A SYSTEMATIC REVIEW OF THE COMPARISON OF VARIOUS AUTOMATED DIFFERENTIAL BLOOD CELL COUNT ANALYZERS


Abstract
Background: Automated blood cell analyzers are indispensable tools in modern clinical laboratories performing complete blood counts (CBC) and leukocyte differentials across a wide spectrum of clinical settings. Rapid technological evolution has produced successive generations of platforms with increasing analytical sophistication including the recent integration of artificial intelligence (AI) and digital morphology (DM) analysis.
Objective: To systematically evaluate and compare the performance, accuracy, precision, throughput and diagnostic flagging capability of five widely deployed automated hematology analyzers including Abbott Cell-Dyn Sapphire (Abbott Diagnostics), Advia 120 (Siemens Healthcare Diagnostics), Sysmex XE-2100, UniCel DxH 800 (Beckman Coulter), and Sysmex XE-5000 based on peer-reviewed literature  from 2013 to 2023 literature and to contextualize these findings within the current (2024–2025) hematology analyzer landscape. 
Methods: Six electronic databases including PubMed, Scopus, Web of Science, Embase, CINAHL and Google Scholar were searched for comparative studies published between 2013 and 2023. Screening, methodological quality appraisal using the Newcastle-Ottawa Scale and Jadad Scale and data synthesis were conducted in adherence to PRISMA 2020 guidelines. From 5,420 initial records, 22 studies met inclusion criteria and were narratively synthesized. A narrative update of current generation platforms was compiled from manufacturer documentation and post-2023 peer reviewed literature.
Results: All five analyzers demonstrated clinically acceptable coefficients of variation for routine CBC parameters. Differential count performance was strong for neutrophils, lymphocytes and monocytes across platforms but substantial variability remained for morphologically complex cell types particularly eosinophils, basophils and blast cells. The Sysmex XE-5000 demonstrated the most comprehensive multi-dimensional analytical capabilities within this review cohort. Current generation successors including the Sysmex XN-series, Beckman Coulter DxH 900, Horiba Yumizen H2500, Abbott Alinity h-series and Mindray BC-6800 Plus extend these capabilities further with AI assisted digital morphology now reshaping the workflow of haematological slide review workflows globally.
Conclusions: Within the 2013-2023 evidence bases, the Sysmex XE-5000 demonstrates the most comprehensive performance profile among the analyzer reviewed. For contemporary procurement decisions, laboratories should evaluate next generation platforms and AI integrated digital morphology solutions as these represent that active standard of practice in high- volume haematology as of 2025.
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INTRODUCTION
Hematological analysis is central to clinical diagnosis, monitoring and treatment decisions across a broad spectrum of medical conditions. The advent of automated blood cell analyzers has fundamentally transformed laboratory hematology through enabling rapid, high-throughput complete blood counts (CBC) and five part differential leukocyte counts (LDC) with improved reproducibility over traditional manual microscopy. These platforms now integrate multiple technologies including electrical impedance, flow cytometry, absorption spectrometry, conductivity measurement and fluorescent dye-based nucleic acid detection to characterize cellular populations with increasing precision(Buoro & Lippi, 2018; Kratz & Brugnara, 2015).
Despite widespread adoption, substantial heterogeneity exists across commercially available platforms in terms of technology architecture, analytical performance, flagging capabilities, and throughput and cost effectiveness. Identifying meaningful performance differences is clinically important including laboratories must select instruments matched to their patient mix, volume requirements and quality standards as defined by the Clinical and laboratory Standards Institute (CLSI). Yet comparative literature remains relatively sparse and direct performance evaluations are often limited to single site studies with constrained sample diversity.
The introduction of automated blood count analyzers in the latter half of the twentieth century marked a paradigm shift in diagnostic hematology. Early impendence based counters gave way to increasingly sophisticated multi-parameters platforms combining optical, cytochemical and fluorescence based detection methods. Contemporary high volume analyzers routinely report over 30 parameters from a single blood sample including complete red cell indices, platelet metrics, reticulocyte fractions, nucleated red blood cell (NRBC) counts, and five-part leukocyte differentials(Kratz & Brugnara, 2015).
Clinical laboratories depend on these instruments to process large daily volumes while maintaining sensitivity necessary to detect hematological abnormalities including blast cells, atypical lymphocytes and immature granulocytes that carry significant diagnostic and therapeutic implications. False- negative flags for these types may delay diagnosis of leukemia or other hematological malignancies while false- positive flags generate unnecessary reflexive microscopy reviews increasing laboratory workload and cost(Park et al., 2015).
