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ABSTRACT 

Malaria is a potentially fatal disease that caused approximately 241 million cases and 627 000 

deaths in 2020, most in children in Sub-Saharan Africa. In non-endemic countries, malaria is 

imported by travellers and migrants and timely management and treatment is crucial. Since 

mild episodes can progress to severe malaria with vital organ failure it is important to identify 

patients at high risk. Severe malaria is defined by the World Health Organization (WHO) and 

intravenous treatment is recommended for patients fulfilling any of the criteria for severity. It 

is, however, not clear if these criteria and recommendations are optimal in non-endemic 

countries. Moreover, management of malaria in migrants may also need to consider persistent 

low-density infections with no or discrete symptoms that may have negative health effects.  

The aim of this thesis was to contribute to improved identification, treatment, and 

management of malaria in travellers and migrants 

In Study I, we describe the epidemiology and severity of imported malaria in travellers and 

migrants in a nationwide study in Sweden (n=2653). In P. falciparum, young and older age, 

patient origin in a non-endemic country, health care delay, pregnancy and HIV-infection were 

identified risk factors for severe disease. Oral treatment of P. falciparum episodes with 

parasitemia >2% increased the risk of progression to severe malaria. In P. vivax, a high 

proportion of severe malaria was seen in newly arrived migrants.  

In Study II, we studied relapses of P. vivax and P. ovale after treatment in a non-endemic 

setting. The risk of relapse was substantially higher for P. vivax compared to P. ovale. 

Primaquine significantly reduced the risk of relapse in P. vivax, however, in P. ovale, relapses 

were rare and the effect of primaquine was less evident.  

In Study III, we assessed how the WHO criteria for severe malaria reflect disease severity in 

terms of death or need of prolonged intensive care in adults in a non-endemic setting. Overall, 

the WHO criteria had high sensitivity and specificity for the unfavourable outcome also 

compared to other scoring systems. The predicting ability was improved when using only 

three criteria: cerebral impairment (GCS ≤14 or multiple convulsions), ≥2.5% P. falciparum 

parasitemia or respiratory distress (respiratory rate >30/min, or acidotic breathing).  

In Study IV, the prevalence of malaria parasites was assessed in migrants from Sub-Saharan 

Africa residing in Sweden. The overall asymptomatic parasite prevalence was 8%, by PCR. 

However, in migrants arriving from Uganda the prevalence was higher, and especially in 

children where over 30% were parasite positive by PCR, and often detected in family 

members. The longest duration of residency in Sweden at sampling among PCR positives 

was 386 days for P. falciparum.  

In conclusion, severe malaria occurred in all species and patients at high risk for severe 

outcome can be identified with new simple criteria and should be recommended intravenous 

treatment. Screening for malaria parasites should be considered as part of the health screening 

offered to migrants.  
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INTRODUCTION 

1.1 EPIDEMIOLOGY OF MALARIA 

Malaria poses a great threat to human health globally, with an estimated 241 million clinical 

episodes and 627 000 deaths in 2020. The vast majority of deaths due to malaria are in 

children in Sub-Sahara Africa [1], and over 50% of the mortality due to malaria occurred in 

four countries alone, Nigeria and Democratic Republic of the Congo, Uganda and 

Mozambique [1].  

Malaria is caused by the five species of Plasmodium regularly infecting humans: Plasmodium 

falciparum, P. vivax, P. ovale, P. malariae and P. knowlesi [2]. P. falciparum is the most 

common cause of severe malaria, and the transmission mainly occurs in Sub-Saharan Africa 

[1]. Globally, P. vivax is more widespread geo, putting nearly 40% of the world population at 

risk of infection and has been increasingly acknowledged to cause morbidity and mortality 

[3-6]. P. ovale, consisting of the sympatric subspecies P. ovale curtisi and P. ovale wallikeri, 

is spread throughout Sub-Saharan Africa and in the western pacific [7, 8]. Similarly, P. 

malariae is found in areas where P. falciparum is present, that is, in Sub-Saharan Africa, as 

well as in Southeast Asia and in the Pacific [9]. In P. ovale and in P. malariae, the course of 

disease is often milder [7, 10] and severe malaria due to these species are only rarely reported 

[11, 12]. The fifth species, the simian P. knowlesi is an important cause of clinical cases, 

including severe malaria, in Southeast Asia [13]. 

 

 

Figure 1. Incidence (per 1000 population at risk) of P. falciparum in 2019. From the Malaria Atlas Project, 

available at https://malariaatlas.org/ [14], reproduction permitted under Creative Commons Attribution 3.0 

 

Figure 2. Incidence (per 1000 population at risk) of P. vivax in 2019. From the Malaria Atlas Project available 

at https://malariaatlas.org/ [14], reproduction permitted under Creative Commons Attribution 3.0 

 

https://malariaatlas.org/
https://malariaatlas.org/
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Over the two past decades, the estimated number of clinical P. falciparum cases and deaths 

from malaria have declined [1]. Directed actions such as distribution of insecticide 

impregnated bed nets, vector control measures as well as improved diagnostics and case 

management including artemisinin combination treatment have contributed to the reduction 

[15, 16]. However, in the most recent years, this decline in malaria cases has stalled and in 

2020 an increase was seen in both estimated number of cases and in mortality, explained by 

COVID-19 related disturbances in the efforts against malaria [1, 17]. In addition, the spread 

of P. vivax, P. ovale and P. malariae has not been affected by the control measures to the 

same extent as P. falciparum explained by unique features such as hypnozoite formation 

giving rise to relapse infections and different vectors [18-20].   

1.2 MALARIA IN TRAVELLERS AND MIGRANTS 

Despite the decrease in malaria transmission globally over the past decades [1, 15, 16], the 

annual number of imported cases of malaria to Europe does not show a similar decline. In 

2019, 8349 confirmed cases of malaria were reported in Europe [21]. Almost all cases were 

in travellers and migrants arriving from endemic countries, although a few occasional cases 

of indigenous spread of malaria have been described in Europe [22].  

In travellers, malaria is a preventable disease by the use of chemoprophylaxis and measures 

to avoid mosquito biting [23]. A large proportion of the cases are seen in travellers born in 

endemic countries visiting friends and relatives (VFR) in their former home countries, often 

without chemoprophylaxis and pre-departure consultation at a travel clinic [24, 25].  

Furthermore, the burden of symptomatic malaria infections in newly arrived migrants is well 

acknowledged [26-29], accounting for a substantial part of all cases in several countries [30-

32]. As global migration has increased over the past decade [33], concerns for the importation 

of communicable diseases has been raised in Europe [34]. In 2014 and 2015, several 

European countries reported a sharp increase of P. vivax malaria in migrants from Eritrea [32, 

35, 36]. Interestingly, the incidence of malaria in Eritrean migrants was greater than the 

reported incidence in Eritrea [31, 32], indicating a higher level of exposure in the migrant 

population [33, 34, 37]. The country of origin of the migration as well as the transit routes are 

important determinators of malaria in migrants [38, 39]. Drivers of migration have changed 

over time, and the origin of migrants differ between receiver countries [39, 40]. Therefore, 

imported malaria in migrants differ, and is also likely to change over time in terms of origin, 

species and severity of infection. 

1.3 LIFECYCLE 

The malaria parasite is transmitted to humans by the female Anopheles mosquito. During a 

blood meal, sporozoites are inoculated in the skin [41]. In the following 6-48 hours the motile 

sporozoites migrate to the blood stream and reach the liver where they infect hepatocytes [2, 

41]. After the infection of liver cells have been established, the sporozoites transform and 

multiply until a large number of merozoites are released into the bloodstream [41]. 

Subsequently, free merozoites rapidly infect red blood cells (RBCs) [42]. In the RBCs, the 

parasite transforms into a ring stage, called early trophozoite. Further maturation includes the 

late trophozoite stage when the parasite starts to multiply, ultimately forming the schizont 

stage. The parasite multiplies until the RBC bursts, releasing 10-30 merozoites, depending on 

the species, aimed to infect new RBCs [42]. Each blood cycle takes between 24-72 hours 

depending on species and can in P. falciparum and also P. knowlesi, result in a rapid increase 

in parasitemia [2, 41, 43]. However, P. vivax, P. ovale and P. malariae infect RBCs of 

different maturation stages more selectively compared to P. falciparum, explaining why 

parasitemia rarely exceeds 1% in these species [2].  



 

10 

A proportion of the merozoites undergo maturation into male and female gametocytes. 

Following ingestion by another biting Anopheles mosquito, the gametocytes undergo 

maturation in the mosquito midgut and after mating, the fertilisation give rise to a stage 

generating sporozoites that invade the salivary glands. After completing this life cycle, the 

malaria parasite can be further transmitted by the mosquito [41].  

1.4 PATHOGENESIS 

After merozoite invasion, the RBC is altered by insertion of parasite specific structures in the 

cytoplasm and proteins on the surface of the RBC [44, 45]. In P. falciparum, a key function 

of these proteins is binding to vascular endothelium in post-capillary venules in different 

organs, mediated by the highly variable protein Plasmodium falciparum Erythrocyte 

Membrane Protein 1 (PfEMP1) in a process called sequestration. The PfEMP1 is also 

involved in rosetting, where infected RBCs adhere to uninfected RBCs forming congregates 

of RBCs [46].  

Sequestration and rosetting are specific features of P. falciparum, with a central role in the 

pathogenesis of severe malaria [2, 41]. By binding to the capillary wall, the infected RBC 

will avoid circulating through the spleen where old and damaged RBC are cleared from the 

bloodstream [47, 48]. Sequestration in P. falciparum also explains why mainly early stage 

trophozoites are seen in the peripheral blood, and only rarely later stages, thus the measured 

parasitemia does not reflect the true parasite biomass [49]. Sequestration and rosetting cause 

reduced capillary blood flow by mechanical obstruction, resulting in acidosis, 

hyperlactatemia, impaired organ function, and ultimately organ failure in severe malaria [2, 

50]. Rosetting, but not sequestration, has by some been proposed to contribute also to the 

development of severe disease in P. vivax malaria [51, 52]. 

Alongside vascular obstruction by infected RBC, an increasing parasite biomass provokes an 

inflammatory response including cytokines involved in endothelial activation that may 

increase vascular permeability and activate coagulation factors, ultimately resulting in 

vascular dysfunction [41, 50, 53]. 

1.5 CLINICAL PRESENTATION 

The incubation time in malaria is at least seven days but can be weeks to months or even 

years depending on species [54]. Infection with malaria parasites almost always causes fever 

in the non-immune individuals such as children in endemic areas and traveller from malaria 

free countries. Other symptoms are often unspecific and may include muscle aches, shivers, 

headache, gastrointestinal symptoms, cough, and fatigue. Liver and spleen enlargements as 

well as mild jaundice may also occur [2]. If not promptly treated, non-severe malaria can 

progress to severe disease with organ failure, especially in non-immune individuals infected 

with P. falciparum [55, 56]. Severe malaria is described more in detail below in section 1.6. 

