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What do 
we know 

about 
malaria in 
Canada?



•400-500 cases / year

•62% due to Plasmodium falciparum

•40% of cases occur in VFRs

•Severe malaria in ~5% of cases

•1-2 deaths / year



Malaria Epidemiology in Canada

CMAJ Open 2016. DOI:10.9778/cmajo.20150115

Most imports from West Africa

Nigeria, Cameroon, and Ghana 
top source countries from Africa

Very few cases from southeast 
Asia

P. vivax imports predominantly 
from Indian sub-continent



Why is 
Epidemiology 
of Imported 

Malaria 
Important?



Malaria Treatment
• Is the infection caused by P. falciparum?

– Leads to severe disease in non-immunes and requires 
prompt initiation of treatment

– Chloroquine is DOC for non-falciparum malaria
• Does the patient fulfill severity criteria?

– Severe malaria, regardless of species, is always
treated with parenteral anti-malarials

• Is the infecting organism likely to be drug 
resistant?
– Most falciparum malaria is chloroquine resistant



Quick Reference to Global Distribution of Drug Resistant 
Plasmodium spp.

Chloroquine-
resistant P. 
falciparum

Multi-drug resistant 
P. falciparum

Chloroquine-
resistant P. vivax

ALL malarious areas 
EXCEPT in Americas 
North of the Panama 
canal (Mexico, 
DR/Haiti, Central 
American countries) 
and parts of the 
Middle East

Southeast Asia along 
the Thai borders of 
Myanmar (Burma) 
and Cambodia, 
Burma, Vietnam, and 
in some parts of the 
Amazon basin

PNG, Guinea (Irian 
Jaya), Indonesia, 
Myanmar, Solomon 
Islands, focally in 
South America 
(Colombia, Brazil, 
Guyana, Peru)
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If Malaria is 
Treated 

Empirically, 
then Why is 

Surveillance for 
Resistance 
Important?



First:
The 
Back 
Story



Access to Drugs for NTDs in Canada



WHO Malaria Treatment Guidelines





Because we don’t have reasonable 
access to WHO recommended first-line 
therapy, we must be vigilant for threats 
to our continued use of drugs such as 
atovaquone-proguanil (Malarone)



AJTMH 2007;76(2):208-223.

Atovaquone is highly lipophilic with 
low aqueous solubility and is 
therefore poorly absorbed unless
consumed with a fatty meal

Co-administration of atovaquone
and a fatty meal leads to a 5-fold 
increase in maximum plasma 
concentration (Cmax) over fasting



Atovaquone-Proguanil Failure

TMAID 2015;13(1):89-93. 



Serum Drug Concentrations

TMAID 2015;13(1):89-93. 

Taking AP on an empty stomach can 
lead to sub-therapeutic serum 
concentrations of the drug by 1000-fold



AJTMH 2007;76(2):208-223.

Resistance to atovaquone results from a 
single point mutation in parasite 
cytochrome b, which leads to reduced 
binding affinity for atovaquone

Resistance to proguanil involves the 
stepwise development of point 
mutations in the dhfr gene



Atovaquone-Proguanil Treatment 
Failures

AJTMH 2007;76(2):208-223.



P. falciparum isolate genotypes
Pf Isolate Cyt B 

Y268C/S/N  
DHFR N51I DHFR C59R DHFR 

S108N
Initial 
isolate

Y I R N

1-month 
failure 
isolate

S I R N

2-month 
failure 
isolate

S I R N

Low levels of drug 
pressure due to 
inadequate absorption 
selects for minor mutant 
populations leading to a 
fully resistant infection 
over time



Clinical Cases
• Initial treatment doses of Malarone not taken 

with a sufficiently fatty meal
• Sub-therapeutic serum levels of atovaquone 

during initial treatment enable selection of 
mutant clones

• Isolates fully resistant to proguanil and then 
become resistant to atovaquone

• Take home message: Administer atovaquone-
proguanil with fat!!!



OBJECTIVE 
AND 

RATIONALE



Objective and Rationale
• Plasmodium falciparum:

– Potentially fatal
– Imported with regularity to Ontario
– Almost always treated in Canada with second-line 

agents that may be difficult to absorb and to which 
isolates elaborate resistance

• We aimed to understand the frequency and 
pattern of SNPs conferring resistance to common 
antimalarials in isolates of P. falciparum



METHODS



4627 specimens 
examined for malaria

4288 malaria 
negative by 

microscopy and 
RDT

P. falciparum (201, 4.3%)

P. vivax (83, 1.8%)

P. ovale (42, 0.9%)

P. malariae (10, 0.2%)33 insufficient 
banked 
specimen for 
sequencing

243 P. falciparum monoinfections 
enrolled for Sequencing

DHPSPfCRT DHFR

Kelch13 Sanger Sequencing

Cyt B ATPase MDR



RESULTS



RESULTS
• P. falciparum isolates confirmed by PCR as 

monoinfections by enrolment period
– Jul 2008 - Jun 2009: 75 cases
– Jul 2013 - Jun 2014: 79 cases
– Jul 2017 - Jun 2018: 89 cases 