Advances in fluorescence flow cytometry, hydrodynamic cell focusing and multi- dimensional data analysis enabled the analyzers reviewed here to substantially approach the discriminatory capability to expert morphologists for major leukocyte subsets. Since 2023, however a new wave of technology development has further advanced the field including : the Sysmex XN-series, Beckman Coulter DxH 900, Horiba Yumizen H2500, Abbott Alinity h-series, and Mindray BC-6800 Plus have expanded the competitive landscape with improved precision, enhanced body fluid capabilities and deeper workflow automation. Most significantly the integration of Artificial intelligence and digital morphology analysis is fundamentally altering hematology laboratory practice, enabling automated pre- classification of blood cell morphology at levels approaching specialist morphologist’s performance. The global hematology analyzer market was valued at approximately USD4.33 billion in 2025 and is projected to reach USD 7.28 billion by 2034(CAGR ~5.97%), driven by rising blood disorder prevalence, ageing populations and accelerating AI adoption(Giansanti & Cosenza, 2025; Research, 2025). 
This manuscript serves a dual purpose, (i) it provides a rigorous, evidence based systematic review comparing five widely deployed automated hematology analyzers evaluated in the peer- reviewed literature from 2013-2023 including Abbott Cell-Dyn Sapphire, Siemens Advia 120, Sysmex XE-2100, Beckman Coulter UniCel DxH 800 and Sysmex XE-5000, (ii) it contextualizes these findings within the current (2024-2025) hematology analyzer market presenting the next generation platforms that have succeeded or substantially extended the capabilities of those reviewed including the emerging role of AI powered digital morphology analysis that is now reshaping hematology laboratory workflows globally.
2.0 METHODOLOGY 
2.1 search strategy
A comprehensive literature search was conducted across six electronic databases including: PubMed, Scopus, Web of Science, Embase, CINAHL, and Google Scholar. Boolean operators (AND,OR, NOT ) were applied in combination with medical subject Headings (MeSH) terms. MeSH terms applied included: "Hematologic Tests" [MeSH], "Blood Cell Count" [MeSH], "Leukocyte Count" [MeSH], "Hematology" [MeSH], "Sensitivity and Specificity" [MeSH], and "Reproducibility of Results" [MeSH], supplemented by free-text terms: "automated hematology analyzer," "complete blood count," "differential leukocyte count," "performance evaluation," "analytical accuracy," and "flagging sensitivity."  
2.2 Inclusion and Exclusion criteria 
Studies were eligible for inclusion in the systematic review if they (i) were original research articles with interventional or observational designs, (ii) examined performance metrics  of at least one of the five target analyzers, (iii) adhered to CLSI guidelines, (iv) were published in English between 2013 and 2023 and (v) focused on laboratory diagnostics rather than solely patient clinical outcomes. Studies were excluded in published before 2013, written in other languages than English, or if they failed to address the automated analyzer performance directly. 
2.3 Data extraction and quality Assessment
Data extraction captured analyzer specifications, study design, performance metrics (CBC precision, differential accuracy, throughput, flagging sensitivity and specificity) and study conclusions. Methodological quality was assessed using the Newcastle-Ottawa Scale (NOS) and the Jadad Scale. NOS scores of 7–9 were classified as high quality; 4–6 as moderate; and below 3 as low quality. All 22 included studies scored 7–9, indicating uniformly high methodological quality.
2.4 Data synthesis
A narrative synthesis approach was adopted given the heterogeneity of study designs and outcome reporting. Key performance indicators including CVs for CBC parameters, leukocyte differential correlation coefficients, flagging sensitivity and specificity and throughput were tabulated and compared descriptively across platforms. Formal meta-analysis was not conducted due to substantial heterogeneity in outcome measures, reference methods, and patient populations across included studies; where individual studies reported sufficient comparative data, standardized mean differences or correlation coefficients were extracted and reported narratively.  Thematic synthesis identified consistent performance patterns and platform-specific limitations.
2.5 Narrative contextual update
Given the all five analyzers evaluated in this systematic review have been superseded in active primary manufacture, a supplementary narrative update was compiled to contextualize the systematic review findings within the current (2024-2025) hematology analyzer landscape/ this narrative update section (section 3.4) was nor conducted as a formal systematic review, rather it was assembled from manufacturer technical documentation, regulatory clearance announcements and peer- reviewed comparative studies published after January 2023. Sources were identified through targeted searches of PubMed, manufacturer websites and clinical laboratory trade literature. The narrative update addresses current – generation successor platforms including the Sysmex XN-series, Beckman Coulter DxH 900, Siemens Advia 2120i and Atellica Hematology module, Abbott Alinity h-series, Horiba Yumizen H2500 and Mindray BC-6800 Plus as well as AI-integrated digital morphology platforms now active in clinical deployment. This section is clearly distinguished from the systematic review evidence base and should be interpreted as a contextual reference rather than a formal evidence synthesis.
3.0 RESULTS
3.1 Study selection
Database searches retrieved 5420 records, following removal of 520 duplicates and three retracted articles 4897 records were screened by title and abstract. . The complete screening and selection process is documented in the PRISMA 2020 flow(Page et al., 2021) diagram (Figure 1). Eighty-two articles proceeded to full text review, 22 met all inclusion criteria. Sources included Google Scholar (n=10), PubMed (n=5), Embase (n=3), CINAHL (n=2), Scopus (n=1), and Web of Science (n=1). Study characteristics are summarized in Table 1.
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Figure 1: PRISMA 2020 flow diagram for included searches of databases 
Table 1: Summary of 22 Included Studies (Systematic Review, 2013–2023)
	Author (Year)
	Analyzer(s)
	Country
	Design
	Key Finding

