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ABSTRACT:

INTRODUCTION:

Peripheral blood smear staining is a pivotal technique that offers critical insights into blood cell
morphology and its composition. It remains an indispensable tool for diagnosing and
characterizing a wide range of clinical conditions that reflects the overall state of the human body.
The usual protocol followed is, on making high-quality smears and studying the details under the
microscope, the diagnosis is concluded with confirmation from patient's clinical profile.
Traditionally, manual examination of blood smears was standard practice, but advancements in
automated digital systems now aid in streamlining this process. This study aims to compare the
effectiveness and efficiency of Diff-Quik staining versus the conventional Leishman stain in
peripheral blood smear analysis.

MATERIALS AND METHODS:

This investigation was conducted at a tertiary care academic hospital from January to March
2024, it evaluated the staining efficacy of Diff-Quik and conventional Leishman stain in
peripheral blood smear. A total of 100 consecutive samples were included, irrespective of age,
sex, or cell count, with haemolysed samples excluded. Each sample yielded two smears—one
stained with Diff-Quik and the other with Leishman stain. Smear grading was performed using a
standardized scoring system ranging from 1 to 2, based on smear preparation quality, overall
smear integrity, and the ability to assess blood cell composition.

RESULTS:

Among the 100 samples analyzed, 58 were male and 42 female, with ages ranging from 6 to 78
years. Diff-Quik staining demonstrated superior differentiation of blood cell types and
significantly faster staining times compared to the conventional Leishman method.
Morphologically, RBCs and WBCs exhibited enhanced clarity with Diff-Quik, whereas platelet
morphology and background staining were more distinct with Leishman stain.
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INTRODUCTION

Peripheral blood smear evaluation is a cornerstone of haematological diagnostics, providing critical insights into
blood cell morphology and pathology. This technique involves spreading uniformly peripheral blood cells on a
slide for cytological examination [1]. Despite its simplicity and intricacies, a high-quality blood smear is
indispensable for diagnosing a variety of medical conditions. Clinicians with haematologists must be aware and
vigilant to appropriately implement the results to make well informed patient management decisions [2].

The choice of staining technique significantly influences the clarity, accuracy, and efficiency of smear
interpretation. Among the widely used stains, Diff-Quik, a rapid Romanowsky stain, and Leishman stain, a
conventional hematological stain, serve distinct roles in cytological evaluation [3] [4].

Diff-Quik is valued for its expedited staining process, enabling rapid assessment of blood cell components with
minimal preparation time. Its widespread use in emergency and resource-limited settings stems from its ability
to produce quick and reliable results, particularly in point-of-care applications [5]. In contrast, Leishman stain, a
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traditional Romanowsky-based stain, is extensively employed in routine hematological investigations due to its
meticulous staining quality, offering well-defined cytological detail and improved background clarity [6] [7].
However, its longer staining duration poses a challenge in time-sensitive diagnostic environments.

This investigation systematically evaluates the effectiveness, efficiency, and cytological detail of Diff-Quik
versus Leishman stain in peripheral blood smear analysisand to compare the efficacy and efficiency of Diff-
Quik staining with traditional staining methods for peripheral blood smears

MATERIALS AND METHODS

Written informed consent was obtained from all participants, and ethical clearance was secured from the
institutional ethics committee for the use of human volunteers. The study was carried out at a tertiary academic
hospital from January to March 2024.

One hundred consecutive (n-100) blood samples were included in the study, with no exclusions based on age,
sex, or cell count. However, samples that were haemolysed or obtained from individuals who did not provide
consent were excluded. For each participant, two separate smears were prepared under strictly standardized
protocols: one smear was stained using Diff-Quik, and the other was processed with the Leishman stain.

Staining Procedures

o Diff-Quik Protocol:
The procedure commenced with complete air drying of the smear, followed by fixation for a minimum
of 30 seconds. The slide was then sequentially dipped—approximately 5 to 10 dips, with each dip
lasting about one second—in red and blue staining solutions. After a gentle rinse with water, the slide
was allowed to dry in an upright position. Final imaging was performed by applying immersion oil and
mounting a coverslip [8].

e Leishman Staining Protocol:
A thin, tongue-shaped smear was first prepared using blood collected in an EDTA tube. Leishman stain
was then applied directly to the smear, which was incubated for 8 minutes. Once the stain was
removed, an amount of distilled water double that of the stain was added, and the preparation was
allowed to stand for an additional 2 minutes before the slide was air dried [9].

