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Estimation of platelet count in unstained peripheral blood smears 
in comparison with stained smears and evaluation of its efficacy
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Abstract

Assessment of platelet count is an important diagnostic parameter in haematology. Automated blood 
cell counters have largely replaced the manual method. However, all abnormal platelet counts are 
verified in Leishman’s stained peripheral blood smear. Platelets also can be identified in the unstained 
blood smears. The objective of this study is to compare the unstained peripheral blood smears with 
the stained smears and determination of the effectiveness of unstained smears in the estimation of 
platelet count. 250 Venous blood samples sent for blood cell counts were analyzed. Platelets were 
counted in the unstained smear under 100× objective in 10 fields without placing immersion oil and 
the average number of platelets was calculated. Same smear was stained by Leishman’s stain and 
platelets were counted under 100× objective after placing a drop of immersion oil. Collected data 
were analyzed for intra-class correlation coefficient (ICC). ICC showed excellent agreement (ICC > 
0.85). The unstained smears were found to be as effective as stained smears for platelet count in most 
of the cases. However, in case of doubt a stained preparation has to be made to confirm the count. 
The turnaround time was 3-5 minutes compared to 15-20 minutes by stained smear technique, thus 
this technique may be used as an initial screening method whenever there is large sample load.  
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INTRODUCTION

Platelets are one of the formed elements of 
blood that measure 2-3µm. They are anucleated 
cells with cytoplasm filled with granules. In a 
Leishman’s stained peripheral blood preparation, 
they appear as small purple coloured bodies with 
irregular borders. Normally the platelet count 
ranges from 150 to 450×109/L.  
 In a number of clinical conditions the platelet 
count may be increased (thrombocytosis) 
or decreased (thrombocytopenia). Both 
thrombocytosis and thrombocytopenia need to be 
evaluated and treated. Severe thrombocytopenia 
in which the platelet count falls below 
20×109/L present as internal and external 
bleeding and sometimes may be fatal. On the 
other hand, thrombocytosis may present as 
thrombotic events. An accurate platelet count 
is an important laboratory parameter to make a 
clinical decision, such as platelet transfusions in 
severe thrombocytopenia. Hence, platelet count 
estimation is an important and routinely requested 
laboratory investigation.  
 The gold standard to estimate platelet count 
is the manual counting using phase contrast 

microscopy.1 But this equipment may not be 
available in all the centres, the procedure 
is tedious and manual counts may not be 
reproducible. Automated blood cell counters 
have largely replaced the manual method of 
platelet counting for their accuracy and reduced 
analysis time.1  Limitations of automated blood 
cell counters are their cost, stringent quality 
assurance and their unavailability in small 
peripheral centres. Moreover, it is the standard 
procedure that all the abnormal platelet values 
generated by the cell counters should be 
confirmed by manual examination of Leishman’s 
stained peripheral blood smear.1,2 Examination of 
stained smears may have certain limitations, such 
as suboptimal staining and stain precipitate and 
as a result of which estimation of platelet count 
becomes difficult.1  The staining techniques are 
time consuming which further delays platelet 
evaluation and the initiation of treatment. 
 Examination of unstained smears is a technique 
all pathologists are familiar with. But the use of 
unstained smear examination has been limited to 
the examination of urine, semen, vaginal smears 
and other body fluids.3-5  Studies conducted by 
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Hemalatha et al4 have shown that unstained 
smears are effective tools in the evaluation of 
the cytological sample adequacy. They observed 
that unstained smears in fact were advantageous 
over the stained smears in the evaluation of 
sample adequacy and thus the technique could 
be recommended as a routine practice in 
cytology clinics. In haematology, unstained wet 
preparations are used to visualize sickled RBCs 
and spherocytes.1  Kjeldsberg and Swanson6 used 
unstained peripheral smear to identify platelet 
satellitism. The same concept of examination of 
unstained peripheral blood smear is applied in 
this study to detect and count the platelets. In 
an unstained peripheral blood smear, platelets 
are seen as round and refractile bodies that can 
be counted with little expertise. To the best of 
our knowledge, no research has been conducted 
with respect to the use of unstained smears in 
the estimation of platelet count. Platelet count 
estimation in unstained smears is a novel idea 
which has not been probed into yet, hence it 
is important that research be conducted in this 
regard.
 The aim of the study is to identify platelets in 
the unstained peripheral blood smear, to compare 
the platelet count in unstained smears with that of 
stained smear and to determine the effectiveness 
of unstained smears in the estimation of platelet 
count.

