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Abstract
Objectives: We aimed to analyse the likelihood of imported malaria in people with a suggestive clinical picture and its distinctive
characteristics in a hospital in the south of Madrid, Spain.

Methods: This retrospective study consisted of a review of all medical �les of patients with any malaria test registered at
Móstoles University Hospital between April 2013 and April 2018. All suspected malaria cases were con�rmed by Plasmodium
spp. polymerase chain reaction (PCR).

Results: Of the 328 patients with suspected malaria (53.7% migrant-travellers; 38.7% visitors; 7.6% travellers), 108 cases were
con�rmed (101 by P. falciparum), accounting for a 33% positive sample rate. Sixteen cases were diagnosed only by PCR.
Patients with malaria, compared to those without, presented predominantly with fever (84% vs 65%), were older (34 vs 24 years),
sought medical attention earlier (17d vs 32d), had a greater number of previous malaria episodes (74% vs 60%), lower levels of
platelets (110,500µL vs 250,000µL), and higher of bilirubin (0.6mg/dL vs 0.5mg/dL). Severe malaria was present in 13 cases;
no deaths were recorded. Malaria diagnosis showed a bimodal distribution with two peaks: June to September and November
to January.

Conclusion:

Malaria is still a common diagnosis among febrile patients coming from the tropics specially among migrant travellers. Fever,
thrombocytopenia, and/or high bilirubin levels should raise suspicion for this parasitosis. Prompt diagnosis is crucial to avoid
severe cases and deaths. We suggest a proportion around 30% of positive samples as a potential adequate index of suspicion
for malaria diagnosis. 

Introduction
Malaria is not only the most prevalent and lethal vector-borne disease, but also one of the most relevant imported parasitic
infections worldwide. Because of its potentially lethal complications, it is considered a leading public health concern by the
World Health Organization (WHO)1. Malaria is endemic in 91 countries, and nearly half of the world’s population is at risk.
According to WHO estimates, the global burden of malaria in 2018 was 228 million cases, most (93%) originating from the WHO
African Region, with an estimated incidence rate of 57 cases per 1000 at-risk persons. Deaths in 2017 were estimated at
405,000, 94% of which occurred with-in the WHO African Region1.

Since malaria was declared eradicated from Europe in 1978, cases have largely been imported by international travellers and
migrants from endemic regions. According to the European Centre for Disease Control (ECDC), 8349 cases were reported in
2018, with France, UK, Germany, and Spain accounting for more than 50% of cases. Data suggest that due to growing
immigration rates towards Europe, a large proportion of imported malaria cases occur among recent immigrants from malaria-
endemic countries or among settled migrants and their families who travel to malaria-endemic home countries2,3. Additionally, a
growing number of travellers visit malaria-endemic areas each year4.

Spain has 46.7 million inhabitants5, 10% of whom are immigrants, and it is considered Europe’s port of entry from the WHO
African region. Despite its history as a malaria-endemic country, Spain was declared malaria-free in 1964, with the last
autochthonous case reported in 19616. Due to changing migration patterns and travelling habits, more than 10,000 cases have
been reported since its purported eradication, with an average of 600 cases per year over the last 10 years7, nearly all
considered imported. Hence, cases of locally acquired malaria have been suspected during the past decade in situations where
a history of travel to an endemic zone was absent; however, local sources of infection could not be identi�ed. Given the
presence of some Anopheline species (Anopheles atroparvus) in a variety of regions, the possibility of a new outbreak of
autochthonous cases in the near future cannot be excluded6.

As with all other European countries, the majority of malaria cases in Spain affect immigrants and their offspring who return to
their home countries to visit friends and relatives (VFR). VFR represent a special risk population8,9 as a result of, for example.
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Last-minute travels, lack of pretravel consultation, absence of malaria chemoprophylaxis and longer stays in local communities,
where there is a higher transmission risk, among other factors9–12.

According to a multicentre study from the GeoSentinel surveillance network, malaria was the most frequent cause of fever
(29%), followed by dengue, typhoid fever, chikungunya and rickettsiosis13. Further, malaria was the �rst cause of infection-
related death among travellers, accounting for nearly 25% of cases14. Delays in diagnosis are the main determinant for a higher
morbidity and risk of mortality15. Correctly differentiating malaria cases from other febrile conditions must be prioritized in
patients returning from a malaria-endemic country13.

This study aimed to analyse the likelihood of malaria in individuals presenting with a suggestive clinical picture and to
distinguish the characteristics of malaria patients from those without malaria.