	(Bruegel et al., 2015)
	Sapphire, Advia 120, XE-5000
	Germany
	Comparative
	XE-5000 had optimal performance; all platforms showed good correlation

	(Bransky et al., 2021)
	Sapphire, Advia 120
	Sweden
	Comparative
	Good correlation except basophil counts

	(Ben-Yosef et al., 2016)
	Sapphire, XE-2100
	Sweden
	Comparative
	Positive correlation and precision across platforms

	(Avecilla et al., 2018)
	Cell-Dyn Sapphire
	USA
	Comparative
	CD34+ results matched flow cytometry without additional testing

	(Hummel et al., 2018)
	Sapphire, XN-2000
	Germany
	Comparative (PLT)
	High accuracy for platelet-based clinical decisions

	(Zierk et al., 2019)
	Sapphire, DxH 800
	Germany
	Comparative
	Both analyzers established reliable reference intervals

	(Oikonomidis et al., 2018)
	Advia 120
	Greece
	Comparative
	Optimal performance across blood sample types

	(Sugandha et al., 2021)
	Advia 120
	India
	Comparative
	Effective HS screening through hyperchromic cell flagging

	(Cook et al., 2017)
	Advia 120
	Germany
	Meta-analysis
	CBC measured accurate for WBC differential count

	(Da Rin et al., 2017)
	XE-2100
	Italy
	Comparative
	Excellent NRBC low-count performance

	(Cho et al., 2020)
	DxH 800, XE-2100
	South Korea
	Comparative
	Optimal body fluid cellular analysis performance

	(Bhola et al., 2024)
	XE-2100
	India
	Prospective
	Strong correlations for all CBC and differential parameters

	(Tabe et al., 2015)
	XE-2100
	Japan
	Comparative
	WBC classification accuracy 88.4%

	(Seo et al., 2015)
	XE-2100
	South Korea
	Comparative/Workflow
	Reduced blood film review rates; reliable low cell counts

	(Da Costa, 2015)
	DxH 800
	France
	Comparative
	High-quality digital images faster than manual microscopy

	(Timilsena et al., 2022)
	DxH 800
	Thailand
	Comparative
	Optimal lymphocyte enumeration in NRBC specimens

	(Piva et al., 2021)
	DxH 800
	USA
	Prospective observational
	MDW elevated in ICU sepsis patients

	(Pupek et al., 2017)
	DxH 800
	Canada
	Head-to-head
	Reliable for hematology, chemistry, and coagulation

	(Hwang et al., 2016)
	XE-5000
	USA
	Comparative
	Reliable automated NRBC enumeration

	(Incir & Palaoglu, 2021)
	XE-5000
	Turkey
	Comparative
	Strong correlations with XE-2100; improved sensitivity

	(Cognialli et al., 2017)
	XE-5000
	Brazil
	Analytical performance
	High accuracy for pleural/ascitic fluid cell counts

	(Meintker et al., 2013)
	DxH 800, Advia 120, Sapphire
	USA
	Analytical performance
	Good neutrophil/eosinophil correlation; poor basophil counts