MATERIALS AND METHODS

250 venous blood samples sent for blood cell 
counts that were received in the haematology 
laboratory of a tertiary care hospital were 
included in this study after obtaining clearance 
from the Institutional Ethical Committee. 
 A thin peripheral blood smear was prepared 
from the blood sample on a clean glass slide 
within three hours of collection.  The unstained 
smear was examined under light microscopy 
immediately after preparation. The condenser 
was lowered and the iris diaphragm was 
closed allowing minimum light. The smear 
was scanned initially under 10× objective and 
then 40× objective to choose an ideal area for 
platelet counting. A circular area of about 2mm 
in diameter on the smear was marked using a 
lead pencil where RBCs were uniformly spread 
without any overlapping (Fig. 1).  Then the smear 
was examined under 100× objective without 
placing immersion oil. Platelets were counted 
in 10 fields and the average number of platelets 
per field was calculated.  The same smear was 
stained using Leishman’s stain and examined 

under light microscope. Platelet counting was 
done using 100× objective after placing a drop 
of immersion oil in the marked area. 
 Counting, averaging and arriving at final 
platelet count were done separately by an 
experienced pathologist without the knowledge 
of the value in unstained smear. Collected data 
were analyzed using SPSS version 13.0 software 
to arrive at intra-class correlation coefficient 
(ICC) and ‘p’ value. ICC of more than 0.85 was 
taken as excellent agreement, 0.76 – 0.85 as good 
agreement, 0.41 – 0.75 as fair agreement and less 
than 0.40 as poor agreement. ‘p’ value of less 
than 0.05 was taken as statistically significant and 
more than 0.05 as statistically not significant. 

RESULTS

The total number of samples analysed was 250. 
The platelets were seen as refractile, small, round 
bodies in unstained smears and as purple bodies 
in Leishman’s stained peripheral blood smear 
preparation (Fig.2).
 Based on the average number of platelets 
per field (×1000 magnification) obtained in the 
stained smear, samples were divided into four 
classes (Table 1).  The maximum number of cases 
belonged to class 2 (44.8%) with platelet value of 
11-20 per oil immersion field and least number 
of cases were in class 4 with platelet value of 
more than 30 per oil immersion field (6.0%).  
In order to find out the statistical correlation 
between unstained smear and stained smear 
among the various classes, ICC and ‘p’ value 
was calculated for each class (Table 2).
 Highest correlation was found in class 1 

FIG. 1:  A marked area on the slide for platelet 
counting. (×100)
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(0.895) and least in class 4 (0.392). Overall ICC 
was 0.854 indicating excellent correlation. Each 
class was again subdivided into two, based on 
higher values and lower values in the stained 
smears (Table 3).   The majority of stained smears 
gave higher values than the unstained smears.  

DISCUSSION

As the manual method of platelet counting is 
tedious and time consuming, it is now replaced 
by platelet counting by automated blood cell 
counter because of its accuracy and rapidity. 
However, all abnormal platelet counts must be 
cross checked by examination of stained blood 
smears.1 Examination of stained smears has 
its own limitations. Improper staining, EDTA 
induced artefacts, stain artefacts etc interfere in 
platelet counting and delay the report. Owing to 

their small size and refractile nature, the platelets 
can be easily identified in the unstained peripheral 
smear prepared from the fresh blood. To the best 
of our knowledge, no study has been conducted 
to estimate the platelet count in unstained 
peripheral blood smear. So, an effort is made 
to identify and count the platelets in unstained 
smears and compare with stained smears using 
statistical parameters.
 250 venous blood samples sent for blood cell 
count were examined by unstained and stained 
smear examination for platelets.  The average 
platelet number per field varied from one to 52 
under 1000× magnification. An excellent ICC 
was observed with platelet numbers ranging 
from 0-10 (0.895) with statistically significant 
‘p’ value. As the number of platelets increased 
correlation appeared decreased. A poor 