1. Methods

2.1. Study population and study design.
A retrospective, descriptive, analytic study was carried out using the medical �les of all patients with any malaria test registered
at Móstoles University Hospital, between April 2013 and April 2018. Due to the 24-hour availability of trained microscopist, no
rapid diagnostic tests (RDTs) are performed at our hospital, and all thin or thick smears are automatically followed by real-time
polymerase chain reaction (RT-PCR) to con�rm the results, even in cases where parasites are not detected. Móstoles University
Hospital is a second level hospital in the region of Madrid, with 6.6 million inhabitants and a 13.4% registered immigrant
population (893,276); of these, Romanians are the most numerous (21.7%), followed by Moroccans (8.8%). Central and South
American immigrants represent 32.3% and sub-Saharan African immigrants represent 3.8% of cases16.

A data extraction sheet was prepared that gathered demographic data such as age, sex, country of birth, and country of
permanent residence; travel-related data such as country of travel, previous visits to malaria-endemic countries, reason for the
visit, time spent in an endemic country, and time since returning from an endemic country; disease-related data such as reason
for consultation, symptoms (including fever), time since symptom onset, previous medical conditions, malaria
chemoprophylaxis, Plasmodium species, need for admission or ICU admission, days of admission, and treatment administered;
and biological data including blood count, serum chemistry, chest X-ray, and �nal diagnosis if not diagnosed with malaria.

Patients were divided into three groups: a) immigrants that permanently live in Spain (and their offspring) visiting friends and
relatives (VFR); b) travellers to endemic areas; and c) patients with permanent residence in an endemic country visiting Spain
for any reason.

2.2. Statistical analysis
In the descriptive study, continuous variables are described as mean and standard deviation (SD), and as median interquartile
range (IQR) according to normality.

Qualitative variables are expressed as percentages, and quantitative data are expressed as the median and IQR. The chi-
squared and Fisher’s exact tests were used, when appropriate, for the comparison of categorical variables, whereas continuous
variables were compared using the student t-test when normally distributed, or the Mann–Whitney U test when not normally
distributed. A p-value < 0.05 was considered statistically signi�cant. All data were analysed using IBM® SPSS® Statistics 25
and GraphPad® Prism® 7 software.

2. Results
A total of 382 samples—each of which included a thin smear, a thick smear, and a Plasmodium RT-PCR—were initially selected
from patients with suspected malaria. Fifty-four patients were excluded from the study; 46 were follow-up tests in patients
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previously diagnosed with malaria, seven corresponded to newborns from malaria-infected mothers, and one was of
nosocomial acquisition.

Thus, 328 samples corresponding to 328 patients were included in the study. Most patients were VFR (176; 53.7%), including
148 (45.1%) born in malaria endemic-countries (VFR-migrants) and 28 (8.5%) born in Spain (VFR-travellers). Furthermore, 127
(38.7%) patients were visitors and 25 (7.6%) were travellers from Spain (24) and Italy (1) to endemic countries. Most patients
(215; 65.5%) originated from Equatorial Guinea, followed by 62 (18.9%) Spanish-born patients (including VFR travellers) and 38
(11.6%) Nigerian-born patients (Table 1). All three groups were similar, except that visitors were younger and travellers had had
fewer previous malaria episodes.

Table 1
Main characteristics of the study population.

Characteristics Total

(N = 328)

VFR

(N = 176)

Travellers

(N = 25)

Visitors

(N = 127)

Region of travel or origin (for visitors)

Sub-Saharan Africa 302 169 7 126

South and Central America 11 4 7 0

Southeast Asia and Indian subcontinent 9 0 8 1

Others/Unknown 6 3 3 0

Females, n (%) 188 (57%) 101 (57%) 9 (36%) 78 (61%)

Age (years), median (IQR) 30 (5–42) 33 (7–42) 35 (28–42) 19 (3–37)

Time elapsed since return from an endemic zone (days) 10 (5–20) 10 (5–21) 10 (7–15) 10 (4–22)

Travel to endemic country in the previous 5 years, n (%) 319 (97%) 169 (96%) 23 (92%) 127 (100%)

Previous malaria* 195/302*

(65%)

99/158* (63%) 1/21* (5%) 95/123* (77%)

HIV+, n (%) 23 (7%) 9 (5%) 0 (0%) 14 (11%)

Hematologic disorders, n (%)** 17 (5%) 11 (6%) 1 (4%) 5 (4%)

Ongoing pregnancy, n (%) 12 (4%) 4 (2%) 0 (0%) 8 (6%)

Malaria +, n (%) 108 (33%) 68 (39%) 2 (8%) 38 (30%)

Unless otherwise stated, data is presented as n/N (%), where N is the group size for which the variable was documented.

