0.928
Sig. (V1-V2) 0.00*
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according to the location where snails were collected. 
The average number of hemocytes ranged from 154 

to 288. The highest number of hemocytes was recorded 
in snails at higher altitudes, and the lowest in dry habitats 
(location II). Significant intergroup differences among 
all sites were identified (0.00). Post hoc analysis showed 
differences between most locations except for comparison 
between location I and III and between location I and IV. 
When we compared group V1 and V2, significant reduction 
in the number of hemocytes was found after a short period 
of time (Sig. group V2 = 0.00).

Table 4 presents individual types of hemocytes. Three 
groups of hemocytes were identified: granulocytes, 
agranulocytes and hyalinocytes.

In analysed snails we have found three types of 
hemocytes: hyalinocytes, agranulocytes and granulocytes. 
Different types of hemocytes were distinguished by 
light microscopy based on the presence or absence of 
cytoplasmic granules. Cytoplasmic granules were present 
in the cytoplasm of granulocyts, absent in agranulocytes 
and hyalinocytes had few or none. Agranulocytes were 
the smallest cells compared to other types of hemocytes. 
They had dark blue nucleus, dark red cytoplasm and high 
N/C ratio. Hyalinocytes were larger than granulocytes 

and had a smaller N/C ratio. Cytoplasm of hyalinocytes 
was brighter than cytoplasm of granulocytes. In several 
cases of granulocytes, cytoplasmic processus similar to 
pseudopodia have been found. 

In snails at all locations, hyalinocytes had the smallest 
count, followed by moderate number of agranulocytes 
and the highest for granulocytes. Snails from the second 
location had the smallest number of agranulocytes and 
the highest number of granulocytes among all analysed 
locations. Significant differences were found for all types of 
hemocytes (hyalinocytes, agranulocytes and granulocytes) 
among the locations. The Tukey test showed no significant 
difference in granulocyte count between groups II and V1, 
and also between groups I and II, while for agranulocyte 
counts significant differences were not found between 
groups II and V1 of snails. There was no significant 
difference in number of hyalinocytes between locations: 
I and IV, I and V1, II and IV. There was a significantly 
higher number of agranulocytes and a lower number of 
granulocytes at location V2 compared to V1.

Fig. 1 to 3 show normal hemocytes in snail hemolymph, 
while Fig. 4, present transformed hemocytes-immunocytes 
(scale bar 20 μm). 

Table 4. Different types of hemocytes by locations. ANOVA – Sig.; Tukey test a,b. The combination of the same letters (*) among the 
groups does not show significant differences; vs – versus; ** Statistically significant values at 0.05 

Location Hyalinocytes Agranulocytes Granulocytes
I 5.73 ± 1.44*a 37.45 ± 3.90 56.82 ± 3.92*b
II 7.75 ± 1.42*b 11.42 ± 2.43*a 80.83 ± 3.30*a
III 10.83 ± 2.29 31.83 ± 3.19 57.33 ± 3.55*b
IV 6.50 ± 1.45*a/b 28.08 ± 3.18 65.42 ± 3.26
V1 4.58 ± 1.44*ab 14.75 ± 2.83*a 80.67 ± 3.47*a
Sig. (I-V1) 0.00**
V2 4.50 ± 1.08 20.50 ± 3.03 75.00 ± 2.36
Sig. (V1-V2) 0.440 0.00** 0.00**

Fig. 1. Granulocytes in hemolymph of Roman snail. 
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Discussion

Research of hematopoesis in invertebrates was 
conducted in organisms that served as developmental 
and immunological models. Hemocyte development 
in molluscs is not quite understood and researches on 
signaling pathways and endogenous factors for hemocyte 
development gave significant progress in this area (Jemaa et 
al. 2014). Many recent studies distinguish different classes 
of hemocytes according to different criteria (granularity, 
cell size, cell surface, etc.) and different classifications due 
to the lack of biological markers to distinguish specific cell 
lines and maturation phases. These aspects are unexplored 
in other invertebrates. In many gastropods, the production 
of hemocytes takes place in the pericardial cavity (Gagnaire 
et al. 2008). Sampling of hemolymphs in our study, as well 
as the identification of hemocytes, was made from the 
pericardial cavity. Studies on morphological characteristics 
of circulating immunological cells in the early 1990-ies 
have progressed to studies of many growth factors and 

expression of genes that regulate the development of 
molluscan hemocytes (Pila et al. 2016).  

