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Abstract
Malaria is a global threat and a never-ending battle without appropriate identification and 
differentiation of the parasite species. This work compared the diagnostic methods including the thick 
film microscopy technique, quantitative buffy coat, and polymerase chain reaction. The inaccuracy of 
species determination by microscopy and the consequent treatment regime underlines the necessity 
to upgrade routine diagnostic methods with molecular techniques. In the study, 436 samples were 
collected; venous blood was processed for the quantitative buffy coat technique followed by classical 
Giemsa staining of thin and thick smears and nested Polymerase Chain Reaction (nPCR) for the genus-
specific region of Plasmodium targeting 18S rDNA followed by species-specific identification. Of 436 
samples screened for malaria, results in PCR showed 78.7% (100/127) to be P. vivax, 4.8% (6/127) as 
P. falciparum and 16.5% (21/127) to be mixed infection (P. vivax + P. falciparum). The prevalence of 
malaria was 0.29, and there was good concordance between the methods for detecting Plasmodium 
(Kappa:0.77). In our investigation, nested PCR and TFM exhibited a sensitivity of 97.7% and a specificity 
of 100% for malaria detection compared to QBC. Clinical parameters- thrombocytopenia and anemia, 
were compared in this study. A positive association was observed between thrombocytopenia and 
malaria (p<0.05), but the association between anemia and malaria infection remains unclear. Primer 
cross-reactions were also observed in the primer sequence of P. ovale and P. knowlesi, but sequencing 
confirmed it as P. vivax and the study of phylogeny paved a new way in analyzing the relatedness of 
the sequences.
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INTRODUCTION

 Malaria continues to be a major public 
health concern threatening 106 countries, with 
approximately 650,000 annual deaths.1 In 2020, 
an estimated 241 million cases of malaria were 
recorded worldwide compared to 227 million cases 
in 2019.2,3 About 3% of cases are reported in India.4 
Malaria is very common in India, with two primary 
malarial parasites, Plasmodium falciparum and 
Plasmodium vivax, wreaking havoc.5,6 An estimated 
0.7–1.6 million cases and 400-1,000 fatalities are 
reported annually in India. In 2019, Karnataka 
recorded ~3500 cases of malaria, of which ~2800 
(80%) were reported from the Udupi and Dakshina 
Kannada districts. Mangaluru, a coastal city of 
Dakshina Kannada, was labeled as endemic to 
malaria, with P. vivax, being responsible for most 
cases.7 Though 90% of the reported cases were 
diagnosed as P. vivax, most of the mortality was 
seen in patients positive for P. falciparum.8,9 The 
emergence of severe malaria in India during 
1994–1995 has significant implications for the 
planning of malaria control programs.
 The city of Mangaluru reported an 
increase in malarial vectors, a consequence of 
increasing urbanization resulting in construction 
activities. P. vivax affects more than 50% of 
Mangaluru’s population. Initially considered a 
milder form of malaria, the increased morbidity 
with relapse has made it difficult to eradicate. 
In contrast to P. falciparum, P. vivax has greater 
prevalence and genetic variation in the district. 
Mortality caused by malaria goes unnoticed 
in India by the healthcare facilities leading to 
inaccurate contribution of information on the 
global burden.10,11 Since many patients have 
limited access to healthcare facilities; many cases 
go under-reported.12 In the outside sub-Saharan 
region of Africa, about 3.5%-16% of malaria-
related morbidity was associated with severe 
vivax malaria. To date, conventional microscopic 
examination of Giemsa-stained blood smears 
is considered the gold standard diagnostic 
technique.13 Though this technique efficiently 
distinguishes various species of Plasmodium, 
it is limited in identifying Plasmodium ovale, 
which causes tertian malaria in humans and has 
morphological similarities with P. vivax. Diagnosis 
may be missed because of low parasitemia or 

mixed infections, and lack of adequately trained 
personnel, all of which make microscopy-based 
diagnosis challenging.14

