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HIGHLIGHTS 92 

In high-income, low-prevalence settings, travel patterns largely govern malaria 93 

transmission; the COVID-19 pandemic has led to travel restrictions resulting in a 94 

decrease in malaria case incidence. The proportion of travellers seeking pre-travel has 95 

decreased; with the easing of borders, an increase in malaria cases may occur. 96 

 97 
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Malaria is a life-threatening illness that remains a global burden, with an estimated 241 114 

million malaria cases in 2020.1 The coronavirus disease (COVID-19) pandemic has 115 

disrupted worldwide efforts to reduce malaria’s global burden, leading to more cases and 116 

deaths in highly endemic countries.1 The impact of the COVID-19 pandemic on malaria 117 

epidemiology in low-prevalence settings has not been previously studied.  118 

Over the last decade, malaria incidence has increased in low-prevalent countries due to 119 

higher rates of immigration and travel from malaria-endemic countries, mainly from 120 

visiting friends and relatives (VFRs), a group less likely to seek pre-travel advice and 121 

chemoprophylaxis.3-5  122 

In Canada, the COVID-19 pandemic led to nationwide travel restrictions imposed by the 123 

federal government on March 16, 2020, to control the virus, as early transmission 124 

dynamics were driven mainly by returning travelers.5 This study aims to describe the 125 

impact of the COVID-19 pandemic on malaria epidemiology in Canada, a high-income 126 

low-prevalence setting.  127 

We conducted a retrospective population-based cohort study at a centralized regional 128 

microbiology laboratory serving Calgary and surrounding areas, covering a population of 129 

1.9 million. All patients who tested positive for malaria from January 130 

2018 to December 2021 were enrolled and included for analysis. We compared the 131 

epidemiological characteristics of the pre-pandemic period (January 2018 – March 15th, 132 

2020) to the peri-pandemic period (March 16th, 2020 – December 2021). 133 

Clinical data was retrieved from the standardized travel form, which physicians are 134 

required to complete prior to malaria testing. This included sex, age, reason(s) for travel, 135 

country visited, whether pre-travel advice was sought, whether chemoprophylaxis was 136 
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taken, symptoms, and onset of symptoms. Regions of travel are defined according to the 137 

United Nations geoscheme. 138 

When multiple history forms were submitted for the same patient, only the original form 139 

was collected. Relapsing infections (within two months) and cases with a 140 

mixed Plasmodium infection were counted as a single case. The algorithm used to test 141 

malaria includes a Loop-Mediated Isothermal Amplification (LAMP) screen (Alethia® 142 

Malaria, Median Bioscience, Cincinnati, OH) followed by standard Giemsa-stained thick 143 

and thin film microscopy for speciation.6 We classified as Plasmodium spp. cases where 144 

Plasmodium could not be speciated. 145 

Standard descriptive statistics was performed. Categorical data was compared using the 146 

χ2 test; continuous data were compared using the rank-sum test. A p-value <0.05 was 147 

considered statistically significant. Ethics approval was obtained from the Conjoint 148 

Health Research Ethics Board at the University of Calgary.  149 

The mean incidence rate for positive malaria cases for the study period was 1.74 per 150 

100,000 person-year [95% CI,1.47-2.05] (Figure 1). From the pre-pandemic to the peri-151 

pandemic period, the incidence rate significantly decreased from 2.31 [95% CI,1.89-2.79] 152 

to 1.02 cases per 100,000 person-year [95% CI,0.73-1.40]. We identified 138 cases, 153 

102 (73.9%) were from the pre-COVID-19, and 36 (26.1%) were peri-COVID-19 period 154 

(Table 1). The median age was 38-years-old for the entire study period with no 155 

significant difference pre- or per-pandemic. Men represented the majority of cases 156 

(68.8%), and most travelled to Africa (87.6%), followed by Southern Asia (5.8%).  157 

Plasmodium falciparum was the most frequently detected species (90, 65.2%), followed 158 

equally by P.ovale and P. vivax (14.5%) with no significant difference pre- or per-159 
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pandemic. Overall, VFRs was the most common reason for travel during both periods 160 

(52.6%) but represented a higher proportion in the pre-pandemic group (56.9 vs. 38.9%, 161 

[P= .042]). The proportion of new immigrants increased during the peri-pandemic period 162 

(14.7 vs. 27.8%, [P= .028]). Significantly fewer patients during the peri-pandemic period 163 

sought pre-travel advice (30.0 vs. 11.1%, P= .048). While malaria chemoprophylaxis was 164 

sought less frequently during the peri-pandemic phase, it was not statistically significant 165 

(25.9% vs. 12.9%, P= .204). The duration from symptom onset to malaria testing was 166 

similar in both groups, with a median of 4 days (IQR 3-8).  Visits to the Emergency 167 

Department were the most common presentation site during the study period (72.1.3%). 168 

There was no statistical difference between ED and outpatient visits between periods.  169 

In high-income low-prevalence settings, immigration or travel patterns largely govern 170 

malaria transmission dynamics.2,3,4,7,8 We observed a significant drop in malaria cases in 171 

the peri-pandemic period, likely caused by several public health measures to slow down 172 