 
3.2 Quality and Risk of Bias
Quality appraisal across all 22 studies revealed consistently low risk of bias in all assessed domains including representativeness of study populations, outcome ascertainment, follow up adequacy and analytical methodology. All studies scored 7-9 on the NOS reflecting robust study designs. This uniformly strong methodological profile supports confidence in the reliability of the synthesized evidence. 
3.3. PERFORMANCE OF INDIVIDUAL ANALYZERS
3.3.1 Cell-Dyn sapphire (Abbott diagnostics
The Abbott cell-Dyn sapphire employs multi- angle polarized scatter separation (MAPSS), interrogating 20,000 white blood cells per sample across four optical dimensions in a single dilution. It processes up to 105 CBCs per hour (specimen volume: 120 μL). Red cell and platelet parameters consistently met performance guidelines(Bruegel et al., 2015). Blast detection sensitivity was approximately 65% superior to the Advia 120 (59%) in direct comparisons(Park et al., 2015). The abnormality flagging algorithm demonstrated approximately 70% sensitivity with a positive predictive value exceeding 85%. Eosinophil counts exhibited systematic negative biases exceeding 10% relative to reference methods and basophil enumeration remained problematic. The sapphire has since been succeeded by Abbott's Alinity h-series in active manufacture.
3.3.2 Advia 120 (Siemens Healthcare Diagnostics)
The Siemens Adivia 120 uses two angle laser light scattering with peroxidase cytochemical staining for a dual- method white cell differential providing a unique internal quality check for pre- analytical sample integrity. It accommodates a 150 capacity rack based auto- sampler. CVs were consistently within accepted reference ranges across multiple testing days(Bruegel et al., 2015; Sugandha et al., 2021). Studies evaluating monocyte quantification noted systematic underestimation relative to immunophenotypic reference standards(Piva et al., 2021). The Advia 120 has been succeeded by the Advia2120i and the Atellica Hematology module in current Siemens product lines.
3.3.3 SysmexXE-2100
The Sysmex XE-2100 employs semiconductor laser based fluorescence Flow Cytometry with Fluorescent DNA/RNA dyes. Throughput reaches up to 200 samples per hour reporting 32 parameters. Between instruments CVs were acceptably low (≤3.3%) (Da Rin et al., 2017). Blast detection sensitivity at levels below 2% reached 88.9% sensitivity with 95.7% specificity following software refinements(Tabe et al., 2015). Leukocyte differential correlation coefficients for neutrophils, lymphocytes and monocytes ranged from r=0.901 to r=0.939 (Bruegel et al., 2015). Basophil enumeration and eosinophil quantification remained challenging. The XE-2100 has been succeeded by the XN-series in Sysmex's current portfolio.
3.3.4 UniCel DxH 800 (Beckman Coulter)
The Beckman coulter UniCel DxH 800 integrates high definition flow cytometry using hydrodynamic focusing with both electric impedance and nucleic acid fluorescence detection. CVs ranged from 0.84% for red blood cells to 8.10% for basophils(Da Costa, 2015). High-priority flagging sensitivity and specificity for blasts and typical lymphocytes exceeded 95% (Piva et al., 2021). Throughput reaches up to 215 samples per hour. The DxH 800 has been directly succeeded by the DxH 900 that integrates enhanced AI based cell classification capabilities.
3.3.5 Sysmex XE-5000
The SysmexXE-5000 deploys third- generation fluorescence flow cytometry, hydrodynamic cell focusing nucleic acid dyes and conductivity detection in a multi- dimensional analytical framework. Throughput exceeds 300 samples per hour. CVs for major CBC parameters fall within 2-5% meeting or exceeding consensus guidelines(Bruegel et al., 2015). Blast detection sensitivity at low levels (0.2–1.0%) ranged from 60% to 95% in pediatric studies with consistently high specificity.(Cognialli et al., 2017)validated its performance on pleural and ascitic fluid samples, (Hwang et al., 2016) confirmed reliable automated NRBC enumeration. The XE-5000 represented the highest performing platform within this review cohort and has been succeeded by the XN-series 
Table 2: Comparative Performance Overview — Systematic Review Cohort (2013–2023)
	Parameter
	Cell-Dyn Sapphire
	Advia 120
	Sysmex XE-2100
	UniCel DxH 800
	Sysmex XE-5000