 Another method employed for malarial 
diagnosis is the Quantitative Buffy Coat (QBC) 
technique.15 This technique is mainly based on 
micro-centrifugation, fluorescence, and density 
gradient of infected erythrocytes. Training 
a technician to use QBC as a diagnostic tool 
requires a shorter duration of approximately a 
week compared to microscopic training which 
takes years for a trainee to be skilled enough 
to diagnose and characterize the species.16 For 
efficient treatment of malaria, early and accurate 
diagnosis is of utmost importance.17,18 Molecular 
technique-like PCR is commonly used for diagnosis 
as it is reliable, sensitive, and more specific than 
the thick film microscopy technique.19-21 For 
detecting Plasmodium, the first round of PCR using 
genus-specific primers followed by nested PCR for 
speciation is a promising technique.22,23 Though 
nested PCR assays can differentiate species even 
with low parasitemia, cross-reactivity remains a 
major concern in diagnosing closely related species 
like P. vivax, and P. ovale. and the considered fifth 
human malaria parasite Plasmodium knowlesi 
Earlier research employing the PCR diagnostic 
assay revealed numerous fascinating facts about 
the malaria parasite spread in India. The main 
objective of this study was to compare the various 
diagnostic methods for the detection of malaria 
and the prevalence of the species in the city of 
Mangaluru, an endemic zone located on the 
southwest coast of Karnataka, India. The study 
also focused on the association of malaria with 
some clinical parameters like thrombocytopenia 
and anemia, distribution of malarial cases with 
demographic variables like age and gender as 
well as distribution of Plasmodium species among 
positive cases identified in the study.

MATERIALS AND METHODS

Study design
 The study was conducted in Mangaluru, 
located in coastal Dakshina Kannada District, 
Karnataka, India, where malaria is endemic 
with seasonality factors influencing the vector 
population. P. falciparum and P. vivax infections 
have been observed to predominate the coastal 



  www.microbiologyjournal.org534Journal of Pure and Applied Microbiology

Rai et al. | J Pure Appl Microbiol. 2023;17(1):532-542. https://doi.org/10.22207/JPAM.17.1.47

areas. 436 blood samples were obtained during 
the period 2017–2019, from individuals with 
suspected malarial fever from a major hospital 
in the region with more than ten thousand 
patients visiting the outpatient department on 
a monthly average. Patients of the age group 
more than 2 years, with fever and any two of the 
following conditions, chills, sweating, jaundice, 
splenomegaly, convulsions, coma, shock, and 
pulmonary edema, were included in the study as 
per the criteria mentioned in the National Vector 
Borne Disease Control Programme of India (www.
nvbdcp.gov.in ).

Ethics approval
 This  study was approved by the 
Institutional Scientific and Central Ethics 
committee (vide; NU/CEC/ICMR-05/2015, NU/
CEC/2018/0183) of Nitte Deemed to be University, 
Mangaluru and permitted by District Health 
Officer, Mangaluru (vide; No: AV (2) 283/2018-19). 
The malaria microscopy training for the study was 
imparted by the Government Wenlock District 
Hospital, a recognized center under the National 
Vector Borne Disease Control Programme of the 
District Mangaluru (Dakshina Kannada), India 
(vide; No/DVBDCP/108/2018-19).