Gastropods are vector hosts of many nematodes 
and other parasites (Lokero 2010). The development of 
hemocytes in the gastropoda is well known today mainly for 
species of high medical or veterinary significance, such as 
Biomphalaria glabrata. This species is host to Schistosoma 
mansoni which causes schistosomiasis in humans, so the 
relationship between snails and larvae of trematodes is the 
key for the current understanding of the hemocyte functions 
in the gastropoda (Littlewood, Bray 2001). According to 
Castellanos-Martínez et al. (2014) there are two classes 
of hemocytes: granulated and agranulated lymphocytes. 
Research carried out later on this species indicated three 
types of hemocytes, classified as large, medium and 
small hemocytes (Matricon-Gondran, Letocart 1999). 
Karuthapandi (2010) reported two types of hemocytes 
(granulocytes and agranulocytes) in the Achatina fulica. In a 
study performed by Cuet et al. (2015), transmission electron 
microscopy was used to discover three types of circulating 

Fig. 2. Hyalinocytes in hemolymph of Roman snail.

Fig. 3. Agranulocyte in hemolymph of Roman snail. Fig. 4. Transformed hemocyte (immunocyte) during  parasitic 
invasion in hemolymph of Roman snail.
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hemocytes: hyalinocytes, agranulocytes and granulocytes.
These three types of hemocytes were previously identified in 
Pomacea canaliculata (Accorsi et al. 2013). Our study about 
hemolymph in Helix pomatia provided information about 
all types of hemocytes. Hyalinocytes are cells with hardly 
noticeable granulation. Agranulocytes are the smallest 
cells, usually dark-colored with standard staining and have 
round and remarkable nucleus. The most numerous and 
largest cells are granulocytes, which show several stages of 
development. Immature cells have a large nucleus that fills 
over 90% of the cytoplasm with heterogeneous segments. 
Ocurrence of hyalinocytes in Helix pomatia was very low in 
contrast to that in Pomacea canaliculata, while the number 
of granulocytes in our study was very high in relation to 
this species. 

Granulocytes are listed as the most abundant cells in 
molluscs and their increased number can be a consequence 
of a period that coincides with awakening or exiting from 
hibernation. The increase in the number of hemocytes 
during the post-hibernation period correlates with the 
increase in number of granulocytes, which have many 
roles. The expression of fibrinogen-bounded protein 
(FREP3) in Biomphalaria glabrata increases the number of 
hemocytes in the presence of parasitic larvae Schistosoma 
mansoni. This leads to an increase in encapsulation for 
phagocytosis of parasites (Ataev, Coustau 1999). Infected 
individuals have a large number of hemocytes that have 
been transformed and normal hemocytes were observed 
very rarely in our study. Thus, the increase in the number 
of hemocytes is a consenquence of presence of parasite, 
which is manifested by production of all hemocytes that 
are in the encapsulation phase, which justifies the name 
„immunocytes“. Very heterogeneous number of hemocytes 
in all individuals from different locations could be result of 
many ecological factors, particularly humidity and altitude. 
There are no recent data in literature about number of 
hemocytes in Roman snail Helix pomatia. Snails that live at 
higher altitudes and under higher humidity had the highest 
number of hemocytes, in comparison to those that live in 
dry habitats, according to our results. It is interesting that 
a similar pattern ocurred for type of identified hemocytes: 
granulocytes were the most numerous cells, followed by 
agranulocytes, while the lowest number of the hemocyte 
population was for hyalinocytes. 

However, significant differences were identified among 
all groups, which is related to the influence of external 
factors. Changes in numbers, morphology and types of 
hemocytes can be a result of interaction of abiotic and 
biotic factors (Suresh, Mohandas 1990). The total number 
of hemocytes decreased during the season. This might 
be a consequence of higher need for hemocytes during 
early spring and after hibernation, because hemocytes are 
involved in many physiological processes, like production 
of cytotoxic molecules (Humphries, Yoshino 2008), nerve 
reparation (Hermann et al. 2005) and shell formation 

(Mount et al. 2004), which are all evident after hibernation 
period.

Our results present the first data on the number of 
hemocytes in Roman snail (Helix pomatia). Seasonal 
variations such as altitude and humidity have a major 
impact on the production of hemocytes. The production 
of hemocytes increased according to physiological needs 
after hibernation. Three types of hemocytes were identified. 
Hemocytes play an important role in phagocytosis, 
according to the presence of transformed hemocytes 
and their encapsulation during infection. The uniform 
classification of hemocytes and detailed study of their role 
in the immune response can improve the knowledge of 
the adaptive mechanisms of other biologically important 
molluscs and contribute to a better organization in this 
field of research.
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