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PAS: Periodic Acid Schiff
RBC: Red Blood Cell

Background
	 Laboratory work up of a case to exclude pathology requires ad-
herence to Standard Operating Procedures (SOPs) in order to produce 
reliable and accurate results. Non adherence to SOPs can produce er-
roneous results with can lead to misdiagnosis and improper treatment 
of patients. Stains are used in haematology pathology to highlight cell 
morphology. The stain used in our laboratory for staining peripheral 
blood and bone marrow aspirate smears is the Diff-Quick stain which 
is a brand of the Romanowsky stain. 

The main components of a Romanowsky stain are: 

•	 A cationic or basic dye (methylene blue or its oxidation products 
such as azure B), which binds to anionic sites on proteins and gives 
a blue-grey colour to nucleic acids (DNA or RNA), nucleopro-
teins, granules of basophils and weakly to granules of neutrophils.

•	 An anionic or acidic dye such as eosin Y or eosin B, which binds 
to cationic sites on proteins and gives an orange-red colour to hae-
moglobin and eosinophil granules [1,2]. 

•	 The correct procedure for preparation of smears for cell morphol-
ogy is to prepare smears of adequate length and to allow the smear 
to air dry properly before staining [1,2]. Figure 1 shows properly 
dried and improperly dried blood smears

•	 Improper smear processing in this case resulted in an artefact in-
side red blood cells that was presumed to be Basophilic Stippling 
(BS). Though very occasional cells with basophilic stippling can 
be seen in normal people, increased numbers are seen in mega-
loblastic anaemia, dyserythropoietic states, thalassaemia, lead 
poisoning, a variety of haemolytic anemias, Pyramidine 5 nucle-
otidase deficiency etc. [3-6].  Figure 2 shows true basophilic stip-
pling inside red blood cells.
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Abstract
	 Artefacts are structures that are not normally present in well pre-
pared smears. Well stained smears are the cornerstone of diagnos-
tic haematology and this requires properly stained smears achieved 
by adherence to Standard Operating Procedures (SOPs) to ensure 
reliability of results. Artefacts on smears may baffle the examiner 
and may in fact be assessed as real pathology by an in experienced 
examiner or conceal real pathology. This case report describes a pa-
tient who was referred to the haematology department for work-up of 
a macrocytic anaemia to exclude megaloblastic anaemia and myelo-
dysplastic syndrome. The initial blood smear processed consisted of 
numerous basophilic stippling-like inclusions which were perplexing 
and this together with the drying artefact seen on the smear prompt-
ed a repeat of the blood smear which showed resolution of the ar-
tefacts. Basophillic stippling can be seen in megaloblastic anaemia 
and myelodysplastic syndrome.

Keywords: Basophilic stippling; Megaloblastic anaemia; Myelodys-
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Figure 1: A properly dried blood smear (left) and an improperly dried 
smear with small clear punched out spaces (right).
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Case Report
	 A 49-year-old female patient was referred to haematology for a 
work-up of a long standing macrocytic anaemia to rule out mega-
loblastic anaemia or a myelodysplastic syndrome. She had a back-
ground history of diabetes, hypertension, and nephrotic syndrome and 
is partially blind. She was on no drugs that could cause the anaemia 
and there was no history of haemorrhage.

Laboratory testing

Table 1 shows a full blood count and differential count.

Peripheral blood smear

	 Of note on the peripheral blood smear were numerous basophilic 
stippling like inclusions which were identified as basophilic stippling 
initially in a background of drying artefact/water artefact. The water 
artefact was not of concern to me as it has no related real patholo-
gy and it is seen frequently in the laboratory. My concerns were the 
numerous red cell inclusions (Figures 3 and 4). At this stage the re-
sults for the B12 and folate levels became available and showed no 
deficiencies in the two vitamins. Other possible causes of BS were 
entertained at this point and the clinicians were advised on further in-
vestigations. A decision was eventually made to repeat the peripheral 
blood smear.

	 The peripheral blood smear was repeated and the correct proce-
dure was followed in the preparation and processing of the smear and 
showed resolution of both the drying artefact and the basophilic stip-
pling artifact (Figure 5).

Other tests and results relevant to the case were

•	 Coombs test: negative (repeated twice)
•	 LDH: 231
•	 Haptoglobin:  0.15g/L

Figure 2: Basophilic stippling inside red blood cells. (Chan NCN, Chan 
KP).

Figure 3: Patient peripheral blood smears with red blood cells containing 
basophilic stippling -like inclusions. (Magnification x 50).

Figure 4: Patient smear with drying artefact which appears as clear 
punched out lesions. (Magnification x 50).

Figure 5: Repeat peripheral blood film properly processed with resolution 
of drying artefact and basophilic stippling artefact. (Magnification x 50).

FBC Differential Count

WCC 4.25x109/L Neutrophils 62%

Hb 5.2 g/dL Lymphocytes 29.4%

MCV 108.2fL Monocytes 4.9%

PLT 189x109/L Eosinophils 1.6%

Basophils 0%

Immature granulocytes 2.1%

Table 1: Full blood count and differential count, previous lower hemoglobin levels 
were in the range of 3-3.4g/dL.
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•	 Ferritin 1684

•	 Antibody screen: negative

•	 Complement screen: negative

•	 PNH screen: Negative

•	 TSH: Normal

•	 Creatinine 231

•	 Absolute reticulocyte count: Slightly elevated

•	 Bone marrow biopsy:  hyper cellular with erythroid hyperplasia 
and dysplasia in the erythroid and granulocytic series (Figures 6 
and 7).

•	 Cytogenetics showed a normal female karyotype

	 A PAS (periodic acid Schiff) stain was also performed and showed 
fine granular staining on erythroid precursors. Normal erythroid cells 
are PAS negative. Positivity is seen in disease states such erythro 
leukemias, acute lymphoblastic leukemias, Thalassemia, certain lym-
phomas etc [2]. A diagnosis of MDS with multilineage dysplasia with 
possible underlying low grade hemolysis was made.  The patient is 
managed by the clinical hematologists.

Discussion
	 Blood smear assessment in a patient investigated for a haemato-
logical problem forms a fundamental step in overall patient health 
assessment. Abnormal red cell morphology can suggest a variety of 
haematological conditions acquired, inherited and clonal.

	 Artefacts on peripheral blood smears may come from improper 
processing of smears and can be mistaken for real pathology. Dry-
ing artefact results if a smear is not air dried sufficiently before it is 
stained. The artefact is recognised in red blood cells as round to cres-
cent shaped punched out regions or refractile vacuole like structures. 
The eosin component of the stain precipitates around red blood cell 
areas that are inadequately dried creating an artefact that could be 
mistaken for basophilic stippling, erythroparasites or other cytoplas-
mic inclusions [7].

Conclusion
	 Improper processing of smears leads to a waste of time trying to 
find a cause for an assumed pathology and suggestions of unnecessary 
further investigations to the clinicians which can be costly with severe 
negative impact in centres with budgetary constraints. This can lead 
to improper management of patients with devastating consequences. 
This case was a learning curve for technologists, technicians and reg-
istrars in my laboratory and validated the fact that Standard Operating 
Procedures (SOPSs) should always be adhered to by the laboratory 
staff to yield accurate and reliable results.
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Figure 6: Bone marrow biopsy, Bone marrow aspirate showing erythroid 
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Figure 7: Glycophorin stain (brown staining) highlighting increased eryth-
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