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Smudge Cells Reporting in Chronic Lymphocytic Leukemia: Evaluation of Manual Differential Blood Count and the Impact of Albumin Pre-treatment
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ABSTRACT

	Background: Smudge cells are damaged leukocytes commonly seen in blood smears of patients with chronic lymphocytic leukemia (CLL). Their number reflects lymphocyte fragility but varies widely among patients. Additionally, reporting practices regarding smudge cell number significantly differ among laboratories, sometimes also including sample pre-treatment with albumin, which can reduce their formation. Although this approach can substantially facilitate morphological differential count in CLL patients, its widespread in routine hematology remains uncertain. 
Aims: This study aims to compare various manual approaches for smudge cell reporting with analyzer differentials in order to identify the most reliable and practical method for routine CLL diagnostics.
Methodology: We conducted a comparative analysis of manual differential blood count (mDIFF) to a hematological analyzer differential (aDIFF). mDIFF was conducted in three manners: by excluding smudge cells from 100 leukocyte count (mDIFF1); by including smudge cells into lymphocyte count (mDIFF2); differential on an albumenized smear (mDIFF_alb). The Mann-Whitney test was used for smudge cell count comparison in standard and albuminized smears, and Friedman’s test for comparison of differential counts (lymphocytes, neutrophils and their ratio). P-value <0.05 was considered significant.
Results: The smudge cell count was significantly lower in albumenized smears (median 7, IQR 4 - 14), compared to standard smears (median 25, IQR 17 - 81), P<0,0001.  mDIFF2 results significantly differed in neutrophil and lymphocyte count compared to other methods (P<0.05). The relative lymphocyte count in a manual method mDIFF1 did not significantly differ from the aDIFF.
Conclusion: Although albumin pre-treatment effectively reduces smudge cell formation, it is not essential for obtaining clinically reliable differentials in routine practice. Reporting smudge cells as their number per 100 leukocytes provides a suitable alternative to automated differential leukocyte counts.
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1. INTRODUCTION 

Chronic lymphocytic leukemia (CLL) is one of the most common types of leukemia, characterized by the clonal proliferation and accumulation of mature B lymphocytes in blood, bone marrow, and lymphoid tissues (Hallek, 2018). The disease predominantly affects elderly individuals and exhibits a highly variable clinical course, ranging from indolent forms requiring only observation to aggressive variants needing early treatment. The diagnosis of CLL relies on a comprehensive and integrative approach, combining detailed clinical evaluation with morphological examination and immunophenotypic analysis to ensure an accurate and definitive diagnosis (Hallek, 2021). Lymphocytosis is defined as the persistent presence of at least 5 × 10⁹/L B-lymphocytes in the peripheral blood for a minimum of three months. The clonal nature of these circulating B-lymphocytes must be confirmed by flow cytometric immunophenotyping (CD19⁺, CD5⁺, CD23⁺, and dim surface immunoglobulin). Additional cytogenetic and molecular analyses, such as the detection of del(17p), del(11q), or TP53 mutations, are essential for risk stratification and therapy selection. On peripheral blood smears, CLL cells typically appear as small, mature lymphocytes with scant cytoplasm and dense, coarsely clumped chromatin without visible nucleoli. These cells may be accompanied by a variable proportion of larger or atypical lymphocytes, cleaved cells, or prolymphocytes, which may constitute up to approximately 55% of lymphoid cells; higher proportions suggest a diagnosis of B-cell prolymphocytic leukemia (PLL) (Melo, 1986). Another characteristic morphological finding in CLL is the presence of Gumprecht nuclear shadows or smudge cells, representing disrupted lymphocytes formed during smear preparation. Accurate laboratory diagnosis plays a pivotal role in the management of CLL, as it enables disease classification, informs prognosis, and guides individualized therapeutic strategies. Reliable microscopic evaluation and differential leukocyte counting remain fundamental in establishing the diagnosis and monitoring disease progression, especially in settings where automated analyzers may not fully capture subtle morphological features.
In this context, while performing manual differential blood counts on smears containing smudge cells, we observed variability in how their numbers are reported. Gumprecht shadows, shadow cells, or smudge cells are leukocytes damaged during smear-making. They can be observed in blood smears of patients with hematological cancers, solid cancers, infections, and out-of-hospital cardiac arrest (Chang, 2016). Smudge cells are one of the common morphologic abnormalities in smears of patients with chronic lymphocytic leukemia (CLL). Their number can vary from 1-75% of total leukocytes. Lymphocytes in CLL are more fragile than normal lymphocytes due to defects of proteins of the nuclear envelope and plasma membrane. These defects make them more prone to smudging while making a blood smear (Gogia, 2014). This phenomenon appears in vitro, but in vivo, these cells stay intact and, therefore, are counted as lymphocytes while performing a leukocyte differential count on a hematological analyser (Marionneaux, 2021).  If a blood smear is prepared with albumin, the formation of smudge cells could be decreased (Lunning, 2004). 
The issue we came across was a discrepancy in reporting between different guidelines, external quality control management systems, and digital tools. ICSH guidelines suggest that an automatic differential count from a hematological analyzer should be reported in case of a blood smear with a significant number of smudge cells, while their presence may be commented on the smear report. If the report from the analyzer is not available, smudge cells should be counted as the cell line from which they derived in manual differential count if their morphology is apparent (Palmer, 2015). In patients with CLL those would be lymphocytes. If the smudge cells are not identifiable CLSI guidelines suggest their number should be classified separately and reported as others, including a comment on the laboratory report (CLSI H20-A2, 2007). A study that questioned the feasibility of counting smudge cells as lymphocytes suggested an algorithm for reporting differential in patients with CLL (Gulati, 2017). They suggest that the differential leukocyte count should be reported from the analyzer when no flags are present. If flags are generated, the differential should be performed on a non-albuminized peripheral blood smear, with smudge cells classified as lymphocytes. In cases with present blasts or more than 10% other lymphoid cells, an albuminized smear should be used.
When it comes to slide quality control programs, some suggest that smudge cells should be counted as lymphocytes if manual differential is reported, while others include them in 100 leukocyte differentials as a separate category (QSP, 2023; RfB, 2012). Digital microscopy tools, such as Cellavision or Easycell, count such cells as fragments and report their number by expressing the total counted number per 100 leukocytes (CellaVision, 2022). A common practice in laboratories is to exclude smudge cells from a 100-cell differential count and comment their presence on a smear report. Albumenized smears are not so common since albumin is not always easily available, especially in a small laboratory. In order to evaluate different approaches of result reporting, we compared three different methods of manual differential blood count to a differential of a haematological analyser. We conducted a comparative analysis of differential blood count in patients with confirmed CLL diagnosis. This was a group of choice since they have a great tendency of forming smudge cells due to fragility of lymphocytes and, also, we can be confident of the origin of the smudge cells.