* 26 patients had no recorded data from previous malaria episodes, and were excluded from this analysis.

** Hematologic disorders included: 12 sickle cell anemia, three cases of alfa thalassemia and two cases of sickle cell trait.

A total of 89 thin smears and 90 thick smears identi�ed malaria parasites (in 80 cases, both samples were positive), with six
false positives among thin smears and none among thick smears. Sixteen cases of submicroscopic malaria were detected
(negative thin and thick smears, but positive PCR), seven among VFR-migrants, three among VFR-travellers and six among
visitors. Overall, 108 cases of malaria were con�rmed by PCR representing a 33% positive malaria test rate among suspected
cases. In our study, thin smears showed 76% sensitivity and 97% speci�city, whereas thick smears showed 83% sensitivity and
100% speci�city.

Patients with malaria were older (34 vs 24 years), took less time from return to seeking medical attention (17.6 vs 32.5 days),
and had suffered malaria more frequently in the past (74% vs 55%; Table 2). Regarding clinical picture, fever was signi�cantly
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more commonly cited as the reason for consultation (84% vs 65%), while lower levels of platelets (110,500/µL vs 250,000/µL)
and increased bilirubin (0.6 mg/dL vs 0.5 mg/dL) were the most characteristic analytical data.
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Table 2
Comparison of clinical and biological �ndings in patients with and without malaria.

  Total P VFR Travellers Visitors

  Malaria
+

N = 108

Malaria –

N = 220

  Malaria
+

N = 69

Malaria –

N = 107

Malaria
+

N = 2 *

Malaria –

N = 23

Malaria
+

N = 37

Malaria –

N = 90

Age 34 (18–
43)

24 (3–
40)

< 
0.001

36 (22–
44)

26 (3–
41)

30, 53 35 (27–
42)

29 (14–
42)

11 (1–
34)

Females 68
(63%)

120
(54.5%)

0.14 41
(59%)

60 (18%) 1 (50%) 8 (35%) 26
(70%)

52 (58%)

Time
elapsed
since return
from an
endemic
zone (days)
**

17.6
(32)

32.5
(78.5)

0.019 16.7
(31.2)

30.3
(75.1)

13, 25 50
(104.3)

19.4
(35.1)

31.7
(76.8)

Days with
fever

4 (2–6) 3 (1–6) 0.045 4 (2–6) 3 (2–7) 10, 15 3 (1–4) 3 (1–6) 2 (1–7)

Previous
malaria***

74/100
(74%)

121/202
(60%)

0.016 44/63
(70%)

55/95
(58%)

0/2
(0%)

1/19 (5%) 30/35
(86%)

65/88
(74%)

Reason for
consultation

                 

Fever 91
(84%)

142
(65%)

< 
0.0001

61
(88%)

69 (64%) 2
(100%)

16 (70%) 28
(76%)

57 (63%)

Bad general
state

8 (7%) 17 (8%) 1 4 (6%) 10 (9%) 0 (0%) 3 (13%) 4 (11%) 4 (4%)

Digestive
symptoms

2 (2%) 16 (7%) 0.06 0 (0%) 9 (8%) 0 (0%) 2 (9%) 2 (5%) 5 (5%)

Others 7 (6%) 45 (20%) 0.011 4 (6%) 19 (18%) 0 (0%) 2 (9%) 3 (8%) 24 (35%)

Biological
Findings

                 

Leukocytes
/mcl

4825
(3485–
6667)

6815
(5132–
10460)

0.047 4890
(3550–
6700)

6850
(5140–
10130)

5640,
6120

6340
(4900–
8755)

4525
(3445–
6355)

6970
(5235–
11540)

Hemoglobin
(g/dL)

12.4
(10.7–
13.4)

12.3 (11-
13.4)

0.19 12.9
(11.8–
13.7)

12.4 (11-
13.5)

10.5, 13 13.65
(12.7–
14.9)

11.1
(9.6-
12.35)

11.8 (11-
12.65)

Platelets/µL 110500
(69750–
162500)

250000
(181000–
326700)

< 
0.0001

110000
(70500–
148500)

249000
(166000–
313000)

490000,
570000

222250
(194250–
265500)

