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A B S T R A C T   

Hemocytes are the circulating cells of the hemolymph of oysters and are responsible for numerous physiological 
functions, including immune defense. The oyster Crassostrea gasar is a native species inhabiting mangrove habitat 
and is of great commercial interest, cultured throughout the Brazilian coast, mainly in the north and northeast. 
Despite its commercial importance, little is known about its immunological aspects and defense cells, the he-
mocytes. This work aimed to morphologically characterize hemocytes of the oyster C. gasar and to study one of 
the main cellular defense response, phagocytosis, using light microscopy and flow cytometry. The results showed 
the presence of six hemocyte populations in C. gasar hemolymph. These comprise of large and small gran-
ulocytes, large and small hyalinocytes, blast-like cells and a rare type classified as vesicular or serous hemocytes. 
Hyalinocytes were highly abundant and the most heterogeneous cell population, while small granulocytes, along 
with vesicular hemocytes were the less abundant population. Hemocytes of C. gasar oysters demonstrated ca-
pabilities to phagocytose three different types of particles tested: zymosan A, latex particles and Escherichia coli, 
indicating a broad defense capacity. The zymosan A were the most engulfed particles, followed by beads, mainly 
phagocytized by granulocytes, the most phagocytic cells, and finally E. coli, which were the least phagocytized. 
This study is the first characterization of C. gasar oyster hemocytes and will support future studies that aim to 
understand the participation of different hemocyte types in defense responses against pathogens and/or envi-
ronmental changes.   

1. Introduction 

Studying the immune system of cultured bivalves is important 
because these organisms are highly subjected to epizootics due to more 
stressful conditions, such as high density and frequent handling, which 
could render animals more susceptible to diseases. 

The mangrove oyster Crassostrea gasar is cultured in several regions 
of Brazil, but mainly in the north and northeast coast, as opposed to the 
culture of the Pacific oysters C. gigas, which was established a long time 
ago and succeed in the colder waters of the south, with an annual pro-
duction of 2,128 tons (https://sidra.ibge.gov.br/tabela/3940). On the 
contrary, oyster C. gasar is produced in extensive system [1], and only 
since 2013, when a private hatchery facility for C. gasar spat production 
was installed in the northeast, improvements in annual production were 
observed, which reached an annual production in 2020 of 320 tons. 

The expansion and good development of an oyster culture do not rely 
exclusively on the supply of spats to oyster farmers, but also on envi-
ronmental conditions (good water quality), management strategies, and 
the health of animals, among others [2,3]. In fact, one of the main 
production bottleneck is the occurrence of disease outbreaks [4,5]. In 
Brazil, the main threat to oysters is the protozoan parasite Perkinsus spp. 
that occurs in almost all culture areas in the northeast region [6–12] and 
was recently discovered in the south of Brazil [13]. We believe that with 
the intensification of mangrove oyster production in the northeast, 
perkinsosis could become a considerable threat. 

To handle any sanitary issues in the future, more fundamental 
knowledge of the immune system of the C. gasar is needed. A starting 
point is to characterize this species immune defense cells, called he-
mocytes. Most studies investigating hemocytes were carried out in 
commercial bivalve species, such as C. virginica, C. gigas, C. madrasensis, 
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C. hongkongensis, Saccostrea glomerata, S. kegaki, Ostrea edulis, O. chi-
lensis, Perna canaliculus and Ruditapes spp. [14–22]. Similarly, in Brazil, 
the most important commercial bivalve species had their hemocytes 
characterized and some immune functions studied, including the most 
cultured brown mussel Perna perna [23], the mangrove oyster 
C. rhizophorae [24], the scallop Nodipecten subnodosus, and recently the 
pearl oyster Pteria hirundo. 

It should be noted that two recent studies applied flow cytometry 
approach to reanalyze the hemocytes of P. perna mussel (Fonseca et al., 
2022) and C. rhizophorae oyster [25], which complemented the data on 
characterization of the hemocytes obtained previously by light micro-
scopy for these species. As a result, additional hemocyte types were 
described, for example, semigranulocyte was identified in P. perna, in 
addition to the three known types (granulocytes, hyalinocytes and small 
hyalinocytes) [23]; and a hemoblast type was recognized in 
C. rhizophorae, in addition to the two known types (hyalinocytes and 
granulocytes) [24]. This highlights the importance of combining flow 
cytometry and microscopy in the characterization of bivalve hemocytes. 

