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            Abstract

            
               
Introduction: Malaria, caused by Plasmodium parasites, poses a significant global health challenge, demanding accurate and timely diagnostic
                  approaches. This study investigates the identification of malaria parasites using peripheral smear and validate the same as
                  the flaggings in Haematology analyzers specifically for Plasmodium Vivax is the most widespread of all of the malaria species,
                  can cause severe, even fatal infections and results in significant global morbidity and mortality. 
               

               Materials and Methods: A cohort of 400 blood samples, evenly distributed between male and female participants, underwent analysis for the presence
                  of the Trophozoite Form of Plasmodium vivax on peripheral smears and then on Erba 5 part Haematology analyzers Elite 580 &
                  H560 to detect the flagging.
               

               Results: The statistical analysis of trophozoite-positive malaria samples on both analyzers demonstrated a significant association
                  between the two analyzers and the manual peripheral smear method. The specificity analysis revealed high accuracy for both
                  haematology analyzers - H560 (92.95%) and Elite 580 (88.14%) in correctly identifying trophozoite-negative samples.
               

               Conclusion: This study contributes essential insights into malaria diagnosis, emphasizing the need for flaggings in the CBC results.
                  The observed specificity values and concordance between haematology analyzers provide valuable information for optimizing
                  malaria diagnostic strategies in diverse settings.
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               Introduction

            Malaria, a life-threatening infectious disease caused by Plasmodium species, remains a significant global health challenge,
               particularly in endemic regions such as the continents of Africa and Asia as per the information released by Centres for Disease
               Control and prevention.1 Human malaria is caused by one or more of four parasites: Plasmodium falciparum, P. vivax, P. ovale, and P. malariae. Distribution
               of these parasites varies geographically, and not all species of malaria are transmitted in all malarious areas. P.vivax malaria,
               however, is the predominant species in Central America, most of malarious South America, and the Indian subcontinent (Miller
               et al., 1977).
            

            Accurate and timely diagnosis is pivotal for effective disease management, treatment, and control strategies. Various diagnostic
               methods, including microscopy, rapid diagnostic tests (RDTs), and polymerase chain reaction (PCR), play crucial roles in identifying
               malaria parasites and guiding appropriate interventions. The choice of diagnostic tools is influenced by factors such as accessibility,
               cost, and sensitivity.
            

            In recent years, a plethora of research has focused on optimizing and evaluating different diagnostic techniques to enhance
               their sensitivity, specificity, and overall performance. The utilization of RDTs, for instance, has gained prominence due
               to their simplicity, rapidity, and applicability in resource-limited settings. 2, 3 However, challenges such as the prozone effect have been identified, demanding a deeper understanding of their limitations
               and potential false-negative results.4 Advancements in molecular techniques, particularly PCR-based methods, have offered higher sensitivity and specificity in
               malaria diagnosis. 5 These techniques have proven valuable in confirming infections, especially in cases where RDTs may yield false-negative results,
               thus highlighting the complementary roles of different diagnostic approaches. Moreover, the epidemiology of malaria varies
               across regions, influencing the performance and applicability of diagnostic tools.6, 7 In India, where malaria remains endemic, understanding local transmission dynamics and the prevalence of asymptomatic carriers
               is essential for refining diagnostic strategies.8

            These two Analyzers have been chosen for their relevance and prevalence in malaria-endemic areas, offering insights into their
               performance characteristics.6 Through a comprehensive analysis of these samples, we aim to contribute valuable information to the on-going discourse on
               malaria diagnosis, with a particular focus on the specificity and accuracy of Elite 580 & H560 in the context of a diverse
               sample set.6, 8

         

         
               Materials and Methods

            
                  Study design

               A cohort study consisting of 400 blood samples collected from 400 patients - 200 male and 200 female who visited the Medicine
                  OPD at  Navi Mumbai Municipal Hospital (NMMC), Mumbai, Maharashtra, India, with probable symptoms of Malaria such as Fever
                  with chills past 1-2 days, vomiting, fatigue and headache were included in this study. The objective was to analyse the presence
                  of the trophozoite form of P.vivax with peripheral smear and access the specificity of two haematology analyzers Elite 580
                  & H560. 
               

            

            
                  Sample collection

               Blood samples were collected as per the Ethics with demographic details of each participant during the tenure June 2023 to
                  Sept 2023.Consent for participation in the study was taken from the Laboratory authority. Since the portion of blood samples
                  utilized for the study was taken from the leftover blood samples and not withdrawn separately for this study, participants
                  consent was not required. However the confidentiality of patient history & details was strictly maintained. Inclusion criteria
                  was simple, samples that were positive for Malaria on peripheral smear were included. Similarly peripheral smears negative
                  results sample were not included in the study.
               