125000

(74250–
199250)

270000
(204500–
363000)

Bilirubin
(mg/dL)

0.6
(0.4–
1.1)

0.5 (0.3–
0.6)

0.025 0.6 (0.4-
1)

0.5 (0.3–
0.7)

0.2, 5 0.5 (0.3–
0.5)

0.5
(0.4–
1.2)

0.4 (0.3-
0.575)

Glycaemia
(mg/dL)

94 (82–
106)

90 (83–
101)

0.49 97 (88–
115)

90 (83–
102)

89, 99 89 (85–
104)

87 (78–
101)

89 (79–
98)

Unless otherwise stated, data is presented as median (IQR) and n/N (%), where N is the group size for which the variable
was documented. *Values for both patients are stated. **Mean (SD)

***26 patients had no recorded data from previous malaria episodes and were excluded from this analysis.
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  Total P VFR Travellers Visitors

Creatinine
(mg/dL)

0.8
(0.6–
0.9)

0.6 (0.4–
0.9)

0.18 0.8 (0.7-
1)

0.6 (0.4

-0.9)

0.4, 0.8 0.8
(0.63–
1.08)

0.7
(0.6–
0.85)

0.6 (0.4–
0.88)

Unless otherwise stated, data is presented as median (IQR) and n/N (%), where N is the group size for which the variable
was documented. *Values for both patients are stated. **Mean (SD)

***26 patients had no recorded data from previous malaria episodes and were excluded from this analysis.

Most cases were diagnosed in VFRs (69; 64%) and visitors from endemic areas (37; 34%) and were predominantly caused by
Plasmodium falciparum (101 cases; 93.5%), followed by P. ovale (5 cases; 4.6%; Table 3). Previous cases of malaria were
common in visitors (30; 81%) and VFRs (44; 64%). Thirteen patients (12%) were diagnosed with severe malaria (WHO criteria1);
nine VFR-migrants, three visitors and one traveller. One of the two malaria cases among travellers was severe, while no case of
severe malaria was found in VFR-travellers. Seventy-nine patients (73%) were admitted for a median of �ve days (IQR 3–6),
while the remaining 29 were treated as outpatients. No malaria-related deaths were recorded during the study period.

Table 3
Characteristics of patients with malaria.

Malaria +, n (%) Total VFR Travellers Visitors

  (N = 108) (N = 68) (N = 2) (N = 38)

Patients with previous malaria episodes* 74 (74%) 44 (70%) 0 30 (86%)

Current episode causative species

P. falciparum 101(93.5%) 65 (96%) 1 (50%) 35 (92%)

P. vivax 1 (0.9%) 0 1 (50%) 0

P. ovale 5 (4.6%) 3 (4%) 0 2 (5%)

P. ovale + P. malariae 1 (1.8%) 0 0 1 (3%)

Parasitation Index (%),

Median (IQR)

0.75%

(0.01–2.15)

0,9%

(0.001–2)

1.3% (no data from the other) 0.45%

(< 0.1–2.15)

Admission, n (%) 79 (73%) 51 (74%) 1 (50%) 27 (73%)

Those of which in ICU 3 (2.8%) 2 (3.1%) 1 (50%) 0 (0%)

Severe Malaria 13 (12%) 9 (14%) 1 (50%) 3 (8%)

Days admitted,

median (IQR)

5 (3–6) 4 (3–6) 65 5 (3.75–6)

Unless otherwise stated, data are presented as median (IQR) and n/N (%), where N is the group size for which the variable
was documented.

*26 patients had no recorded data from previous malaria episodes, and were excluded from that analysis.

Given the retrospective design of the study, indication for chemoprophylaxis could not be assured. Amongst 296 patients with
registered information for having taken prophylaxis, no cases of malaria were diagnosed in 18 patients that took it correctly,
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whereas 101 cases were found among the 278 that did not take it.

Atovaquone-proguanil was the preferred drug for treatment (87 patients; 80%; Table S2), whereas treatment for severe cases
was based on intravenous artesunate (7 patients) followed by artemether/lumefantrine or atovaquone-proguanil. Primaquine
was used in seven patients with non-falciparum malaria.

Regarding the number of malaria diagnoses, a bimodal temporal distribution was observed, with a �rst peak during Spanish
summer (June to September) and a second peak from November to January. The sample’s positivity rate was higher from
November to February, while the absolute number was higher from July to October (Fig. 1). There was no clear association
between severe cases and any speci�c season: �ve cases (5/41; 12.2%) occurred from June to September and seven (7/47;
14.9%) from November to February (p = 0.71), while the remaining case occurred outside these periods.