2. material and methods

Automatic differential leukocyte counts were performed on 27 samples from patients with CLL on the Siemens ADVIA 2120i hematology analyzer (Siemens, Marburg, Germany) (aDIFF). For each sample, two blood smears were prepared following the protocol illustrated in Figure 1. One smear followed our usual laboratory routine protocol (without additives), and the other was made by using 20% human serum albumin (1 part of albumin solution to 4 parts of blood). Both types of smears were stained by standard May-Grünwald Giemsa protocol. Manual differential (mDIFF) was performed in three manners:
1. On a routine blood smear: excluding smudge cells from 100 leukocyte count and reporting their number on 100 cells (mDIFF1),
2. On a routine blood smear: including smudge cells into lymphocyte count (mDIFF2),
3. On an albumin smear: the presence of smudge cells was minimized, so they were excluded from 100 leukocyte count (mDIFF_alb).
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Fig. 1. Workflow of the study aimed at evaluating smudge cell reporting as part of differential leukocyte counts in CLL patients.
CLL- chronic lymphocytic leukemia, DIFF- differentials, SCs- smudge cells.


Our main focus were two leukocyte groups: lymphocytes and neutrophils, and their ratio. Atypical lymphocytes and prolymphocytes were categorized as lymphocytes for this study. Bands were included in the total neutrophil count. Two results were excluded from statistical analysis because the patients were not in absolute lymphocytosis (absolute lymphocyte count <5x109/L). The whole study was performed on leftover routine samples. The Institutional Ethics Committee approved the use of residual patient blood samples for the purposes of laboratory method evaluation and quality improvement (approval number 01-2013).

[bookmark: _Hlk213658864]3. results

Spearman’s rank correlation analysis showed that the number of smudge cells is dependent on total leukocyte count (r= 0.562, 95%CI: 0.231 to 0.776, P= 0.0023). The examples of smudged cells in CLL patient are shown in Figure 2. The smudge cell count was compared in standard (median 25, IQR 17 - 81) and albumenized smears (median 7, IQR 4 - 14) (mDIFF1 and mDIFF_alb) by using the Mann-Whitney test. The reduction in smudge cell formation was statistically significant in albumenized smears (P<0.0001). Medians and ranges of relative neutrophil, lymphocyte counts, and their ratio for three manual differentials and automated differential are listed in Table 1. 
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Fig. 2. Smudged cells in a peripheral blood smear from a patient with chronic lymphocytic leukemia, acquired with the CellaVision DC-60 system.


Table 1.	Summary statistics on relative fractions of lymphocytes, neutrophils and their ratio (L/N) in automatic differential and three different manual differential types.

