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Background: Concurrent dengue and mixed malaria infections in a single patient present with 

overlapping clinical manifestations which pose a diagnostic challenge and management dilemma 

in areas of common endemicities.

Methods: We report a case of a young male who tested positive for both Plasmodium vivax 

and Plasmodium falciparum along with dengue infection. He showed signs of early treatment 

failure to artemisinin combination therapy (artesunate with sulfadoxine+pyrimethamine). 

Molecular analysis for the drug resistance genes viz: chloroquine resistance (pfcrt), multidrug 

resistance (pfmdr-1), sulfadoxine (pfdhps), pyrimethamine (pfdhfr), and artemisinin resistance 

(keltch 13) was performed.

Results: A rise in parasitemia from <2% to 5% was observed after 3 days of treatment. Muta-

tions in pfcrt, pfmdr-1, pfdhfr, and pfdhps genes were detected as a possible cause of treatment 

failure.

Conclusion: Increased severity, overlapping symptoms, and suspected resistance to treatment 

warrants a multidimensional diagnostic approach and diligent therapeutic monitoring.

Keywords: dengue, drug resistance genes, mixed malaria infections, treatment failure

Introduction
Dengue and malaria both are major public health problems in India, and they share 

similar epidemiology.1,2 Delhi is hyperendemic for dengue, while for malaria, it is 

a low-transmission region. Though the percentage of malaria cases attributed to 

P. falciparum has increased from 39% in 1995 to 65% in 2014 in India, the incidence 

of mixed Plasmodium species infection remains undetermined, especially in regions 

of low endemicity and transmission.1 It has been well established that concurrent 

infections of dengue and malaria present with severe manifestations; however, the 

effect of coinfections on drug resistance still needs to be investigated. We report here a 

patient who presented with concurrent infections of dengue, P. vivax, and P. falciparum 

with suspected resistance to artemisinin combination therapy (ACT), highlighting 

the importance of multidimensional diagnostic approach and therapeutic monitoring 

even in low-transmission regions.1 The Institutional Ethical Committee of Vardhman 

Mahavir Medical College and Safdarjung Hospital deemed the study exempt from 

ethical approval as the case was part of routine diagnostic work and no additional 

intervention was performed.
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Case
A 17-year-old male presented to the hospital emergency 

with fever associated with chills for the past 5–6 days. He 

also had complaints of abdominal pain and vomiting. The 

patients did not have any complaints of rash, joint pains, 

cough, difficulty in breathing, and any feature suggestive of 

urinary tract infection. The history of seizures and bleeding 

from any site was ruled out. There was no past history of 

diabetes mellitus, hypertension, tuberculosis, smoking, or 

alcohol intake. The patient did not give a history of previous 

treatment or self-medication. The patient resided in a slum 

area in east Delhi with a drain near his house.

On examination, the patient was sick and his general 

condition was poor. He was conscious and oriented and had 

severe pallor. His heart rate was 110 beats/min, respiratory 

rate was 16 breaths/min, and blood pressure was 110/70 

mmHg. On per abdominal examination, abdomen was soft 

and nontender. Hepatomegaly and massive splenomegaly was 

detected. On central nervous system examination, patient was 

lethargic, but no other abnormality was present. On chest 

and cardiovascular examination, no significant abnormality 

was detected. On the basis of these findings, a provisional 

diagnosis of acute undifferentiated fever was made with a 

differential diagnosis of malaria, dengue fever, and enteric 

fever. The patient was admitted in the department of internal 

medicine, and the case was further investigated.

The hemoglobin of the patient was 5 g/dL, total leuko-

cyte count was 3,900/mm3, and platelet count was 78,000/

mm3 on Day 0 and 30,000/mm3 on Day 2. Peripheral blood 

smear (PBS) showed microcytic hypochromic anemia with 

tear drop cells and thrombocytopenia. Micro-hematuria was 

detected on urine routine examination. His liver and renal 

function tests were within normal limits. Tube Widal test 

titers were <1:40 for TO, TH, and AH. Serum RK-39 was 

negative. Chinkungunya immunoglobulin M enzyme-linked 

immunosorbent assay was negative. Dengue immunoglobu-

lin M enzyme-linked immunosorbent assay (NIV, Pune, 

India) was reactive. Rapid malaria antigen test (RMAT) 

(Ybio, Goa, India) on Day 0 was positive for P. vivax only. 

However, on PBS examination, rings of P. vivax and rings 

and gametocytes of P. falciparum were seen. Parasite 

density for P. falciparum was found to be 2% (Figure 1). 

Polymerase chain reaction (PCR) assay confirmed the pres-

ence of both the species (P. falciparum and P. vivax) in the 

patient. Abdominal ultrasound showed enlarged spleen (30 

cm in size), mild hepatomegaly, and ascites. Bilateral pleural 

effusion was also noted.

A final diagnosis of mixed malarial infection (P. vivax 

and P. falciparum) with dengue fever coinfection with pan-

cytopenia was made.

