
Profile of Drug Resistance Genes in Patients showing Severe Manifestations

Introduction
Out of the four species of Plasmodium causing human malaria, Plasmodium falciparum is well known in causing the varying degrees of severity of malaria with the most complicated form of the disease often termed Severe Malaria. Severe malaria occurs most often in persons who have no immunity to malaria or whose immunity has decreased. These include all residents of areas with low or no malaria transmission, and young children and pregnant women in areas with high transmission. According to WHO (2004), the manifestations of severe malaria include:
· Cerebral malaria, with abnormal behavior, impairment of consciousness, seizures, coma, or other neurologic abnormalities 

· Severe anemia due to hemolysis (destruction of the red blood cells) 

· Hemoglobinuria (hemoglobin in the urine) due to hemolysis 

· Pulmonary edema (fluid buildup in the lungs) or acute respiratory distress syndrome (ARDS), which may occur even after the parasite counts have decreased in response to treatment 

· Abnormalities in blood coagulation and thrombocytopenia (decrease in blood platelets) 

· Cardiovascular collapse and shock 

Other manifestations that should raise concern are:

· Acute kidney failure 

· Hyperparasitemia, where more than 5% of the red blood cells are infected by malaria parasites 

· Metabolic acidosis (excessive acidity in the blood and tissue fluids), often in association with hypoglycemia 

· Hypoglycemia (low blood glucose). Hypoglycaemia may also occur in pregnant women with uncomplicated malaria, or after treatment with quinine. 

For long it was assumed that severe malaria is only associated with P. falciparum, and not P.vivax. Even if a patient with P. vivax was shown to exhibit severe malaria, the infection was presumed to be mixed. But recent reports from Bikaner and other regions of the world have clearly established the occurrence of severe manifestations in P.vivax malaria. The clinical data from these strongly indicated that P. vivax can cause both sequestration-related and non sequestration related complications of severe malaria, including cerebral malaria, renal failure, circulatory collapse, severe anemia, hemoglobinurea, abnormal bleeding, ARDS, and jaundice, all of which are commonly associated with P. falciparum infections (Kochar et al., 2005, 2007). 

Results and Observation:
Blood samples were collected from patients showing severe manifestations due to P.vivax from Bikaner, Rajasthan, India. These patients exhibited cerebral malaria, renal failure, circulatory collapse, severe anemia, hemoglobinurea, abnormal bleeding, acute respiratory distress syndrome, and jaundice (Table 7.1). The patients were from all age groups and of both sexes and admitted in classified malaria intensive care ward. To rule out any possibility of mixed infections, all the patients received a thorough diagnostic evaluation, which included PBF examination, a rapid diagnostic test for malaria (OptiMAL test, DiaMed AG, Switzerland, which is based on detecting specific Plasmodium LDH antigen by using monoclonal antibody directed against isoforms of the enzyme) and a multiplex PCR based on the 18S ribosomal gene of the malarial parasite (Das et al., 1996; Kochar et al., 2005). A band at ~ 500bp denotes a P.vivax infection and a band at 1.4 kb denotes a P. falciparum infection.  All the bands were obtained at ~ 500bp (denotes P.vivax infection) and no band was seen at 1.4Kb. Thus all the isolates had only P.vivax infection. 
Table 7.1: Clinical characteristics of severe P. vivax malaria patients

	Patient No.
	Age(y)/ sex
	Clinical presentation/ other relevant information
	Diagnostic tests for malaria
	Outcome

	
	
	
	PBF
	RMDT OPTIMAL
	PCR
	

	1
	53, M
	Jaundice, haemoglobinurea, Epistaxis 
	+
	Positive
	+
	Recovered

	2
	20, F
	Cerebral (GCS - 3) Severe anemia, ARDS, PCF, CSF – N, BP < 70mm Hg
	+
	Positive
	+
	Died within 5 days of admission