Laboratory findings often include some degree of thrombocytopenia and sometimes anaemia 

[57-59]. C-reactive protein (CRP) and procalcitonin (PCT) are not fully reliable in malaria 

[60, 61], even though elevated PCT has been found to correlate better than CRP to severe 

malaria [62]. Mild increase of liver transaminases are common in malaria [63]. Elevated 

bilirubin is often seen, especially in P. falciparum but also P. vivax malaria, and can cause 

clinical jaundice, as a result of haemolysis and hepatic dysfunction [64]. Currently, a bilirubin 

level >50 mmol/L (with a concomitant parasite count above 100 000 parasites/µL blood in P. 

falciparum, but without parasite threshold in P. vivax) is regarded as a criterion for severe 

malaria [65]. Moreover, elevated creatinine levels as a sign of renal impairment occur in 

malaria caused by all species, and the degree of increase has been described as a prognostic 

indicator for severity [66]. Plasma lactate elevation, from hypoxic tissues following capillary 
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obstruction of sequestered infected RBCs, is the main driver of acidosis in malaria and is 

strongly associated with increased mortality [67]. Acidosis or hyperlactatemia are criteria for 

severe malaria [65].  

1.6 SEVERE MALARIA 

Severe malaria has been defined by the World Health Organization (WHO), first in 1990 with 

amendments in 2006, 2010, 2012 and 2015, reaffirmed in 2021 [65, 68-73]. The most recent 

WHO criteria from 2015/2021 are presented in Table 1. Although all species have been 

described to cause severe malaria, severe disease in P. ovale and P. malaria are rare [11, 12] 

and these species are not included in the WHO 2015/2021 criteria [65].  

The criteria for severe malaria are based on the ability to predict mortality due to malaria in 

endemic areas, where children are most vulnerable [68]. In the current definition, there is no 

adjustments in the criteria depending on the setting or the level of exposure and  immunity of 

the patient, however, in the 2012 definition of severe malaria the parasitemia cut off was 

lower in low-endemic settings due to an expected lower level of immunity in the population 

[72]. 

 

Table 1. Criteria for severe malaria according to WHO 2015/2021 [65, 73] 

Severe falciparum malaria 

One or more of the following: 

• Impaired consciousness – A Glasgow coma score <11 in adults or Blantyre coma score <3 in children 

• Prostration – Generalized weakness so that the person is unable to sit, stand or walk without assistance 

• Multiple convulsions – More than two episodes within 24 h 

• Acidosis – A base deficit of > 8 mEq/L or, if not available, a plasma bicarbonate level of < 15 mmol/L or 

venous plasma lactate ≥ 5 mmol/L. Severe acidosis manifests clinically as respiratory distress (rapid, 

deep, labored breathing). 

• Hypoglycemia – Blood or plasma glucose <2.2 mmol/L (< 40 mg/dL) 

• Severe anemia – Hemoglobin concentration ≤ 5 g/dL or a hematocrit of ≤ 15% in children < 12 years of 

age (< 7 g/dL and < 20%, respectively, in adults) with a parasite count > 10 000/µL 

• Renal impairment – Plasma or serum creatinine > 265 µmol/L (3 mg/dL) or blood urea > 20 mmol/L 

• Jaundice – Plasma or serum bilirubin > 50 µmol/L (3 mg/dL) with a parasite count > 100 000/ µL 

• Pulmonary oedema – Radiologically confirmed or oxygen saturation < 92% on room air with a 

respiratory rate > 30/min, often with chest indrawing and crepitations on auscultation 

• Significant bleeding – Including recurrent or prolonged bleeding from the nose, gums or venipuncture 

sites; hematemesis or melaena 

• Shock – Compensated shock is defined as capillary refill ≥ 3 s or temperature gradient on leg (mid to 

proximal limb), but no hypotension. Decompensated shock is defined as systolic blood pressure < 70 mm 

Hg in children or < 80 mm Hg in adults, with evidence of impaired perfusion (cool peripheries or 

prolonged capillary refill). 

• Hyperparasitemia – P. falciparum parasitemia > 10 % 

 
Severe P. vivax malaria 

Same criteria as for P. falciparum but with no parasite density thresholds 

Severe P. knowlesi malaria 

Same criteria as for P. falciparum but with two differences 

• Hyperparasitemia >100 000/µL 

• Jaundice with a parasite density >20 000/µL 
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1.6.1 Symptoms of severe P. falciparum malaria  

The manifestations of severe malaria are diverse and include at least one sign of vital organ 

failure, acidosis or hyperparasitemia [65]. In areas with intense malaria transmission, mainly 

young children are affected by severe malaria, whereas in low-endemic areas, also youths and 

adults are at risk [74]. Furthermore, severe malaria presents differently depending on age [2, 

75] (Figure 3A). In children, the main syndromes of severe malaria include cerebral malaria, 

respiratory distress, and severe anaemia [76, 77]. In adults, severe malaria more often causes 

multiorgan failure including renal and hepatic impairment [41, 76-78]. In travellers 

presenting with malaria in non-endemic countries, cerebral malaria, jaundice, circulatory 

shock, respiratory distress, and renal impairment are common presentations of severe malaria 

[79, 80]. 

Severe P. falciparum malaria has a high mortality despite effective treatment and case fatality 

rates range between 8-24% in endemic settings [75, 77, 78]. In non-endemic countries, 

mortality of 2.6-10.5% from imported severe P. falciparum malaria have been reported [79-

82]. 

Not all criteria for severe malaria have the same impact on predicting severity or fatality. In 

high endemic countries, where severe malaria is mainly seen in childhood, several criteria 

associated with poor outcome have been identified involving impaired consciousness, 

respiratory distress as well as renal impairment and acidosis [76, 83, 84] (Figure 3B). 

Similarly, in adults, criteria associated with a poor outcome include coma, acidosis and renal 

failure [80, 85-88] as well as higher parasitemia [80].  

1.6.2 Symptoms of severe P. vivax, P. ovale, P. malariae and P. knowlesi 

All clinical features seen in severe P. falciparum malaria have also been described in severe 

P. vivax, however, most notably severe anaemia, acute respiratory distress syndrome 

(ARDS), acute kidney injury and in rare instances impaired consciousness [18, 89, 90]. 

Reports from non-endemic countries show that travellers are also affected by severe P. vivax, 

although to a lesser extent than by severe P. falciparum [91, 92].  

While P. ovale and P. malariae are not mentioned in the WHO criteria for severe malaria, P. 

knowlesi is recognised to cause severe disease, often with renal impairment, jaundice and also 

hyperparasitemia due to the rapid life cycle of P. knowlesi [65, 93, 94]. Severe P. ovale 

malaria has been reported, and similar to P. vivax, severe anaemia is the dominating criteria 

and also jaundice and respiratory impairment [11, 95]. Severe malaria caused by P. malariae 

is rare, occurring in approximately 2% of the episodes, with severe anaemia, respiratory 

distress, and renal impairment as the dominating signs of severity [96].  
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Figure 3. Panel A describing clinical manifestations of severe P. falciparum malaria according to age. Panel B 

presents the main syndromes of lethal P. falciparum malaria in 4089 children in 11 centres in 9 African 

countries, originally described in von Seidlein et al [84]. Source: Panel A and B from White et al [2], 

reproduced with permission from Elsevier.  
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1.7 IMMUNITY 

In areas endemic for P. falciparum, young children are at greatest risk of developing severe 

P. falciparum malaria [97]. This is explained by lack of immunity, one of the most important 

factors in controlling disease severity in malaria [97]. Immunity to malaria evolves gradually 

over years of continuous exposure, and remains incomplete [98]. Protection against the most 

severe presentations and death are acquired more rapidly and eventually clinical symptoms of 

infection are supressed, and parasite levels controlled, explaining the frequent occurrence of 

asymptomatic low grade parasitemia in endemic settings [97, 99]. It is however believed that 

sterilizing immunity does not generally evolve [100].  

The immune response consists of several mechanisms directed at the different parasite stages 

[101]. However, protection against the establishment of infection after infective mosquito 

bites appears very limited [101]. Instead, the functional protective immunity to malaria is 

largely directed against the blood stage of the infection [97, 99], where the humoral immune 

responses as well as the innate immunity seem to be the most influential [97, 101, 102].  

The effect of antibodies includes blocking merozoite invasion of the RBC as well as 

opsonization and cytotoxic effects on the infected RBC [97]. The target antigens presented on 

the surface of P. falciparum infected RBCs are however readily polymorphic [99], and by 

antigen diversity and antigenic variation the humoral immune response can be evaded by the 

parasite, explaining the slow acquisition of immunity [101, 103]. In addition, both T- and B-

cell responses appear to be dysregulated in malaria infection, possibly leading to suboptimal 

immune regulation [101, 104] 

Interestingly, immunity to symptoms of P. vivax, P. ovale and P. malariae evolves more 

rapidly compared to immunity in P. falciparum [8, 9, 105]. Infections with P. vivax or P. 

ovale cause fever at lower parasitemia and seem to provoke higher levels of inflammation as 

reflected by levels of cytokines, which might explain the faster acquisition of protective 

immunity to these species [5, 106].  

In populations living in endemic areas, immunity to P. falciparum is maintained by 

continuous exposure but wanes over time with ceased exposure, seen both as rapidly 

decreasing antibody levels [104] and increased risk for severe malaria when visiting malaria 

endemic areas after years of residency in a non-endemic country [107]. However, studies 

indicate that an immunological memory can be maintained for longer periods without re-

exposure in P. falciparum as well as in P. vivax [108, 109]. 

1.8 MALARIA IN PREGNANCY 

Pregnancy is a major risk factor for severe malaria in endemic areas [110]. Even in 

previously immune individuals, susceptibility for severe malaria is seen during pregnancy, 

especially in the primigravida [110]. The placenta exposes binding sites with chondroitin 

sulphate A, for a specific phenotype of PfEMP1, enabling sequestration potentially causing 

placental dysfunction, called placental malaria with high risk of perinatal complications such 

as low birth weight or still birth [111, 112].  

Severe maternal anaemia and low birth weight caused by a parasitized placenta during 

pregnancy are key contributors to both maternal and infant morbidity and mortality [113, 

114]. Also, non-falciparum malaria affect pregnancy and even if the effect may be less 

pronounced compared to P. falciparum, an increased risk of anaemia and low birthweight 

have been observed [115, 116].  

In pregnant travellers, an increased risk of severe P. falciparum malaria and complications is 

expected, supported by observational data [117, 118]. Pretravel advice during pregnancy 
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should include a recommendation of postponing trips to malaria endemic areas, if possible, 

chemoprophylaxis unless contraindicated and protection against mosquito bites [119]. In a 

study compiling cases of malaria in pregnant travellers from Europe, the United States and 

Japan, severe malaria was reported in 43/632 (6.8%) [118].  

1.9 RISK FACTORS FOR SEVERE MALARIA AND DEATH IN TRAVELLERS 
AND MIGRANTS 

Travellers born in non-endemic countries are more likely to develop severe and fatal P. 

falciparum malaria compared to adult travellers with origin in endemic areas, largely due to 

lack of immunity [55, 120-124]. For travellers born in an endemic country, time lived in a 

non-endemic country has been shown to correlate to the risk of severe malaria, suggesting a 

waning protective immunity over time [107]. In addition, several genetic factors that are more 

prevalent in populations originating in malaria endemic areas are well recognized to reduce 

the risk of severe malaria, including sickle cell trait, α-thalassemia as well as G6PD-

deficiency [125-127]. 

Furthermore, elderly travellers have repeatedly been found to be at increased risk for both 

severe malaria and death, especially in those over 60 years of age [128]. Similarly, in P. 

vivax, the risk of dying from imported malaria seems associated to age, with reported case 

fatality rates of 0.25% in travellers over 50 years of age and 0.76% in those over 70 years 

[129]. The effect of age on severity has not been thoroughly investigated, although 

concomitant co-morbidities in the elder population and an ageing immune system 

inadequately responding to the infection are factors likely to contribute [128, 130]. The effect 

of non-communicable diseases on severity of malaria infection is not fully elucidated, 

although in travellers, diabetes and obesity were associated with severe P. falciparum malaria 

in adults, independent of age [131].  