Evaluation Criteria

The stained smears were meticulously analyzed based on staining quality, the ease with which different blood
cell types could be differentiated, and the overall time required for both staining and subsequent interpretation.
Morphological assessments—including evaluations of red blood cells, white blood cells, platelets, and
background elements—were conducted using a standardized scoring system ranging from O (poor) to 2
(excellent).

» o
bo‘ oé
’

ncg- ; .

FIGUREL:-DIFF-QUIK AND LEISHMAN STAINED PERIPHERAL SMEAR

RESULT

Out Of 100 effusion samples taken into the study, 58are male and 42female. The age of participants ranged from
6 years to 78 years,divided into 8 categories.the frequency and percentages for each group are as follows:1-10
years 15 members,11-20 years-197members,21-30 years 19members,31-40 years 11members,41-50 years 13
members,51-60 years 16 members,61-70 years-5 members,71-80 years 4 members (Table 1a,b).
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Table 1a- Gender Distribution
Gender Frequency Percentage (%)

Male |58 58%
Female | 42 42%
Total | 100 100%

Table 1b- Age Distribution
Age Group (years) Frequency Percentage (%)

1-10 15 15%
11-20 17 17%
21-30 19 19%
31-40 11 11%
41-50 13 13%
51-60 16 16%
61-70 5 5%
71-80 4 4%
Total 100 100%

The comparison indicates a clear trade-off between speed and detail. Diff-Quik offers an exceptionally fast
turnaround (1-2 minutes) and high ease of use, making it ideal for rapid assessment in emergency settings.
Although it provides very good nuclear detail and overall acceptable cytoplasmic and platelet visualization, it
falls slightly short in these areas compared to the comprehensive morphological detail achieved by traditional
stains (Giemsa/Wright), which require a longer staining time (15-30 minutes) and more precise handling. In
summary, while Diff-Quik is superior for quick preliminary evaluations, traditional stains are preferred when
detailed morphological analysis is crucial for diagnosis (Table 2).

Table 2: Comparative Parameters for Diff-Quik and Traditional Staining

CRITERIA DIFF-QUIK  TRADITIONAL STAIN (LEISHMANN STAIN
STAINING TIME ' 1-2 minutes  15-30 minutes

EASE OF USE ' High Moderate (requires precise timing and handling)
NUCLEAR DETAIL ' Very Good Excellent (optimal when protocol is strictly followed)
CYTOPLASMIC DETAIL ' Good Excellent

PLATELET VISUALIZATION | Good Very Good

Diff-Quik-stained smears showed superior differentiation of blood cell types, offering a more pronounced
nucleus-cytoplasm contrast and dramatically shorter processing times. In contrast, while Leishman staining
provided enhanced platelet morphology and a cleaner background, its overall turnaround was slower. According
to the comparative graph:

A. RBC Morphology: Better with Diff-Quik

B. WBC Morphology: Better with Diff-Quik

C. Platelet Morphology: Better with Leishman

D. Background Quality: Better with Leishman

Graph 1 : Ability of differentiation of Components of Blood in a peripheral smear

1.4 4 1.9 -
1.3 - 18 -
1.2
1.7 —
S 11 - 2
1.6 —
1.0 -
0.9 — 15 —
0.8 -~ 1.4 —
I I I ]
L D L D
Column 1 Column 1
A.RBC B.WBC

953


https://www.tpmap.org/

TPM VWol. 32, No. S1, 2025 Open Access
ISSN: 1972-6325 ’

https://www.tpmap.org/

2.0 + 10 —

0.9
1.6 - + 2 08 - {
— 3 07 —
Z 1.0 - § o6
&)

