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Abstract

Background: Cytopathology plays dynamic role with respect to diagnostic laboratories in terms of diagnosing broad
disease categories and is the primary screening procedure for any superficial swelling of the body. While being
daycare procedure with known advantages and limitations, optimal cytochemical stains and its quality forms vital
component of any cytology laboratory. Studies have been conducted to analyze standalone and combined
cytological stains and to evaluate their efficacy based on standard quality parameters. Aim and Objectives: To
undertake a novel analysis of two standard air-dried smears, namely standalone Giemsa stain and the Leishman
—Giemsa (LG) cocktail, and to evaluate their impact on the effective diagnosis of cytological smears. Material and
Methods: This prospective study was designed as a comparative observational study, with standard inclusion and
exclusion criteria established. The LG working solution was prepared according to standard protocols and existing
literature, and its efficacy was compared with that of the routine standalone Giemsa stain based on smear quality
parameters. The collected data were tabulated for analysis and assessment of the Quality Index (QI). Results: The
study evaluated 80 cases comprising body fluids and cytology aspirates (cystic fluids). Among the fluid samples,
pleural fluid accounted for the highest number of cases (24), followed by Bronchoalveolar Lavage (BAL) samples
(18) and ascitic fluid (13). The specimens were obtained from a wide age range, spanning from pediatric to adult
patients, with the highest incidence observed in the fifth and sixth decades of life. The male-to-female ratio was 3:1.
The QI of LG cocktail was 0.95 and that of standalone Giemsa stain was 0.50. Conclusion: Effective combination of
the LG cocktail proved to be more effective than standalone Giemsa stain air-dried cytology smears, especially for
cellular differentiation, background clarity and optimal staining quality parameters.

Keywords: Air-dried cytosmears, Leishman-Giemsa cocktail, Giemsa stain, staining quality, cellular
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Introduction

Cytopathology plays a vital role in effective
analysis of body fluids, peripheral blood smears and
exfoliative cytology providing early and prompt
diagnosis [1, 2]. Being a minimally invasive test,
the efficacy in terms of sensitivity and specificity
varies based on several attrition factors such as
nature of fluid sample, fixation time, technical

skills, underlying pathology with confounders,
warranting further exploration [2].

Although cytochemical stains remain a cornerstone
for the accurate evaluation of cytosmears, they
require periodic quality assessment [3]. Several
studies have been undertaken to evaluate the
efficacy of standalone cytological stains as well as
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combination stains in parallel [3]. Among the
several staining strategies, Leishman-Giemsa (LG)
cocktail and May-Griinwald-Giemsa (MGG) are
outstanding techniques routinely utilized for
peripheral blood film and cytology smears exami-
nation [4, 5]. These stains feature essential equip-
ment for visualizing cell components, diagnosing
malignancy, parasitic infections and several other
conditions [6, 7].

In the Indian context, the LG cocktail is specifically
utilized in identification of parasites on blood films
and its role in cytosmears are still sub-optimal [8].
MGG stain is widely used for cytological assess-
ment followed by categorization and blood cellular
differentiation [8, 9]. Although each stain plays a
crucial role in diagnostic evaluation, there is a need
to assess their comparative effectiveness, parti-
cularly when applied to air-dried cytology smears
[10]. The standalone air-dried smear approach is
regularly used for its ease of staining, but it could
pose challenges for stain absorption and cellular
visualization [11, 12]. This broadens the scope for
evaluating the combined cytostain, namely the LG
stain, and comparing its performance with the
MGG stain in such smears, particularly in terms of
lesion identification, cellular morphology, back-
ground characteristics, and turnaround time [13,
14]. This study aimed to analyze the nuances of the
combined staining strategies and their effectiveness
in air-dried cytology smears, offering a deeper
understanding of which stain gives better diagnostic
effects in this precise putting.

Material and Methods

Study design

This prospective study was conducted for a period
of six months after receiving institutional ethical
clearance. The effectiveness of cytochemical stain
was evaluated primarily based on numerous para-

meters such as staining quality, differentiation of
cells, cytoplasmic and nuclear clarity, and back-
ground nature. Standard inclusion and exclusion
criteria were fixed wherein fluid sample less than 2
ml and crucial samples were excluded from the
study. All the body fluids received were centrifuged
and processed with routine standard operating
procedure of the laboratory and the reports were
dispatched to the respective end users. The patients'
age, nature of sample, quantity, and site of aspi-
ration were documented in a structured proforma.