In non-endemic countries, health care delay is a strong risk factor for severe P. falciparum 

malaria in both children and adults [120, 132] as well as for fatal malaria in adults [55, 81, 

133]. Moreover, health care presentation in UK counties where few malaria cases were 

diagnosed was strongly associated with death due to malaria, indicating diagnostic and 

management differences affecting the outcome [55]. 

The risk of severity in travellers is also affected by the use of chemoprophylaxis, consisting 

of an antimalarial drug taken during and 1-4 weeks after the visit in a malaria endemic area to 

prevent malaria infection [134]. Chemoprophylaxis is effective in preventing malaria and 

current recommendations consists of mainly three alternative drug regimens: atovaquone-

proguanil, mefloquine or doxycycline [135, 136]. In travellers infected by P. falciparum 

despite regular use of chemoprophylaxis, a reduced risk of severe malaria and death have 

been shown [81, 137, 138]. Moreover, the commonly used drugs for chemoprophylaxis does 

not prevent relapse infections caused by the presence of P. vivax and P. ovale hypnozoites 

[139, 140].  

Other infectious diseases may also affect the severity of malaria infection. In many areas of 

Sub-Saharan Africa, a high burden of HIV-infection coincides with high malaria endemicity 

[141, 142]. HIV has been shown to increase the risk of severe malaria in endemic populations 

[143-146], and correlated with decreasing CD4 counts [141, 142].  
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1.10 PREDICTION MODELS FOR SEVERE MALARIA 

Apart from the criteria for severe malaria defined by WHO, several prognostic models for 

malaria severity and poor outcome have been developed in different endemic settings and 

populations [147]. The objective for most prediction models is to facilitate clinical 

assessment of patients with malaria by signalling an increased risk of severe complications 

and mortality. Previously proposed models include The Malaria Score for Adults (MSA) 

[148], Malaria Severity Score (MSS) [149], Respiratory Coma Acidosis Malaria (RCAM) 

[150], GCRBS score [151] and Quick Sequential Organ Failure Assessment (qSOFA) score 

[152, 153], Coma Acidosis Malaria (CAM) [86], Malaria Prognostic Index (MPI) [154], 

Sequential Organ Failure Assessment (SOFA) score [152] or Acute Physiology and Chronic 

Health Evaluation II (APACHE II) score [155]. 

However, several of the proposed models include variables not readily available in routine 

management of malaria in endemic or non-endemic settings, for example PaO2/FiO2 and 

percentage of pigmented parasites. In addition, none of these models have been validated in a 

non-endemic setting, and there are no reports on the use of any models in clinical practice 

[147].  

1.11 ASYMPTOMATIC INFECTION 

On the other end of the disease spectra from severe infections, asymptomatic infections with 

malaria parasites are found. In malaria endemic areas, parasitemia without symptoms is 

common in the population [156-158] (Figure 4).  

Parasite proliferation and density are controlled by immune mechanisms, keeping total 

parasitemia under the pyrogenic threshold [156, 159], and close or even below the lower limit 

of detection of rapid diagnostic tests (RDTs) and microscopy [160, 161].  

Although asymptomatic infections may become symptomatic [156, 159], other findings 

suggest that asymptomatic parasitemia have a protective effect against future symptomatic 

malaria infections possibly by maintaining immunity, and especially the antibody response 

[127, 162].  

 

 

 

Figure 4. Prevalence of P. falciparum in 2-10 year olds in 2019. From the Malaria Atlas Project, available at 

https://malariaatlas.org/ [14], reproduction permitted under Creative Commons Attribution 3.0 

 

 

https://malariaatlas.org/
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As asymptomatic carriers often remain undiagnosed and untreated, gametocytes in 

asymptomatic carriers are believed to contribute significantly to the human-to-mosquito 

transmission of malaria [163, 164]. While the low parasitemia in asymptomatic malaria has 

been hypothesized to give rise to too low levels of gametocytes for effective transmission 

[163], the effect is demonstrated by the asymptomatic infections carried in over the dry 

season, bridging the periods when the spread of malaria by mosquitoes is very limited [162, 

165, 166]. Adaptations by the Plasmodium parasite, with disproportionally higher gametocyte 

levels for effective transmission, and decreased endothelial adherence for lower virulence 

reducing the risk of harming or killing the host, results in transmittable parasite densities at 

least intermittently [160, 166, 167]. Thus, asymptomatic carriers are an important reservoir 

for infection and may therefore be an obstacle in malaria elimination [157, 167, 168].  

1.11.1 Impact of asymptomatic infection on health 

Apart from the risk of transmission in endemic areas, chronic parasitemia have been 

described to have negative effects on the health. Malaria is well known to cause anaemia 

through haemolysis, increased clearance in the spleen and bone marrow suppression [59], a 

process occurring also in asymptomatic malaria [169]. Bacterial complications are well 

known in severe malaria in endemic areas [170-172], seemingly caused by neutrophil 

dysfunction driven by mediators released in malaria induced haemolysis [173, 174]. 

However, in areas where the sub-microscopic parasite pool has been targeted in treatment 

trials, severe bacterial infections have declined along with a reduction of all-cause mortality 

surpassing what would be expected from the reduction of symptomatic malaria only, leading 

to the hypothesis that asymptomatic persistent infections contribute to morbidity from 

bacterial infections [174].  

Moreover, asymptomatic P. falciparum parasitemia has also been associated with cognitive 

impairment in school children in Uganda, independent from anaemia [175]. Signs of vascular 

inflammation has been described in children [176]. Nephrotic syndrome has previously been 

associated with P. malariae [9], but have been questioned and may instead be a coincidental 

association [177, 178].  

Malaria is a leading cause of splenomegaly in the tropics, and may cause hyperreactive 

malarial splenomegaly, a serious condition caused by malaria antigen stimulation leading to 

marked splenomegaly and elevated IgM, often along with anaemia, thrombocytopenia, and 

other blood chemistry abnormalities [179, 180]. In turn, an enlarged spleen is associated with 

increased risk of bacterial infections and splenic rupture [181]. Malaria is also linked to an 

increased incidence of Burkitt’s lymphoma [182]. 

In children <5 years of age, asymptomatic parasitemia have been associated with progress to 

symptomatic malaria [183]. During pregnancy, P. falciparum parasitemia poses a serious risk 

even in previously semi-immune individuals, with risk of low birth weight and may even 

cause still births or spontaneous abortions [113]. Presently, in endemic areas with moderate to 

high transmission of malaria, WHO recommends intermittent preventive treatment with 

sulphadoxine/pyrimethamine for malaria during pregnancy (IPTp) and in infants (IPTi) to 

reduce the individual risk of symptomatic malaria, reduce complications during pregnancy 

and as a societal intervention for malaria control [73]. Migrants arriving in non-endemic 

countries, however, face only the negative aspects of continuous parasitemia, although the 

duration of continuous parasitemia is not known.   

 



 

18 

1.11.2 Duration of Plasmodium infection 

Although the presence of asymptomatic malaria infection is common in populations in 

endemic areas, the natural duration of an untreated low density malaria infection is not well 

known. A significant part of the available data on the duration of infection comes from 

protocols of induced malaria infections for the treatment of neurosyphilis in the pre-antibiotic 

era when P. vivax, P. malariae and to some extent P. falciparum was inoculated in patients to 

cause fever [184, 185]. According to studies, the longest duration of untreated P. falciparum 

infection was 503 days [186] and 726 in P. malariae [185]. It should be noted, however, that 

intermittent low dose antimalarial treatment was often used to control the infections, 

especially in P. falciparum causing high parasitemia with potentially severe manifestations 

and most patients were likely non-immune to malaria. In addition, parasitemia below the 

detection limit of light microscopy would have been missed. Interestingly, trials with P. ovale 

were abandoned due to lack of fever in repeated infections, indicating a rapidly developing 

tolerance [11]. 

Evidence of long parasite carriage has also been reported in case reports and case series 

including infections in recipients of blood transfusions and solid organ transplantations, with 

time from exposure of the donor to the transmission ranging between six months to 13 years 

in P. falciparum, reviewed by Ashley and White [187]. In P. malariae, case reports describe 

exposures several decades prior the detection of infection [188, 189]. These reports are few 

and may describe rare extreme cases of durations or may indicate hibernating pools of 

parasites also in P. malariae [10]. 

1.12 RELAPSE OF P. VIVAX AND P. OVALE 

A unique feature of P. vivax and P. ovale is the ability to cause relapse infections over the 

course of weeks to several months from the initial malaria episode. These relapse infections 

result from the activation of hibernating exoerythrocytic forms of the parasite called 

hypnozoites [140, 190]. These hypnozoites are formed from a subset of the sporozoite load 

transmitted by the Anopheles mosquito [191]. The hypnozoites give rise to quiescent 

infections in hepatocytes, provoking a very low immune response and are undetected by 

present diagnostic methods. Due to not fully understood triggers, the hypnozoites becomes 

activated and may give rise to blood stage infections [140]. 

Strains of P. vivax with different geographical distribution have been characterized, largely in 

studies based on data collected from induced P. vivax infections provoking fever as treatment 

for neurosyphilis [184, 192, 193]. The tropical Chesson strain typically was described to have 

a short latency of approximately 3 weeks from the initial episode, whereas the St Elisabeth, 

Madagascar and temperate strains had a longer latency of approximately 8-12 months [192].  

However, while the relapsing properties of P. vivax are well described, the actual evidence 

for relapsing P. ovale is much more limited, and a systematic review identified just over 30 

relapse episodes described in the scientific literature [11, 194-197]. Moreover, the presence of 

P. ovale hypnozoites in the liver is debated and was originally an assumption based on the 

morphological similarities between P. vivax and P. ovale [198, 199]. Globally, relapses of P. 

vivax and P. ovale contribute to a significant part of malaria morbidity [18, 200]. A study 

from Papua New Guinea even estimated that P. ovale relapses were the major source of all P. 

ovale cases in that area [201].  
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1.13 DIAGNOSIS OF MALARIA 

The gold standard diagnosis of malaria infection is based on light microscopy of Giemsa or 

Field stained blood smears [65]. A set of two slides are normally prepared; thick and thin, 

where the thick slides consist of a multilayer sample of lysed erythrocytes, allowing for 

effective parasite screening especially at low parasite densities as larger blood volume is 

analysed per microscopic field. The thin monolayer smear is fixed in methanol and allow 

for better determination of the infective species. Estimation of parasitemia may be done in 

either, but preferably in thin smear [202, 203]. The overall sensitivity and specificity in 

blood smear microscopy depends on training of the performer. With expert microscopists, 

10 infected RBC/µL blood is regarded as a detectable level of parasitemia [204]. The 

availability of sufficiently trained personnel is limited in both endemic and non-endemic 

settings [205]. 