Among the 220 patients suspected of malaria but ultimately having a different diagnosis, 79 (35.9%) suffered from upper
respiratory tract infections, 20 (9.1%) from acute gastroenteritis or traveller’s diarrhoea, nine (4.1%) from tropical diseases not
endemic to Spain, eight (3.5%) from active tuberculosis and two from primary HIV infection. The remaining 102 had a variety of
85 different diagnoses (Table S3).

3. Discussion
Our aim was to describe the likelihood of malaria in patients with febrile episodes after returning from endemic regions in the
south-west of Madrid. During the study period, 328 patients with suspicion of malaria were evaluated, corresponding to 108
con�rmed cases. The positive malaria-test rate was 33%. The majority of severe cases were detected in VFR-migrants, no
deaths were recorded, and only two cases (both travellers) could be considered late diagnoses because they sought care 10 and
15 days after symptom onset, respectively. In addition, we aimed to identify distinctive characteristics that could help diagnose
malaria in such patients. In this sense, malaria was more frequent among migrants and VFRs, in those that had suffered
previous episodes of malaria and who consulted due to fever; lower levels of platelets and increased total bilirubin were the
most characteristic biological �ndings.

Fever is a common symptom among travellers returning from tropical areas17, accounting for up to one-third of diagnoses upon
return9,13 and causing up to 77% of hospital admissions18. Furthermore, among the potentially life-threatening tropical diseases
acquired by travellers, the vast majority (malaria, typhoid fever, dengue, leptospirosis and melioidosis) present with it14. Hence,
fever when returning from the tropics is a symptom that requires prompt evaluation, as it can indicate the onset of a severe
illness. This is especially clear in malaria, where delays in diagnosis in imported cases is directly related to mortality15.
Therefore, a high index of suspicion is essential, mainly when it does not imply high diagnostic costs (thin/thick smears and
RDTs are low-cost exams).

In our study, 33% of samples were positive for malaria among patients with a suggestive clinical picture. To our knowledge, only
one other study has disclosed the rate of positivity in patients with fever upon return from the tropics. In the report of Calderaro
et al.19, among Italian travellers and foreigners coming from endemic areas and with signs and symptoms consistent with
malaria, 30% of the samples were positive. We believe that in similar populations, a proportion of around 30% positive samples
might be used as an e�ciency marker for malaria suspicion; lower rates (< 10–20%) might incur in higher diagnostic costs and
laboratory workload, whereas higher rates (> 70–80%) could potentially imply a very low suspicion index which could lead to
late diagnosis and a higher rate of severe disease. Similar parameters have already been proposed as quality control for other
microbiological procedures such as blood cultures where a positive rate of < 5% may indicate an excessive blood culture
ordering by physicians, whereas a positive blood culture rate of > 12% (Isenberg, 2010) may imply the opposite20–22. Given that
we did not �nd a signi�cant number of delayed diagnoses or severe malaria and that there were no recorded deaths in both
studies we believe that a rate around 30% could be an adequate one for our setting.

Imported malaria is more commonly diagnosed in VFRs (migrants and travellers) and visitors, as compared to travellers23,24.
However, more severe cases are detected among travellers, followed by VFRs. Furthermore, visitors are found to have a lower
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risk for severe disease and ICU admission15,25−27. Case fatality rates for imported malaria range from 0.06–1% in the UK, EU.
and US14,15,25−30, while �gures for severe malaria range between 6% and 20%, being more common for P. falciparum malaria
and in individuals with fewer previous episodes of malaria14,15,19,31. The higher frequency of malaria diagnosis in VFRs and
migrants is due to high-risk travel and greater exposure to malaria in their countries of origin32–34. Increased severity among
travellers could be related to a lower index of suspicion and delayed diagnosis15,2521,25, while the presence of some degree of
malaria-immunity among migrants and VFRs would prevent them from presenting more severe cases35. Worst outcomes have
also been described in children32, mostly VFR-travellers with P. falciparum malaria acquired in Sub-Saharan Africa, the elderly15,
and for cases detected in winter months, probably re�ecting initial misdiagnosis of a febrile illness15.