Flow cytometry technique can be useful in determining the intra-
cellular complexity, which is sometimes unnoticed using light micro-
scopy. More importantly, flow cytometry can be used to rapidly measure 
several cell parameters in the same animal, due to the small volume of 
sample required by the instrument. In view of this fact, flow cytometry is 
a valuable tool for studying hemocyte population changes and cell 
immunological responses including, phagocytosis, production of reac-
tive oxygen species, fluctuations in enzymatic activities, among others 
[26]. These parameters can be altered in response to environmental 
changes, such as ocean acidification and warming [27], hypoxia [28, 
29], salinity [30] contaminants [31], harmful algae [32] or in response 
to infection [33–36]. On the other hand, light microscopy enables the 
comparison and classification of hemocytes types based on morpho-
logical characteristics such as cell and nucleus size and cytoplasm pro-
jections as well as staining affinities of the intracellular granules. 
Therefore, the combined uses of flow cytometry and light microscopy 
have been successfully applied to analyze the morphological charac-
teristics of bivalve hemocytes; as reported in several studies with com-
mercial bivalve species of mussels [37–39], clams [40,41] and oysters 
[15,17,20,22,42–46]. 

The goal of the present study was to characterize the hemocytes of 
C. gasar. Hemocytes were first analyzed by light microscopy (using 
neutral red and Giemsa stains) and flow cytometry, and on a second 
hand, phagocytosis response of hemocytes against biological and inert 
particles was estimated. 

2. Materials and methods 

2.1. Animals and hemolymph sampling 

Adult C. gasar oysters (> 70 mm) were sampled in a farming at 
Mamanguape River estuary, Paraíba State, Northeast (NE) Brazil 
(S06◦47’08,2”; WO34◦59’46,7”). 

Hemolymph was withdrawn from each animal via the adductor 
muscle using a 21G syringe and kept on ice to reduce aggregation or 
immediately fixed depending on the analyses. Hemolymph was 
observed under a light microscope (Olympus BX41) for contamination, 
and samples found to contain any impurities were discarded. 

The number of animals used in each assay are specified below. 

2.2. Microscopic analyses 

Two types of hemolymph preparations were performed to analyze 
hemocyte types using light microscopy. In the first preparation, hemo-
lymph of 30 oysters was individually dispensed onto a slide positioned 
on a moistened paper to create a wet chamber and were incubated at 
room temperature (25◦C) for 5 min to allow the cells to adhere to the 
glass surface. We previously tested different times (5-30 min) for cell 

adhesion and we found the 5 min was the best time to prevent hemocyte 
deformation or degranulation (data not shown). The cell monolayers 
were fixed with methanol (5 min) and stained with Giemsa (Newprov) 
(5 min). Hemocytes were analyzed under a light microscope (Olympus 
BX41) and photographed (Olympus Q-Color 5TM camera). One hundred 
cells per oyster were characterized based on the Giemsa staining pattern 
of the intracytoplasmic granules (basophilic or acidophilic), nucleus/ 
cytoplasm ratio, shape (rounded or spread), plasma-membrane pro-
trusions (filipodia or lamellipodia) and size (where the measurement of 
cell diameter was taken from the largest axis, without considering 
cytoplasmic projections). This staining with Giemsa also allowed to 
identify and quantify hemocyte types and their proportions for each 
animal. 

In the second preparation, fresh hemolymph of 10 different oysters 
was individually mixed with a vital staining, the neutral red (Sigma- 
Aldrich, final concentration 0.005%) [47]. No measurements of cells 
were taken, instead hemocytes stained with neutral red were observed 
adhering on the slide for up to 20 min in order to assess cytoplasmic 
projections, as well as characteristics of intracytoplasmic vesicles/-
granules, as neutral red has the ability to cross the plasma membrane of 
cells and stain acid compartments including lysosomes. Several cells (at 
least 100 per sample) were analyzed under a phase contrast microscope 
(Olympus BX41) and photographed (Olympus Q-Color 5TM camera). 