COVID-19 transmission, including avoidance of non-essential travel and mandatory 173 

quarantines.5 The decrease in the proportion of VFRs and increased travel related to new 174 

immigrants during the peri-pandemic period is likely related to travel restrictions 175 

deterring the general population from non-essential travelling.5 More alarmingly, during 176 

the peri-pandemic period, there was a further decrease in those seeking pre-travel advice 177 

and a trend towards decreasing malaria chemoprophylaxis. Possible explanations for this 178 

include the stigma associated with travel during the pandemic, lack of publicly funded 179 

pre-travel clinics in times of economic scarcity, and avoidance of healthcare utilization 180 

due to fear of COVID-19. Pre-travel advice is beneficial for all travelers as these 181 

individuals are less likely to be diagnosed with malaria and other infectious diseases.4,7,9 182 
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If these trends continue, with resuming travel and the easing of border measures, this 183 

could lead to higher malaria rates in a low-prevalent setting. Targeted pre-travel health 184 

care services should be emphasized in these populations to prevent malaria cases. 185 

Our results endorse previous findings that adult males are at highest risk of acquiring 186 

malaria, P. falciparum is the most reported malaria species, and cases are mainly 187 

imported from Africa.4,7,8 Interestingly, we detected an increase in the proportion of 188 

patients presenting with cough, arthralgias/myalgias, and diarrhea in the peri-COVID-19 189 

period. The presence of cough and diarrhea is associated with a decreased odds of having 190 

malaria.10 However, we attributed this finding to patients and healthcare providers being 191 

sensitized to screening for a broad list of COVID-19 symptoms during the pandemic, 192 

which include cough, arthralgia/myalgia, and diarrhea. This could also be potentially 193 

explained by COVID-19 co-infection or recall bias in a period of high SARS-CoV-2 194 

endemicity. 195 

Some limitations of our study include the retrospective nature and single-center design, 196 

which may not be generalizable to other low-prevalent malaria settings. Nevertheless, to 197 

our knowledge, this is the first study describing the impact of the COVID-19 pandemic 198 

on the epidemiology of malaria in a low-prevalent setting. Pre-travel advice and malaria 199 

chemoprophylaxis was even lower during the peri-pandemic period, which may increase 200 

the proportion of vulnerable population at risk for malaria. This could bear important 201 

public health considerations and targeted pre-travel health care services for this group 202 

should be considered.  203 

 204 

 205 
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FIGURE LEGEND: 252 

 253 

 254 

Figure 1: Incidence of malaria by quartile (2018 Q1 to 2021 Q3) 255 

 256 
Table 1: Characteristics of laboratory-confirmed malaria case from malaria-endemic areas 257 
stratified by pre-pandemic and peri-pandemic group. 258 

Demographic All N (%) 

N = 138 

Pre-Pandemic  

N (%) 

N = 102 

Peri-Pandemic 

N (%) 

N = 36 

P. value 

Age (y), Median (IQR) 38.0 (28.0-50.0) 39.0 (30.0-52.0) 35.0 (24.3-48.0) .223 

Sex (F) 43 (31.2) 30 (29.4) 13 (36.1) .456 

Region of Travel WHO 

Western Africa 48 (34.8) 40 (39.2) 8 (22.2) .066 

Eastern Africa 24 (17.4) 18 (17.6) 6 (16.7) .894 

Northern Africa 30 (21.7) 21 (20.6) 9 (25.0) .581 

Middle Africa 18 (13.0) 11 (10.8) 7 (19.4) .185 

Southern Asia 8 (5.8) 4 (3.9) 4 (11.1) .113 

Other 4 (2.9) 4 (3.9) 0 .228 

Initial Site 

Calgary ED visits 81 (59.6) 60 (58.8) 18 (58.3) .959 

Rural ED visits 17 (12.5) 11 (10.8) 6 (16.7) .356 
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Outpatient visits 40 (29.5) 31 (30.4) 9 (25.0) .540 

Pre-travel Care 

Received pre-travel advice 27/107 (25.2) 24/80 (30.0) 3/27 (11.1) .048 

Received prophylaxis 25/122 (20.5) 21/81 (25.9) 4/31 (12.9) .204 

Reason for travel 

Tourism 18 (13.1) 14 (13.7) 5 (13.9) .990 

Business 6 (4.4) 5 (4.9) 1 (2.8) .579 

New Immigrant 26 (19.0) 15 (14.7) 10 (27.8) .028 

VFR 72 (52.6) 58 (56.9) 14 (38.9) .042 

Visitor to Canada 5 (3.6) 5 (4.9) 0  .172 

Missing Travel Form 18 (13.0) 11 (10.8) 7 (19.4) .199 

Symptoms 

Fever/chills/rigor 119/124 (96.0) 92/94 (97.9) 27/30 (90.0) .166 

Headache 85/124 (68.5) 68/94 (72.3) 18/30 (60.0) .170 

Sore Throat 16/124 (12.9) 11/94 (11.7) 5/30 (16.7) .253 

Cough 20/124 (16.1) 11/94 (11.7) 9/30 (30.0) .022 

Arthralgia/ Myalgia 63/125 (50.4) 54/94 (57.4) 9/30 (30.0) .012 

Diarrhea 21/124 (16.9) 12/94 (12.8) 10/30 (33.3) .009 

Splenomegaly 2/124 (1.6) 1/94 (1.1) 1/30 (3.3) .226 

*Highlighted in grey indicate differences between periods with statistical significance 259 
 260 


