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Abstract. Epidemiological data on dengue in Africa are still scarce. We investigated imported dengue infection
among travelers with a high proportion of subjects from Africa over a 9-year period. From January 2005 to December
2013, blood samples from travelers with clinical suspicion of dengue were analyzed. Dengue was diagnosed using
serological, antigen detection, and molecular methods. Subjects were classified according to birthplace (Europeans
versus non-Europeans) and last country visited. Overall, 10,307 serum samples corresponding to 8,295 patients
were studied; 62% were European travelers, most of them from Spain, and 35.9% were non-Europeans, the majority
of whom were born in Africa (mainly Equatorial Guinea) and Latin America (mainly Bolivia, Ecuador, and Colombia).
A total of 492 cases of dengue were identified, the highest number of cases corresponding to subjects who had
traveled from Africa (N = 189), followed by Latin America (N = 174) and Asia (N = 113). The rate of cases for Africa
(4.5%) was inferior to Asia (9%) and Latin America (6.1%). Three peaks of dengue were found (2007, 2010,
and 2013) which correlated with African cases. A total of 2,157 of past dengue infections were diagnosed.
Non-Europeans who had traveled from Africa had the highest rate of past infection (67.8%), compared with non-
Europeans traveling from Latin America (38.7%) or Asia (35%). Dengue infection in certain regions of Africa is
underreported and the burden of the disease may have a magnitude similar to endemic countries in Latin America.
It is necessary to consider dengue in the differential diagnosis of other febrile diseases in Africa.

INTRODUCTION

Dengue is the most prevalent arthropod-borne viral dis-
ease worldwide and has become a major international
public health problem. More than 3.5 billion people, 40–
60% of the world’s population, live in tropical and subtropi-
cal regions at risk for dengue virus (DENV) infection.1,2

DENVs comprise four phylogenetically and antigenically
distinct serotypes (DENV 1–4) belonging to the genus Flavi-
virus, family Flaviridae.3 There has been a dramatic rise in
the number of dengue cases worldwide with an estimated
30-fold increase in the incidence of dengue infections over
the last 50 years, and the actual global infection burden may
be triple the original World Health Organization estimate.1,4

While the impact of dengue is well known in Asia-Pacific
and the Americas, Africa has the poorest record of data.
Surveillance is often deficient and new information would
help to better define the hidden burden in this continent.1,5

A source of data about the epidemiological status of Africa
is the information obtained from the recent wave of migra-
tion from this continent. In the last decade, Europe and
in particular Spain has received a massive number of immi-
grants. Between 2000 and 2009 Spain’s foreign-born popu-
lation more than quadrupled, rising from under 1.5 million
to over 6.5 million, making Spain the second largest recipient
of immigrants in absolute terms, following the United States.6

Because of Spain’s geographic location and cultural ties, a
considerable proportion of these immigrants arrived from
Latin America and Africa. In Europe, most cases of dengue

are imported and related to travel to endemic regions,
whereas autochthonous cases are scarce and geographi-
cally limited.7

With all this in mind, we aimed to analyze the epidemio-
logical features of dengue infection among subjects who
had traveled from Africa in comparison with those traveling
from other dengue-endemic American and Asia-Pacific
countries over a 9-year period.

PATIENTS AND METHODS

Patients. A retrospective study was carried out at Hospital
Carlos III, a leading Center for Tropical Medicine in the Com-
munity of Madrid, Spain. From January 2005 to December
2013, we analyzed blood samples from subjects with clinical
suspicion of dengue who were seen in the Tropical Medicine
Department. Dengue was diagnosed using serological and
molecular methods. The following information was retrieved
retrospectively: age, gender, birthplace, and last country
visited (country of exposure). According to birthplace, patients
were classified as Europeans (subjects born in Spain or
another European country) or non-Europeans (subjects born
outside Europe). Countries were grouped into regions using
the United Nations classification.8 Patients who had traveled
to more than one country were considered as patients with
multiple exposure.
Serology. Anti-dengue immunoglobulin M (IgM) anti-

bodies were detected using an IgM-capture ELISA (Panbio®

Dengue IgM Capture ELISA; Alere Inc., Waltham, MA). For
anti-dengue IgG antibodies, an indirect ELISA (Panbio®

Dengue IgG Indirect ELISA; Alere Inc.) was used. Both tests
were performed and interpreted according to the manufac-
turer’s instructions. Paired sera were requested but conva-
lescent serum was not always available.
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Antigen detection. From May 2010, detection of dengue
NS1 antigen by enzyme immunoassay was introduced in the
laboratory routine. Only patients with suspicion of a very early
onset of the disease were studied for NS1 antigen. Samples
were tested using the Platelia™ Dengue NS1 Ag (Bio-Rad
Laboratories, Marnes-la-Coquette, France) according to the
manufacturer’s instructions.
Molecular diagnosis and serotyping. Real-time reverse

transcription polymerase chain reaction (RT-PCR) for DENV
was performed retrospectively. Patients who were positive
for dengue NS1 antigen or who presented anti-dengue IgM
antibodies were tested if samples were available. Diagnosis
of pan-DENV was made using a real-time RT-PCR.9 Posi-
tive samples were serotyped using a specific multiplex real-
time RT-PCR described elsewhere.10

Diagnostic criteria. Cases of dengue were defined by
IgM or IgG seroconversion or a 4-fold IgG titer increase in
paired sera; if only a single sample was available, cases
were considered when IgM, NS1 antigen, and/or RNA virus
were detected in serum. Patients who only showed anti-
dengue IgG antibodies were defined as past dengue infec-
tions. Those subjects who presented all negative results for
DENV were considered as nondengue-infected patients.11

Malaria. Malaria diagnosis was made by conventional
microscopy using thin and thick blood smears stained with
Field’s stain according to standard methods.12

Statistical analyses. We used χ2 or linear-trend χ2 tests
when appropriate for comparison of proportions. A P value
of < 0.05 was considered to be statistically significant. Sta-
tistical analyses were performed using SPSS, version 19
software (IBM, New York, NY).