	N = 27
	aDIFF
	mDIFF1
	mDIFF2
	mDIFF_alb
	

	
	Range
	Median (IQR)
	Range
	Median (IQR)
	Range
	Median (IQR)
	Range
	Median (IQR)
	P

	Lymphocytes (%)
	54.5–96.2
	80.6
(70.2–91.1)
	52–98
	82
(63–92)
	58–99
	86
(79–97)
	44–99
	84
(72–94)
	<0.0001

	Neutrophils (%)
	3.1–40.0
	16.7
(6.0–25.1)
	2–48
	16
(6–31)
	1–35
	10
(3–18)
	0–41
	13
(6–25)
	0.00001

	Lymphocytes/Neutrophils
	0.3–31 .0
	4.3
(2.2–15.2)
	0.2–49
	4.1
(1.5–13.5)
	0.4–99
	5.4
(3.1–32.1)
	0.4–99
	4.1
(2.3–15.7)
	0.00001


aDIFF - Automatic differential leukocyte counts were performed on hematology analyser Siemens ADVIA 2120i; 
mDIFF1 - Manual differential by excluding smudge cells from 100 leukocyte count and reporting their number on 100 cells; 
mDIFF2 - Manual differential by including smudge cells into lymphocyte count; 
mDIFF_alb - Manual differential on an albumenized smear.
Data on the differential counts were compared by using Friedman's test. A statistically significant difference (P<0.05) was obtained for mDIFF2 results for all three variables (neutrophil count, lymphocyte count, and their ratio) when compared to other methods. Lymphocyte count was also significantly different for mDIFF_alb (P<0.05) compared to other three groups (aDIFF, mDIFF1 and mDIFF2), while they did not significantly differ between mDIFF1 and aDIFF. 
4. discussion

In this preliminary study, the relative lymphocyte count in a manual method that excluded smudge cells from a 100-cell differential did not differ significantly from the automatic differential, which is considered the preferred reporting option. This finding supports the practice already used in the majority of laboratories, where smudge cells are excluded from the manual differential and only commented upon in the morphological description. On the other hand, when smudge cells were included in the lymphocyte count, results significantly differed from aDIFF and other manual methods, confirming that such an approach may lead to overestimation of lymphocytes and underestimation of neutrophils, and therefore to clinically misleading results.
The use of albumin pre-treatment substantially reduced the number of smudge cells in our study, consistent with earlier observations (Lunning, 2004). Although this method improves smear quality and minimizes artefacts, it is not widely implemented in routine laboratories, mainly due to limited availability of albumin and additional workload. Our results suggest that, in everyday practice, simply excluding smudge cells from the differential yields results most consistent with analyzer data, without the need for albumin pre-treatment. This is especially relevant for smaller laboratories where albumin preparations are not feasible. Beyond analytical considerations, smudge cells have been investigated as potential prognostic markers in CLL. Some studies have reported that a higher percentage of smudge cells correlates with more indolent disease and longer survival, possibly reflecting increased lymphocyte fragility (Gogia, 2014). In line with this, Nowakowski et al. demonstrated that the frequency of smudge cells on routine peripheral blood smears predicts disease and prolonged survival (Nowakowski, 2007). These findings underscore that, while smudge cells may complicate manual differential counts, their documentation carries biologic and prognostic significance. This aspect was beyond the scope of our study, which focused exclusively on their impact on leukocyte differential reporting. Still, the prognostic role of smudge cells reinforces the importance of documenting their presence, even if they are excluded from the manual count.

One of the challenges in diagnosing CLL lies in the fact that, although its clinical and laboratory profile is relatively well-defined, rare cases may overlap with other hematologic malignancies, particularly AML. Reports exist of patients who concurrently had, or subsequently developed, AML in the setting of pre-existing CLL, further complicating both the clinical and laboratory assessment (Al Mussaed, 2016, Rund, 2004, Meloni, 2000). From a clinical perspective, this overlap has important prognostic and therapeutic implications. The development of AML in a patient with CLL is often associated with a more aggressive clinical course, and the treatment strategies for CLL and AML differ substantially. Therefore, early and precise differentiation is critical for optimal therapy selection. In the context of our own research and interpretation of analytical parameters, it is important to recognize that rare CLL patients may harbor a concomitant AML clone. Unexpected blast populations, unusually rapid disease progression, or serial laboratory findings inconsistent with classical CLL should prompt consideration of an AML component.

This study has some limitations. It is performed on a relatively small number of CLL patient samples. However, we did not want to duplicate the smears from the same patients, so the included number reveals the true incidence of CLL patients in our hospital. Additionally, the cell count was performed only once on 100 cells manual count for all the samples. However, while recreating the everyday routine work, we were able to assess the real-life performance of this manual technique and understand the size of the uncertainty of the reported results. A study on a larger number of samples and an additional comparison of a 200-cell differential in the future could provide us with more insight into the selected procedure.

4. Conclusion

In conclusion, our findings indicate that excluding smudge cells from the 100-cell manual differential and reporting their presence separately provides results most consistent with hematology analyzer differentials. Including smudge cells into 100-cell differentials could possibly lead to erroneous results and therefore should be avoided. Although albumin pre-treatment effectively reduces smudge cell formation, it is not essential for obtaining clinically reliable differentials in routine practice. 
Based on these results, we recommend that laboratories adopt the practice of excluding smudge cells from the manual differential while documenting their presence in the morphological description for patients suspected of having CLL. This approach align with the international guidelines, minimizes interlaboratory variability, and ensure that differential counts remain accurate and clinically meaningful. Standardization of reporting practices, together with awareness of smudge cell implications, could improve diagnostic accuracy, and ultimately support better patient care in CLL. 
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