The patient was prescribed intravenous (IV) artesu-

nate 2.4 mg/kg on Day 0 then at 12 h and 24 h. He was 

also administered IV ceftriaxone 600 mg b.d., IV fluids, 

IV paracetamol, and IV ondansetron and pantoprazole 

as supportive management on Day 0 of admission. The 

next day, the patient was switched to oral ACT (1 tablet of 

A B

C D

Figure 1 Asexual stages of malaria parasite in PBS (Day 0). (A) Ring forms of P. falciparum and P. vivax. (B) Ring form and gametocytes of P. falciparum. Day 3 - PBS. 
(C) Ruptured schizonts of P. vivax. (D) Rings, accole forms, and gametocytes of P. falciparum.
Abbreviation: PBS, peripheral blood smear.
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artesunate 200 mg and 2 tablets of sulfadoxine/pyrimthamine 

750 mg/37.5 mg on Day 1 followed by artesunate 200 mg 

for next 2 days).

By Day 3 of treatment, the patient’s condition had 

improved, but fever persisted (>37.5°C).

RMAT and PBS were reperformed on Day 3. On PBS, 

ruptured schizonts of P. vivax, rings and gametocytes of 

P. falciparum were seen, with a rise in parasitemia to 5%. 

(Figure 1). RMAT was now positive for both P. vivax and P. 

falciparum.

Unfortunately, the patient left the hospital against medical 

advice and was lost to follow-up.

As the patient had rise in parasitemia with fever of 

(>37.5°C) on Day 3 of treatment, he was diagnosed as a case 

of early treatment failure (ETF) according to the National 

Vector Borne Diseases Control Programme  guidelines.3 The 

patient’s blood spots were inoculated on Whatman filter paper 

no. 1 for further molecular analysis.

Genomic DNA extraction of the patient sample col-

lected on Day 0 and Day 3 was done from filter paper blood 

spots using a QIAamp DNA Blood Mini Kit (QiagenInc., 

Hilden, Germany) according to the manufacturer’s instruc-

tions. Diagnostic confirmation of Plasmodium species was 

done by 18S rRNA PCR assay, which confirmed the results 

of microscopy and RMAT, showing mixed infections of 

P. falciparum and P. vivax in the patient (Figure 2). The 

samples were also genotyped for the drug resistance genes 

viz: chloroquine resistance (pfcrt), multidrug resistance 

(pfmd-r1), sulfadoxine (pfdhps), pyrimethamine (pfdhfr), 

and artemisinin resistance (keltch 13). Single-nucleotide 

polymorphisms (SNPs) in pfcrt, pfmdr1, pfdhfr, pfdhps, and 

keltch 13 genes were assessed by PCR-RFLP and sequencing 

as described previously.4–6 Restriction site for ApoI enzyme 

for K76T mutation associated with chloroquine resistance in 

the pfcrt gene and N86Y SNP for restriction enzyme AflIII 

in pfmdr-1 gene were seen in both the samples of the patient 

(Figure 2). Two mutations in pfdhfr gene at C59R and S108N 

were observed and there was one mutation in the pdhps gene 

at A437G. One SNP was seen on aligning with wild-type 

sequences of pfdhfr (GenBank accession no. 9221804) and 

pfdhps (GenBank accession no. 2655294) using Clustal W 

of the BioEdit 7.0 and MEGA (Molecular Evolutionary 

Genetics Analysis; http://www.megasoftware.net/) 4.0 pro-

grams (Table 1).7 Since this case was diagnosed as a case 

of ETF and artesunate resistance was suspected, sequence 

analysis to detect the presence of any SNP in kelch13 was 

also carried out. However, no SNPs were detected in this 

region (Table 1).

Discussion
The prevalence of mixed malarial infections, ie, concur-

rent infections with two or more malaria species have been 

reported as being in a range of 13.2%–45% by various stud-

ies from India.8–10 However, these studies were conducted in 

high-transmission areas in the country where the chances of 

acquiring mixed infections are more. One such study evaluat-

ing the clinical effect of mixed malarial infections suggested 

that mixed infection can present with severe manifesta-

tions in comparison with P. vivax infection alone; however, 

P. vivax coinfection has a protective role over P. falciparum 

205 kb

1 2 3

1 2 3 4

657 bp

A B

C

600 bp

5

1 2 3

250 kb

200 kb

100 kb120 kb

Figure 2 (A) 18S PCR results showing mixed infection inpatient samples. Lane 1 contains 100 bp ladder, lane 2 has Day 0 sample, and lane 3 has Day 3 sample. Both samples 
show mixed infections of P. falciparum at 205 bp and P. vivax at 120 bp, respectively. (B) RE analysis of pfcrt gene. Lane 1 contains Day 0 sample and lane 2 contains Day 3 
sample with 50 bp ladder in lane 3. (C) Restriction digestion of pfmdr-1 amplicon. Lanes 1 and 2 are patient samples confirming the SNP (N86Y) in the amplicons (lanes 1 
and 2 are Day 0 and Day 3 sample, respectively), lanes 3 and 4 are undigested amplicons, and lane 5 contains 100 bp ladder.
Abbreviations: PCR, polymerase chain reaction; RE, restriction enzyme; SNP, single-nucleotide polymorphism.
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monoinfection.10 The percentage of mixed species infection 

and its effect on patient’s clinical course in low-transmission 

region like Northern India, especially Delhi, are not known.