Blood Collection, Quantitative Buffy Coat (QBC) 
analysis, and Thick Film Microscopy (TFM)
 Venous blood (2mL) was collected in a 
sterile heparinized tube from the febrile patients 
and screened for malaria parasite by QBC and 
microscopic examination of the stained smear. 
Blood parasite detection by QBC15,24 is based 
on centrifugal stratification of blood elements 
and was used for blood parasite detection. 
Additionally, 2–3 drops of blood were used for thin 
and thick smear preparation on microscopic slides, 
followed by Giemsa staining and microscopic 
examinations by a lab technician skilled in malarial 
microscopy.25 The thick film counted parasites 
among 200 leukocytes (WBCs). The density of the 
parasites was obtained by estimating a cumulative 
WBC count of 8000/mL and 4.5 million RBC/mL 
and examining at least 200 fields before recording 
the result as negative.26

Thrombocytopenia and Anemia
 Platelet count <150,000 platelets/µL was 

classified as thrombocytopenia.27 Anemia was 
considered to be so when the hemoglobin was < 
11 g/dL. The samples were categorized as platelet 
counts less than <150,000 platelets/µL and more 
than 150,000 platelets/µL. Likewise, Anemia is 
defined by the World Health Organization (WHO) 
as hemoglobin (Hb) levels of 12.0 g/dL in women, 
and 13.0 g/dL in men,28 less than this value is 
considered anemic and more than being non-
anemic. These data were analyzed to compare 
thrombocytopenia and anemia association with 
malaria. 

Polymerase chain reaction and Molecular analysis 
 For molecular studies, ~200 µL of 
heparinized whole blood sample was used for 
the total DNA extraction using DNeasy Blood and 
Tissue Kit (QIAGEN). PCR was performed using the 
previously published primers.22, 29 For the genus-
specific detection, the following primers were 
used: rPLU1/rPLU5 for the primary (first step) and 
rPLU3/rPLU4 for secondary (nested) amplification. 
Each 30 µL reaction mixture contained 2 µL 
(100 ng/µL) of DNA template, 0.8 µL (8 8 pM) 
of each primer, 3.3 microliters 10x buffer, 0.8 µL 
(110 mM) of deoxynucleoside triphosphate, and 
0.3µL (1.5 units) of Taq DNA polymerase. Primary 
amplification comprised subjecting the reaction 
mix to an initial denaturation at 94°C for 3 minutes 
followed by 40 cycles that included denaturation 
at 94°C for 60 seconds, annealing at 54°C for 30 
seconds, extension at 72°C for 90 seconds, and 
final delay at 72°C for 10 minutes. The samples that 
showed amplification using rPLU1/rPLU5 primers 
were tested for species-specific primers rVIV1/
rVIV2 for P. vivax, rFAL1/rFAL2 for P. falciparum, 
rMAL1/rMAL2 for P. malariae, pmk8/pmk9 and 
Pk1140/Pk1150 for P. knowlesi 29 and rOVA1/
rOVA2 and rOVA 3/rOVA4 for P. ovale.30,31 Two 
microliters (100ng/µL) of the primary amplification 
product served as the template for each 30-µL 
nested PCR reaction. The concentrations of the 
nested reaction primers and other constituents 
were the same as those for primary amplification. 
Nested reaction conditions were also identical to 
primary amplification except that the annealing 
temperature for genus-specific primers rPLU3 and 
rPLU4 was 52°C and varied for species-specific 
primers, with 60°C for rFAL1/rFAL2, 53.5°C for 
rMAL1/rMAL2, 55°C for rVIV1/rVIV2, 50°C for 
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rOVA3/rOVA4, 48°C for pmk8/pmk9. The PCR 
products of the nested reaction were analyzed 
by gel electrophoresis, stained with ethidium 
bromide, and visualized under UV-Transilluminator 
(Biorad, Germany).

Sequence analysis
 The PCR products were outsourced for 
sequencing after purification with a QIAquick 
PCR purification kit (QIAGEN, Germany), and 
the sequences were analyzed using MEGA X and 
Clustal W. The sequences were aligned with the 
reference 18S rDNA gene of the 3D7 isolate of P. 
falciparum (GenBank accession no. AL844501) 
and SAL-1 strain of P. vivax (GenBank accession 
no. U03079.1) using the BLAST search.