	3
	45, M
	Renal failure, Jaundice
	+
	Positive
	+
	Recovered

	4
	18, F
	Cerebral (GCS - 5), anemia, Primigravida, CSF – N, CT scan head - N
	+
	Positive
	+
	Recovered, PMNS- Psychosis Premature delivery, baby survived

	5
	28, F
	Renal failure, ARDS, PCF
	+
	Positive
	+
	Recovered

	6
	25, F
	Jaundice, Haemoglobinurea, Second gravida
	+
	Positive
	+
	Recovered, pregnancy continued

	7
	50, M
	Jaundice
	+
	Positive
	+
	Recovered

	8
	38, M
	Jaundice
	+
	Positive
	+
	Recovered

	9
	20, F
	Jaundice, epistaxis, abnormal bleeding, blood transfusion twice
	+
	Positive
	+
	Recovered, pregnancy continued

	10
	18, M
	Jaundice, anemia, blood transfusion thrice
	+
	Positive
	+
	Recovered

	11
	25, F
	Cerebral (GCS – 8), anemia
	+
	Positive
	+
	Recovered

	12
	56, M
	Jaundice
	+
	Positive
	+
	Recovered

	13
	37, F
	Jaundice
	+
	Positive
	+
	Recovered

	14
	20, M
	Jaundice
	+
	Positive
	+
	Recovered

	15
	15, M
	Cerebral (GCS – 9)
	+
	Positive
	+
	Recovered

	16
	17, F
	Jaundice, Renal Failure, ARDS
	+
	Positive
	+
	Recovered

	17
	20, M
	Jaundice
	​​​​​+
	-
	+
	Recovered

	18
	36, M
	Severe anemia
	Negative
	Positive
	+
	Recovered

	19
	30, M
	Jaundice
	+
	-
	+
	Recovered

	20
	23, M
	Jaundice
	+
	Positive
	+
	Recovered


(ARDS – Acute Respiratory Distress Syndrome; BP – Blood Pressure; CT – Computerized Tomography; CSF – Cerebrospinal Fluid; GCS – Glasgow coma scale; N – Normal; PCF – Peripheral Circulatory Failure; PMNS – Post Malarial Neurological Syndrome)

Typing of P.vivax

To identify the type of vivax infecting these individuals and causing severe manifestations, the repeat regions in the circumsporozoite protein was analyzed by performing an ELISA based on these repeat regions as well as sequencing of CSP gene. Circumsporozoite protein is an important molecule for the parasite, the most abundant polypeptide on the sporozoite surface, involved in the development of infectious sporozoites in mosquitoes and helps in invasion of liver cells. It presents a central repeat domain flanked by non-repeated amino and carboxyl sequences containing highly conserved stretches, regions I and II (Fig. 7.1). The central repetitive domain varies in sequence and length among Plasmodium species (Mann et al., 1994). Until some years ago, CSP was studied as the main target for antimalarial vaccine development; however, the existence of variations in the repetitive sequence of its central portion has made these studies impracticable. Analysis of P. vivax CSP sequences revealed that parasites have repeats belonging to one of two types of nonapeptide repeat units, GDRA(A/D)GQPA or ANGA(G/D)(N/D)QPG, named VK210 or VK247 respectively (Arnot et al., 1985, Rosenberg et al., 1989). In 1993, a new human malaria parasite from a P. vivax-infected person was identified by Qari et al., who named it P. vivax-like. The CSP sequence of this parasite has an 11-mer repeat sequence, APGANQ(E/G)GGAA, and is different to the two previously described genotypes (Qari et al., 1993a).
[image: image1.emf]
Figure 7.1: Structure of the Plasmodium vivax CSP gene, with two highly conserved terminal non-repeat regions (RI and RII); a central repetitive (CR) domain, with a variable number of tandem repeats, and a short IR (insertion region). (deSouza-Neiras et al., 2007)
ELISA of all the serum samples from clinically proven severe and non – severe malaria isolates showed good peaks for P. vivax Type 1 peptides (Fig. 7.2) (Qari et al., 1993a, b). Threshold of positivity was an OD value of 0.6892 based on the mean plus 2 SD of the reactivity of sera from a set of negative controls. Results were represented as ± standard error. ELISA was also performed using the peptides based on the repeat regions of Type 2 and P.vivax like isolates. The values for both P. vivax Type 2 and P. vivax – like peptides were well below the cutoff value. This showed that all the severe as well as non – severe P. vivax infections were Type 1.
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Figure 7.2: ELISA of serum samples from clinically proven severe and non – severe malaria isolates for P. vivax Type 1 peptides
Neg – Negative or control sera




