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Abstract

physiologic status and health of the fish in the aquatic expert's test through the<optimal

&
Backgrounds: The haematological panel provides valuable information about the
staining of the nucleus, cytoplasm, and cytoplasmic granules. \

Objectives: Our research focused on creating a new Leishman-Gie ‘1}1 ure
specifically for fish blood smears and evaluating its effectiveness co:ra]a;e\ ndard
staining techniques.

Methods: Blood samples were taken from 20 healthy co@ c}rp 0 produce three

groups of peripheral blood smears: one for Leishman-Giemsa dygland two for Leishman's
and Giemsa's stains. Two experienced clinical pathologists extensively examined all three

types of blood smears based on four staining chara ics: nuclear characteristics of
erythrocytes and leukocytes, cytoplasmic characteristics, an lgukocyte granulation. Two
experts' mean ratings for each staining technique were ed.

Results: Regarding RBC and WBC nuclei c&cte ics, the two conventional Leishman
and Giemsa staining methods yielded ower mean scores than the new
Leishman-Giemsa staining method (P<(§r man-Giemsa staining enhanced the
clarity of RBC and WBC nuclear sés The new Leishman-Giemsa staining
technique resulted in a statisticall 1f ant (P<0.05) difference in the cytoplasmic
characteristics of fish WBC com‘pared ther two methods.

with the novel Leishm ethod are more desirable. In addition, its nuclear and
cytoplasmic staini perl to conventional Giemsa and Leishman stains when used
separately. The Leishman=Giemsa cocktail has a high index for air-dried smear

discolouratio V
Keywor &n(}arp, Cytoplasmic granules, Hematological assessment, Nuclear features,

an-GiTsa staining.

Conclusion: This study ésu s de \strated for the first time that fish blood cells stained




&

Introduction \

Aquaculture has grown faster than capture fisheries, especially in cent years
(Abdulrahman,2022) and is expected to expand further over the nex dec aonr et al.,
2021; Mousavi et al.,2024). Over-density affects their growth, héalthhand sceptibility to

disease (Li et al., 2021). It sounds necessary to use a fast blesinexpensive approach in
order to monitor health status and urgent disease diagnosis (Chen and Luo, 2023). Blood
evaluation can provide predictive information about the clinical'status of fish (Shahjahan et al.,
2022). d

Most automated mammalian blood count analyzﬁ t be‘used because of nucleated red
blood cells in fish. Therefore, the common the manual evaluation of stained blood
smears. The most important aspect of a atologlcal examination may be the
evaluation of blood cell morphology in med d films. The blood film provides essential
information regarding red blood cell abngall s, including altered cell colour and shape, the
presence of inclusions, and alter leus osmon In addition to revealing significant
haematological characteristics pf‘fis ror’bocytes, stained blood film provides information
regarding variations in leukoéyte‘number-and morphology. Also, Blood parasite detection and
identification require a bIooﬁlm (wt 2015).

The routine meth sta\\sh blood smears is Romanowsky (Wright/Giemsa/Leishman
stains) (Doddagowda, 2017)xWright-Giemsa staining is a classical staining method to identify
and cIa55|fy ood | types (Fanous et al., 2021). Fish red blood cells are rich in smooth
eosino {op nd a central, oval-shaped condensed nucleus (Witeska, 2022). Fish

cellgran Ies refer to small, spherical structures found within white blood cells in
fish



The granules contain various proteins and enzymes involved in the fish’s immune response,
including the recognition and destruction of foreign pathogens such as bacteri&, viruses, and
parasites (Nagid, 2024; Talazadeh et al., 2024). In bacterial infections in fish, su s bacterial
septicemia, it’s possible to detect the presence of bacteria through investigatioxhe blood
smear (e.g. Cocci of Streptococcus iniae , in a yellow tang (Zebrasoma f/avescMas regorted
in the plasma and intracellular within a neutrophil (Clauss, 2008).

The granules in white blood cells may contain enzymes. The presenc x&ylw of these
granules can provide valuable information about the health and |mrrﬂ,| tatus of the fish. Fish
white blood cell granules can be visualized using various lab y techniques'such as staining.
Giemsa stain is a type of histological stain that is commonly used to stain chromatin
(Hasankhani et al.,2023) Leishman stain generally makes coIour\of the nucleus and neutrophil
granules violet, and the differential count becomes convenient due to better contrast between
the nucleus and cytoplasm (Sareen et al., 2018).