Statistical analysis
 Descriptive figures were expressed 
as medians and frequencies. Samples were 
categorized based on age, gender, the status 
of anemia, and thrombocytopenia with the 
occurrence of malaria infection. Each of the three 
diagnostic techniques' sensitivity, specificity, and 
predictive value were computed by comparing 
them to a composite reference21 generated from 
the three methods. Sensitivity, specificity, statistical 
positives and negatives, accuracy, and percentage 

of agreement (kappa value) were calculated with 
confidence intervals.32 Plasmodium genus/species 
positive in all the methods were considered as True 
Positive (TP), and negative by all methods were 
True Negative (TN), samples wrongly detected 
as positive in a particular method were False 
Positive (FP), and those detected as negative was 
considered False Negative (FN). Calculations of 
sensitivity, specificity, and predictive values of 
diagnostic methods were performed using the 
following formulae: sensitivity = (TP / (TP + FN)) 
× 100, specificity = (TN/ (TN + FP)) × 100, positive 
predictive value = (TP / (TP + FP)) × 100, negative 
predictive value = (TN/ (TN + FN)) × 100.33 Chi-
square tests were performed to find an association 
between the categorical variable (gender, status 
of anemia, and thrombocytopenia) with the 
occurrence of malaria independently. Statistical 
analysis was performed using SPSS software ver. 
29.0 (IBM, Armonk, NY, USA) on the data, p < 0.05 
was considered significant.

RESULTS

 Microscopic examination showed 
Plasmodium in different life-cycle stages of 
the parasite. Based on the morphologically 
dist inguishable features of  microscopic 

Figure 1. Microscopic image showing Giemsa’s stained erythrocytic developmental stages of malarial parasites. 
Image a-l: P. vivax and image m-x: P. falciparum Trophozoite stages to Gametocyte stages
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observation as explained in WHO basic malaria 
microscopy guidelines,26 the samples were 
further characterized into P. vivax, P. falciparum, 
and mixed infection (P. vivax + P. falciparum). 
Figure 1 depicts the Giemsa-stained erythrocytic 
developmental stages of malarial parasites for 
two species, P. vivax, and P. falciparum (Figure 1). 
Among the confirmed malaria cases (127/436) all 
the patients had a fever, chills /sweating as primary 
symptoms and other presenting. symptoms like 
jaundice (5%), and splenomegaly (3%), none 
of the other patients reported coma, shock, or 
pulmonary edema. One patient presented with 
cerebral malaria without symptoms of convulsions. 
Of the 436 suspected malaria, samples collected, 
290 (66.6%) were males, and 148 (33.4%) were 
females. The positive cases were categorized based 
on age and gender (Supplementary file 1). It was 

found that the male population was significantly 
associated with positive malaria cases (p<0.05), 
however, the age factor was not associated with 
positive cases. Thrombocytopenia, and anemia 
and their relation with the status of malaria 
was analyzed. Of 91 infected patients positive 
for P. vivax, 84 (92%) were thrombocytopenic 
(Figure 2a), and 26 (28.5%) were anemic  
(Figure 2b). Similarly, among 5 P. falciparum-
infected patients, 2(40%) were thrombocytopenic, 
and only 1(20%) was anemic. In cases of mixed 
infection by P. vivax and P. falciparum of 19, 17 
(89%) were thrombocytopenic, and 10 (52%) were 
anemic, we lacked patient information of anemia 
and thrombocytopenia for 12 samples that were 
positive for malaria. In cases of febrile illness 
(n=309), we lacked patient details 80 samples in 
anemia and 55 samples in thrombocytopenia. 