We also found that 92% (303/328) of the diagnoses in our study were made in VFRs and visitors, correlating with the high
proportion of African migrants in Móstoles. Therefore, the index of suspicion for malaria in the event of a febrile condition is
high in our hospital, probably in�uencing the absence of both mortality and a seasonal pattern for severe cases. It is noteworthy
that one of the two travellers with malaria was a severe case; however because he only attended hospital 15 days after fever
onset, he required immediate admission to ICU.

According to what is typically described19,23,24,36, differential clinical characteristics of a patient with malaria in our study were
fever, lower levels of platelets/leukocytes, and higher total bilirubin levels. Thus, fever should always be a warning sign in
patients returning from a malaria-endemic area. Furthermore, laboratory results such as thrombocytopenia and higher levels of
bilirubin are highly suggestive of Plasmodium spp. infection and, if absent, they have been proposed as biomarkers with
negative predictive value23,24,37.

In 16 of the 108 cases (7.5%), Plasmodium spp. were only detected by PCR. All cases corresponded to VFR and visitors, none of
whom developed severe malaria. A likely explanation is that the presence of a certain degree of immunity allowed better control
of parasitemia and lower concentrations of parasites38 that were undetectable in smears. Submicroscopic parasitemia also
occurs in asymptomatic subjects, where it represents about 5% (4.5–5.7%)39,40 of screened migrants, even 28 months after
returning from an endemic country. Persons with low-grade parasitemia can infect mosquitoes41, and thereby, could act as
unidenti�ed reservoirs and contribute to transmission in areas where malaria has been eradicated but that are still hosts to
competent vectors7.

Our study’s strength is that we used a systematic approach towards sick patients returning from malaria-endemic areas, and
that every case in our cohort was analysed and con�rmed by PCR. Thus, our study had a well-characterized population.
However, it is a single-centre study with a very concrete migrant population (sub-Saharan Africa) and a high proportion of
visitors and VFRs, so the results are not easily generalizable. Our data may not be applicable in settings where conventional
travellers constitute the main population.

In conclusion, malaria should always be suspected in individuals seeking medical care after returning from visiting endemic
regions. The consequences of a delayed diagnosis can be fatal. This parasitosis should be especially presumed in patients with
fever, low platelet levels, and raised levels of serum bilirubin. We propose that an index around 30% of positive malaria samples
among demanded tests could be, in terms of e�ciency, an adequate index of malaria suspicion for febrile episodes in patients
returning from endemic areas. Prospective studies will be needed to validate this index in different populations and its relation
to malaria morbimortality.

Declarations
Ethics statement: The study protocol was approved by the Ethical Review Board of Móstoles University Hospital (HUM; Madrid,
Spain) with a waiver for informed consent (retrospective and anonymous treatment of data), and procedures were carried out in
accordance with the ethical standards of the Declaration of Helsinki (October 2013, Fortaleza, Brazil).

Consent for publication: Not applicable. 



Page 10/12

Competing interests: No potential competing interest is reported. 

Funding sources: None.

Acknowledgements: Not applicable

Availability of data and materials: Dataset of the study is available from the corresponding author upon reasonable request.

CRediT authorship contribution statement 

Jose A. Perez-Molina: Conceptualization, Writing - original draft, Writing - review & editing. 

Alejandro García-Ruiz de Morales: Conceptualization, data collection, Writing - original draft, Writing - review & editing. 

Covadonga Morcate: Data collection, Writing - review & editing. 

Elena Isaba: Data collection, Writing - review & editing. 

Ramón Pérez-Tanoira: Conceptualization, Writing - original draft, Writing - review & editing.

References
1. Global Malaria Programme: WHO Global. World Malaria Report 2019.; 2019.

2. European Centre for Disease Prevention and Control. Assessing the Burden of Key Infectious Diseases Affecting Migrant
Populations in the EU/EEA. Stockholm: ECDC; 2014.

3. European Centre for Disease Prevention and Control. Malaria. In: ECDC. Annual epidemiological report for 2018. Stockholm:
ECDC; 2020.

4. UNWTO World Tourism Barometer and Statistical Annex, November 2019. UNWTO World Tour Barom. 2019;17(4):1-44.
doi:10.18111/wtobarometereng.2019.17.1.4

5. Instituto Nacional de Estadística. Informe Sobre Población. Actualizado a 1/1/2018. Http://Www.Ine.Es/ . Accessed 23
November 2020.

�. Velasco E, Barroso DG, Varela C, Diaz O, Cano R. Non ‐ imported malaria in non ‐ endemic countries : a review of cases in
Spain. Malar J. 2017:1-6. doi:10.1186/s12936-017-1915-8

7. Resultados de La Vigilancia Epidemiológica de Las Enfermedades Transmisibles. Informe Anual. Años 2012, 2013, 2014,
2015, 2016.