Sampling technique and sample size

The study design being paired comparative obser-
vational study, a convenience sample technique was
used. Following the application of predetermined
inclusion and exclusion criteria, a total of 80
consecutive cytological samples received at the
department of pathology during the study period
were included. Sixty-three body fluid samples and
17 Fine-Needle Aspiration Cytology (FNAC)
samples made up the study material. As part of
standard diagnostic procedures, all samples were
processed. In order to reduce patient-related bias,
the residual sample material that would have been
thrown away after diagnostic requirements were
met was used for the study. The same specimen was
used to create matched air-dried smears for each
pair. MGG stain was used to stain one smear and the
LG cocktail was used to stain the corresponding
paired smear. By using each specimen as its own
control, this paired design narrowed the inter-
sample variability by enabling direct intra-sample
comparison. The analysis did not include samples
with poor cellularity, or substandard smear quality.
The sample size of 80 cases was determined based
on feasibility, specimen availability, and consis-
tency with previously published cytopathology
studies evaluating the efficacy of the LG cocktail
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staining technique. For instance, Kavya et al.
(2021) [8] analyzed approximately 70 paired
cytological samples, which was taken into con-
sideration while finalizing the sample size. A formal
power-based sample size calculation was over-
looked as the current study was a laboratory-based
method-comparison study that focused on quali-
tative staining factors rather than outcome esti-
mation or prevalence.

Preparation of working stock solution

The LG cocktail working solution was prepared
according to standard protocols and previous
literature. As described by Kavya et al. (2021) [8],
filtered Leishman stain was mixed with an equal
volume of Giemsa stain and diluted with distilled
water in a 1:1 proportion. The additional air dried
slides were prepared and LG cocktail was added
and kept for one to two minutes and standard buffer
was added and stained for further six minutes and
washed and dried for further analysis.

Evaluation parameter and Quality Index (QI)
For calculation of QI, parameters such as overall
staining pattern and clarity, cell morphology based
on degree of differentiation of cytoplasmic as per
prior work done by Kavyaetal. [8].

For the individual scoring index, each parameter
was classified into three levels of quality—satis-
factory, good, and excellent—scored 1 to 3, respec-
tively, along with the number of cases in each
category. The quality parameters of the cytosmears
were evaluated by experienced cytopathologists
with reference to standard textbooks. The actual
score under each parameter was calculated by
adding scores obtained with respect to observed
grade with number of cases in reference to prior
studies [8] The final QI was calculated by

comparing the actual scores obtained for each
parameter against the maximum possible score. The
data were tabulated for analysis, and the final QI of
the MGG stain was compared with that of the LG
cocktail.

Results

This prospective study evaluated 80 cases, inclu-
ding body fluids and cytology aspirates (cystic
fluids). The comparative analysis of the LG cocktail
stain versus the standalone MGG stain was
conducted following the methodology outlined by
Kavya et al. (2021) [8]. Among the body fluid
samples, pleural effusion was the most common (24
cases), followed by Bronchoalveolar Lavage
(BAL) samples (18) and ascitic fluid (13). Other
fluids, including synovial fluid, urine, and sputum,
each accounted for one case, as summarized in
Table 1. The cystic fluid from thyroid aspirate was
commoner followed by degenerative fluid from
breast lesions (6) cases. The samples were received
from wide range of age group from pediatric to adult
with highest range noted in the 5th and 6th decade
with male to female ratio of 3:1 as shown in Table 2.
Of the 80 cases, 15 lacked sufficient diagnostic
material and could not be included in the analytic
scoring. The remaining 65 cases, which had
adequate material, were evaluated and scored acc-
ordingly. The overall staining, cytoplasmic staining
and nuclear morphology staining was good with LG
cocktail when compared to MGG stain (Table 3).
The QI of LG cocktail was 0.95 and that of
standalone MGG was 0.51. The differentiation
between myoepithelial and ductal epithelial cells in
the breast were well made out in the LG stain.
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Table 1: Nature of specimens Table2: Age and gender wise distribution
of study samples

