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  Malaria is a public health problem in several parts of India. A 

continuous decrease in malaria has been reported in India, from 

about 2.0 million cases in 2000 to about 0.2 million in 2020[1]. In 

February 2016, the Government of India formally launched the 

National Framework for Malaria Elimination, which outlines the 

strategies for eliminating malaria from India by 2030[2]. It aims to 

interrupt indigenous malaria transmission (zero indigenous case 

reporting) throughout the country, prevent the re-establishment of 

transmission in areas where it has been eliminated, and maintain 

national malaria-free status by 2030 and beyond, using the existing 

intervention tools and strategies. In 2017, India launched its five-

year National Strategic Plan for Malaria Elimination, which is 

mainly district focused rather than the National Framework for 

Malaria Elimination, which was state focused[3]. India has shown a 

71% reduction of malaria cases in 2019 compared to 2015, which 

was achieved by strengthening surveillance, improving diagnosis 

and treatment, and intensive vector control measures using existing 

tools. In India, Odisha state contributed 37.4% of total malaria cases 

in 2015, which was reduced to 12% in 2019 using the Durgama 

Anchalare Malaria Nirakaran initiative and comprehensive case 

management of malaria[4]. The key to success in keeping the 

momentum of this reduction and catching malaria elimination 

goal is the accurate diagnosis of malaria cases. Among the five 

Plasmodium species, Plasmodium (P.) falciparum (Pf) and P. vivax 
(Pv) cause more cases than other species. And their diagnosis is 

complicated by the varied distribution of mono and mixed infections. 

Microscopy remains the gold standard method but requires highly 

skilled microscopists with genuine knowledge of different stages 

of Plasmodium species and the capability to read low-density 

parasitemia. Fulfilling such a requirement in rural India is a daunting 

task; consequently, more than a quarter of malaria cases are missed 

by microscopy. Rapid diagnostic kits are used where microscopy is 

not feasible due to its ease of use in remote settings.

  In the current scenario when health agencies are emphasizing 

on test and treatment strategies for Plasmodium infections, here 

we summarized the scanty evidence of misdiagnosis in detecting 

Plasmodium infections in India. An Indian study reported that 

out of 1 521 microscopy-confirmed Pf infections, 265 samples 

(mixed Pf-Pv infections) were misdiagnosed as Pf infections[5]. A 

similar prevalence of unreported mixed infections (18%) amongst 

microscopically declared Pf cases were reported in another 

study that examined the blood samples collected from almost all 

malaria endemic regions of India[6]. A recent case report about the 

misdiagnosis of Plasmodium species in the high endemic district 

Gadchiroli of Maharashtra state, India, revealed the consequences of 

misdiagnosis resulted in the loss of life of a patient[7].

  Although the proportion of misdiagnosis in India is consistent (about 

17%-18%) since 2015, still it is significant enough to collapse the 

system of disease tracking and management. The proportion of Pv 
is majorly misdiagnosed as Pf infections which requires immediate 

attention. A fundamental limitation is that mixed infections (Pf-
Pv) are recorded as Pf malaria in aggregated reports, and mixed 

infections are often likely to be missed in microscopy. In addition, 

Pv malaria deaths in India are investigated and recorded; however, 

these are not included in the annual report[8].

  While observing malaria trend for the last five years (2016-2021) 

in India, it is observed that Pf cases declined from 65.5% in 2016 
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to 46.4% in 2019. However, during 2020 and 2021, the scenario 

was reversed with an increase in the proportion of Pf to about 

63%. Elimination of Pv foci is achievable but not in less than three 

years, compared with the one year for Pf[9]. In fact, due to relapse 

in Pv malaria, it is difficult to control and eliminate Pv malaria. It 

is expected that there will be an increase in the cases of Pv malaria 

during this lean phase of malaria transmission in the country. 