2.3. Flow cytometry analyses 

Hemolymph from the same 30 oysters used for microscopic analyses 
(stained with Giemsa) was alongside prepared for flow cytometry. The 
hemolymph was immediately fixed using cold 4% formaldehyde (final 
concentration 2%) in filtered sterilized seawater (FSSW) (the efficiency 
of fixation of this concentration for hemocytes in suspension was pre-
viously tested, data not shown) and then, analyzed in the FACSCalibur 
flow cytometer (BD Biosciences, San Jose, California, USA). Hemocyte 
populations were discriminated in forward scatter (FSC) vs side scatter 
(SSC) cytograms, representing proxies of the size and internal 
complexity (an indicator of intracytoplasmic granules), respectively. 

2.4. Phagocytosis assays 

Three different particles were used to estimate the phagocytic ac-
tivity of hemocytes [35,48]: Fluorescent latex beads (Fluoresbrite 
yellow-green microspheres, 2µm, Polysciences), zymosan A (Texas Red 
conjugate, ~ 3µm, Life Technologies) and Escherichia coli (Texas Red 
conjugate, ~1µm, Life Technologies). Particles were diluted in phos-
phate buffer to a final concentration of 1 × 106 mL− 1. 

Hemolymph from each oyster (n = 30) was dispensed into three 
tubes each containing a type of particle suspension having a ratio of 
1:10, hemocyte: particles. Hemolymph with FSSW alone was used as a 
control [35,48]. Hemolymph was incubated for 1h at 25◦C, and then 
analyzed in a flow cytometer. 

Hemocyte populations were first selected in FSC vs SSC dot plot 
cytogram to be visualized in SSC vs fluorescence cytograms; green (530 
nm) for latex beads and red (613 nm) for zymosan A and E. coli. 
Phagocytosis was estimated in a fluorescence histogram by selecting 
peaks of hemocytes engulfing particles (adapted from [44]), i.e. hemo-
cytes which appeared fluorescent (as opposed to non-fluorescent, 
non-phagocytic hemocytes). Therefore, all fluorescent hemocytes were 
considered engulfing and total phagocytosis was estimated. Microscopic 
observations were performed in order to confirm that particles (beads, 
zymosan and bacteria) were actually engulfed and not just bound to the 
membranes or attached to cell surface of hemocytes. For latex beads, > 3 
engulfed particles were considered to estimate phagocytosis of 
hemocytes. 
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2.5. Statistical analyses 

D’Agostino & Pearson normality test was applied to all data. For 
percentage data, an arcsine square root transformation was used. 
Kruskal-Wallis followed by Dunns post-hoc test was used to compare 
hemocyte size by light microscopy and flow cytometry. 

One-way ANOVA followed by a Tukey post-hoc test was used to 
compare phagocytosis of beads, zymosan A and E. coli for total hemocyte 
population. The unpaired t-test was used to compare the phagocytic 
capacity of E. coli and latex phagocytosis (separately) between gran-
ulocytes and hyalinocytes. 

Differences were considered significant when p ≤ 0.05. Data were 
expressed as mean ± standard error (SE). Statistical analyses were 
performed using the Statgraphics Centurion XV software. 

3. Results 

3.1. Morphological characterization of C. gasar hemocytes by light 
microscopy 

Oyster hemolymph presented six populations with different size, 
morphology, and staining properties: large (LG) and small (SG) gran-
ulocytes, large (LH) and small hyalinocytes (SH), blast-like cells (BL) 
and a sixth rare type, which we identified as either vesicular or serous 
hemocytes (V). 

LG were the largest cell type among C. gasar hemocyte populations 
(31.5 ± 0.31 µm; Table 1) with a low nucleus/cytoplasm ratio. The 
nucleus was rounded and eccentric. The cytoplasm contained many 
small acid granules, stained red (neutral red) or blue (Giemsa). These 
cells quickly projected filipodia and lamellipodia in spontaneous adhe-
sion (Fig. 1a-b) and comprised 14.4% (± 1.48) of the total hemocyte 
population (Table 1). 

SG showed a medium size of 11.9 µm ± 0.22 (Table 1) and low nu-
cleus/cytoplasm ratio. The nucleus was rounded or oval and eccentric, 
and the cytoplasm contained large and abundant granules stained red 
(neutral red) or blue (basophilic, Giemsa) (Fig. 1c-f). In SG, the granules 
almost completely covered the nucleus and had minimal cytoplasmic 
projections. They were the least abundant cell type in the hemolymph 
(4.8% ± 1.05; Table 1). 