Figure 2. Bar diagram showing the population affected. a. Distribution of thrombocytopenia present or absent 
among the species b. Distribution of anaemia present or absent among the species

Figure 3. Representative gel image of PCR characterization Plasmodium species. Lanes M:100 bp DNA ladder, Lane 
1,3,5&7: Non-Template Control (NTC); Lanes 2&4: Plasmodium genus 18S rDNA primary and secondary amplification 
respectively; Lanes 6&8: Species confirmation band of P. falciparum and P. vivax respectively
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A positive association was observed between 
thrombocytopenia (p<0.05) and malaria, but the 
association between anemia and malaria infection 
was non-significant (p>0.05). TFM results indicated 
that 81 samples (63.8%) were positive for P. vivax, 
39 (30.7%) were positive for mixed species (P. vivax 
+ P. falciparum), and 7 (5.5 %) were positive for P. 
falciparum of 127 positives and in QBC findings 
showed that 69 samples (54 %) were positive for P. 
vivax, 52 (40.5 %) were positive for mixed species 
(P. vivax + P. falciparum), and 7 (5.5%) of the 128 
positives were positive for P. falciparum.
 PCR was performed for all 436 samples 
using primers mentioned in the methodology. 
The genus-specific primers targeting 18S rDNA 
were expected to generate an amplicon of ~1600 
bp, which was further used for nested PCR to 
confirm the genus and species. A 240 bp amplicon 
was obtained in the positive samples confirming 
the Plasmodium genus. The primers used for P. 
vivax generated a product of 121 bp and primers 
targeting P. falciparum generated a product of 206 
bp (Figure 3). In the case of P. ovale and P. knowlesi, 
the respective primers generated amplicons of 
456 bp and 153 bp, respectively. Results of PCR 
revealed 100 samples (78.7%) positive for P. vivax, 
21 (16.5%) showing mixed species (P. vivax + P. 
falciparum), and 6 (4.8%) positive for P. falciparum 
(Figure 4). 

 The prevalence of malaria was 0.29 
(127/436) considering positives (true positive) by 
all the methods, with 97.67% sensitivity and 100% 
specificity for both PCR and TFM, whereas 98.45% 
sensitivity and 99.67% specificity were obtained 
for the QBC method when each diagnostic 
method was compared to the composite reference 
(Supplementary file 2). All the diagnostic methods 
(TFM, QBC, and PCR) confirmed 127 samples 
as positive for malaria. The number of P. vivax 
samples detected by PCR and TFM was 70. The 
number of mixed samples detected by both PCR 
and TFM was 9. However, 28 samples that were 
detected as a mixed infection through TFM were 
found to be positive only for P. vivax. A good 
concordance between both methods for detecting 
Plasmodium at the genus level (Kappa:0.77) with 
a 95% confidence interval is observed. To confirm 
the 18S rDNA PCR amplicons, twelve PCR products 
that included two P. vivax, five P. falciparum, three 
P. ovale, and two P. knowlesi were sequenced. 
The sequences obtained were aligned with the 
reference sequence using suitable computational 
tools mentioned in the methods. The sequencing 
results provided interesting information. Three 
samples reported as positive for P. ovale and 
two for P. knowlesi turned out to be P. vivax. The 
interesting sequences thus generated with a cross-
reactivity were also deposited in the GenBank 

Figure 4. Venn diagram showing the distribution of Plasmodium species. In microscopy (TFM) out of 127 positive 
malaria cases, 81 samples (63.8%) were positive for P. vivax, 39 (30.7%) were positive for mixed species (P. vivax + 
P. falciparum), and 7 (5.5 %) were positive for P. falciparum, whereas in PCR showed 100 samples (78.7%) positive 
for P. vivax, 21 (16.5%) showing mixed species (P. vivax + P. falciparum), and 6 (4.8%) positive for P. falciparum
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and assigned accession numbers. Phylogenetic 
analysis of partial sequences was constructed with 
the maximum likelihood estimation model using 
the MEGA X program (Figure 5). All sequences of 
P. vivax deposited included GenBank accession 
no. OM033487 & OM033488, OM033596 - 
OM033598, & OM038613, and P. falciparum 
GenBank accession no. OM057670 & OM057671, 
OM049473- OM049475.
 The phylogenetic tree is represented 
in Figure 5a from sequences amplified using P. 
ovale 18S primers rOVA 3/rOVA4, which amplified 
regions of P. vivax 18S rDNA showing cross-
reactivity of primer. Two sequences (accession 
number: OM033597, OM033598) showed 
similarity to the reference Belem strain and the 
Sal 1 from Brazil, with the region covering 406 