0.5 — 5 05~
[) 0.4

0.0 — 03 -

L D L D
Column 1 Column 1
C.PLATELETS D.BACKGROUND

The paired t-test comparison clearly indicates that the two staining methods yield statistically significant
differences in all evaluated parameters. Diff-Quik exhibits superior performance in highlighting red and white
blood cell morphology, as demonstrated by the significantly lower p-values for RBC (0.016) and WBC (0.005);
these findings suggest that its rapid staining technique creates a more distinct contrast between nuclear and
cytoplasmic elements. Conversely, Leishman stain excels in visualizing platelets and providing a cleaner
background, with p-values of <0.001 for both parameters. This implies that while Diff-Quik is favored for rapid
preliminary assessments due to its enhanced cellular detail and quick turnaround, Leishman stain is preferable
for comprehensive morphological analysis where platelet detail and minimized background interference are of
greater diagnostic value. (Table 3)

Table 3: Comparative Parameters of Diff-Quik vs. Leishman Stains

PARAMETER DIFF-QUIK LEISHMAN STAIN P-
VALUE

RBC Superior differentiation with a clear Relatively lower contrast in 0.016
nucleus-cytoplasm contrast differentiating RBCs

wBC Better nuclear and cytoplasmic detail, Inferior detail compared to Diff- 0.005
allowing for clear cell identification Quik

PLATELET Suboptimal visualization of platelets Enhanced platelet morphology <0.001

and better delineation

BACKGROUND | Less clean, with more background staining Cleaner background that <0.001

artifacts facilitates interpretation

Aggregated operator ratings across key diagnostic parameters provide an overall assessment of each
method.Diff-Quik stains significantly reduce processing time (62+5 s vs. 660+80 s; p<0.001) and score
higher in rapid turnaround and overall composite operator ratings (8.8 +0.5 vs. 7.6+0.6; p=0.02). Although
traditional Giemsa staining shows superior diagnostic accuracy (p <0.05) and reproducibility (p=0.001), Diff-
Quik’s benefits in speed, ease of use, and operator satisfaction make it more suitable for rapid assessments.
(Table 4)

Table 4: Overall Diagnostic Utility Scores

Parameter Diff-Quik Score Traditional (Giemsa) Score P value
Rapid Turnaround 10 5 NS
Ease of Use 9 7 NS
Diagnostic Accuracy (Morphology) | 8 9 <0.05
Reproducibility 8 9 0.001
Operator Satisfaction 9 8 NS
Composite Score (Average) 8.8+0.5 7.6+0.6 0.02
Staining Time (s) 62+5 660+80 <0.001
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DISCUSSION

Peripheral blood examination is a fundamental tool in hematology, pivotal for diagnosing anemia,
thrombocytopenia, leukemic abnormalities, and parasitic infections. The reliability of its diagnostic insights
hinges on the strict implementation of standardized staining protocols and operating procedures [10].

Adherence to these protocols minimizes errors—such as distorted red blood cells, artificial gaps, or overly thin
cell margins—that can cause misleading diagnosis. Inadequate staining may lead to the loss of critical details,
such as polychromasia, spherocytosis, and rouleaux formation, which are key indicators in clinical evaluations
[11].

When performing Leishman staining, it is essential to adhere to specific guidelines to achieve optimal results.
One important practice is to avoid pipetting directly from the stock solution, as this minimizes exposure to
moisture that can degrade the stain [12].

In the Leishman protocol, the differential uptake of dyes is key: the DNA and acidic protein groups in cell
nuclei and the primitive cytoplasm attract the basic dye Azure B, while the basic groups on hemoglobin attract
the acidic dye Eosin Y. This interaction produces a brilliant violet coloration in the nuclei and neutrophil
granules, enhancing the clarity of differential counts. Consequently, Leishman stain provides superior contrast
between the cytoplasm and the nucleus compared to simpler methylene blue and eosin-based stains (table
5).[13]

Cell Type Nucleus Cytoplasm Granules

Red Blood Cells No nucleus Pink to red, depending on age and None

(RBCs) hemoglobin content

Neutrophils Deep blue, bilobed Pale blue to lilac-pink Fine, pink to purple

Basophils Deep blue, round or Deep blue to purple Large, dark purple
oval to black

Eosinophils Deep blue, bilobed Pale pink to orange Large, orange-red

Monocytes Deep blue, round or Pale blue to gray Fine, faint pink
indented

Lymphocytes Deep blue, round or Pale blue to clear None
indented

Platelets No nucleus Pale purple to pink None

Table 5 shows morphology of blood and its components using Leishmann staining technique