2 – 27 – Sera from P.vivax infected patients

Mean Optical density of Negative Sera: 0.416

Samples considered positive: Samples having O.D. more than 0.6892 (i.e. having O.D. more than 2 S.D. above the mean for control sera)

To further confirm the presence of Type 1 vivax and to see if any change is seen from the reported CSP of P.vivax type 1, the CSP gene was amplified from these severe cases. A few non severe cases were also used for the study. The 1.2 kb Circumsporozoite Protein (CSP) encoding gene amplification was performed from P. vivax field isolates using primers AL60 and AL61 (Qari et al., 1993a). The obtained CSP gene sequences from Indian P. vivax isolates were approximately 1136bp in length. A thorough analysis of translated CS protein sequence showed presence of total 17 P. vivax type 1 (VK210) sequence repeats (GDRA(D/A)GQPA) in all Indian isolates. Among these Indian isolates, ten isolates showed similarity to the P. vivax North Korean Group. While other Indian isolates showed similarity with P. vivax Belem and Thai isolates. 
Analysis of drug resistant genes in P.vivax isolates showing severe manifestations:
Pvdhfr gene 
The dhfr gene was amplified from the samples collected from the patients showing severe manifestations (Table 7.1) using the conditions described in Chapter 5. The amplified product was gel purified and was sent for sequencing. On alignment of the obtained sequences with the standard wild type sequence of dhfr-ts (GenBank Accession No. X98123), it was observed that the severe samples showed wild type, single mutant as well as double mutant genotypes (GenBank Acc. No. EU478857 – EU478864).  Out of total 20 severe samples analyzed, 13 samples (65%) showed wild type allele at codon 51, 58 and 117. 3 samples (Patient Nos.12, 13, 18) were single mutant at codon 117, where Serine was replaced by Asparagine. 4 samples (Patient Nos.1, 2. 8, and 9) showed double mutations i.e. S117N + C58R. In addition four samples (Patient Nos. 4, 5, 6 and 19) with wild type genotype showed a Histidine at codon 93 in place of Serine. 
Apart from these non synonymous mutations, at codon 69, a silent mutation coding for Tyrosine was observed (TAT ( TAC) in 6 isolates (Patient Nos. 3, 11, 12, 15, 17 and 20). A lot of polymorphism was observed in the repeat region as well. Different number of repeats ranging from 2 to 4 was seen. Most of the samples showed three GGDN repeats, while Patient no. 19 showed a deletion of GGDN resulting in only 2 repeats. An extra GGDN repeat was seen in Patient No. 13. The connector region was different in all our isolates as compared to standard P.vivax DHFR sequence (GenBank Acc. No. X98123). The connector region was same as other isolates from Bikaner and the sequence was found to be -   