N
The staining solution contains a mixture of thy@olu nd eosin, which stain cytoplasmic
granules of white blood cells as a dark purﬁ co . By examining the stained cell under a
microscope, researchers can identify thé presence, and characteristics of granules in white
blood cells which can provide importan:Qor M about the immune response of fish and
the type of bacterial infection. For t time, we used and evaluated the effectiveness of a
novel L&G stain for fish bIoosi b@egectiveness in comparison to traditional staining

techniques. ‘
Materials and Met@is\\

This study was conducted in the Aquatic Animal Laboratory of the Faculty of Veterinary
Medicine at iversity. Blood samples were taken from 20 healthy common carp
(Cypri %" 320.00 gr weight) to produce three groups of peripheral blood smears:
onéfor Leishm Glemsa dye and two for Leishman's and Giemsa's stains. Smears were fixed in
ab%rjet nol for 1 minute, after air dried, and stained with three different stains as
followingyprotocol:



A- Leishman stain: The Leishman stain was applied for two minutes to the slide. Then, a double
volume of Sorensen buffer with a pH of 6.8 was added and mixed for 15 minutes: Five minutes
were spent drying the item after rinsing smears with tap water and air drying (Gﬂjra etal,
2015).

minutes. The alcohol was removed, then the smears was stained withifre ted Giemsa
stain (1:10 with Sorensen buffer, pH 6.8) for 20 minutes. Subsequently,sthe prepared smears
were rinsed with tap water and let them drain for five minu@je\:lra etal;;2015).

C- Leishman-Giemsa stain:

The Leishman stain was applied to the smears for two‘minutes, followed by a thorough washing
with running water. Subsequently, freshly diluted Giemsa stain“(l:10 with Sorensen buffer,

B- Giemsa stain: In order to fix the smear, absolute methyl alcohol was a;p' d to it for five

pH=6.8) was added and left for 15 minutes. Finally, ing with flowing water and air-drying
for 5 minutes (Gajendra et al., 2015). B
Two experienced clinical pathologists exténsivelyrexamined all three types of blood smears

based on four staining characteristics: nuclea cha~istics of erythrocytes and leukocytes,
cytoplasmic characteristics, and leukocyt ranuM.

1- Staining criteria for erythroq‘t de o@locytes that appear yellow-orange with pale
blue. @ b

2- Staining criteria for the mature.leukocyte nucleus include a violet-blue colouration and the
proper nucleus morphology for various WBC varieties.

3- The granulocyte, I@hx and monocyte cytoplasmic staining criteria are respectively
pale pink, sky tw, d grey blue.

4- The criteria for staining“granules of leukocytes and eosinophils are as follows: rod-shaped

or dark %\get\Wm—red, and round or oval, orange to red.

tainingyprocedures were evaluated using scores ranging from 0 (worst) to 4 (best) for four
ers and were statistically analyzed to compare effectiveness. The variability in average
vided by two experts for each method was compared. Then, analysis of variance

ratings



(ANOVA) was employed to determine the degree of disparity between the two experts' mean
grading scores (Table 1). &

Results \

Table 1 provides a comparison of the average grading scores for four d Wr?cterlstlcs
including nuclear characteristics of erythrocytes and leukocytes, cyt x cteristics
and leukocyte granulation, among the three staining procedures.

Tablel- Evaluation of the average grading scores of four rameter\nder study in three

different staining methods. N \
Parameters Leishm iemsa Leishman-Giemsa
)mean antSD( | )mean+SD(
Nuclear characteristics of erythrocyte m 3.5+0.6 3.9+0.3
Nuclear characteristics of leuko 3£0.79 3.9+0.36 3.840.36
cytoplasmic characteristicgor le cyt’ 3+0.89 2.9+0.55 3.7+0.44
leukocyte granulation \ 2.6+0.75 2.3+0.74 3.6+£0.59

’(

1- aracte‘stlc of RBC nucleus colour



According to the scoring of all three types of staining (Figure 1), only a s1gn1ﬁcant difference
(P<0.05) was observed between Leishman and Leishman-Giemsa staining. Also, gpindicated that
Leishman-Giemsa staining, the nucleus and chromatin staining are more detai ather than
Leishman (Figure 2), but the difference in nuclear staining is not significant co ed to the
Giemsa group, because in the Giemsa group Also, the nuclear chromatin is oes not
differ much from the Leishman-Giemsa group.

-

RBC

Nuclear features of the
N

Leishman Giemsa L&G

Giemsa staining methods, Centr.
percentiles. n=20 sample poi&.

the medians; box limits indicate the 25th and 75th

Figurel. Boxplot of Nuclear charact%wchrocytes in Leishman, Giemsa and Leishman-




Figure 2. Comparison of Common carp (Cyprinus carpio) RBC nucleus (blue arrows) and
cytoplasmic (red arrows) features using different stains: G) Giemsa, L) Leishman , L&G)
Leishman-Giemsa stain (X1000)

3-2- Characteristics of WBC nucleus colour

of Leishman-Giemsa staining of the nucleus, chromatin, and
score than the others, as shown in Figure 4.