Dengue and malaria are two most common vector-borne 

diseases in India. Both diseases have similar geographical 

(tropical and subtropical regions) and seasonal distribu-

tion (June–December).11,12 Cases of coinfection of dengue 

and malaria have recently been reported by various studies 

from India, with rates of coinfection ranging from <1% to 

10.25%.13–15 Delhi is known to be highly endemic for dengue 

fever; however, it is a low-transmission area for malarial 

parasites. Rapid urbanization, high population density, 

unhygienic conditions in urban slums, and open drains have 

resulted in breeding of mosquitoes, both Aedes and Anopheles 

spp. Our patient lived in a slum with a drain near his house 

and had been exposed to multiple mosquito vectors. The 

studies on impact of dengue–malaria coinfection on clinical 

and laboratory parameters have shown that individuals with 

dual infections display lower levels of platelets and increased 

risk of hepatomegaly, jaundice, and severe anemia but that 

other features of severe disease are comparable or lower.11,15,16 

In the present case, concurrent infection with malaria and 

dengue due to mixed species resulted in severe illness with 

anemia and splenomegaly. It has been observed in studies 

that the clinical features of concurrent infection were more 

like dengue monoinfection than malaria monoinfection.8 

Therefore, it is necessary to screen for malaria in patients 

with dengue for diagnosis of such cases.

Though the impact of coinfections on treatment failure have 

been not reported as yet, our patient had a rise in parasit-

emia with fever of >37.5°C on Day 3 of treatment, and thus 

showed signs of ETF. According to the National Vector Borne 

Diseases Control Programme guidelines, ETF in malaria is 

defined as development of danger signs or severe malaria on 

Day 1, 2, or 3 in the presence of parasitemia; parasitemia on 

Day 2 higher than on Day 0, irrespective of axillary tempera-

ture; parasitemia on Day 3 with axillary temperature >37.5°C; 

and parasitemia on Day 3, >25% of count on Day 0.3 This 

could be attributed to either inappropriate treatment or drug 

resistance. Since incorrect dosing, noncompliance with dura-

tion of dosing regimen, poor drug quality, drug interactions, 

poor or erratic absorption, and misdiagnosis were ruled out, 

we suspected drug resistance to be the cause of ETF.

The samples collected on Day 0 and Day 3 both revealed 

mutations in the drug resistance genes. The K76T mutation in 

pfcrt gene is the primary mediator of chloroquine resistance.17 

P. falciparum strains with higher number of alleles of pfmdr-

1gene and SNPs like N86Y are associated with chloroquine 

resistance.18 These SNPs in pfcrt and pfmdr-1 genes also result T
ab
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in reduced susceptibilities to partner drugs in ACT like lume-

fantrine and meflaquine.18 The pfmdr-1 gene has been associ-

ated with altered susceptibilities of trophozoite-stage parasites 

to artemisinin derivatives.19 The parasitic strain isolated from 

the patient also showed two mutations in pfdhfr gene (C59R, 

S108N) and one mutation in pfdhps gene (A437G). The pres-

ence of C59R along with S108N mutations in pfdhfr confer a 

significant resistance to pyrimethamine, and A437G mutation is 

associated with resistance to sulfadoxine.18 A rise in such triple 

mutations have been reported from Iran 7 years after adoption 

of sulfadoxine+pyrimethamine  as first-line treatment in ACT.20 

K13 propeller gene mutations have been linked to both in vitro 

artemisinin resistance and in vivo slow parasite clearance 

rates.17 Though no sequence mutation was seen in keltch13, the 

presence of several other SNPs and concurrent dengue infection 

may have been responsible for ETF in our patient.

Conclusion
The present case highlights the complex ways in which 

mosquito-borne diseases can present in areas of common 

endemicities. Though mutations in K13 gene were not 

detected in this case, further studies are required to under-

stand the cumulative effect of mutations detected in multiple 

genes and concurrent dengue infection in this case. There 

is a need for constant monitoring of efficacy of ACT as the 

misuse of sulfadoxine+pyrimthamine tablets available as 

over-the-counter drugs may lead to widespread resistance 

and exposure of artemisinin derivatives as monotherapy. In 

our resource-limited setting, where molecular analysis of all 

samples is not possible, we recommend that determination of 

parasitemia by peripheral blood examination must accompany 

RMAT results and that a parasite count must be done when 

the patient is discharged to look for cases of treatment failure.

Limitations
The patient left against medical advice on Day 3 of treatment, 

and so follow-up for late therapeutic response or any relapse 

could not be monitored.
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