Antigen based rapid diagnostic tests (RDTs) are frequently used in endemic areas as well as 

in non-endemic setting [205, 206]. RDTs are based on chromatographic methods to detect 

pfHRP2 (Plasmodium falciparum Histidine Rich Protein 2 for P. falciparum, and pLDH 

(Plasmodium Lactate Dehydrogenase) and aldolase for all species. The sensitivity of RDTs 

depends on the level of parasitemia, species and manufacturer [207], with detection levels 

down to a parasitemia of 100 infected RBC/µL blood [204]. Promising results from an 

improved ultrasensitive RDT have been reported in some settings, however, a recent meta-

analysis did not demonstrate any significant difference in sensitivity or specificity [208]. In 

addition, the spread of P. falciparum strains with deletions in the HRP2 gene, causing false 

negative RDTs, could seriously threaten the diagnostic ability in many rural settings relying 

on RDT for the diagnosis of malaria [209]. 

Polymerase chain reaction (PCR) based assays are more sensitive than both microscopy and 

RDT methods, with a detection limit down to 0.005 infected RBC/µL blood [210]. Based 

on nucleic acid amplification, these methods are time consuming, costly, requiring more 

advanced laboratory equipment and trained personnel, and are therefore not regularly used 

in the clinic to diagnose malaria [204, 210]. Various gene sequences have been targeted, 

including the 18S ribosomal RNA gene, and the use of species-specific primers provide 

highly reliable results concerning infective species, even in mixed plasmodial infections 

[211]. Furthermore, PCR is the most sensitive method to detect asymptomatic parasitemia, 

where the level of parasitemia is often low and submicroscopic [157].  

An alternative molecular test is the loop-mediated isothermal amplification (LAMP), where 

amplification of DNA occurs at constant temperature. It requires less laboratory equipment 

and provide a high sensitivity and specificity compared to microscopy. Although more 

easily performed than PCR, and made available in commercial kits, the cost is higher than 

for microscopy and RDT, and microscopy is still the method of choice for estimating the 

parasitemia [212, 213].  

Serology offers interesting opportunities in surveillance of malaria exposure, especially in 

malaria elimination settings [214], although it does not represent a reliable method to 

diagnose acute malaria.  

1.14 TREATMENT AND MANAGEMENT OF MALARIA  

The management of malaria is dependent on timely actions and effective treatment. 

Treatment guidelines differ for P. falciparum and non-falciparum species, as well as for 

severe and non-severe malaria. Therefore, the WHO criteria for defining severe malaria are 

an integrated part of malaria treatment recommendations, also in non-endemic countries [73, 

77, 215, 216].  
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1.14.1 Treatment of non-severe P. falciparum malaria 

Current recommendations for the treatment of non-severe P. falciparum includes oral 

artemisinin-based combination therapy (ACT) [65]. Artemisinin compounds are fast acting 

agents with a short half-life. However, artemisinin monotherapy is associated with 

treatment failures suggested to be an effect of the short half-life of artemisinin as well as 

artemisinin induced dormancy of P. falciparum parasites [217-219]. To achieve parasite 

clearance, the artemisinin compounds are combined with a long acting partner drug for 

example lumefantrine, also delaying the emergence of drug resistance towards artemisinin 

[220].  

1.14.2 Treatment of non-severe P. vivax, P. ovale and P. malariae 

The treatment of non-severe P. vivax, P. ovale, P. malariae and P. knowlesi malaria still 

relies mostly on chloroquine, although chloroquine resistance in P. vivax is prevalent in 

Southeast Asia and Oceania [221] as well as in Ethiopia [222]. For the treatment of P. vivax 

from areas with high prevalence of chloroquine resistance, several options exist including 

ACT [223].  

1.14.3 Radical treatment of P. vivax and P. ovale 

Hypnozoites are unaffected by the treatment of the blood stage infection, and another class 

of drugs, the 8-aminoquinolines is recommended for radical cure [140]. Primaquine is the 

most widely used with recommended dosing of 0.25-0.5mg/kg/bodyweight for 14 days 

[73], although shorter courses of 7 days may be equally effective, and easier to comply 

[224]. Tafenoquine is another 8-aminoquinoline given as a single dose with comparable 

efficacy [225, 226]. However, the use the 8-aminoquinolines are limited by the risk of a 

potentially severe oxidative haemolysis in individuals with glucose-6-phosphate-

dehydrogenase (G6PD) deficiency, which requires testing before treatment [227, 228].  

1.14.4 Treatment of severe malaria 

In severe P. falciparum malaria, the safety and benefit of intravenous artesunate over 

quinine is well established [77, 78, 229], and WHO recommends intravenous artesunate as 

initial therapy for severe malaria caused by all species [65]. In cases treated with 

intravenous artesunate, a full course of an oral ACT is given upon clinical stabilisation and 

decreasing parasitemia [65]. 

In addition to prompt initiation of antimalarial treatment, severe malaria with manifest 

organ failure often requires supportive treatment in an intensive care unit (ICU) [230]. The 

indication for supportive treatments such as vasopressor treatment, haemodialysis or 

mechanical ventilation in severe malaria is not different compared to other conditions 

requiring these measures. However, special attention to fluid overload is needed due to the 

risk of cerebral and pulmonary oedema [231, 232]. Artemisinin therapy may cause delayed 

haemolysis, especially if the initial parasitemia was high, and follow up is therefore 

recommended [233] 

1.14.5 Drug resistance 

Treatment of P. falciparum malaria has been challenged by the emergence of drug 

resistance [234, 235]. Succeeding quinine, chloroquine was one of the first drugs to be 

widely used in treatment of malaria. Chloroquine resistant strains of P. falciparum were 

reported in Southeast Asia in 1957, spread globally and were first reported in Africa in 

1978 [235]. Since the advent and spread of drug resistant P. falciparum have been 

described in the Greater Mekong Region in Southeast Asia, including resistance to 
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mefloquine, sulphadoxine/pyrimethamine, amodiaquine and piperaquine [236, 237]. To 

delay the emergence of drug resistance to artemisinin, these highly effective compounds 

have been partnered with another antimalarial drug, however, resistance to artemisinin has 

been reported in Southeast Asia and more recently in Africa, which is of particular concern 

[238, 239]. 

 

1.15 MALARIA IN MIGRANTS 

In some groups of migrants, e.g. refugees and asylum seekers, studies report unmet healthcare 

needs, barriers to health care, and a general poorer health outcome compared to the resident 

population in the host countries [40, 240-242]. Migrants are also at particular risk for 

infections, and screening for common infectious diseases, such as tuberculosis, viral hepatitis 

and HIV, have shown improved outcomes and cost effectiveness compared to passive 

detection [243]. 

In malaria endemic areas, a higher prevalence of malaria has been reported in migrants living 

in refugee camps compared to a neighbouring village population [244]. In the management of 

febrile patients with recent migration from a malaria endemic country, testing for malaria is 

mandatory. In Sweden and many European countries, a large increase in malaria cases were 

seen in 2014-2015, almost exclusively caused by high incidence of malaria in newly arrived 

migrants from Eritrea [31, 32, 38].  

In addition to the symptomatic cases, migrants from high endemic settings, where the 

prevalence of asymptomatic malaria is high, may still carry malaria parasites upon the arrival 

in the host country. Studies on migrants arriving in non-endemic countries describe 

prevalence between 3-30% depending on setting and groups of migrants targeted in the 

studies [245-247]. 

Screening for malaria parasites in newly arrived migrants has been suggested in a few studies 

[248-250], while in the US, the Centers for Disease Control and Prevention (CDC) 

recommends presumptive antimalarial treatment to all refugees from Sub-Saharan Africa 

before entering the country [251, 252]. Currently, malaria is not included in the screening 

program offered to newly arrived migrants in Sweden and malaria is not mentioned in the 

guidance document by the European Centre for Disease Prevention and Control (ECDC) 

concerning screening for infectious diseases [253].  

The risk of reintroduction of malaria in Europe by the arrival of migrants with ongoing 

parasitemia is limited due to restricted breading grounds for suitable vectors and effective 

health systems [254, 255], although outbursts of autochthonous spread of malaria have been 

reported from around Europe [255]. Instead, prolonged carriage, even of asymptomatic 

parasitemia, may cause negative effects on the health of the individual [9, 175, 176, 256].  
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2 RESEARCH AIMS 

The overall aim for this thesis was to contribute to improved identification, treatment, and 

management of malaria in travellers and migrants.  

 

2.1 SPECIFIC AIMS 

 

o To describe the epidemiology and clinical presentation of imported malaria in 

travellers and migrants in Sweden (Study I) 

 

o To identify risk factors associated with severe malaria in travellers and 

migrants (Study I).  

 

o To assess the risk of relapse of P. vivax and P. ovale malaria and the efficacy 

of primaquine treatment to prevent relapse infections in travellers and 

migrants (Study II).  

 

o To evaluate WHO criteria for severe P. falciparum and non-falciparum 

malaria in a non-endemic area and identify criteria for predicting unfavourable 

outcome (Study III). 

 

o To estimate the prevalence of malaria in migrants from Sub-Saharan Africa 

resettled in Sweden and identify groups at high risk of malaria among 

migrants (Study IV).
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3 MATERIALS AND METHODS 

3.1 STUDY POPULATIONS 

3.1.1 Travellers and migrants diagnosed with malaria in Sweden (Study I-III) 

Malaria is a notifiable disease in Sweden, regulated in the Swedish Communicable Diseases 

Act. This means that all cases of diagnosed malaria are subject to mandatory reporting by the 

treating physician and the diagnostic laboratory. The cases were identified from the National 

surveillance database at the Public Health Agency of Sweden, with additional unreported 

cases found through local microbiological and infectious disease departments. Using the 

unique personal numbers of all residents in Sweden or the temporary identification number 

(generated for visitors and newly arrived migrants on the first contact with the health care 

system in a region) together with data on reporting hospital, medical records could be 

retrieved and retrospectively assessed. 

In Study I, all episodes, except relapse and recrudescence infections, between 1 January 

1995- 31 December 2015 were included (n=2653). 

In Study II, the inclusion period was expanded to 1 January 1995 – 30 June 2019. All 

episodes, including relapses, of P. vivax and P. ovale were selected for further analysis (P. 

vivax n=956 and P. ovale n=229). 

In Study III, from the full cohort identified in study II, the first diagnosed episode (e.g. 

excluding relapse infections or new malaria episodes after travelling again) in adult (≥18 

years) patients were selected for analysis (n=2405). 

3.1.2 Migrants arriving in Sweden from Sub-Saharan Africa (Study IV) 

In this prospective study, participants originating from Sub-Saharan Africa living in Sweden 

were eligible, irrespective of age or time lived in Sweden. The study population was recruited 

following one of five possible entries in the study:  

1. When visiting an Asylum Health Care Facility in Stockholm (Rissne, Fittja, 

Skärholmen) or Västerås, Sweden.  

2. When attending the Antenatal Health Care at Rissne Health Care Facility in 

Stockholm  

3. On a regular visit to an out-patient clinic either at the Infectious Disease Department 

at the Karolinska University Hospital, Stockholm, Sweden and at Västerås Hospital, 

Sweden, or at Department of Paediatrics at Astrid Lindgren´s Children Hospital in 

Stockholm, Sweden.  

4. By letter invitations addressed to migrants with origin in DRC or Uganda and arrival 

in Sweden between 1 October 2019 and 28 September 2020, and later with an 

extended time period to also include arrivals on 1 January 2015 – 30 September 2019. 

This was done due to preliminary results in the study as well as due to the sudden 
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drop in migrants from Sub-Saharan Africa arriving to Sweden as a consequence of the 

COVID-19-pandemic. Addresses were retrieved from the Swedish Migration Agency. 

5. By invitation to relatives to patients with confirmed malaria, found in the study or in 

the clinic at Karolinska University Hospital or Västerås Hospital. 