	Throughput (samples/hr)
	~105
	~150
	~200
	~215
	~350

	CBC Precision (CV)
	<5%
	Within guidelines
	≤3.3%
	0.84–8.10%
	2–5%

	Neut/Lymph Differential
	Strong
	Strong
	r=0.901–0.939
	Strong
	Expert-level

	Blast Detection Sensitivity
	~65%
	~59%
	~88.9%
	>95% (flags)
	60–95%

	Basophil Enumeration
	Adequate
	Limited
	Limited
	Limited
	Limited

	Eosinophil Bias
	>10% negative
	Moderate
	Slight
	Slight
	Slight

	Body Fluid Capability
	Limited
	Moderate
	Moderate
	Moderate
	Validated

	NRBC Counting
	Yes
	Yes
	Yes
	Yes
	Validated

	Current Market Status
	Succeeded by Alinity h-series
	Succeeded by Advia 2120i/Atellica
	Succeeded by XN-series
	Succeeded by DxH 900
	Succeeded by XN-series



3.4 CURRENT-GENERATION HAEMATOLOGY ANALYZERS
3.4.1 High-Volume and Reference Laboratory Platforms
3.4.1.1 Sysmex XN-Series (XN-1000, XN-2000, XN-3000, XN-9000/XN-10)
The XN platforms uses fluorescence flow cytometry with a semiconductor laser introducing a dedicated low white blood cell (WBC) count mode for accurate differential reporting at very low counts (<0.5×10⁹/L) a capability that was limited in the XE series. Studies comparing the XN series and to the XE-2100 have demonstrated superior precision for most CBC parameters, improved platelet fluorescence counting (PLT_F) with better correlation to flow cytometric reference methods count below 70×10⁹/L and significantly reduced blood film review rates in workflow comparisons(Lee et al., 2015). In January 2025, Sysmex received FDA clearance foe expanded XN- series applications in the United States including pediatric and geriatric specific validation(Advisor, 2025). The XN-9000 (XN-10) is designed for the highest-volume reference laboratory settings supporting full track automation. A 2025 head-to- head comparison found the XN-1000 and Beckman coulter DxH900 achieved the most favorable overall performance among four current generation analyzers evaluated(Nikler et al., 2026).
3.4.1.2 Beckman Coulter DxH 900
The DxH 900 is the current generation successor to the DxH 800 evaluated in the current review. It retains the multi- dimensional flow cytometry and nucleic acid fluorescence detection architecture of the DxH 800 while incorporating enhanced AI based cell classification and anomaly flagging algorithms. In March 2025, Beckman Coulter formally launched the DxH 900 in high volume laboratory settings with manufactures reporting improvements in efficiency for complex cell identification and abnormality flagging relative to its predecessor(Advisor, 2025). A comparative study evaluating DxH 900 against the Yumizen H2500 and XN-9000 found the DxH 900 performed well for routine CBC parameters; however, blast discrimination from large hyper-segmented neutrophils remained a challenge shared with its predecessor(Rastogi et al., 2022). The DxH 900 supports smooth upgrade path from DxH800 installed bases and offers connectivity to Bechman Coulter’s laboratory automation infrastructure.
3.4.1.3 Siemens Healthineers Advia 2120i and Atellica Haematology
The Siemens Advia 2120i is the current successor to the Advia 120 retaining the dual cytochemical and optical methodology that characterizes the Siemens platform while offering expanded hematology module within its Atellica consolidation solution enabling a unified workflow for hematology, chemistry and immunoassay testing on single track(Advisor, 2025). This integration addresses a growing laboratory demand for consolidated diagnostic platforms that reduces footprint and streamline multi-disciplinary testing workflows. Siemens has also partnered with Scopio Labs to integrate full field digital morphology capabilities into Siemens hematology workflows enabling AI assisted remote blood film review.
3.4.1.4 Abbott Alinity h-series
The Abbott Alinity h-series is the current generation successor to the Cell-Dyn Sapphire providing high- throughput CBC and differential analysis within Abbott’s broader Alinity consolidation platform. In November 2024, Abbott diagnostic announced a partnership to deploy the Alinity h- series across a national reference laboratory network in Latin America signaling continued international expansion of the platform(Advisor, 2025). The Alinity h-series maintains Abbott’s MAPSS (multi-angle polarized scatter separation) optical technology while incorporating improved connectivity and middleware integration for high- volume laboratory environments.
3.4.2 Mid-Range and Emerging Market Platforms
3.4.2.1 Horiba Yumizen H2500 / H1500 (HELO System)