�. López MF, Manuel J, Giardín R, et al. Imported malaria including HIV and pregnant woman risk groups : overview of the
case of a Spanish city 2004 – 2014. Malar J. 2015:1-9. doi:10.1186/s12936-015-0891-0

9. Pérez-Molina JA, López-Polín A, Treviño B, et al. 6-year review of +Redivi: a prospective registry of imported infectious
diseases in Spain. J Travel Med. 2017;24(5):1-7. doi:10.1093/jtm/tax035

10. Monge-Maillo B, López-Vélez R. Migration and malaria in europe. Mediterr J Hematol Infect Dis. 2012;4(1):e2012014.
doi:10.4084/MJHID.2012.014

11. Millet JP, de Olalla PG, Gascón J, et al. Imported malaria among African immigrants: is there still a relationship between
developed countries and their ex-colonies? Malar J. 2009;8:111. doi:10.1186/1475-2875-8-111

12. Ladhani S, Aibara RJ, Riordan FAI, Shingadia D. Imported malaria in children: a review of clinical studies. Lancet Infect Dis.
2007;7(5):349-357. doi:10.1016/S1473-3099(07)70110-X

13. Leder K, Torresi J, Libman MD, et al. GeoSentinel surveillance of illness in returned travelers, 2007-2011. Ann Intern Med.
2013;158(6):456-468. doi:10.7326/0003-4819-158-6-201303190-00005

14. Jensenius M, Han P V, Schlagenhauf P, et al. Acute and potentially life-threatening tropical diseases in western travelers--a
GeoSentinel multicenter study, 1996-2011. Am J Trop Med Hyg. 2013;88(2):397-404. doi:10.4269/ajtmh.12-0551



Page 11/12

15. Checkley AM, Smith A, Smith V, et al. Risk factors for mortality from imported falciparum malaria in the United Kingdom
over 20 years: An observational study. BMJ. 2012;344(7854):1-11. doi:10.1136/bmj.e2116

1�. Consejería de Asuntos Sociales. Comunidad de Madrid: Informe de Población de Origen Extranjero. January 2018 (In
Spanish).

17. Hill DR. Health problems in a large cohort of Americans traveling to developing countries. J Travel Med. 2000;7(5):259-266.
doi:10.2310/7060.2000.00075

1�. Stienlauf S, Segal G, Sidi Y, Schwartz E. Epidemiology of travel-related hospitalization. J Travel Med. 2005;12(3):136-141.
doi:10.2310/7060.2005.12308

19. Calderaro A, Piccolo G, Montecchini S, et al. High prevalence of malaria in a non-endemic setting: Comparison of diagnostic
tools and patient outcome during a four-year survey (2013-2017). Malar J. 2018;17(1):1-9. doi:10.1186/s12936-018-2218-4

20. Willems E, Smismans A, Cartuyvels R, et al. The preanalytical optimization of blood cultures: a review and the clinical
importance of benchmarking in 5 Belgian hospitals. Diagn Microbiol Infect Dis. 2012;73:1-8.
doi:10.1016/j.diagmicrobio.2012.01.009

21. Juan Carlos Rodríguez Díaz, María del Remedio Guna Serrano, Nieves Larrosa Escartín, Mercedes Marín Arriaza.
Diagnóstico Microbiológico de La Bacteriemia y La Fungemia: Hemocultivos y Métodos Moleculares.; 2017.

22. Isenberg HD. 3.4.1 Aerobic bacteriology, blood cultures, general detection and interpretation. In: Clinical Microbiology
Procedures Handbook. In: York, M.K., Henry, M., Gilligan, P. (Eds.). American Society of Microbiology Press (ASM); 2010.