               The gold standard in the diagnosis of malaria is detection of parasites by microscopic observation of Giemsa-stained blood
                  smears.9, 10 The ratio of Plasmodium infected red blood cells (RBCs) can be calculated, and indeed, Plasmodium species can be identified
                  according to their morphological characteristics. However, the sensitivity and specificity of the diagnosis depend on the
                  skill of the microscopist.
               

               Diagnosing malaria clinically relies on symptoms like fever and chills, which are nonspecific, making accurate diagnosis challenging.
                  Currently, microscopic detection of the malaria parasite remains the gold standard despite its cost-effectiveness, yet it
                  suffers from subjective interpretation of smears. Expertise is crucial for accurately interpreting peripheral smears (PS),
                  particularly in cases with low parasitic indices, where reliability diminishes. Therefore, laboratory errors may occur. Hematology
                  analyzers are increasingly employed in labs, automating the analysis of various parameters. The normal scattergram (Figure
                  1) on the differential (DIFF) plot includes five components: lymphocytes (pink), monocytes (green), neutrophils and basophils
                  (blue), eosinophils (red), and a distinct space separating the neutrophil and eosinophil populations.
               

               Modern automated analyzers can now detect malaria parasites through careful observation of scattergram. It has been observed
                  that hemazoin pigment produced by malaria parasites can scatter laser light, leading to abnormal scattergram patterns in complete
                  blood count (CBC) analysis. Various abnormal patterns seen on WBC-DIFF (differential) scattergram (Figure  1) in malaria infection include mixing of neutrophil and eosinophil clusters, double neutrophil or eosinophil clusters, greying
                  of neutrophil and eosinophil clusters, reduced spacing between eosinophil and neutrophil clusters, large eosinophil clusters,
                  and prominent blue/purple events above the X axis.11

               
                     
                     Figure 1

                     Scattergram showing the area with Infected RBCs
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               Hemozoin pigments produced by the malaria parasite have the ability to alter the polarization of laser light. As a result,
                  infected red blood cells displaying various morphological forms such as trophozoites (ring forms), schizonts, and gametocytes,
                  as well as phagocytic cells (monocytes, macrophages, and neutrophils containing the parasite), generate abnormal and unusual
                  scattergrams during routine CBC analysis. The current study aimed to evaluate the effectiveness of WBC scattergrams produced
                  by the Erba Fully Automated Hematology analyzers Elite580 & H560 in diagnosing malaria, with the goal of enabling early detection
                  and treatment to prevent subsequent complications.11 Although these automated analyzers have significant potential to screen the malaria parasite, these analyzers are not widely
                  available in Basic Primary healthcare set ups in remotely located laboratories in India and this limitation hinders its integration
                  and usage into routine care practice.
               

               Thin and thick blood smears were prepared from each blood sample and stained with Giemsa stain.12  Experienced microscopist examined the stained slides under a light microscope to identify and quantify the trophozoite form
                  of P.vivax. The positive samples of P.vivax were checked on both Erba analyzers - Elite580 & H560 to capture the flaggings.
                  The presence or absence of trophozoites in each sample was recorded for both the analyzers. The collected data was analysed
                  to determine the specificity which was calculated based on four categories: trophozoite-positive in both Elite 580 & H560,
                  trophozoite-positive in H560 and negative in Elite 580, trophozoite-negative in H560 and positive in Elite 580, and trophozoite-negative
                  in both Elite 580 & H560.Descriptive statistics, such as frequencies, percentages, chi-squared value and odds ratio, were
                  used to summarize the findings. The specificity of each analyzer was calculated as a percentage. The SPSS version 15.0 used
                  for the statistical analysis.
               

            

         

         
               Results

            In this study, among the trophozoite-positive samples, Out of total 400 blood samples which were all positive on peripheral
               smear, 312 samples tested positive for trophozoites in both analyzers. While for 22 samples, H560 identified trophozoites
               while Elite580 did not. For 37 samples, Elite580 identified trophozoites while H560 did not. And for 29 samples, both H560
               and Elite580 could not identify the trophozoites which were present in the smears.
            

            
                  
                  Table 1

                  Statistical analysis oftrophozoite-Positive malaria diagnostic test combinations
                  

               

               
                     
                        
                           	
                              
                           
                            Diagnostic Test Combination

                           
                        
                        	
                              
                           
                            Number of Samples (Observed)

                           
                        
                        	
                              
                           
                            Percentage of Total Samples (%)

                           
                        
                        	
                              
                           
                            Chi-squared Contribution

                           
                        
                        	
                              
                           
                            Odds Ratio

                           
                        
                     

                     
                           	
                              
                           
                            TFPV +ve in H560 and Elite580 

                           
                        
                        	
                              
                           
                            312

                           
                        
                        	
                              
                           
                            78

                           
                        
                        	
                              