BL cells were the smallest cells (5.4 µm ± 0.06; Table 1), with a high 
nucleus/cytoplasm ratio and eccentric nucleus, sometimes no cyto-
plasmic projections. BL cells had highly basophilic cytoplasm without 
granules or prominent membrane projections (Fig. 1g-j). 

The hyalinocytes were the most numerous and heterogeneous he-
mocyte population in the hemolymph (Table 1). Two main types were 
identified: small (SH) and large (LH) hyalinocytes in the following 
proportions, 33.0% ± 1.85 and 30.4% ± 1.58, respectively. 

The SH were similar in size to small granulocytes (10.7 µm ± 0.13; 
Table 1). They presented a high nucleus/cytoplasm ratio and had 
rounded or elongated large nucleus which was mostly centered. SH 
showed lightly basophilic cytoplasm which was often without granules. 
Cytoplasm projections were scarce and often thick when present 
(Fig. 2a-d). 

The LH were the second-largest cell type (23.4 µm ± 0.32; Table 1), 
after LG. LH had a low nucleus/cytoplasm ratio, central or eccentric 
nucleus, and the cytoplasm was lightly acidophilic with few unstained 
granules, which would have been unnoticed if not observed under a 
phase-contrast (Fig. 2e). LH quickly produced variable types of cyto-
plasm projections, from thick and long to thin and short (Fig. 2f). 

The V hemocytes were as large as (22.7 µm ± 0.26; Table 1) LH and 
rarely observed (1.3% ± 0.45). They were characterized as rounded 
cells with a low nucleus/cytoplasm (N/C) ratio, central or eccentric 
nucleus with mainly lamellipodia projections and few filipodia (Fig. 2g). 
They presented an endoplasm that contained few granules and vacuoles 
of irregular size and shape that stained blue (basophilic), although some 
did not stain (Fig. 2h-i). 

3.2. Morphological characterization of C. gasar hemocytes by flow 
cytometry 

Five hemocyte populations were detected in the FSC vs SSC cyto-
grams describing cell morphological characteristics from fixed hemo-
lymph of C. gasar (Fig. 3). Type 1 comprised hemocytes with the lowest 
size and internal complexity; type 2 was higher in size and internal 
complexity with more granularity than type 1 but lower than type 3. 
Type 3 was hemocytes with medium variable size and complexity; types 
4 and 5 were hemocytes with the highest complexity and variable sizes. 

There were statistical differences in size between the hemocyte 
types, and these differences were similar in each technique; LH and LG 
were the highest types, SH and SG were median cells and BL were the 
smallest in both techniques (Table 1). The proportions of hemocyte 
types were also very similar. Small and large hyalinocytes were the most 
numerous cells in the hemolymph, and in contrast, the small gran-
ulocytes were less abundant (Table 1). Thus, it could be inferred that BL, 
SH, LH, LG and SG would correspond to types 1, 2, 3, 4 and 5, 
respectively. 

3.3. Phagocytosis of different fluorescent particles 

Hemocytes of C. gasar oysters were capable of engulfing the three 
distinct types of particles tested: inert latex fluorescent beads (Fig. 4a-b) 
and biological fluorescent bacteria E. coli (Fig. 4c-d) and yeast particles 
of zymosan A (Fig. 4e-f). 

Latex beads phagocytosis activity was analyzed in individual he-
mocyte populations, granulocytes vs hyalinocytes, since peaks of fluo-
rescence were well defined (Fig. 5a-c). 

For phagocytosis of E-coli and zymosan A particles, peaks of fluo-
rescence were not observed in the histograms, instead a slight increase 
of fluorescence was detected for E. coli (Fig. 6a) indicating a very low 
phagocytic rate. For zymosan, a high increase of fluorescence was 
noticed despite no clear peak observed, but a plateau (Fig. 6b), pre-
sumably due to the irregular shape of zymosan particles. Thus, to not 
overestimate or underestimate the phagocytosis for separate gran-
ulocytes and hyalinocytes populations, phagocytosis was estimated for 
total population of hemocytes (Fig. 6c). Free E. coli or zymosan particles 
were excluded from the histograms (Fig. 6d). 