23. Buss I, Genton B, D’Acremont V. Aetiology of fever in returning travellers and migrants: a systematic review and meta-
analysis. J Travel Med. 2020;27(8). doi:10.1093/jtm/taaa207

24. Norman FF, López-Polín A, Salvador F, et al. Imported malaria in Spain (2009-2016): Results from the +REDIVI Collaborative
Network. Malar J. 2017;16(1):1-6. doi:10.1186/s12936-017-2057-8

25. Wångdahl A, Wyss K, Saduddin D, et al. Severity of Plasmodium falciparum and non-falciparum malaria in travelers and
migrants: A nationwide observational study over 2 decades in Sweden. J Infect Dis. 2019;220(8):1335-1345.
doi:10.1093/infdis/jiz292

2�. Bruneel F, Tubach F, Corne P, et al. Severe imported falciparum malaria: a cohort study in 400 critically ill adults. PLoS One.
2010;5(10):e13236. doi:10.1371/journal.pone.0013236

27. Kurth F, Develoux M, Mechain M, et al. Severe malaria in Europe : an 8 ‐ year multi ‐ centre observational study. Malar J.
2017:1-11. doi:10.1186/s12936-016-1673-z

2�. Legros F, Bouchaud O, Ancelle T, et al. Risk factors for imported fatal Plasmodium falciparum malaria, France, 1996-2003.
Emerg Infect Dis. 2007;13(6):883-888. doi:10.3201/eid1306.060955

29. Newman RD, Parise ME, Barber AM, Steketee RW. Malaria-related deaths among U.S. travelers, 1963-2001. Ann Intern Med.
2004;141(7):547-555. doi:10.7326/0003-4819-141-7-200410050-00012

30. Lüthi B, Schlagenhauf P. Risk factors associated with malaria deaths in travellers: a literature review. Travel Med Infect Dis.
2015;13(1):48-60. doi:10.1016/j.tmaid.2014.04.014

31. Dubos F, Dauriac A, El Mansouf L, et al. Imported malaria in children: incidence and risk factors for severity. Diagn Microbiol
Infect Dis. 2010;66(2):169-174. doi:10.1016/j.diagmicrobio.2009.08.018

32. Angelo KM, Libman M, Caumes E, et al. Malaria after international travel: A GeoSentinel analysis, 2003-2016. Malar J.
2017;16(1):1-9. doi:10.1186/s12936-017-1936-3

33. Monge-Maillo B, Norman FF, Pérez-Molina JA, Navarro M, Díaz-Menéndez M, López-Vélez R. Travelers visiting friends and
relatives (VFR) and imported infectious disease: travelers, immigrants or both? A comparative analysis. Travel Med Infect
Dis. 2014;12(1):88-94. doi:10.1016/j.tmaid.2013.07.004

34. Leder K, Tong S, Weld L, et al. Illness in travelers visiting friends and relatives: A review of the GeoSentinel Surveillance
Network. Clin Infect Dis. 2006;43(9):1185-1193. doi:10.1086/507893

35. Mischlinger J, Rönnberg C, Álvarez-Martínez MJ, et al. Imported Malaria in countries where malaria is not endemic: A
comparison of semi-immune and nonimmune travelers. Clin Microbiol Rev. 2020;33(2). doi:10.1128/CMR.00104-19



Page 12/12

3�. Wilson ME, Weld LH, Boggild A, et al. Fever in returned travelers: results from the GeoSentinel Surveillance Network. Clin
Infect Dis. 2007;44(12):1560-1568. doi:10.1086/518173

37. Rubio E, Alejo-Cancho I, Aylagas C, et al. Diagnostic value of platelet and leukocyte counts in the differential diagnosis of
fever in the returning traveler. Am J Trop Med Hyg. 2019;100(2):470-475. doi:10.4269/ajtmh.18-0736

3�. Mischlinger J, Rönnberg C, Álvarez-Martínez MJ, et al. Imported Malaria in countries where malaria is not endemic: A
comparison of semi-immune and nonimmune travelers. Clin Microbiol Rev. 2020;33(2):1-34. doi:10.1128/CMR.00104-19

39. Monge-Maillo B, López-Vélez R, Norman FF, Ferrere-González F, Martínez-Pérez Á, Pérez-Molina JA. Screening of imported
infectious diseases among asymptomatic Sub-Saharan African and Latin American immigrants: A public health challenge.
Am J Trop Med Hyg. 2015;92(4):848-856. doi:10.4269/ajtmh.14-0520

40. Fradejas I, Rubio JM, Martín-Díaz A, et al. Prevalence of submicroscopic malaria infection in immigrants living in Spain.
Malar J. 2019;18(1):242. doi:10.1186/s12936-019-2870-3

41. Schneider P, Bousema JT, Gouagna LC, et al. Submicroscopic Plasmodium falciparum gametocyte densities frequently
result in mosquito infection. Am J Trop Med Hyg. 2007;76(3):470-474.

Figures

Figure 1

Monthly distribution of malaria diagnosis and percentage of positive samples during the study period (April 2013 to April 2018).
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