The Horiba Yumizen H2500 is a well validated mid-to- high volume hematology analyzer that has accumulated a growing independent evidence base since its CE-IVDR approval. It uses double hydrodynamic sequential systems with impedance measurement, processing 120 samples per hour.  In April 2024, Horiba Medical launched HELO 2.0 an updated fully automated hematology analyzer with CE-IVDR approval (Nester, 2025). The Yumizen H2500 provides CBC with full differential including NRBCs and body fluid analysis with additional fluorescence based reticulocyte analysis and optical extinction platelet counting available on the H2500 model. In a direct comparison against the DxH 800, DxH 900 and XN-9000, the Yumizen H2500 demonstrated highest sensitivity (91.67%) and shortest turnaround time for detecting abnormal cells with particularly strong performance in flagging large hyper- segmented neutrophils(Rastogi et al., 2022). A comparative study between the Sysmex XN-3000 and Yumizen H2500 demonstrated strong correlation (r>0.9) for WBC, RBC, hemoglobin, platelet counts, neutrophils, lymphocytes, monocytes and eosinophils, with satisfactory clinical interchangeability for most parameters (Bhola et al., 2024). Basophil counts showed poor correlation in both studies consistent with the cross-platform challenge documented in the systematic review. The Yumizen H2500 is not currently FDA-cleared for the US market but holds CE-IVDR approval and is widely deployed in Africa, Europe and Asia.
3.4.2.2 Mindray BC-6800 Plus / BC-6900
Mindray's BC-6800 Plus and BC-6900 represents a competitive mid-to- high volume platform with a rapidly growing evidence base especially in Africa, Asia and other emerging markets. The BC-6800 uses fluorescence flow cytometry and supports a full 5- part differential with reticulocyte and NRBC counting. In June 2024, Mindray Biomedical released and updated compact analyzer variant specifically tailored for decentralized diagnostic laboratories and primary health centers in Africa and Asia addressing the significant unmet need for accurate, affordable hematology analysis in resource limited settings(Advisor, 2025). Comparative studies have reported generally good agreement between the BC-6800 and the Sysmex XN- series for core CBC parameters with the caveat that basophil and some immature granulocyte parameters show greater inter- platform variability(Ciepiela et al., 2016). Mindray's market positioning combining competitive pricing with 5- part differential capabilities and growing laboratory automation connectivity has made it one of the fastest growing platforms globally by installed base.
3.4.3 AI-Integrated Digital Morphology Platforms
The most transformative development in hematology diagnostics since 2020 is the clinical deployment of AI-powered digital morphology (DM) analysis. Traditional automated analyzers including all five platforms reviewed in this manuscript excel at high-throughput cell counting but generate flagged specimens requiring labor intensive manual microscopic review. AI-integrated DM systems address this bottleneck by pre-classifying blood film cell morphology at speeds and accuracy levels approaching those of specialist morphologists substantially reducing the proportion of samples requiring expert review(Kim et al., 2025).
3.4.3.1 Sysmex DI-60
The Sysmex DI-60 is an automated digital cell imaging systems designed for integration with the XN- series analyzers. It captures high resolution images of blood film cells and uses AI pre-classification categories leukocyte morphology, flag morphological abnormalities and present pre- classified cells for morphologist verification. Studies assessing the DI-60 for WBC differential in abnormal samples have demonstrated strong pre- classification accuracy for common cell types with persistent challenges in rare or morphologically ambiguous populations including blast subtypes (Zhao et al., 2024). The integrated XN+DI-60 workflow has been shown to significantly reduce the time to morphological reporting and the overall manual review burden in high- volume laboratory settings. 
3.4.3.2 Scopio Labs Full-Field Digital Morphology
Scopio Labs has developed a full field digital morphology platform that captures complete blood film images and applies deep learning algorithms for cell classification and abnormality detection. Siemens healthineers and Beckman Coulter have both entered distribution partnerships with Scopio Labs enabling integration of full field digital morphology capabilities into their respective hematology workflows(SelectScience, 2025). The Scopio platform enables remote diagnostics allowing morphologists to review pre-classified blood films from any location a capability with significant implications for healthcare systems with limited access to specialist hematology expertise. AI-assisted review has been reported to reduce blood film review time and costs by over 50% in participating laboratory settings(SelectScience, 2025).
3.4.3.3 Mindray MC-80 and MC-100i
Mindray has developed the MC-8o and MC-100i as standalone automated digital morphology platforms offering AI-assisted leukocyte classification for peripheral blood smears. A 2024 comparative study of the Minday MC-80 and Sysmex DI-60 for leukocyte differential in patients with malignant haematological disease found platforms demonstrated adequate pre- classification accuracy for common leukocyte populations with the DI-60 showing modestly superior performance for blast identification(Ye et al., 2024). A separate 2024 comparison of the Mindray MC100i and Sysmex DI-60 confirmed generally comparable performance for leukocyte morphology capabilities to a wider range of laboratory budgets and settings compared to analyzer integrated solutions.
Table 3: Current-Generation Hematology Analyzer Landscape 
	Analyzer
	Manufacturer
	Succeeds
	Throughput
	Key Features
	Market Status (2025)