Hemocytes showed different phagocytic abilities to the different 
particles. Zymosan A was the most phagocytosed particle, followed by 
latex beads and E. coli (Fig. 7a). For latex beads, granulocytes were 
significantly more phagocytic than hyalinocytes (Fig. 7b). BL cells did 
not phagocyte which was also confirmed observing the preparations 
under microscope. 

Table 1 
Size and proportion of hemocytes in the hemolymph of C. gasar (n = 27), ob-
tained by light microscopy (LM) and flow cytometry (FC). Values are mean ± SE. 
n: number of hemocytes analyzed by LM (Giemsa staining). FSC: forward scatter. 
A.U.: Arbitrary units of flow-cytometry detectors. LG, Large Granulocytes; SG, 
Small Granulocytes; LH, Large Hyalinocytes; SH, Small Hyalinocytes; BL, Blast- 
like cells; V, Vesicular/Serous cells.   

µm (LM) n A.U. (FSC, FC) % (LM) % (FC) 

LG 31.5 ± 0.31a 694 369.5 ± 12.96 a 14.4 ± 1.48 6.3 ± 0.79 
SG 11.9 ± 0.22 c 282 160.3 ± 4.32 b 4.8 ± 1.05 1.3 ± 0.15 
LH 23.4 ± 0.32 b 494 303.1 ± 2.34 a 30.4 ± 1.58 38.2 ± 2.13 
SH 10.7 ± 0.13 c 529 138.7 ± 2.3 b 33.0 ± 1.85 43.8 ± 1.85 
BL 5.4 ± 0.06 d 489 43.55 ± 0.35 c 16.0 ± 1.91 10.6 ± 1.24 
V 22.7 ± 0.26 34 No data 1.3 ± 0.45 No data 

Different letters denote significant differences in size among the hemocyte types 
(separately for each technique), p < 0.0001, Dunns post-hoc test. Vesicular/ 
serous cells were not included in statistical analyses because they were not 
distinguished by FC. 
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4. Discussion 

The present work is, to our knowledge, the first morphological and 
functional characterization of hemocytes of mangrove oyster C. gasar. 
Based on light microscopy and flow cytometry analyses, six hemocyte 
populations were identified in the hemolymph: large and small gran-
ulocytes, large and small hyalinocytes, blast-like cells, and a rare type of 
hemocytes, which we identified as either vesicular or serous hemocytes. 
The recent review of de la Ballina et al. [49] highlights the distinct 
composition in hemocyte types of the hemolymph of different species of 
bivalves. However, in a global classification three main types 

(granulocytes, hyalinocytes and blast-like cells) are found, which are 
easily distinguishable by light microscopy and flow cytometry. 

The morphometry (N/C ratio and cell size) and tinctorial properties 
of C. gasar hemocytes observed herein were compatible with those re-
ported in bivalves and specially oysters species [49]. Large and small 
granulocytes were cells with granules within the cytoplasm (blue or red, 
according to the stain) and a low N/C ratio, and hyalinocytes had few or 
no granules and a higher N/C ratio. Blast-like cells exhibited the highest 
N/C ration and were the smallest cell. In terms of plasma membrane 
projections, LG and LH of C. gasar quickly projected filipodia and 
lamellipodia, suggesting the possibility that they might be involved in 

Fig. 1. Hemocytes from C. gasar hemolymph stained with neutral red (a, c, g, phase contrast) and Giemsa (b, d-f, h-j, bright field). LG (Lager granulocytes), small 
granulocytes (SG) and blast-like cells (BL). Note a binuclear cell in i. Cytoplasmic projection filipodia and lamellipodia (arrows), ectoplasm (*), endoplasm containing 
several red or blue (basophilic) granules and the nucleus (arrowheads). Bar = 10 μm for all images. 