3.2 ETHICAL CONSIDERATIONS 

All studies in this thesis were approved by the Ethical Review Board (2009/1328-31/5, 

2010/1080-32, 2012/1155-32, and 2017/383-32 for studies I-III; and 2019-00430 and 2020-

05351 for study IV). 

The ethical permit for Study I-III allowed a retrospective review of medical records with the 

approval from the head of the department where the patient had been treated, without asking 

for patient consent. Although this could potentially cause an intrusion on the personal 

integrity, the risk was justified by the potential benefits of the study for improved 

management of imported malaria. In addition, the length of the inclusion period spanning 

over two decades would likely have hindered the collection of individual consents due to 

untraceable contact details, emigration or persons no longer being alive. Loosing certain 

groups in the inclusion would have introduced a selection bias, impeded analysis, and making 

the studies inconclusive. Potential intrusion on the personal integrity was minimized by a 

systematic collection and management of pseudonymised data, handled only by a limited 

number of persons involved in the studies. Moreover, as the collection was done 

retrospectively there was no risk of intervening with the management of the malaria episode. 

In Study IV, the prospective cross-sectional study design including only migrants of Sub-

Saharan African origin posed several ethical considerations. Migrants, in our study mostly 

quota refugees and asylum seekers, are considered a vulnerable group due to aspects of their 

migration, language barriers, limited economic resources and a restricted social security net, 

apart from potential unmet medical needs. Research including this vulnerable group was 

justified due to the overlying aim of the study to improve health in this particular group, and 

thus the potential benefits from the study were directed towards the same group. 

Secondly, the inclusion of study participants most often occurred at the occasion of a planned 

visit at an Asylum Health clinic. Eligible study participants were approached and included the 

same day. Despite information given stating that the study was separate from the routine 

health care, there is a risk that persons with limited previous contact with health care in 

Sweden did not fully comprehend the study to be separate from health care, nor how to fully 

use the right to withdraw from the study. This risk was minimized by the use of an oral 

translator and written information given in one of the major languages as well as pre-recorded 

oral information in Swahili and Tigrinya, before participants were asked to provide a written 

consent.  

All participants with a positive test for malaria were contacted and offered a clinical 

appointment for treatment which was a benefit for the study participant.  
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3.3 DATA SOURCES 

In Study I-III, data were extracted from medical records from clinical cases of malaria in 

Sweden, concerning epidemiological data (including travel itinerary or migration route, days 

in endemic area, total time lived in endemic country), clinical data (including days since 

symptom onset, previous health care contacts, symptoms, vital parameters at presentation and 

worst during treatment, antimalarial treatments, antibiotics) and laboratory parameters 

(including Plasmodium species, bacterial cultures and blood chemistry).  

In Study IV, data were collected using a questionnaire with questions on migration route, 

date of arrival in Sweden, present symptoms, current or recent fever, previous malaria 

infections and treatments as well as ongoing medical treatments. A blood sample was 

collected and analysed for haemoglobin as well as a rapid diagnostic test for malaria the day 

of sampling. In addition, a real-time PCR was performed for detection and identification of P. 

falciparum, P. vivax, P. ovale and P. malaria as well as combination of these species.  

3.4 DEFINITIONS 

In Study I, the WHO 2015 definition was used, with few exceptions. First, circulatory shock 

was defined according to the thresholds of systolic blood pressure only since evaluation of 

cold extremities could not be assessed in the retrospective data. Acidosis was defined as a 

blood pH 7.35 throughout, as S-lactate or S-bicarbonate were not systematically collected.  

Criteria prognostic of unfavourable outcome were defined by a selection of WHO-criteria for 

severe malaria that had been strongly associated to poor outcome and death, these were 

impaired consciousness, acidosis, renal impairment and shock, associated with mortality in 

Bruneel et al and multiple convulsions, pulmonary oedema, and significant bleeding in WHO 

2000 [69, 80]. 

Health care delay was defined as number of days from first health care contact until malaria 

diagnosis. Patients country of origin and origin of infection were grouped in continental areas 

as defined in the UN Geoscheme [257].  

In Study II, relapse episodes were defined as recurrence of parasitemia of the same species in 

21 days or longer after finishing the acute phase treatment, in patients denying new travel. 

In Study III, the definitions of severe malaria published by WHO in year 1990, 2000, 2006, 

2010, 2012 and 2015/2021 (described in Appendix 1) [65, 68-73] were used, with the same 

exceptions as in Study I. Moreover, a criterion indicating cerebral malaria was created by 

combining coma and multiple convulsions. In addition, prediction models for severe outcome 

and death due to malaria described in previous studies were used, defined as stated in 

Appendix 2 of Study III. As a sign of severe disease, we defined unfavourable outcome as 

death due to malaria or ICU-care for two days or more due to malaria. 
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In Study IV, origin from Sub-Saharan Africa (SSA) was used as the inclusion criteria, and 

the conventional definition SSA was used including all countries belonging to the African 

continent with exception to Morocco, Western Sahara, Algeria, Tunisia, Libya, and Egypt. 

 

3.5 LABORATORY METHODS 

In Studies I-III, malaria diagnostics in the clinic, relied on microscopy and only occasionally 

on PCR performed in the routine lab. In Study IV, haemoglobin was measured using a 

Hemocue point-of-care test (HemoCue, Ängelholm, Sweden), and malaria diagnosis relied on 

both a rapid diagnostic test for malaria (CareStart™ Malaria HRP2/pLDH) (Access Bio, 

Somerset, NJ, USA) as well as real-time PCR on all collected samples in the research 

laboratory. The blood was centrifuged, and plasma and DNA-extraction was done on the 

blood cell fraction using QIAmp DNA Blood Mini Kit (Qiagen, Germany) according to 

instructions. Multiplex real time PCR was performed using protocol and primers adapted 

from Shokoples et al [211], detecting P. falciparum, P. vivax, P. ovale and P. malariae, as 

well as combinations of these species. 

3.6 STATISTICAL ANALYSES 

In all studies, continuous variables were summarized and compared using medians and the 

Mann-Whitney U test or Kruskall-Wallis test for comparing variables in several groups. 

Differences between categorical variables were analysed using Pearson X2 or Fisher exact test 

when appropriate.  

In Study I, logistic regression was performed to calculate odds ratios (OR) for factors 

associated with severe malaria. Factors of clinical relevance and factors known to be 

associated with severe malaria were selected for analysis. Factors with p <0.2 were included 

in the multivariate model, and factors with p<0.05 were kept in the final multivariate model. 

As individual patients could appear more than one in the dataset, for example after new 

travel, calculations with cluster robust standard errors were used. 

In Study II, Cox regression was used to calculate the hazard ratio (HR) for developing P. 

vivax or P. ovale relapse. Proportionality of hazard rates were tested with Schoenefeld 

residuals. The smoothed hazard function was plotted for visualizing the risk of relapse at 

different time points. Kaplan-Meier estimations were used to visualize the risk of relapse in 

P. vivax and P. ovale, respectively.  

In Study III, univariate and multivariable logistic regression were used to evaluate the 

association between criteria of severe malaria and unfavourable outcome. A multiple 

imputation model with chained equations was performed to minimize the risk of bias related 

to missing data on creatinine, parasitemia, bilirubin, acidosis, systolic blood pressure and 

GCS-score.  
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A logistic regression model was fitted using the different criteria for severe malaria as well as 

different cut-offs in criteria based on continuous variables, such as P-creatinine, B-

haemoglobin, P-bilirubin, systolic blood pressure, GCS, respiratory rate and parasitemia. The 

ability to predict unfavourable outcome was assessed for the criteria at different cut-offs, 

using calculations of the area under the receiver operating curve (AUC), and a model 

consisting of several criteria was fitted for optimal predicting ability. The fit of the final 

model was assessed using the Hosmer-Lemeshow goodness-of-fit test. 

In Study IV, logistic regression was used to assess risk factors for PCR positivity. Due to 

clustering in families, logistic regression with cluster robust standard errors was used. 
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4 RESULTS 

4.1 STUDY I 

In this retrospective study, including 2793/3260 (85.7%) of all notified and/or diagnosed 

episodes of malaria in Sweden between 1995 and 2015, we assessed factors affecting disease 

severity of both severe P. falciparum and severe non-falciparum malaria. Medical records 

from all treating hospitals were retrieved and demographic, epidemiological and clinical data 

were collected. Severe malaria was defined according to WHO 2015 criteria [65]. Cases of P. 

ovale and P. malariae were also included in the definition of severe malaria. In addition, a 

subset of severe malaria criteria, with a stronger predictive value of poor prognosis based on 

previous studies [69, 80], was used for comparison. Factors contributing to risk of severe 

malaria and factors of poor prognosis, were assessed using univariate and multivariable 

logistic regression.  

Severe malaria according to the WHO 2015 definition was found in 227/2653 (8.6%) 

episodes, and among the respective species; P. falciparum 146/1548 (9.4%), P. vivax 60/776 

(7.7%), P. ovale 10/188 (5.3%), P. malariae 2/61 (3.3%), mixed Plasmodium infection 

including P. falciparum 8/38 (21.1%), and in one episode with unknown species. Criteria 

prognostic of unfavourable outcome were more common in P. falciparum but were also 

found in the non-falciparum episodes, 84/1548 (5.4%) vs 23/1025 (2.2%), respectively, (P < 

.001).  

In severe P. falciparum, mainly seen in non-immune travellers, the most common criterion 

for severe malaria was hyperbilirubinemia using the 2% parasitemia threshold, in 27/79 

(34.2%). In the non-falciparum species, almost half of the severe episodes were found in 

newly arrived migrants from Eritrea. The most common criteria for severe malaria in severe 

non-falciparum malaria were hyperbilirubinemia and anaemia (Table 2).  

In the univariate and multivariable logistic regression, factors associated with severe P. 

falciparum were young and older age, being born in a non-endemic country, health care delay 

and region of diagnosis in Sweden (Figure 5). In addition, pregnancy and HIV were strong 

predictors of severity.  

In the non-falciparum species, factors associated with severe disease were origin in Sub-

Saharan Africa (aOR, 2.0 [95% CI 1.1–3.4]; P = .015) and health care delay for 3-4 days 

(aOR, 2.8 [95% CI 1.1–6.7]; P = .024) and 5-6 days (aOR, 2.9 [95% CI .8–10.1]; P = .09), 

after adjusting for age and either health care delay or patient origin, respectively (Figure 6). 