bp. These two sequences had nucleotide A at the 
1519 position, similar to the reference sequences. 
Another sequence (accession number: OM033596) 
amplified using the same primer showed similarity 
to sequences from Rajasthan, India. A1519T 
substitution was unique in the accession number 
mentioned above from India similar to Sal 1. P. 
falciparum sequences are amplified using nested 
primers rPLU1/rFAL2 (Figure 5b) and rFAL1/rFAL2 
yielded 829 bp and 205 bp, respectively. The 
amplified region was highly similar to the 18S 
rDNA gene of the 3D7 reference sequence. P. vivax-
specific primers (rVIV1/rVIV2), which amplified 
121 bp and the submitted sequences (accession 
number: OM033487, OM033488) were highly 
similar to the reference sequence (Figure 5c). 

Figure 5. Phylogenetic analysis of 18S rDNA gene of P. vivax and P. falciparum partial sequences. The phylogeny 
tree was constructed with the Neighbor-joining method using the MEGA X program
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 The set of primers that also exhibited 
cross-reactivity upon using primers for P. knowlesi 
(pmk8/pmk9) amplified 153 bp from P. vivax 
(accession number: OM038612, OM038613), 
which was similar to the P. vivax Salvador I 
(XR_003001211) reference sequence.

DISCUSSION

 The current study was conducted in 
a malaria-endemic zone using three different 
methods for malaria diagnosis. Comparisons 
made included clinical associations based on 
laboratory parameters, and diagnosis using TFM 
with or without QBC. Malaria misdiagnosis is 
common when there is low parasitemia, and 
when antimalarial drugs are not specific to the 
species causing malaria.34-37 The misdiagnosis 
leads to an inappropriate prescription of high-
cost medications with the patient exposed to 
potentially toxic drugs.38-40 The success of TFM 
in malaria diagnosis depends upon a high level 
of personnel competency for accuracy.41 An 
experienced and well-trained technician is the 
key to TFM and is considered the gold standard 
in diagnosing malaria. Recently, the use of 
molecular tests such as PCR is highly acclaimed and 
therefore popular for the sensitive identification 
and differentiation of Plasmodium species 
simultaneously.19 However, the success of this 
method depends on the specificity of the primers. 
In this study, 127 of 436 samples were confirmed as 
malaria by the three methods, demonstrating the 
usefulness of TFM, QBC as well as PCR. However, 
it is crucial to differentiate the species causing the 
type of malaria when reporting positive in patients 
for accurate treatment and to use the right anti-
malarial drugs, especially in endemic areas.13,42 
The inaccuracy of species determination by thick 
film microscopy has underlined the necessity for 
sufficient training and regular skill monitoring 
for microbiologists involved in malaria diagnosis, 
as well as an upgrade to the routine use of PCR-
based molecular techniques. In this study, 10 cases 
diagnosed as P. vivax by TFM were later confirmed 
by PCR as a mixed infection due to P. vivax and P. 
falciparum. In contrast, 28 cases diagnosed as a 
mixed infection turned out to be mono-infection 
by P. vivax. One case confirmed as P. falciparum 
by TFM was confirmed as P. vivax by PCR. The 