However, a decrease in the percentage of Pv cases raises concerns 

about the proper diagnosis of malaria cases. There is a possibility 

that the majority of Pv and mixed infections are being misdiagnosed 

as Pf cases. The authors have conducted a mass blood survey in two 

districts of North-East India (n=3 322) in 2017, which revealed that 

more than 55.4% (169/305) of PCR confirmed Pf infections were 

misdiagnosed with rapid diagnostic kits, of which 97.6% (165/169) 

were false negative. A total of 37.5% (15/40) of the PCR confirmed 

Pv samples were declared Pf. A similar proportion was declared 

negative by rapid diagnostic kits, and 2.5% (1/40) was Pf-Pv mixed 

infections. PCR confirmed Pf-Pv mixed infections (n=18) were 

majorly misdiagnosed as Pf (72.2%, 13/18), Pv (5.6%, 1/18) and 

negative (11.1%, 2/18) using rapid diagnostic kits[10].

  Bivalent Pf/Pv antigen detecting rapid diagnostic kits was 

introduced to ensure access to malaria diagnosis in 2013. Since then, 

malaria diagnosis dependency has shifted from microscopy to rapid 

diagnostic kits in inaccessible and malaria-endemic areas. However, 

deletions in the histidine rich protein-2 gene resulted in misdiagnosis 

of Plasmodium species.

  Misdiagnoses can have severe consequences on a person’s health 

and disease trajectory. It can delay recovery and sometimes call for 

harmful treatment, as per the drug treatment guidelines of National 

Vector Borne Disease Control Programme (NVBDCP). There is 

different treatment regime for Pf and Pv infections. In uncomplicated 

Pf infections, three days of artemisinin combination therapy is 

recommended. But for Pv cases, a three-day regimen of chloroquine 

with 14 days regimen of primaquine is recommended in India 

(NVBDCP). Therefore, misdiagnosis can lead to the treatment of Pv 

cases with the drug recommended for Pf infection, which may result 

in wrong treatment and chances of relapse.

  Moreover, the lack of access to radical cure due to misdiagnosis 

will continue to fuel the number of Pv malaria cases because one 

infective bite has the potential for several relapses, and such relapses 

maintain Pv transmission[8]. The consequences of misdiagnosis also 

include underestimating the transmission and burden of Plasmodium 
parasites with sub-critical levels and hindering effective, prospective 

monitoring of changes in transmission. It may impair effective 

monitoring of malaria, and accordingly, the sensitivity of diagnostics 

should also be considered in evaluating the surveillance systems.

  To reduce misdiagnosis of malaria, the first and foremost option 

is to improve the quality of microscopy by refresher training of 

the microscopist involved. Regular training is a key to succeed in 

solving the problem of misdiagnosis. It is evident from the published 

literature that the refresher training improved the participants' 

knowledge, competencies, and skill set in malaria microscopy.

  Human factor is another leading cause of the misdiagnosis of 

malaria in microscopy. Therefore, using artificial intelligence (AI) 

based microscopy might be a better option as it increases diagnostic 

precision which is playing a vital role in battling infectious diseases. 

Automated modern deep learning techniques are foreseeing for 

the microscopic examination of malaria parasites. The emerging 

technologies of machine learning with complex image patterns 

have accelerated research in medical image analysis. An automated, 

accurate, and efficient model can significantly reduce the need for 

trained personnel. Nevertheless, AI-based microscopy is in the 

nascent development phase, and a few prototypes have shown good 

sensitivity and specificity.

  Another option to overcome the issue of misdiagnosis is the use 

of molecular surveillance techniques. There is an added advantage 

of detecting sub-microscopic infections with the help of molecular 

tools. The specificity and sensitivity are also comparable with that 

of microscopy, the gold standard. Moreover, point-of-care molecular 

tools like Trunat are a much better option being portable, battery 

operated, and technologically accessible to the application[11].

  Though the countdown to the malaria elimination goal has begun, 

still the misdiagnosis of Plasmodium species, especially Pv and Pf-
Pv mixed infections remain a significant issue. This article aims to 

draw the immediate attention of the policymakers and stakeholders 

to deal with the misdiagnosis of Plasmodium species in India. 
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