Of all severe non-falciparum episodes, 42/72 (58.3%) were seen in patients originating from 

sub-Saharan Africa, and in this group most (41/42, 97.6%) were recently arrived migrants, 

most commonly from Eritrea (32/42, 76.2%) diagnosed in years 2014–2015. 
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Table 2. Severe malaria criteria in episodes of different species 

Severe malaria    n=227a 

 

 

P. falciparum 

n=146/1548 

(9.4%) 

P. vivax 

n=60/776 

(7.7%) 

P. ovale 

n=10/188 

(5.3%) 

P. malariae 

n=2/61  

(3.3%) 

Mixed b 

n=8/44 

(18.2%) 

WHO criteria      

Impaired consciousness 28 1 1 0 1 

Prostration 9 1 0 0 0 

Multiple convulsions 9 0 0 0 0 

Acidosis 21 0 0 0 0 

Hypoglycemia 2 0 0 0 0 

Severe anemia 16c 15 0 1 4 

Renal impairment 31 1 0 0 3 

Hyperbilirubinemia 66c 28 6 0 4 

Pulmonary edema 15 4 2 0 0 

Significant bleeding 17 5 1 0 1 

Shock 33 8 2 1 3 

Hyperparasitemia 57 0 0 0 3 

      

Numbers of criteria fulfilled per 

episode of severe malariad, n (%) 

     

1 79 (59.4) 57 (95.0) 8 (80) 2 (100) 4 (50.0) 

2 25 (18.8) 3 (5.0)e 2 (20)f 0 (0) 1 (12.5) 

3 15 (11.3) 0 (0) 0 (0) 0 (0) 0 (0) 

4 5 (3.7) 0 (0) 0 (0) 0 (0) 2 (25.0) 

≥5 9 (6.8) 0 (0) 0 (0) 0 (0) 1 (12.5) 

      

Criteria prognostic of unfavorable 

outcomeg, n (% of all cases) 

84 (5.4) 18 (2.3) 4 (2.1) 1 (1.6) 5 (11.4) 

Fatal outcome, n (% of the severe) 3 (2.1) 0 (0) 0 (0) 0 (0) 1 (12.5)h 

a 1 episode of severe malaria with unknown species fulfilled the criteria for circulatory shock  
b Of the mixed infections including P. falciparum, 8/38 (21.1%) were severe, thus all severe episodes with mixed 

Plasmodium included P. falciparum  
c In P. falciparum, severe anemia and hyperbilirubinemia includes parasitemia thresholds 
d Hyperparasitemia is excluded in this comparison 
e Consisting of: prostration and shock (1), bleeding and shock (1) and hyperbilirubinemia and pulmonary edema 

(1) 
f Consisting of: impaired consciousness and shock (1), pulmonary edema and shock (1) 
g Including coma, multiple convulsions, acidosis, renal impairment, shock, pulmonary edema and significant 

bleeding 
h P. falciparum and P. ovale 
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Figure 5. Forest plot summarizing factors associated with severe P. falciparum malaria. *Adjusted for age 

group, patient origin and health care delay. 

 

 
Figure 6. Forest plot summarizing factors associated with severe non-falciparum malaria 

 

In 33/2573 (1.3%) patients, clinical deterioration occurred after initiation of treatment with 

mefloquine, atovaquone/proguanil, oral quinine and artemether/lumefantrine. In P. 

falciparum, oral antimalarial treatment in episodes with ≥2% parasitemia was strongly 

associated with deterioration to severe malaria (OR, 8.7 [95% CI 1.9–39.3]; P = .005).  
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4.2 STUDY II 

Here we evaluated the relapse patterns and the effect of primaquine on the risk of relapse of 

P. vivax and P. ovale malaria. The retrospective data collected in the review of medical 

records for Study I, was extended to include notified cases of malaria until 20 June 2019. All 

cases of P. vivax (n=972) and P. ovale (n=251) were selected for analysis using Cox 

proportional hazards regression.  

In P. vivax, first time relapses were seen in 80/857 (9.3%) whereas in P. ovale, 9/220 (4.1%) 

relapsed were observed. Overall, the risk of relapse was higher in P. vivax compared to P. 

ovale, hazard ratio (HR) 3.5 (95% CI 1.0-12.0) (Figure 7).  

The effect of primaquine in P. vivax is well established and was confirmed in our study. In P. 

vivax, relapses were seen in 20/60 (33.3%) in patients not prescribed primaquine compared to 

54/756 (7.1%) patients prescribed primaquine, corresponding to an 80% risk reduction, HR 

0.2 (95% CI 0.1-0.3). Meanwhile, in P. ovale, relapses were overall few, seen in 3/30 

(10.0%) not prescribed primaquine compared to 5/179 (2.8%) in the group with prescribed 

primaquine. The risk reduction by primaquine treatment was less pronounced, and did not 

reach statistical significance (HR 0.3, 95% CI 0.1-1.1). This indicated a less pronounced 

effect of primaquine in P. ovale, but also a notable lower risk of relapse in P. ovale compared 

to P. vivax without primaquine treatment.  

In addition, timing and risk of relapse was also visualized using smoothed hazard function, 

indicating highest risk in P. vivax at 2-3 months after treatment of the primary episode, 

followed by a rapid decline in risk. In P. ovale, the highest risk was seen at about 5 months 

post-treatment of the primary episode, although the low number of relapse episodes in P. 

ovale resulted in a modest risk of relapse overall (Figure 8). 

 

Figure 7. Kaplan-Meier analysis comparing the occurrence of relapse in all first diagnosed P. vivax (blue solid 

line) and P. ovale (red dashed line). 
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Figure 8. Plot visualizing the smoothed hazard function for relapse in P. vivax (left) and P. ovale (right) in 

episodes with (red dashed line) and without primaquine prescription (blue solid line). Long-term chloroquine is 

not included in the graph. 

 

4.3 STUDY III 

The main aim of this study was to evaluate the WHO criteria for severe malaria in our non-

endemic setting by assessing the ability to predict unfavourable outcome, defined as either 

death or ICU admission for 2 days or more. In addition, the predicative ability of previously 

described prediction models for severe malaria was evaluated.  

Logistic regression was used to estimate the contribution of each criterion. In criteria based 

on continuous data, e.g. parasitemia, respiratory rate, systolic blood pressure, creatinine, 

bilirubin, haemoglobin, and Glasgow Coma Scale (GCS) as well as C-reactive protein (CRP) 

and thrombocyte count (plt), multiple cut-offs were tested (as listed in Study III Supplement 

3). The predictive ability of individual criterion with the optimal cut-off was further evaluated 

by measuring the area under the receiver operating curve (AUC) in a multivariable model 

(Figure 9).  
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Figure 9. Plots showing the receiver operating characteristic (ROC) curves with calculated area under the curve 

(AUC) for the prediction of unfavourable outcome in P. falciparum.  

For readability, data from all comparisions are not shown, tested parameters and levels are listed in supplement 

3. Figure legends found in Study III. 

 

In P. falciparum, cerebral impairment (GCS ≤14 or multiple convulsions), ≥2.5 % P. 

falciparum parasitaemia, or clinical sign of respiratory distress or respiratory rate ≥30/min 

were identified as individual predictors of unfavourable outcome. These three warning signs 

of severity had a high predictive ability, with similar AUC compared to the full WHO-

definitions with more and stricter criteria (Table 3).  

In severe non-falciparum, there were five episodes with unfavourable outcome, best 

predicted by cerebral impairment (GCS ≤14 or multiple convulsions) and pulmonary oedema 

(radiologically verified or saturation <92% and respiratory rate >30/min) (Table 4). 

I addition, five previously described prediction models were assessed, The Malaria Score for 

Adults (MSA) [148], Malaria Severity Score (MSS) [149], Respiratory CAM (RCAM) [150], 

GCRBS score [151] and Quick Sequential Failure Assessment (qSOFA)-score [152, 153] 

were included in the evaluation. The predicting ability of unfavourable outcome ranged 

between AUC 0.78-0.83. The composition of the prognostic models is described in 

Supplement 2 of Study III. 
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Table 3. Performance of WHO criteria for severe P. falciparum malaria in predicting unfavourable outcome in 

adults, with signs of severity at admission 

Abbreviations: AUC – Area under the receiver operating curve. WHO – World Health Organization. Definitions 

of the WHO severe malaria criteria are described in Supplement 1 for Study III. 
a Unfavourable outcome defined as malaria infection causing fatality or intensive care unit admission for two 

days or more. 
c Cerebral impairment (GCS ≤14, or multiple convulsions), ≥2.5% P. falciparum parasitemia or respiratory 

distress (clinical signs of acidotic breathing or respiratory rate >30/min).   

 

 

 
Table 4. Performance of WHO criteria for severe non-falciparum malaria in predicting unfavourable outcome in 

adults, with signs of severity at admission 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

Abbreviations: AUC= Area under the receiver operating curve 
b cerebral impairment (GCS ≤14 or multiple convulsions) and pulmonary oedema (radiologically verified or 

saturation <92% and respiratory rate >30/min). 

 

Plasmodium falciparum 

n (%) 

 

 

 

(n=1527) 

n cases of 

unfavourable 

outcomea 

predicted, total 

n=74 [Fatal cases 

n=6]  

Sensitivity,  

in imputed and 

[collected] data 

 

Specificity,  

in imputed and 

[collected] data 

 

AUC, 

in imputed 

[collected] data 

WHO 1990,  

121 (7.9) 

57 [6] 73.3 

[77.0] 

94.1 

[95.6] 

0.85 

[0.86] 

WHO 2000,  

226 (14.8) 

63 [6] 91.7 

[85.1] 

86.0 

[88.8] 

0.89 

[0.87] 

WHO 2006, 

250 (16.4) 

68 [6] 93.3 

[91.9] 

86.4 

[87.5] 

0.90 

[0.90] 

WHO 2010, 

293 (19.2) 

70 [6] 95.0 

[94.6] 

79.2 

[84.7] 

0.87 

[0.90] 

WHO 2012, 

152 (10.0) 

64 [6] 83.3 

[86.5] 

94.2 

[93.9] 

0.87 

[0.90] 

WHO 

2015/2021,  

118 (7.7) 

60 [6] 83.3 

[81.1] 

90.2 

[96.0] 

0.85 

[0.89] 

Identified 

warning signsc, 

264 (17.3) 

68 [6] 93.3 

[91.9] 

86.5 

[86.5] 

0.89 

[0.89] 

non-falciparum 

n (%) 

(n=878) 

Unfavourable 

outcome 

predicted, n=5 

Sensitivity Specificity AUC 

WHO 1990, 20 (2.3) 4 80.0 98.2 0.89 

WHO 2000, 60 (6.8) 3 60.0 93.5 0.77 

WHO 2006, 59 (6.7) 4 80.0 93.7 0.87 

WHO 2010, 42 (4.8) 3 60.0 95.5 0.78 

WHO 2012, 38 (4.3) 4 80.0 96.1 0.88 

WHO 2015, 60 (6.8) 4 80.0 93.6 0.87 

Identified warning signsb 4 80.0 98.7 0.89 
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4.4 STUDY IV 

In this prospective study, prevalence of malaria parasites was assessed in migrants born in 

Sub-Saharan Africa, irrespective of the time lived in a non-endemic country.  

In total, 673 participants with diverse backgrounds in Sub-Saharan Africa and time in 

Sweden were included at the Migrant Health Clinics in Stockholm (Rissne, Fittja and 

Skärholmen) and Västerås (n=396), the Infectious Diseases or Paediatric outpatient clinic at 

Karolinska University Hospital (n=186), as response to an invitation letter sent to 277 

individuals from DRC or Uganda resettled in Sweden between January 2015 and October 

2019) (n=54), screening of relatives to index cases of malaria detected in the study or 

presenting as clinical cases at Karolinska University Hospital (n=20), and at the Antenatal 

Health Clinic in Rissne (n=13).  

 

 

Figure 9. Number of adult and paediatric participants with PCR positive samples (indicated in red) in the full 

cohort (left panel), in Migrant Health Clinics (middle panel) and in participants with Uganda as the last country 

of residency in Sub-Saharan Africa before arriving in Sweden (right panel). 