Fig. 2. Hemocytes from C. gasar hemolymph stained with 
neutral red (a, e, g, phase contrast) and Giemsa (b-d, f, h-i, 
bright field). Small hyalinocytes (SH), large hyalinocytes (LH) 
and vesicular cells (V). Nucleus and cell sizes can be compared 
between SH and LH in picture e where both are aside. Note 
endoplasm lacking or containing few unstained granules in 
hyalinocytes or irregular bluish (basophilic) vacuoles in ve-
sicular/serous cells. Cytoplasmic projections and lamellipodia 
(arrows), ectoplasm (*) and the nucleus (arrowheads). Bar =
20 μm for all images.   
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more dynamic function, such as phagocytosis process that requires fast 
migration and adhesion, making them frontline cells of the oyster innate 
immune system. Filipodia are thin cytoplasmic protrusions that sense 
and explore the surrounding environment and act as tentacles attracting 
particles; while lamellipodia, wave-like extensions, are major structures 
in cell motility, allowing, for instance, neutrophils migrate towards a 
chemoattractant [50]. SG, SH and BL of C. gasar did not exhibit pro-
trusions, suggesting they might be associated with other functions or 
represent an intermediate stages of maturation/differentiation, as 
already proposed by several authors, but still controversial (see review 
of [49]). 

Concerning the proportion of each hemocyte type in the hemolymph 
of C. gasar, in general, it reflected previous studies in other oysters 
species such as Crassostrea spp. [15–17,20,25,45], Saccostrea spp. and 
Ostrea spp. [14,18,22,46]. In both techniques applied here, hyalinocytes 
constituted the most abundant hemocyte population in C. gasar hemo-
lymph, whilst small and large granulocyte populations combined 
occurred in similar proportion as blast-like cells and the vesicular he-
mocytes were the least detected and only by LM. Small granulocytes 
were not observed in all specimens studied. This fact was previously 
noticed in the hemolymph of C. virginica, O. edulis and S. glomerata, when 
number of specimens studied was low; three, eight and five, respectively 
[14,15,46]. Accordingly, some differences in the hemocyte types 
observed inter and intra bivalve’s species detected by flow cytometry 
might be related to sample preparation. Noted that small and large 
hyalinocytes appeared as one merged population in fresh samples 
instead of two in formaldehyde-fixed hemolymph of C. virginica [44]. 
Indeed, live and active cells undergo morphological changes to perform 
their functions or respond to stimuli, and therefore, distinguishing 
populations with subtle morphological differences is difficult. 

Hyalinocytes (small and large) of C. gasar presented a wide variety of 

forms, when observed under a microscope, which was also detected by 
flow cytometry. This suggests a potential diversity of hyalinocyte ac-
tivities, with is in accordance with the wide range of functions these cells 
can perform to carry out the physiological responses, beside immuno-
logical roles, such as transport of nutrients, excretion, shell formation, 
and reproduction [49,51]. 

Granulocytes of C. gasar contained abundant granules, which were 
tiny in large granulocytes and big in small granulocytes, representing 
two distinct subpopulations. The granules were exclusively basophilic, 
indicating a predominance of acid content evidenced by the neutral red 
staining. Indeed, granulocytes are rich in intracytoplasmic granules, 
including lysosomes, an acid compartment containing hydrolytic en-
zymes, which play a key role in the digestion of phagocytosed micro-
organisms [52]. On the contrary, some species of oysters Crassostrea and 
S. glomerata have granulocytes containing eosinophilic granules or 
basophilic granules or a combination of both [14,16,19,25]. Moreover, 
mix of basophilic and refringent granules were described in C. ariakensis 
[17]. The chemical composition of these granules is certainly distinct 
[53] and it could be related to different cell function. It has been re-
ported that acidophilic granulocytes have more enzymes and phagocytic 
capacity than basophilic granulocytes, which granules would still 
mature [49,51]. 

Blast-like hemocytes of C. gasar had features of undifferentiated cells, 
with eventually had a binucleated nucleus, which might suggest rapid 
BL hemocyte proliferation. Hemoblasts with the same binucleated nu-
cleus feature were reported in the hemolymph of R. philippinarum and 
were considered in mitosis (telophase) [47]. Morphologically hemo-
blasts correspond to blast-like cells. The authors observed hemoblasts in 
different mitotic phases, which according to the study represented he-
mocyte proliferation in response to E. coli challenge. Liu and Zhao [54] 
also detected bi and trinucleated granulocytes and hyalinocytes besides 