	XN-1000/2000/3000/9000
	Sysmex
	XE-2100, XE-5000
	Up to 500/hr (XN-9000)
	Fluorescence FC, low WBC mode, body fluids, reticulocytes, full track automation
	Active — FDA cleared Jan 2025

	DxH 900
	Beckman Coulter
	DxH 800
	~215/hr
	Multi-param FC, AI-enhanced flagging, nucleic acid fluorescence, DxH 800 upgrade path
	Active — launched Mar 2025

	Advia 2120i / Atellica Hematology
	Siemens Healthineers
	Advia 120
	~120/hr
	Dual cytochemical+optical, Atellica consolidation, Scopio DM integration
	Active — Atellica module Sep 2024

	Alinity h-series
	Abbott Diagnostics
	Cell-Dyn Sapphire
	High throughput
	MAPSS technology, Alinity platform consolidation, Latin America expansion 2024
	Active

	Yumizen H2500 / HELO 2.0
	Horiba Medical
	Pentra DX Nexus
	120/hr
	CE-IVDR, impedance optical PLT, fluorescence retics, body fluids, high flagging sensitivity
	Active — HELO 2.0 Apr 2024; not FDA cleared

	BC-6800 Plus / BC-6900
	Mindray
	—
	~80/hr
	5-part FC diff, NRBC, reticulocytes, cost-competitive, decentralized lab variant 2024
	Active — rapidly growing in Asia/Africa

	DI-60
	Sysmex
	—
	N/A (DM add-on)
	AI pre-classification, XN-series integration, remote review, blast subtype analysis
	Active — widely deployed

	Scopio CBM Analyzer
	Scopio Labs
	—
	N/A (DM platform)
	Full-field digital morphology, deep learning, Siemens & Beckman Coulter distribution partnerships
	Active — 2025 partnerships

	MC-80 / MC-100i
	Mindray
	—
	N/A (DM add-on)
	AI leukocyte pre-classification, standalone DM, comparable to DI-60 for routine populations
	Active