 

Overall, PCR for Plasmodium sp. was positive in 55/673 (8.2%, 95% CI 6.3-10.6) study 

participants and RDT was positive in 19/673 (2.8%). The highest prevalence of malaria, 

24.6% (45/183) was detected in migrants with Uganda as the last country of residency before 

arriving in Sweden, and the prevalence was particularly high in children with this 

background, 32.1% (26/81) (Figure 8). Migrants arriving from Uganda were also the largest 

group included in the study 187/673 (27.8%) (Figure 1). Malaria parasites were also detected 

by PCR in migrants from Tanzania 4/8 (50%), Zambia 2/30 (6.7%), Rwanda 1/38 (2.6%) and 

Cameroon 3/7 (42.9%). The most common species was P. falciparum (n=22), followed by P. 
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ovale (n=17) and P. malariae (n=8), and mixed Plasmodium infections (n=8), including P. 

vivax in one case.  

Risk factors for PCR positivity were evaluated using logistic regression. Children had a three 

times increased odds for PCR positivity, OR 3.1 (95% CI 1.5-6.2). Anaemia, defined 

according to WHO definition [258], was also significantly associated PCR positivity, OR 2.8 

(95% CI 1.6-5.2). In addition, having a PCR positive family member was strongly associated 

with PCR positivity (OR 61.2, 95% CI 30.3-123.8). 

In participants with a positive PCR, time lived in Sweden ranged between 7-386 days, with a 

median of 128.5 days in participants positive for P. falciparum compared to 42 days in 

participants with non-falciparum (P=0.06). Comparing participants with <90 days of 

residency to participants with longer residency in Sweden, no significant differences in the 

proportion of PCR positives were seen, 29/292 (9.9%) vs 26/367 (7.1%), respectively 

(P=0.2). Time lived in Sweden when included in the study is visualised in Figure 10. 

 

 

Figure 10. Number of adult and paediatric participants recruited at the Migrant Health Clinics (left) and in the 

full cohort (right) with a positive test result for Plasmodium sp. indicated in red, by number of days lived in 

Sweden.  

 

5 DISCUSSION 

This thesis focuses on the clinical aspects of malaria in travellers and migrants in Sweden. 

We describe the clinical presentation and identify risk factors for severe P. falciparum and 

non-falciparum malaria in adults and children (Study I). The risk of relapse was assessed in 

P. vivax and P. ovale infections and in relation to primaquine treatment (Study II). In study 

III, the criteria for severe malaria were evaluated and we identified three simple warning 

signs for unfavourable outcome. In the last study, we used a prospective cross sectional 
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design to estimate the prevalence of asymptomatic infection in migrants arriving from Sub-

Saharan Africa (Study IV). 

Taking a global perspective, more than half of the over 627 000 estimated deaths due to 

malaria occurs in only four countries in Sub-Saharan Africa, namely Nigeria, Uganda, 

Mozambique and Democratic Republic of the Congo (DRC) [1]. In the light of this, studying 

malaria in a non-endemic setting may seem futile. However, well-kept detailed clinical 

records and registers based on personal identification numbers and no risk of malaria 

transmission are examples of advantages in our studies. Moreover, although the primary aim 

was to improve management of malaria in Sweden and other non-endemic countries, the 

results may also contribute to the understanding of malaria infection in general and may be 

applicable in both endemic and non-endemic countries as well as in special settings, for 

example in countries approaching elimination phase. 

5.1.1 Risk factors for severe malaria 

Risk factors for severe malaria have been studied in several settings and populations, 

including returning travellers. Age, pregnancy, HIV infection, origin in a non-endemic 

country, health care delay and limited experience of management of malaria have all been 

related to increased risk for severe P. falciparum malaria [55, 75, 81, 128, 259, 260]. In 

addition, in the cohort used in Study I, an increased risk of severe malaria in patients with 

obesity or diabetes was demonstrated [131]. In Study I, we identified newly arrived migrants 

as a risk group for severe malaria. This increase in severe malaria in migrants followed a 

notable increase in the number of P. vivax episodes seen in Eritrean migrants [32], and in this 

group a high morbidity was observed. 

5.1.2 Clinical aspects of the non-falciparum species 

During the past decade, several studies acknowledged a high occurrence of severe P. vivax in 

different settings, with manifestations often involving severe anaemia and hyperbilirubinemia 

[3, 4, 90]. Likewise, in our study, severe P. vivax was often associated with severe anaemia or 

hyperbilirubinemia. Severe anaemia is described to be consequence of repeated episodes of 

P. vivax depleting the reticulocyte pool, with relapse infections as a major contributor rather 

than newly transmitted malaria infections [261, 262]. Correspondingly, many Eritrean 

migrants reported previous febrile episodes or previous antimalarial treatments during 

migration [32], and many were likely suffering both multiple relapses and impaired 

nutritional status.  

In Study I, we also report severe episodes caused by P. ovale, where hyperbilirubinemia was 

the dominating criterion. In pooled data from other studies, the most common manifestations 

of severe P. ovale were severe anaemia and hyperbilirubinemia [95]. Similar to P. vivax, 

relapse infections of P. ovale are thought to be a major contributor to this morbidity, and a 

study from Papua New Guinea estimated that three of five P. ovale infections were caused by 

relapse [201]. Despite this magnitude of estimated relapses, a systematic review only found 

published data on 30 cases of P. ovale relapse [11]. The absence of severe anaemia caused by 
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P. ovale in our cohort indicates that frequent relapses giving rise to anaemia does not seem to 

frequently occur in travellers and migrants. 

In Study II, we describe nine relapse episodes caused by P. ovale, with details on timing on 

relapse and preceding treatment, and thus making a significant contribution to the field. The 

effect of primaquine on preventing P. vivax relapse is well established [263]. In P. ovale 

however, the relapsing features and the effect of primaquine has not been as well described. 

While the risk of relapse in P. vivax was, as expected, significantly decreased by the use of 

primaquine, the risk in P. ovale, showing very few relapses, was not significantly affected by 

the prescription of primaquine. 

Despite the risk of severe malaria also in the non-falciparum species, there is a clear 

distinction in the manifestations of P. falciparum and non-falciparum malaria. In study I, 

severe P. falciparum malaria with multiple severe manifestations was regularly seen, but in 

the other species, single severe manifestations clearly dominated. Likewise, duration of 

hospital admission was longer, and the proportion of ICU-admissions was higher in severe P. 

falciparum compared to non-falciparum. The unique pathophysiology of P. falciparum with 

sequestration likely explains the differences in multiorgan involvement in severe P. 

falciparum compared to P. vivax, P. ovale and P. malariae, even though rosetting seems to 

occur to some extent also in P. vivax [264, 265]. 

5.1.3 Severity of disease and The WHO criteria for severe malaria 

Moreover, not all criteria for severe malaria entails the same level of severity and risk of 

mortality [69]. Severe malaria does also appear differently in different populations and 

settings depending on the affected age group, the level of acquired immunity, protective 

genetical factors and health care accessibility [266]. Studies on severe malaria in endemic 

areas often have mortality as a marker of severity, and naturally the WHO criteria for severe 

malaria are based on these studies. In Sweden, with a high-income health care setting, the 

mortality due to malaria is low, in Study I, there were 4 cases of fatality rendering a case 

fatality rate (CFR) of 0.15%. Consequently, mortality is not an ideal marker for severity of 

malaria infection in Sweden and comparable non-endemic countries. In Study I, we instead 

used ICU-admission as a marker of severity, as admission to ICU is a sign of severity in any 

disease, and in Study II we compiled fatality and ICU-care for 2 days or more to identify the 

most severe cases. 

Severe malaria was first defined by the WHO in 1990 including signs of vital organ 

impairment as well as hyperparasitemia due to the independent association to mortality [68]. 

Since 1990, the definition has been revised many times (year 2000, 2006, 2010, 2012 and 

2015) [65, 69-72], and while some criterion, such as pulmonary oedema and renal failure 

have remained unchanged, other criteria, such as hyperparasitemia, have been changed 

repeatedly.  

In Study III, we evaluated how well each criterion represented severity in our non-endemic 

and resource rich setting in adults, by assessing the predicting ability of unfavourable 
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outcome, defined as either death or need of ICU-care for two days or more. We found that a 

subset of criteria including cerebral impairment (GCS ≤14 or convulsions), hyperparasitemia 

of ≥2.5%, and respiratory distress, either clinically or with a respiratory rate ≥30/min, was 

able to better predict unfavourable outcome than many of the WHO definitions. This 

indicates that some criteria for severe malaria listed by the WHO were not significant 

contributors to disease severity in our setting.   

Cerebral impairment already at GCS ≤14 was a strong predictor of unfavourable outcome in 

our study, although the cut-off at GCS ≤11 used in the WHO definition had a similar 

predicting ability comparing AUC. However, in our model GCS ≤14 was preferred due to the 

higher sensitivity. This cut-off was also used in previous studies presenting prediction models 

in malaria and other infectious diseases [150, 153].  

The definition of hyperparasitemia has been continuously changed in the WHO criteria. 

Despite that the measurable parasitemia of P. falciparum reflects only the freely circulating 

fraction of the parasite biomass [49, 62], the level of measurable parasitemia is robustly 

associated with mortality at different levels, depending on the population [75, 76, 84, 267]. In 

Study III, we found that a parasitemia of 2.5% was a strong predictor of unfavourable 

outcome. This finding, in combination with an increased risk for disease progression to 

severe malaria in P. falciparum episodes with a parasitemia ≥2% that started on oral 

treatment, described in Study I, suggests that intravenous artesunate should be considered 

already at 2% parasitemia.  

5.1.4 Prediction models for unfavourable outcome 

Moreover, in Study III, respiratory distress was independently associated with unfavourable 

outcome. This correlates with previous studies, where respiratory distress has been associated 

with mortality [76, 84]. In Hanson et al, setting the R-CAM score for prediction of malaria 

mortality, respiratory rate was used as a bed side marker for acidosis, and could together with 

GCS and oliguria predict almost all fatal cases [86, 150], similar to our modified severe 

malaria criteria. Notably, all prediction models evaluated in our study, The Malaria Score for 

Adults (MSA) [148], Malaria Severity Score (MSS) [149], Respiratory CAM (RCAM) [150], 

GCRBS score [151] and Quick Sequential Failure Assessment (qSOFA)-score [152, 153] 

includes respiratory rate in the prediction of malaria severity. When evaluated using our data 

set, these previously described prediction models all had a lower predicting ability compared 

to our identified warning signs. This was due to the inclusion of low systolic blood pressure, 

bilirubin and/or anaemia in the previously described models, which were not significant 

contributors to severity in our material.  

5.1.5 Asymptomatic malaria in migrants 

In Study IV, we decided to follow up upon the high morbidity of malaria in migrants seen in 

study I. Here, we assessed the prevalence of malaria in migrants arrived from Sub-Saharan 

Africa between 2019 and 2021.  
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Asymptomatic parasitemia is common in populations in endemic areas [268], and migrants 

from these settings can be expected to carry malaria parasites. While there are some studies 

on prevalence of malaria in migrants [245-247, 269, 270], molecular techniques were only 

used in few of these studies. Since sensitivity of microscopy is lower compared to PCR and 

LAMP, the prevalence may have been underestimated in these studies, especially due to the 

low parasitemia typically seen in asymptomatic malaria [158].  

In a previous screening study by Marangi et al, carried out in 2007 in a refugee camp in 

southern Italy, a high prevalence of malaria in Eritrean and Somali migrants was revealed 

[245]. Curiously, although species specification and other details were lacking in the study, 

the high prevalence of malaria in migrants was found several years prior to the high burden of 

P. vivax infections in Eritrean migrants seen in many parts of Europe in 2014-2015 [31, 32]. 

This may indicate an ongoing high prevalence of malaria in migrants, that was not apparent 

before the large increase in number migrants from Eritrea in years 2014-2015. In our study 

(Study IV), no cases of PCR positivity for malaria were found among migrants arriving from 

Eritrea or Somalia, despite that these were among the most common countries of origin. 