Fig. 3. Representative forward scatter (FSC, size) vs side scatter (SSC, complexity) cytograms of formaldehyde-fixed C. gasar hemolymph. Regions were drawn 
around the five main populations of hemocytes visualized as dense groups of dots – cells (density plot on the left) and showed by colors (dot plot on the right): type 1 
(BL); type 2 (SH); type 3 (LH); type 4 (LG) and type 5 (SG). Vesicular hemocytes (V) would be within type 3. Inset represents the same cytogram without delineation 
of regions representing the hemocytes populations. 
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other polymorphonuclear hemocytes. In C. gasar an increase in the BL 
population was induced by Perkinsus spp. infection [36], although the 
authors have not made observations of the cells under the microscope to 

ascertain the presence of mitotic figures. 
A remarkably and scarce hemocyte type found in the hemolymph of 

C. gasar had some characteristics, such as: large cells with low N/C 
ration and presence of vesicles and vacuoles suggesting degranulation, 
that would suggest they are vesicular hemocytes, which were detected in 
the hemolymph of some oyster’s species. In O. edulis, these cells were 
described as degranulated hemocytes [55], in C. gigas, devoided of 
granules but with lucent vacuoles [16], and in S. kegati, vacuolated 
granulocytes [18]. In other bivalves, they were also described by con-
taining vacuolated cytoplasm or with abundance of clear vesicles and a 
lack or scarcity of cytoplasmic granules [56,57]. Nevertheless, no 
function of vesicular hemocytes has been enlightened so far. 

The remarkably hemocyte type found here, projected lamellipodia, 
suggesting a migration ability. Thus, we suspected they might play a role 
in tissue repairs via diapedesis, removal of debris and injured host cells 
resulting from pathological processes [58]. Indeed, their cytoplasm also 
contained abundance of irregular (in shape and staining features - 
metachromasia) vesicles, presumably holding different chemical natures 
materials, which supports a degradative function [58]. In this sense, we 
also suggest that, it could be serious cells, a polemic cell type found in 
tissues and in low amount in hemolymph of some bivalves [49], which 
are able to perform diapedesis and are likely involved in degradation 
and detoxification process [49,59]. In the hemolymph of 
R. philippinarum serous cells are found in low proportion (1%) [60], 
similar to that found in the current study (1,3%) and an increase in the 
number of serous cells was detected after E. coli challenge [47]. The 
morphological characteristics of vesicular and serous cells described in 
the literature can be easily confused, since both have presence of large 
vacuoles. A study aiming to verify the proportion of these cells in the 
hemolymph of infected C. gasar would help to clarify this issue. 

In the current study, we also investigated the phagocytosis activity of 
C. gasar hemocytes using different particles. Phagocytosis is the main 
defense response against non-self-particles, which can be triggered by 
small-sized parasites or can be inhibited or potentiated by an infectious 
agent [52], as demonstrated in C. gasar infected by Perkinsus sp [36]. 
Our data show that zymosan A and latex beads were the most phago-
cytosed particles compared to E. coli bacteria. This demonstrates, on one 
hand, that hemocytes of C. gasar can recognize non-self-molecules, such 
as fungi and bacteria, as well as inert particles (latex fluorescent beads). 
Our study also demonstrates differences in phagocytosis rate of the 
different particles, which could either be attributable to their size or to 
their chemical composition, indeed, larger biological particles 
(zymosan) were more engulfed than inert particles. This result differed 
from other studies, where hemocytes engulfed a similar or higher 
amount of latex beads than zymosan, such as in the mussel Mytilus gal-
loprovincialis [48] and, the clam R. decussatus [35]. In both the latter 
studies, E. coli was the lowest engulfed particle. Vibrio alginolyticus was 

Fig. 4. Phagocytosis of different particles by C. gasar hemocytes. Images from 
phase contrast (left) and fluorescence (right) microscope. a-b. Latex beads 
(green-fluorescence); c-d. E. coli (red-fluorescence). e-f. Zymosan A (red-fluo-
rescence). Note the particles inside the cytoplasm of the hemocytes (arrows) 
and the small size of E. coli compared to zymosan A and latex beads. Occa-
sionally zymosan A were observed too thicken. Nucleus (arrowhead) are 
identified on each light microscopy picture (a, c, e). Bar = 20 μm for all images. 