Typeofspecimens Numll)le{‘;g e Age group Male Female
Fluids (n=63) (Year) n (%) n (%)
Pleural fluid 24(29.62) 1-20 1 (1.58) 2(11.76)
Bronchioalveolarlavage | 18(22.22) 21-30 33.70) 3 (17.64)
Ascitic fluid 13(16.04) 31-40 6 (9.52) 4(23.52)
Peritoneal fluid 1(1.23) 41-50 10 (15.87) 1(5.88)
Cystic fluid 2(2.46) 51-60 17 (26.98) 1 (5.88)
Pericardial effusion 2(2.46) 61-70 18 (28.57) 3(17.64)
Others* 4(4.93) >70 8 (12.69) 3(17.64)
FNAC (n=17) Total 63 (100) 17 (100)
Thyroid 8(9.87)

Lymphnode 1(1.23)

Breast 6(7.40)

Oropharyngeal growth | 1(1.23)

Sub pleural nodule 1(1.23)

Total 81(100)

*Sputum, synovial fluid & urine each constituted one case

Table3: Comparison of quality parameters scores and index between
standalone MGG and LG cocktail

Parameters MGG LG Cocktail
(no. of cases X score) | (no. of cases x score)
Overall staining
Satisfactory (1) 2x1=2 0x1=0
Good(2) 61x2=122 64x2=128
Excellent(3) 2x3=6 1x3=3
Score 120 151
Clarity of staining
Satisfactory (1) Ix1=1 0x1=0
Good(2) 56x2=112 57x2=114 Contined...
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Excellent(3) 8x3=24 8x3=24
Score 117 178
Cytoplasmic staining

Satisfactory (1) 10x1=10 2x1=2
Good(2) 48%2=96 58x2=116
Excellent(3) 7x3=21 5x3=15
Score 105 173
Nuclear staining

Satisfactory (1) 17x1=17 Ix1=1
Good(2) 45%2=90 58x2=116
Excellent(3) 3x3=9 6x3=18
Score 102 155
Background material staining

Satisfactory (1) 0x1=0 I1x1=1
Good(2) 55%x2=110 52x2=104
Excellent(3) 10x3=30 12x3=36
Score 115 181
Actual score obtained (Z) 560 880
Maximum possible score (N) 975 975
Quality index (Z/N) 0.51 0.95
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Figure 1A:Giemsa standalone with poor cytoplasmic & nuclear clarity, MGG at 10x

Figure 1B:LG cocktail showing clear background and squamous cell carcinoma
pleural fluid, LG stain at 10x
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Figure 2A: Giemsa standalone with low clarity of inclusion, MGG at 10X

Figure 2B:LG cocktail showing clear inclusions with distinct cytoplasm of thyroid

aspirate, LG stain at 40X
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Figure 3A: Giemsa standalone with low clarity on cell morphology, MGG at 10%

Figure 3B: LG cocktail showing clear cells with distinct cytoplasm, LG stain at 40X

Discussion

Cytopathology is a specialized domain in pathology
and it is an often preferred technique in sampling
owing to its less invasiveness and easy daycare
procedure. As a widely used screening technique, it
is influenced by several attrition factors, with the
quality and efficacy of cytochemical stains playing
a key role in achieving an accurate and reliable
report [1, 2]. Romanowsky stains encompassing a
spectrum of cytochemical stains possess diversified
nature of staining characterization when used either
as a standalone or with combination of other air-

dried dyes[2, 3]. The perennial lacunae with readily
available stains is their volatility and variable
efficacy which was superseded by conventional
stains such as Giemsa, Leishman, and MGM stains
[4, 5]. In the Indian context, previous studies
assessing the quality and efficacy of cytological
stains have employed experimental designs for
sampling. In the present study, a convenience
sampling technique was used, in line with the
approach of Sidhu et al. (2018) [6]. As recomme-
nded by the National Accreditation Board for
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Laboratories (NABL), in any quality assurance
analysis during the pre-analytical phase, both the
sampling method and the quality of staining are
critical factors in determining the outcome and
overall efficiency [7-9].