FIG.2:  Platelet (arrow) in unstained (A) and corresponding area of Leishman’s stained (B) smear (×1000)

A B

Table1: Class distribution according to the number of platelets in the stained smear

 Class Average platelets  No. of cases (n) Percentage (%)  
 1 0-10 65 26.0
 2 11-20 112 44.8
 3 21-30 58 23.2
 4 >30 15 6

 Total  250 100

Table2: Intra-class correlation coefficient (ICC) and ‘p’ value for each class

 Class ICC ‘p’ value

 1 0.895 0.0001
 2 0.612 0.0001
 3 0.491 0.0001
 4 0.392 0.113

 Overall 0.854 0.0001
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correlation was observed when platelet numbers 
exceeded 30 per field (‘p’ value being statistically 
non-significant). 55% of all the stained smears 
showed higher value and 22% showed lower 
values than unstained smears. 
 These data indicates that in unstained smears, 
it is possible to identify and count the platelets. 
At lower values they have an excellent agreement 
with the stained smears. As platelet count 
increases, unstained smears have poor agreement 
and stained smears give more precise results. 
Since manual counting of platelets in peripheral 
smears comes into picture more frequently when 
the platelet counts are low, unstained smears can 
be safely used for verification when automated 
blood cell counters generate low platelet 
counts.
 A low platelet count of less than 50×109/L is 
of clinical importance and in the blood smear 
one would see less than three or four platelets 
per 1000× oil-immersion field. In this study, 
thirteen cases had platelets three or less per 
1000× oil immersion field in stained smears. 
The values were in agreement with the platelet 
values of unstained smear (Table 4). 55% cases 

Table 3: Higher and lower platelet values in stained smears in comparison with unstained smears

 Class Higher value in stained smear Lower value in stained smear 

  Number (%) Number (%)

 1 26 (40) 16 (25)
 2 58 (52) 30 (27)
 3 43 (74) 7 (12)
 4 10 (67) 3 (20)

 Total 137 (55) 56 (22)

had lower platelets in unstained smears that may 
be attributed to the presence of microplatelets 
(small platelets less than 2 µm) which are difficult 
to identify in unstained smears, large platelets 
(confused as WBC in unstained smears) causing 
spurious low counts and platelets superimposed 
on RBCs (Fig. 3). Large granules released from 
the ruptured eosinophils and RBC fragments 
may be counted as platelets and may have 
led to a higher platelet counts in unstained 
preparation. 
 The advantage of unstained smear technique 
is short turnaround time (TAT) that was 3-5 
minutes compared to 15-20 minutes by stained 
smear technique. So, this technique may be used 
as initial screening method whenever there is a 
large sample load such as in dengue outbreak and 
can greatly reduce the TAT, helping the treating 
physician. Unstained smear examination is rapid, 
economical, reliable and not interfered by poor 
staining and stain artefacts. But evaluation of 
unstained smears needs more expertise when 
compared to stained smears and at higher platelet 
values it is difficult to count the platelets.

Table 4: Platelet values of three or less in stained smears in comparison with unstained smears
   
 Sl. No. Average number platelets in Average number platelets in 
  stained smear unstained smear

 1 3 5
 2 3 3
 3 1 1
 4 3 3
 5 3 4
 6 3 2
 7 2 3
 8 3 3
 9 3 3
 10 3 2
 11 3 2
 12 3 2
 13 3 2



199

PLATELET COUNT IN UNSTAINED BLOOD SMEARS

Conclusion
The primary objective of doing this research 
was to correlate the platelet count in stained 
and unstained peripheral smears keeping stained 
smears as the gold standard. Unstained smears 
can give reliable results in the evaluation of 
platelet count and have excellent correlation with 
stained smears in low platelet count situations. 
When compared to the stained smears, unstained 
smears give lower values as microplatelets are 
difficult to appreciate and large platelets may 
be considered as WBCs. Unstained smears are 
more economical and greatly reduce the TAT. 
Although evaluation of unstained smears needs 
more expertise, more practice can give better 
results.
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FIG.3: Platelet superimposed on a RBC. Leishman’s stain (×1000)