Fig. 5. Representative flow cytometry graphics of phagocytosis of latex beads by C. gasar hemocytes. a. Granulocytes and hyalinocytes selected on FSC vs SSC dot 
plot. b. Gated hemocytes on green fluorescence vs FSC dot plot. c. Gated hemocytes on green fluorescence histogram showing peaks of hemocytes engulfed 1 bead 
(M1), 2 beads (M2) and > 3 engulfed beads (M3), the latter was used to determine % of phagocytic hemocytes. 
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the most phagocyted cell by M. galloprovinciallis hemocytes, when 
compared with latex beads or zymosan [48]. The lowest phagocytosis of 
E. coli particles by hemocytes may be related to its non-pathogenicity to 
bivalves. Indeed, one study in C. gigas hemocytes found that recognition 
and phagocytosis differ according to Vibrio spp. [61]. Moreover, the 
authors observed that V. splendidus induced a specific enhancement of 
phagocytosis after a secondary challenge. 

Despite six morphologically distinct populations of hemocytes were 
detected, it was not possible to quantify phagocytosis for all of them, 
since they were not totally distinguished by FC or even by LM, probably 
due to the cellular modification that cells undergo after 1h of incubation 
with the fluorescent particles. However, for latex particles, two main 
populations could be differentiated, granulocytes and hyalinocytes, and 
phagocytosis analyzed, although not in terms of their subpopulations 
(small and larger). It was possible to confirm that BL cells were not 
phagocytic. Probably due to its low oxidative activity and low lysosomal 

content [62]. Donaghy et al. [17] also found that C. ariakensis blast-like 
cells did not show any phagocytosis or oxidative activity. 

Granulocytes engulfed more latex beads than hyalinocytes. This 
result is consistent with other studies. It has been shown that gran-
ulocytes are the most phagocytic hemocyte in mussels [37,48], clams 
[40] and oysters [17,43–45]. In R. decussatus, all hemocytes types 
(granulocytes, hyalinocytes and intermediate cells) engulfed more latex 
beads than E. coli or zymosan [35]. Differences in phagocytosis of 
zymosan, latex beads, V. alginolyticus and E. coli, between hemocyte 
types were also reported for M. galloprovincialis [48]. The large granular 
cells, that would potentially correspond to granulocytes, engulfed more 
E. coli (9%) than the two semigranular hemocyte populations (large, 5% 
and small, 0.7%). 

Hemocytes perform numerous physiological and immunological 
functions, therefore, monitoring them can represent a proxy for animal 
health. Changes in total hemocyte counts, proportion of hemocyte types 

Fig. 6. Representative flow cytometry graphics of phagocytosis of E. coli and zymosan A by C. gasar hemocytes. a. The histogram shows the slight increase of the 
fluorescence represented by phagocytic hemocytes (white in the overlay histogram) compare with non-phagocytic cells (gray). Total fluorescence of hemocytes with 
particles was diminished from the control (hemolymph without particles). b. Phagocytosis of fluorescent zymosan A was estimated directly on the phagocytic he-
mocytes. c. For both E. coli and zymosan, total population of hemocytes were selected (blue) on FSC vs SSC dot plot. d. Red fluorescence vs FSC dot plot was used to 
allow the visualization of free-fluorescent particles of E. coli (red) or zymosan A and select them. Phagocytosis was estimated by gating hemocytes and excluding (gate 
off) E. coli or zymosan A from the histogram. 
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and phagocytosis capacity have been previously used for this purpose 
[31,63,64]. These hemocyte parameters vary seasonally [40], in 
response to infection [36,65] and susceptibility to diseases [33] and in 
response to different environmental conditions [27,31,32,42,66]. Thus, 
the knowledge of hemocyte types ofC. gasa will be helpful to understand 
the impact of parasites and environmental disturbance on oysters 
cultured in estuaries on the Brazilian coast. 

5. Conclusions 

This study, combining flow cytometry and light microscopy suc-
ceeded in classifying the hemocyte types of C. gasar hemolymph into six 
populations, with two subtypes of granulocytes and hyalinocytes (small 
and large), a blast-like cell and a less abundant type (vesicular/serous 
cell), which function is likely associated with tissue repairs during 
pathological process. Both granulocytes and hyalinocytes, probably the 
large subtypes of both, are the frontline cells of the oyster innate im-
mune system engulfing and degrading different kind of particles. The 
knowledge on C. gasar hemocytes will facilitate the proposition of new 
studies aiming at understanding its role in the immune response of the 
oyster. 
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