4.0 DISCUSSION 
This systematic review synthesizes evidence from 22 peer reviewed studies providing a comprehensive performance evaluation of five major automated hematology analyzers. Several key themes emerged. All the five platforms demonstrated clinically acceptable performance for routine CBC quantification. Hemoglobin, red blood cell indices and total white blood cell counts meet established accuracy and precision standards reflecting the maturity of impedance and photometric technologies. For the majority of outpatient and general ward blood count testing any of these analyzers would yield reliable results.
Leukocyte differential performance is consistently strong for neutrophils, lymphocytes and monocytes but diverges significantly for less abundant or morphologically complex all types. Basophil enumeration remains poorly reproducible across all platforms. Eosinophil quantification is systematically biased on several instruments especially the Cell-Dyn Sapphire (>10% negative bias) with clinical relevance in eosinophilic conditions including hypereosinophilic syndrome and eosinophilic oesophagitis.
Blast cell detection that is the most clinically consequential flagging parameter shows meaningful inter platform variability. False negative blast flags risk delaying leukemia diagnosis. The XE-2100 and XE-5000 demonstrated the most powerfully validated blast detection performance following software updates with the XE-2100 achieving 88.9% sensitivity at blast levels below 2%(Tabe et al., 2015).
The Sysmex XE-5000’s validate performance on non-blood specimens including pleural effusions, ascitic fluid, and cerebrospinal fluid represents a meaningful clinical differentiator within this cohort. As demand for rapid body fluids analysis grows in oncology and critical care this remains an essential platform selection criterion.
Monocyte quantification warrants attention, the Advia 120’s peroxidase based technique systematically underestimates monocytes compared to immune-phenotypic reference standard(Piva et al., 2021) with implications for sepsis monitoring and monocytic malignancy detection.
Several limitations of this review should be acknowledged. (i) The included studies reflect heterogeneous clinical settings, patient populations and reference methodologies, which limits direct cross-study comparisons and precluded formal meta-analysis. (ii) Software updates implemented after study publication may have modified the performance characteristics reported here, laboratories operating legacy platforms should verify that installed software versions align with published validation specifications. (iii) Formal cost effectiveness modeling was not feasible given the variability in outcome measures and cost data reporting across included studies. (iv) The scope of platforms evaluated represents a defined analyzer generation, all five instruments reviewed were largely superseded in active primary manufacture before 2020, the current analyzer generation transformative AI-integrated digital morphology capabilities falls outside the systematic review scope but is addressed in the narrative update (section 3.4). (v) Publication bias cannot be excluded, studies reporting superior analyzer performance or novel capabilities may be more likely to be published than those demonstrating equivalent or inferior results. Funnel plot asymmetry analysis was not feasible given the small number of included studies (n=22) and the substantial heterogeneity of outcome measures. Readers should interpret all comparative performance findings with this caveat in mind.
5.0 Conclusions and Practical Implications
The five automated hematology analyzers evaluated provide a well characterized performance baseline for a defined generation of clinical platforms. Within the 2013-2023 evidence bases, the Sysmex XE-5000 emerges as the most comprehensively capable analyzer reviewed especially for complex hematological specimen and high volume workflows. However four critical practical reservations apply to laboratories using these findings for contemporary practice.
(i).This review characterizes a defined analyzer generation not the current procurement market. The XE-5000, XE-2100 and DxH 800 have been succeeded by the XN-series and DxH 900 respectively. Laboratories making new capital equipment decisions should use this review as a validated performance baseline and evaluate current-generation successors using the same dimensions such as CBC precision, differential accuracy, blast detection sensitivity, body fluid capability and throughput against manufacturer-current specifications.
(ii). AI and digital morphology integration now represent essential evaluation dimensions not addressed in this review. As of 2025, AI-powered platforms are in active clinical deployment for automated blood film analysis. Laboratories selecting new platforms should evaluate AI-assisted morphology performance alongside conventional CBC metrics as these capabilities increasingly determine total workflow efficiency and slide review reduction rates.
(iii). Eosinophil and basophil quantification gaps documented across all five platforms remain clinically relevant and have not been fully resolved in successor platforms. Laboratories serving allergy, respiratory or hematology-oncology populations should specifically validate eosinophil performance against flow cytometric reference counts before relying on automated differentials as the sole reporting method.
(iv). Software versioning materially affects performance. Several improvements documented in included studies including improved blast sensitivity on the XE-2100 and refined flagging on the DxH 800  were attributable to software updates. Laboratories operating legacy platforms should verify installed software versions align with published specifications.
Future systematic reviews should expand platform scope to include the XN-series, DxH 900, Horiba Yumizen H2500 and Mindray BC-6800 Plus; formally evaluate AI-assisted digital morphology as a primary outcome as well as incorporate cost-per-reportable-result modeling inclusive of reflexive slide review rates.
These practical considerations are summarized in table 4 to support contemporary hematology analyzer procurement and validation decisions. 



Table 4: Practical Recommendations for Contemporary Haematology analyzer Selection
	Consideration
	Recommendation

	analyzer generation
	Evaluate current-generation successors: Sysmex XN-series, Beckman Coulter DxH 900, Siemens Advia 2120i/Atellica, Abbott Alinity h-series, Horiba Yumizen H2500, Mindray BC-6800 Plus

	AI/Digital morphology
	Evaluate AI-assisted morphology (Sysmex DI-60, Scopio Labs, Mindray MC-80/MC-100i) as a primary selection criterion alongside CBC metrics; assess slide review reduction rates

	Eosinophil accuracy
	Validate eosinophil counts against flow cytometric reference in target patient populations before adopting automated differential as the sole reporting method

	Software versioning
	Confirm installed software version aligns with published performance specifications; request version-specific validation data from manufacturers

	Body fluid testing
	Require dedicated body fluid mode validation data for all candidate platforms, not only CBC performance

	Total cost of ownership
	Include reflexive slide review rates, reagent costs, and maintenance costs — not only acquisition price — in total cost of ownership analysis

	Resource-limited settings
	Consider Mindray BC-6800 Plus or Horiba Yumizen H1500 as validated, cost-competitive platforms with growing evidence bases for primary and district-level laboratory settings
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