Diff-Quik staining employs two dyes to rapidly differentiate cellular structures. The eosinophilic component
(eosin Y) binds to acidic cytoplasmic elements—rendering erythrocytes a pinkish hue due to hemoglobin
interaction, and highlighting leukocyte granules—while the basophilic component (methylene blue) binds to
basic structures like nuclei and certain granules, imparting a blue tint. This contrast facilitates quick and detailed
identification of various blood cell types (table 6). [14]

Structure Colour

Erythrocytes Pink/yellowish red

Platelets Violet/purple granules

Neutrophils Blue nucleus, pink cytoplasm, violet granules
Eosinophils Blue nucleus, blue cytoplasm, red granules
Basophils Purple/dark blue nucleus, violet granules
Monocyte Violet nucleus, light blue cytoplasm

Bacteria and fungi | Dark blue

Table 6 shows morphology of blood and its components under

On directly comparing the performance of Diff-Quik and Leishman stains on peripheral blood smears, Diff-
Quik offers an exceptionally fast turnaround time, typically 1-2 minutes, compared to the 15-30 minutes
required for traditional stains like Leishmann.

Also, Diff-Quik showed superior differentiation of red blood cell (RBC) and white blood cell (WBC)
morphology, including a more pronounced nucleus-cytoplasm contrast. However, another source, comparing
Papanicolaou (Pap) stain and Leishman stain on peripheral blood smears, noted that Pap caused lysis of cells
and changes in morphology, making differentiation difficult, while Leishman maintained proper morphology
[15]. The bat blood smear source, comparing various stains including Romanowsky-Giemsa and Pappenheim,
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found these two were highly efficient for cell identification and showed easily differentiable cytoplasmic and
nuclear structures[16].

Diff-Quik provided "Very Good" nuclear detail and "Good" cytoplasmic detail. Another study by Balaji V et al
noted that for cytologic samples, Papanicolaou stain is considered best for the visualization of fine nuclear
detailswhile Diff-Quik is better for cytoplasmic features [17].

Regarding platelets,Leishman stain excelled in visualizing platelets and provided enhanced platelet morphology
compared to Diff-Quik, with a statistically significant difference (p<0.001). This aligns with the observation in
another source that in a Leishman's stained peripheral blood preparation, platelets appear as distinct purple
bodies with irregular borders[18]. In contrast, the study by Niveditha G et al comparing Pap and Leishman on
peripheral smears found that platelet morphology was well defined with Leishman, but platelets were not at all
visible with Pap stain [15]. The unstained peripheral smear study notes that verifying abnormal platelet counts
by manual examination of Leishman’s stained smears is a standard procedure [19].

Taking into account, background quality,Leishman stain provided a cleaner background, which facilitates
interpretation, whereas Diff-Quik resulted in a less clean background with more staining artifacts (p<0.001).
This finding is partially supported by the effusion fluid source, which mentioned that alcohol-fixed smears (used
for Pap and H&E) had minimal background specks compared to air-dried smears (used for Diff-Quik and
Leishman) . However, the effusion fluid source also ranked H&E as best for background features, followed by
Pap and Leishman, with Diff-Quik scoring lowest among the four stains tested [18].

CONCLUSION

The optimal choice between Diff-Quik and traditional stains like Wright-Giemsa depends on the clinical context
and specific diagnostic needs. Diff-Quik is particularly beneficial where rapid turnaround and ease of use are
essential—for example, in emergency departments or resource-limited settings. Its fast staining time allows for
quick initial assessments that can guide urgent clinical decisions [20] [21].

Conversely, traditional stains such as Wright-Giemsa excel in delivering detailed morphological insights and
higher diagnostic accuracy. This method is invaluable for comprehensive evaluations where nuanced cellular
features need to be discerned. Although it requires more processing time and precise handling, its ability to
reveal subtle diagnostic details makes it indispensable in complex cases.

In summary, while each technique has unique advantages, their application should be tailored to the clinical
scenario. Employing a hybrid approach—using Diff-Quik for rapid preliminary screening and following up with
Wright-Giemsa staining for in-depth analysis when needed—can leverage the benefits of both methods and
yield optimal diagnostic outcomes.
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