‘.

Figure 3. Comparison,of on carp (Cyprinus carpio) WBC nucleus (blue arrows) and
cytoplasmic (red arrows) res using different stains: G) Giemsa, L) Leishman , L&G)
Leishman-Gi stain (X1000)

N
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Figure 4. Boxplot of Nuclear characteristics of leIQ\ elshman Giemsa and Leishman-
Giemsa staining methods, Central lines sho 1an box limits indicate the 25th and 75th
percentiles.n=20 sample points. Figure 5. lasmlc characteristics of leukocytes in
Leishman, Giemsa and Leishman- Glemsa talnlng hods Central lines show the medians; box
limits indicate the 25th and 75th per =2 sample points.

3-3- Characteristics of C cwlasm colour

Figure 5 demonstra d on the scoring of all three forms of staining, the Leishman
and Giemsa grou red ignificantly (P<0.05) from the Leishman-Giemsa group. The
staining of the nuc us, chrouatln and cytoplasmic granules has a higher score than the other

two groups ({:\
Dan



In each fish species, haematological profile variations could be a sign of environmental changes,
infection or even parasitic infestation. f

First Garbyal et al.(2006) recommended the Leishman-Giemsa cocktail for the stai cytologic
smears. Later in 2015, Gajendra introduced this method as a new reliable tec r human
blood and bone marrow stains. According to Akhlaghi and Ahmadi (2019) ishman- Giemsa

stain possesses nearly all the characteristics of an excellent stain \orghologlcal
evaluation of avian blood cells.

The present study aimed to evaluate the effectiveness of an-Giemsa stain, a new
staining technique, on the characteristics of fish blood ¢ compa to the conventional
Leishman and Giemsa stains. Two clinical pathologists, experts'in their field, were asked to
assess smears to minimize variability and produce more aecurate r SLg[S.

Leishman’s stain, which offers high stain quality and 1 lly used to distinguish and identify
leucocytes, is used in microscopy for staining bloog im s. [tis based on a methylene blue and
eosin combination (Kulkarni,2020). It is a great stain nucleus, and using this dye alone
causes the nucleus to be intensely stained v“e the cytoplasmic granules become less visible.
Kulkarni(2020) used these two dyes for stainingiNot s notopterus blood smears.

The Giemsa stain, when combined eishman stain, significantly enhances the staining
of the nucleus and cytoplasm, resultin pronounced cytoplasmic granulation (Gajendra et al.,
2015; Suryalakshmi, et al., 2016).\7&/ n used alone, Giemsa stain is a reliable cytoplasmic stain
but offers a weaker color to the nucleus."When used alone, the Leishman-Giemsa recombinant
dye staining approach was pﬁfrab the other two traditional dyes, according to the results of
experiments on huma ood/bone marrow smear (Gajendra et al., 2015). The
modified L&G stai &tl eness on human peripheral blood/bone marrow smears
demonstrates that when used dlone, this approach is superior to the other two traditional stains

(Gajendra et al,2015).

The mo lo al&:luatlon of the nucleus and cytoplasm in fish erythrocytes and leukocytes

e fa0111 ted, by the use of a recombinant Leishman-Giemsa stain. The nucleus and
cytop nules on the other hand, showed poor coloration and less contrast when
Leishma and iemsa stain was used alone. Neutrophil granules were stained better with the
new Leishman-Giemsa stain compared to the Leishman and Giemsa stains separately. On the

10



other hand, the new Leishman-Giemsa stain made a significant difference in the recognition of
neutrophils (Table 1). In contrast to Giemsa, the Leishman stain has a methanel basis; thus,
further fixation is not necessary for the novel Leishman-Giemsa stain (Gajendr al., 2015).
These images provide evidence that neutrophils were not degranulated, as shown %ﬁgures.

Although comparable to MGG, the LG staining protocol was less susceptible to batch-tb—batch
variation in staining quality. The MGG protocol required control of ﬁuﬂ staining
pattern in the final washing phase via inspection of wet slides, whereas ethod included
a final washing step with buffered water for a predetermined ti 1od Wiight-Giemsa did not
provide the cytoplasmic staining intensity required fo@)h ical differentiation of
leukocytes.

Conclusion ' :
The results of the present study showed for the ﬁla ﬁsh blood cell was stained better
and faster with the new combination of L 1e sa staining. In addition, compared to

traditional Giemsa and Leishman stain alon rs superior nuclear and cytoplasmic
differential staining. K \

§
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