DSASENCNALNCNAPKCSAPNCRSPNGGTAQQGEWGKGPACPWQKNNAEAEEDDLVYFSFNNKVGEKNPEHLQDFKIYNSLKIK

The TS domain showed a N368K change in the conserved residue as seen in all other isolates from this region. In addition to this, one sample (Patient No. 16) showed a silent mutation in the TS region at the codon 574; a change from AGC to AGT (both codes for Serine).
Pvdhps Gene
The pppk-dhps gene was amplified and analyzed from the same 20 samples showing severe manifestations (GenBank Acc. No. EU478865 – EU478871). All the genes showed the wild type alleles at the codon 383 and 553 reported to impart resistance to Sulfadoxine. In addition few novel mutations were observed in the severe samples. One isolate (Patient No. 9) showed a change from Phenylalanine to Leucine at codon 365 while other one (Patient No. 12) showed Alanine in place of Asparatic acid at codon 459. 2 samples (Patient Nos. 8, 11) showed a Methionine at codon 601 replaced by Isoleucine while 4 samples (Patient Nos. 11, 13, 19 and 20) showed a change from Glutamic Acid to Aspartic Acid at 618 codon. Only one isolate (Patient No. 11) showed double mutations at codon 601 and 618. One synonymous mutation at the codon 617 was also observed in 6 severe samples where in place of GGG, a GGT was present (both codes for Glycine). 
The repeat region in the Pvdhps gene showed different number of repeats as seen in the case of Pvdhfr gene. In both severe and the non severe samples, the number of repeats ranged from 5 to 9. Out of the 20 severe samples, the maximum number i.e. 50% showed 7 repeats. Six samples (Patient No. 7, 10, 15, 16, 19 and 20) showed 5 repeats and four samples (Patient No. 4, 9, 12 and 14) showed six repeats. None of the severe sample showed 9 repeats. In the pppk gene also, the severe as well as the non severe showed a change at the codon 207 and 217. There was Aspartic Acid in place of Alanine at codon 207 and Threonine in place of Proline at codon 217 in all our isolates.
Pvcrt - o gene:
The initial 1kb region carrying the codon 76 was amplified from blood samples of 20 severe cases (GenBank Acc. No. EU682758). No change was observed between the non severe and the severe cases. All the isolates showed no change from the cg10 sequence of Salvador. The analysis of the codon 72 – 76 showed the presence of CVMNK haplotype in all our isolates. This haplotype denotes the chloroquine sensitive halpotype in case of P. falciparum. 
Discussion

On analysis of the dhfr gene from the complicated and uncomplicated cases of P.vivax malaria, it was observed that in the dhfr-ts gene, other than the reported mutations no change was observed between the severe and the non severe cases. Most of the isolates showed the wild type genotype, suggesting the parasites sensitivity towards the pyrimethamine drug. Among the mutants, most of the isolates were found to contain double mutations i.e. S117N + S58R. 
On comparison of the Pvdhps gene from the uncomplicated and complicated cases it was seen that the Pvdhps gene in the severe cases showed a number of novel mutations. The mutations at codon 601 and 618 fall in the repeat region. According to Korsinczky, the mutations in this region are unlikely to affect drug binding (Korsinczky et al., 2004). The other two mutations at codon 365 and 459 were analyzed by generating the structure of the mutant form and performing molecular docking with Sulfadoxine drug molecule. In our study, no effect on drug binding was observed due to these mutations. The pvcrt-o gene, in comparison showed no change in the initial region between the severe and non severe cases
During the last decade there has been rise in the morbidity and mortality due to P.vivax malaria in Bikaner. In P.falciparum, it has been suggested that the increase in morbidity and mortality is due to the rise in prevalence of parasite resistance to various antimalarial drugs (Greenwood et al., 2002). But in our study, the sequence analysis of the various marker genes which are thought to be involved in conferring resistance against the different antimalarial drugs appear to indicate the absence of a drug resistant status in the severe P.vivax samples studied (Fig. 7.3). Thus, there exists a disparity between the virulence and the mutations in the parasite responsible for drug resistance. Similar reports have been seen from Eastern Sudan where severe P.falciparum malaria was mainly precipitated by wild type parasite (Giha et al., 2006). More samples need to be analyzed from different locations before any conclusion can be drawn. Unfortunately, since P.vivax culture conditions are yet to be standardized there exist no suitable method for addressing drug resistance in vitro in these parasites.
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Figure 7.3: Prevalence of DHFR and DHPS mutations in severe P.vivax isolates
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