importance of early detection and treatment is 
paramount to avoiding complications in malaria. It 
has been observed that cerebral malaria patients 
affected by P. falciparum who do not receive 
prompt treatment end up with unnecessary 
complications leading to death. Nested PCR has 
higher sensitivity and specificity than TFM. This 
is endorsed in our study in which nested PCR for 
malaria detection exhibited a sensitivity of 97.67 
percent and specificity of 100 percent compared 
to the microscopic examination of Giemsa-stained 
smears, especially for species determination for 
accurate treatment.
 Earlier studies using PCR for malaria 
detection23,30,31,43,44 have demonstrated the 
superiority of the technique as they observed 
cross-reactivity between some species that 
occurred in differentiating P. knowlesi and P. 
ovale from P. vivax using primers pmk8 and pmk9 
as well as rOVA3 and 4. We also detected eight 
positive samples for P. vivax by PCR and generated 
amplicons with primer pairs pmk8 and pmk9. 
Likewise, 35 samples that were positive for P. vivax 
generated amplicons suggesting P. ovale using 
the primer pair rOVA3 and rOVA4. Since the gene 
regions used earlier were known to result in cross-
creativity, for further confirmation, we performed 
PCR with new sets of primers released by the 
same authors, after encountering cross-reactivity, 
and the primer that was suggested as promising 
alternatives.23,30,43 This region was believed to 
help identify P. knowlesi and P. ovale using semi-
nested PCR amplification of a fragment of DNA 
that differed in the target region from that of P. 
vivax. Our results showed the samples as positive 
for vivax only, ruling out the presence of P. ovale 
or P. knowlesi in the 127 positive samples. The 
sequencing results further confirmed the samples 
as positive for P. vivax. The results highlighted the 
genomic variation in the primer binding region of P. 
vivax which could be the primary reason for cross-
reactivity, some of the primers we used exhibited 
cross-reactivity using primers for P. knowlesi 
(pmk8/pmk9), and primers for P. ovale (rOVA 3/
rOVA4) indicating the need for a review of existing 
primers for species identification. The phylogenetic 
tree constructed using the sequence, revealed the 
diversity in the circulation of malaria parasites in 
this endemic region, which could be due to the 
migration of workers in this geographical area, 
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especially among people involved mainly in urban 
development. It could also be attributed to the 
P. vivax and P. falciparum mixed infections seen 
predominantly in the area. 
 We also examined the association 
of malaria with cl inical  parameters l ike 
thrombocytopenia and anemia, the distribution 
of Plasmodium cases with demographic variables 
like age and gender as well as the distribution of 
Plasmodium species in positive cases identified 
in the study. An increased infection rate was seen 
in the active age group of 20-29. A similar trend 
was also observed among the female population. 
However, no correlation could be drawn with 
the existing data. The dominance of the P. vivax 
species in Mangaluru followed by a mixed infection 
involving P. vivax and P. falciparum was observed. 
This trend was previously observed in Mangaluru 
by Dayanand et al.45 from January 2013 through 
December 2016. The least prevalent species 
reported in this study were P. falciparum. An 
observation that thrombocytopenia or anemia 
is a hematological complication associated with 
malaria has been reported.46-47 In our study, the 
majority of the positive malaria patients showed 
thrombocytopenia. ~84% of the negative samples 
showed no signs of thrombocytopenia, thereby 
highlighting its use as a predictor or indicator of 
malaria. However, this pattern was not observed 
in the case of anemia, where about ~75% of the 
non-malarial febrile patients showed anemic 
conditions. In comparison, only 32% of the patients 
who tested positive for malarial parasites had 
anemia. Though this association does not throw 
light on the use of thrombocytopenia as a marker, 
it remains to be seen whether these hematological 
conditions are a cause or consequence of malaria.
 The inaccuracy of species determination 
by thick film microscopy has underlined the 
necessity to upgrade routine diagnostic methods 
with complementary molecular techniques. PCR-
based strategies coupled with genomic sequencing 
will be a viable method for the detection and 
differentiation of species in malarial cases, 
especially for early and accurate diagnosis when 
the parasitemia is low for directing appropriate 
treatment. The Association of clinical parameters 
with malaria can be explored to understand the 
pathogenesis and complications that arise due to 
severity and in chronic cases.
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