                           
                            7.68

                           
                        
                        	
                              
                           
                            10.76

                           
                        
                     

                     
                           	
                              
                           
                            TFPV +ve in H560 and -ve in Elite580

                           
                        
                        	
                              
                           
                            22

                           
                        
                        	
                              
                           
                            5.5

                           
                        
                        	
                              
                           
                            14.37

                           
                        
                        	
                              
                           
                            0.59

                           
                        
                     

                     
                           	
                              
                           
                            TFPV -ve in H560 and +ve in Elite580

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            9.25

                           
                        
                        	
                              
                           
                            2.19

                           
                        
                        	
                              
                           
                            1.68

                           
                        
                     

                     
                           	
                              
                           
                            TFPV -ve in H560 and Elite580

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            7.25

                           
                        
                        	
                              
                           
                            8.38

                           
                        
                        	
                              
                           
                            0.09

                           
                        
                     

                     
                           	
                              
                           
                            Total Samples Analysed

                           
                        
                        	
                              
                           
                            400

                           
                        
                        	
                              
                           
                            100

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

            

            TFPV +ve in H560 and Elite580 both (312 samples, 78.00%): A significantly higher likelihood (odds ratio = 10.76) of concordant
               positive results in both H560 and Elite580 was observed (Table  1).
            

            TFPV +ve in H560 and -ve in Elite580 (22 samples, 5.50%): A decreased likelihood (odds ratio = 0.59) of discordant results,
               suggesting that if H560 identifies trophozoites, Elite580 is less likely to miss them. (Table  1)
            

            TFPV -ve in H560 and +ve in Elite580 (37 samples, 9.25%): A moderate likelihood (odds ratio = 1.68) of discordant positive
               results between H560 and Elite580 was observed. (Table  1)
            

            TFPV -ve in H560 and Elite580 both (29 samples, 7.25%): A significantly reduced likelihood (odds ratio = 0.09) of discordant
               negative results between H560 and Elite580 was noted. (Table  1)
            

            
                  
                  Table 2

                  Specificity of Haematologyanalyzer H560 and Elite 580
                  

               

               
                     
                        
                           	
                              
                           
                            Diagnostic Test Specificity

                           
                        
                        	
                              
                           
                            Specificity (%)

                           
                        
                     

                     
                           	
                              
                           
                            Specificity of H560

                           
                        
                        	
                              
                           
                            92.95

                           
                        
                     

                     
                           	
                              
                           
                            Specificity of Elite 580

                           
                        
                        	
                              
                           
                            88.14

                           
                        
                     

                  
               

            

            The specificity of the H560 analyzer was determined to be 92.95%, signifying its high accuracy in correctly identifying trophozoite-negative
               samples. On the other hand, the specificity of the Elite 580 analyzer was found to be 88.14%, indicating its effectiveness
               in correctly identifying trophozoite-negative samples. (Table  2)
            

            These results provide valuable insights into the diagnostic performance of H560 and Elite580 in identifying trophozoite-positive
               and trophozoite-negative samples within the studied cohort. The findings contribute to our understanding of the efficacy of
               these analyzers in the context of Plasmodium vivax detection.
            

         

         
               Discussion

            The findings of the present study, which focused on the identification & flagging for Plasmodium vivax resonate with existing
               research on malaria diagnostics. The prevalence of P.vivax observed in all analysed samples aligns with the well-established
               fact that the trophozoite stage is a crucial target for malaria diagnosis due to its presence during the symptomatic phase
               of the infection. 2

            The high concordance of trophozoite-positive results on Elite580 & H560 as flaggings on 312 samples emphasizes their effectiveness
               in detecting P.vivax infections, corroborating the findings of other studies that have evaluated the performance of rapid
               diagnostic tests (RDTs) in malaria-endemic regions.6 However, the discrepancies observed in the results, might be attributed to variations in test sensitivities, the presence
               of low parasitaemia, or specific characteristics of the study population.3, 8, 13 The variations in specificity might be influenced by factors such as geographic location, the prevalence of different Plasmodium
               species, and the potential impact of genetic variations in the parasite population.7, 14

            Moreover, the importance of understanding the local epidemiology of malaria, as emphasized by Singh et al.,7 is underscored by the results of this study. The prevalence and distribution of Plasmodium species, as well as the performance
               of diagnostic methods, can vary significantly between regions, influencing the choice of appropriate diagnostic tools for
               effective malaria control strategies.5, 15

         

         
               Conclusion

            In conclusion, our study revealed the presence of P.vivax as flaggings on Elite580 & H560 with specificity values of H560
               (92.95%) and Elite580 (88.14%) aligning with existing research, emphasizing the need for context-specific interpretation.
               This study contributes essential insights for refining malaria diagnostic strategies, crucial for tailored and effective control
               measures.
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