Instead, a high prevalence was found in migrants arriving from the Democratic Republic of 

the Congo (DRC) and Uganda, and a particularly high prevalence, over 30%, was seen 

among children of this origin.  

Interestingly, in Study IV, duration of residency in Sweden did not significantly affect the 

prevalence of malaria in migrants from DRC and Uganda during the first year, and the 

longest duration of residency in Sweden was 386 in a participant carrying P. falciparum. 

There are no previous studies on duration of asymptomatic malaria in migrants. Rather, 

previous data on duration of malaria infection comes from single case reports [187], as well 

as older data from the time when induced P. falciparum infections were used for the 

treatment of neurosyphilis, where visible blood stage forms were found up to 480 days after 

induction in non-immune individuals [186]. 

5.1.6 Screening for malaria 

Apart from maintaining the transmission of malaria in endemic areas [159, 164, 168], 

prolonged asymptomatic malaria infections may not be beneficial for individuals outside 

endemic areas despite lack of symptoms [174, 176]. Although this is an understudied subject, 

studies suggest association to anaemia [271], cognitive dysfunction [175], serious adverse 

events in pregnancy [157], and may be associated with bacterial infections [272], and all-

cause mortality [174]. Asymptomatic disease may also progress into symptomatic disease, 

although under other conditions studies rather suggest a protective effect [100, 162, 273].  

Currently, malaria is not targeted in health screening offered to migrants in Sweden, nor is it 

mentioned in the ECDC guidance on national screening [253], while in the US, CDC 

recommends presumptive treatment with artemether/lumefantrine for migrants arriving from 

Sub-Saharan Africa [251]. Further studies on long term consequences of malaria infection 

and cost effectiveness of malaria screening are warranted.  
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6 CONCLUSIONS 

 

Episodes of severe malaria were caused by all species in patients diagnosed with malaria in 

Sweden.  

Risk factors for severe P. falciparum was young and older age, patient origin in a non-

endemic country, region of diagnosis, health care delay, as well as HIV, and pregnancy.  

Risk factors for severe non-falciparum malaria was age >60years and health care delay, as 

well as endemic origin. Newly arrived migrants were identified as a risk group for severe 

non-falciparum malaria, most were newly arrived Eritrean migrants. 

In P. falciparum episodes with parasitemia ≥2% without severe signs at presentation, oral 

treatment was strongly associated with progress to severe malaria. This supports initiation of 

intravenous treatment in P. falciparum cases with elevated parasitemia, even without other 

signs of severity. 

Compared to P. vivax, the risk of relapse was lower in P. ovale, demonstrating different 

relapsing character of the two species. Due to the limited number of relapse episodes in P. 

ovale the effect of primaquine in preventing relapses remain uncertain.  

When evaluating the WHO criteria for severe malaria, we identified a set of three warning 

signs for unfavourable outcome, consisting of cerebral impairment (GCS ≤14 or multiple 

convulsions), ≥2% P. falciparum parasitemia, or respiratory distress (respiratory rate >30 or 

clinical signs of acidotic breathing). A presentation of any of these three signs indicate high 

risk of severity and parental antimalarial therapy should be considered. 

In migrants arriving from Sub-Saharan Africa, malaria parasites were particularly prevalent 

in migrants resettling in Sweden from DRC and Uganda, and the prevalence was highest in 

children with this origin, reaching over 30%. Belonging to a family with a member testing 

positive, was strongly associated with PCR positivity. Screening for malaria should be 

considered in migrants, especially in children, arriving from high endemic countries as well 

as around confirmed cases. 

Within the first year of arrival, there was no significant difference in malaria prevalence in 

migrants from DRC and Uganda by duration of stay, and the longest duration of residency in 

Sweden was 386 days in a participant carrying P. falciparum indicating a long duration of 

infection. 
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7 POINTS OF PERSPECTIVE 

Malaria in travellers and migrants includes a wide spectrum of clinical presentation, from 

severe manifestations with multiple organ impairment to asymptomatic parasite prevalence, 

seen in migrants from high-endemic countries. An ideal approach in the clinic, therefore, 

needs to deal with all these aspects of malaria infection. That is, optimal management without 

delay and early identification of patients at risk for severe disease, as well as limiting the 

health gap in migrants by assessing malaria and other infectious diseases in migrants.  

Migration health and integration are subjects of concern and importance. Studies report 

unmet health care needs and, along with psychological disorders, and often a high burden of 

infectious diseases in comparison to the population in the receiving country. Screening is a 

useful tool for early detection and improved prognosis of other infections, such as HIV, but 

studies are lacking in malaria. Studies on the burden and consequences of chronic parasitic 

infection, caused by malaria as well as other parasites such as Schistosoma and Strongyloides 

may be needed to elucidate a public health issue and guide measures for reducing these 

potential health inequalities. Expanding Study IV to also analyse for other parasitic diseases 

is a natural elongation, and in fact, this has recently been started.  

The diagnostic tool for these other parasitic diseases includes serology. In malaria, an 

optimised serologic panel reflecting high risk of ongoing malaria parasitemia could be useful 

to select patient for further testing with a high specific molecular method, such as LAMP or 

PCR, or to select patients for presumptive antimalarial treatment. 

Studying malaria in a non-endemic environment, where there is no risk of reinfection, may be 

beneficial for example in studies with longitudinal data collection. The natural duration of 

malaria is an understudied subject, that have clear implications in malaria elimination and 

eradication strategies. A longitudinal study with multiple testing occasions after arrival in a 

non-endemic country could help answering some of the questions around the true duration of 

Plasmodium infection in humans.  

Moreover, the effects on health from asymptomatic malaria infection needs to be 

investigated, however, as these effects may be discrete, such studies are challenging due to 

the need of long-term high-quality data. A prospective approach with linking to registers, for 

example the diagnosis register, could be a useful approach. Such studies could help in 

forming strategies for improving health in migrants, for example with screening strategies. 

Timely measures with diagnostics and initiation of treatment are important factors for a 

successful management of malaria. In non-endemic countries, where malaria is rare, delay to 

diagnosis is a key risk factor for severe malaria. Measures to improve management of fever in 

the returned traveller and newly arrived migrant could include improved triage, for example 

routinely asking patients with fever about recent stays abroad. Also in the management of 

diagnosed malaria in non-endemic countries, further improved and adapted treatment 

guidelines and scoring systems could help improve outcome. 
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8 POPULÄRVETENSKAPLIG SAMMANFATTNING 

Malaria är en potentiellt dödlig sjukdom som orsakade cirka 241 miljoner fall och 627 000 

dödsfall 2020, de flesta hos barn i Afrika söder om Sahara. Malaria orsakas av parasiten 

Plasmodium, som sprids av myggor. Det finns fem arter av Plasmodium som normalt orsakar 

infektion hos människor: P. falciparum, P. vivax, P. ovale, P. malariae och P. knowlesi. 

Symtomen på malaria kan vara lindriga, men utan korrekt behandling kan de utvecklas till en 

livshotande sjukdom med svåra symtom såsom medvetslöshet, andningssvårigheter, nedsatt 

njurfunktion och annan funktionssvikt i de vitala organen, vilket medför hög dödlighet. Det är 

därför viktigt att tidigt identifiera patienter med hög risk för allvarlig malaria. Allvarlig 

malaria definieras av Världshälsoorganisationen (WHO) och intravenös behandling 

rekommenderas för patienter som uppfyller något av kriterierna för allvarlig sjukdom. Det är 

dock inte klargjort om dessa kriterier och rekommendationer är optimala i icke-endemiska 

länder såsom Sverige.  

I områden där malaria sprids drabbas främst barn av allvarlig malaria och befolkningen blir 

alltmer immun med tiden, vilket ger ett skydd mot allvarlig malaria. Migranter som kommer 

från länder med hög spridning av malaria kan i stället vara bärare av malariaparasiter utan att 

uppleva särskilda besvär, risken för spridning är närmast obefintlig, men infektionen kan 

innebära negativa effekter på hälsan för bäraren. 

Denna avhandling består av fyra delartiklar om malaria bland resenärer och migranter i 

Sverige. 

I den första studien beskriver och sammanfattar vi 2653 fall av malaria hos resenärer och 

migranter diagnostiserade i Sverige. Vi studerade riskfaktorer för svår malaria och fann att 

patienter med både låg och äldre ålder, patienter med ursprung i Sverige eller annat land utan 

spridning av malaria samt försenad malariadiagnos, hade en ökad risk för allvarlig sjukdom. 

Vi fann även att patienter med över 2 % av de röda blodkropparna infekterade av P. 

falciparum parasiter löpte hög risk för försämring om tablettbehandling gavs istället för 

intravenös behandling. Dessutom noterades att svår malaria också orsakades av de 

Plasmodium-arter som ofta beskrivs som godartade, nämligen P. vivax, P. ovale och P. 

malariae, och många av de svårt sjuka av dessa malariaarter var nyanlända migranter. 

I den andra studien utvärderade vi hur läkemedlet primakin påverkade risken för återfall efter 

en infektion orsakad av P. vivax och P. ovale malaria. Det är välkänt att primakin minskar 

risken för återfall vid P. vivax, men effekten är mera osäker vid P. ovale. Som väntat 

minskade primakin signifikant risken för återfall i P. vivax. P. ovale däremot orsakade få 

återfall och därför var effekten av primakin mer svårvärderad. 

I den tredje studien beskriver vi hur väl WHO:s kriterier för svår malaria motsvarar allvarlig 

sjukdom hos resenärer och migranter med malaria i Sverige. Vi utvärderade också flera 

modeller från tidigare studier som har föreslagits för att utvärdera eller förutspå 

svårighetsgraden av en malariainfektion. Här upptäckte vi att patienter med nedsatt 
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medvetandenivå, andningsproblem eller som har över 2 % av de röda blodkropparna 

infekterade med malariaparasiter hade en högre risk för ogynnsamt utfall (död eller behov 

vård på intensivvårdsavdelning i 2 dagar eller mer). 

I den fjärde studien var målet att undersöka hur stor andel av migranter som kommer till 

Sverige från Afrika söder om Sahara som bär på malariaparasiter. Vi fann att 8% av alla 

studiedeltagare bar på malariaparasiter i blodet, och en majoritet av dem hade varit bosatta i 

Uganda innan de kom till Sverige. En särskilt hög andel malariabärare hittades hos barn som 

anlände från Uganda och över 30 % var malariapositiva i vårt test. Bland deltagare som 

testade positivt för malaria var den längsta vistelsetiden i Sverige 386 dagar. 

Sammanfattningsvis identifierades flera riskfaktorer för allvarlig malaria hos resenärer och 

migranter. Risken för återfall av P. ovale är låg, och behovet av primakinbehandling är 

fortfarande osäkert. Vid utvärderingen av kriterierna för allvarlig malaria identifierades tre 

tydliga varningstecken. Vi rapporterar också en hög förekomst av malariaparasiter hos 

migranter som flyttar till Sverige från DRC och Uganda, särskilt bland barn. Resultatet kan 

vägleda handläggning och behandling av malaria och om införande av screening för malaria 

hos migranter bör övervägas. 
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