RESULTS

Demographic and 
Parasitologic 

Characteristics

Enrolment Period

P-value
Total 

(N=243)

2008 -
2009 

(N=75)

2013 -
2014 

(N=79)

2017 -
2018 

(N=89)

Mean Age, years (SD)
39.2  

(18.3) 40.9 (17.1)
38.0 

(16.6) 38.9 (20.6) 0.61

Female sex, No (%) 66 (28.1) 18 (25.4) 19 (25.0) 29 (33.0) 0.47

Parasitemia, percent 
(median, range)

0.3    
(0.01-24.0)

0.3  (0.01-
17.8)

0.3 (0.01-
12.0)

0.7  (0.01-
24.0) 0.1



RESULTS

Region of Acquisition
Number (%)

Total 
(N=243)

2008-2009 
(N=75)

2013-2014 
(N=79)

2017-2018 
(N=89) P-value

West Africa 81 (33.3) 20 (26.7) 17 (21.5) 38 (42.7)

0.14

East Africa 18 (7.4) 4 (5.3) 8 (10.1) 6 (6.7)

Africa, other 33 (13.5) 12 (16) 13 (16.5) 8 (9)

Caribbean 1 (0.4) 1 (1.3) 0 (0) 0 (0)

Southeast Asia 5 (2.1) 0 (0) 4 (5.1) 1 (1.1)

South America 1 (0.4) 0 (0) 0 (0) 1 (1.1)

Unknown 104 (42.8) 33 (44) 36 (45.6) 35 (39.3)



RESULTS - PfCRT

• Genetic markers of resistance to Chloroquine
appear to be diminishing over time

Gene

Frequency of MT Genotype (%)

p-Value
2008 -
2009

2013 -
2014

2017 -
2018

CRT K76T 56.8 38.4 PND 0.03
CRT N75E 52 37.5 PND 0.10
CRT M74I 52 37.5 PND 0.10
CRT C72S 1.4 1.3 PND 1.00



RESULTS - DHFR

• Genetic markers of resistance to Proguanil appear 
to be increasing over time

Gene

Frequency of MT Genotype (%)

p-Value

2008 -

2009

2013 -

2014

2017 -

2018

DHFR C50R 0 0 1.3 1.0
DHFR N51I 88 92.3 95.7 0.55
DHFR C59R 90.7 94.9 93.3 0.58

DHFR S108N 89.3 97.3 100 <0.001

DHFR I164L 1.4 0 PND 0.49



RESULTS – Cyt b

• Genetic mutants that would be resistant to 
atovaquone were NOT detected over time

Gene

Frequency of MT Genotype (%)

p-Value
2008 -
2009

2013 -
2014

2017 -
2018

CytB Y268S 0 0 0 1.00
CytB Y268C 0 0 0 1.00
CytB Y268N 0 0 0 1.00



RESULTS - ATPase

• ATPase mutations conferring resistance to 
artemether were very rare

Gene

Frequency of MT Genotype (%)

p-Value
2008 -
2009

2013 -
2014

2017 -
2018

ATPase A623E 1.3 1.3 0 0.55
ATPase S769N 0 0 0 1.00



RESULTS - MDR

Gene

Frequency of MT Genotype (%)

p-Value
2008 -
2009

2013 -
2014 2017 -2018

MDR1 N86Y 42.7 14.3 7.4 <0.001
MDR1 Y184F 49.3 60.3 53 0.40

MDR1 S1034TR 0 0 PND 1.00

MDR1 N1042D 0 0 0 1.00

MDR1 D1246Y 17.6 3.8 3.5 <0.003

MDR1 copy #
1.1 (0.83 

– 1.4)

1.1 (0.31 –

2.3)

1.9 (0.73 –

5.4) <0.001

• Mixed results: reduced frequency of some multidrug 

mutations, but increased MDR copy # over time



RESULTS – Kelch 13

Gene

Frequency of MT Genotype (%)

p-Value
2008 -
2009

2013 -
2014

2017 -
2018

K13 above 
position 440 0 0 0 1.0

• 20 SNPs in the Kelch13 gene that are associated 
with artemisinin resistance were NOT detected



5 Key Points – Pf Resistance
• Withdrawal of chloroquine from country-level 

formularies may have translated into reduced CRT and 
MDR mutations over time

• DHFR mutations are increasing over time, as is MDR copy 
number

• Genetic markers of resistance to atovaquone and the 
artemisinins are rare

• Findings biased towards West African isolates and not 
generalizeable to all Pf imports to Canada

• Prevalence of resistance to common antimalarials among 
P. falciparum isolates imported to Ontario necessitates 
ongoing surveillance
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THANK YOU!



Pyrosequencing Readout = Pyrogram