While cytopathologist's expertise plays a vital role
in determining the sampling methodology, grading
and scoring the QI and its parameters depends on
the staining composition and techniques [10-12].
While Leishman stain is a cost-effective stain, it has
its own limitation when it comes to cytosmears
owing to its nuclear binding and background
deposits [13-15]. This limitation was overcome by
Giemsa stain wherein the combination of LG
cocktail is being used widely in recent times.
Ensuring optimal Turnaround Time (TAT) by
minimal staining time, LG cocktail enhances QI in
hematology as well as in cytosmears as observed by
Jani & Satav (2012) [16]. While LG cocktail appli-
cation on cytosmears is still underrated compared to
Wright-Giemsa combination across the labora-
tories, studies have been conducted to assess its
utilities [17-20]. High background intensity ob-
structing with visualization was another drawback
with standalone Giemsa stain which was effectively
overcome by LG cocktail as observed in prior
studies as well [18-20]. The higher QI observed for
the LG cocktail is attributed to its ability to
effectively stain cells at different stages of matura-
tion, including polymorphic and mixed reactive
cells, as noted by Shilpa ez al. (2017) [21]. Studies
by Kavya et al. (2021) [8] and Sahu et al. (2024)
[25] assessed the QI of the LG cocktail in 90 cases,
consistent with our study analysis. Similarly, Joshi
etal.(2014) [17] evaluated 200 body fluid samples
over a five-year period and reported that the LG
cocktail was particularly effective in highlighting
background material, distinguishing cell types in

salivary gland lesions, visualizing granules, and
demonstrating metachromasia. Comparable
findings were observed in the present study, where
the LG cocktail showed a high QI in pleural and
ascitic fluids by effectively demonstrating three-
dimensional clusters, cellular patterns, and nuclear
and chromatin architecture. Thus, LG cocktail was
beneficial in assessing primary versus metastatic
effusion on cytosmears. Although the Giemsa stain
demonstrated substantial scores for cytoplasmic
staining, particularly in salivary gland and BAL
samples, factors such as background deposits,
enlarged nuclear features, and drying artifacts
limited its performance, often complicating the
diagnosis and classification of malignant effusions.

The major component of analysis in our study was
QI which was calculated by the ratio of actual score
obtained on the test score stain (LG) with maximum
score possible in reference to prior literature [22-
24]. The cytology slides were scanned and the
scores were awarded based on quality parameters as
per literature and studies done by Sahu ez al. (2024)
[25]. Although several authors have reported
varying QI scores—typically nuclear features
scoring higher than cytoplasmic and background
characteristics—with both standalone Giemsa and
LG cocktail stains, the present study demonstrated a
QI of 0.95 for the LG cocktail compared to 0.5 for
the standalone Giemsa stain, indicating nearly a
twofold increase in QI. Thus the rationale use of LG
cocktail on cytosmears could be implemented
across laboratories concurring with the findings of
previous studies [26-30].

Another additional observation in the study was
enhanced specificity on the International System for
Reporting Serous Fluid Cytopathology (ISRSFC)
wherein the proportion of Atypia of Undetermined
Significance (AUS) in category III was high in
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standalone Giemsa stain whereas LG cocktail clearly
delineated malignancy versus benign effusions
thereby providing a clear management guideline to
clinicians. The higher quality index is attributed to
the optimal visualization of nuclear parameters and
their contents, which facilitates clear delineation of
cytomorphology and aids in distinguishing benign
from malignant lesions. As category III often
warrants repeat sampling or invasive procedures to
ascertain the diagnosis, LG cocktail with its enhan-
ced QI had substantially aided in categorizing the
fluids as observed in previous studies as well

Limitations

The present study evaluated the LG stain in
comparison with Giemsa on air-dried smears and
primarily focused on body fluids rather than cystic

fluids. Future research may expand the scope to
include other air-dried staining techniques, such as
Wright's stain, and incorporate a more stratified and
larger sample size for comprehensive analysis.

Conclusion

LG cocktail stain is beneficial when compared to
standalone Giemsa stain in terms of better QI and
parameters aiding enhanced quality assurance for
cytology laboratories. The proportion of skeptical
diagnostic entities in serous fluids can be minimized
by effective staining of LG cocktail. Given its cost-
effectiveness, optimal staining efficiency, and redu-
ced staining time, the LG stain can be recommended
for use in under-resourced laboratory settings.
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