RESULTS

Study population. A total of 10,307 serum samples cor-
responding to 8,295 patients were analyzed. More than a
half of patients were women (N = 4,604, 55.5%). The mean
age of the subjects at the first consultation was 37.5 years
(standard deviation: 12.5; range: 5 months–88 years). Age
was not available in 13 subjects. According to birthplace,
about 62% were Europeans, most of them from Spain.
In this group, only one subject was born in a European
country with risk of dengue (Albania); 35.9% of subjects
were non-Europeans, the majority of them born in Africa and
Latin America. Most African patients were from Equatorial
Guinea, a former colony of Spain, whereas the majority
of Latin American patients were from Bolivia, Ecuador,
or Colombia. The country of birth was not specified in
21 patients born in Latin America and seven born in Africa.
In 2% (N = 164) of subjects, the birthplace was unknown.
Regarding the region of exposure, Europeans had trav-

eled mainly to sub-Saharan Africa, Latin America, and the
Caribbean. Among 2,976 non-European subjects, the travel
destination matches with their country of birth in almost all
travelers (97%). Table 1 (Supplemental Figure 1) shows
the distribution of European and non-European patients
according to region of exposure. Over the 9-year study
period, the number of European patients seeking medical
care due to clinical suspicion of dengue remained relatively
constant, except for a peak in 2010. In contrast, non-
European population grew until 2007 and since then has
gradually declined, mainly due to African subjects.

Cases. Of 8,295 patients included, a proportion of them
were seen several times over the 9-year study period, the
number of suspected episodes of dengue infections
studied amounting to 9,247. Overall, 492 (5.3%) cases of
dengue were identified. Cases were diagnosed by serology
(N = 411), NS1 antigen (N = 71), and/or molecular methods
(N = 35). In 13 cases, serology was negative and diagnosis
was made only by NS1 antigen and/or PCR detection.
The highest number of cases was detected in subjects

who had returned from Africa (N = 189), the majority from
the sub-Saharan region (N = 185): Equatorial Guinea
(N = 87) and Senegal (N = 14) in particular. It is worth noting
that, except for southern Africa, the rate of distribution of
cases throughout sub-Saharan Africa was similar. In the
Americas, 174 cases were diagnosed, notably in Bolivia
(N = 26), Brazil (N = 19), and Dominican Republic (N = 15).
Finally, 113 cases were detected in patients who had
traveled from Asia, mainly from India (N = 52) and Thailand
(N = 21). Figure 1 shows the distribution of cases of dengue
by year and continent. Detail information about countries in
which cases of dengue were detected is shown in Supple-
mental Table 1.
Distribution of dengue cases was similar between male

(5.4%) and female (5.3%) travelers. With regard to age,
more than 75% of dengue cases corresponded to subjects
aged between 20 and 40. In terms of relative frequency, the
rate of cases was similar among the different age groups
(see Supplemental Figure 2). There was no difference in
the rate of cases between European and non-European
patients, although when we stratified by areas, African con-
tinent and eastern Africa region showed a slightly higher
rate in the non-European population versus the European
one (P < 0.05) (Table 2). Although Africa was the continent
where most cases were diagnosed, its rate of cases (4.5%)
was lower than that of Asia (9%) and Latin America (6.1%).
Yearly distribution and seasonality. We found three

peaks of diagnosed dengue cases corresponding to the
years 2007 (N = 82), 2010 (N = 77), and 2013 (N = 91).
Figure 2 shows the distribution (and rate) of cases
according to birthplace and geographical exposure over a
9-year period. It is worth noting that Africa had three peaks,
in 2007 (N = 37, 5.5%), 2010 (N = 27, 5.4%), and 2013
(N = 40, 8.9%), respectively. Although more than half of the
cases were detected in middle Africa (mainly in Equatorial
Guinea), the cases detected in western Africa only show a
peak in 2010 (N = 12, 27.9%). By seasonality, the months
of September and October showed the highest number of
cases, largely due to cases detected in travelers coming
from Asia. No seasonal pattern was observed in patients
coming from Africa (Figure 3).
Serotyping. A total of 223 patients were studied for PCR,

of whom 35 (15.7%) were positive. In 34 of them, PCR-
specific species could be performed with the following dis-
tribution of serotypes: 15 DENV-1, 8 DENV-2, 10 DENV-3,
and one patient with coinfection with DENV-1 and DENV-2.
No cases of DENV-4 were found. Table 3 shows the distri-
bution of serotypes according to geographic exposure.
Past dengue infections. Overall, 2,157 of past dengue

infections were diagnosed. As expected, there was a signif-
icant increase in past infections by age (P < 0.00001)
(Supplemental Figure 2), and they were more frequent in
non-European subjects than in European ones (54.2%
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FIGURE 1. Number of cases of dengue diagnosed in (A) Latin America and the Caribbean, (B) Africa, and (C) Asia. The x axis represents
years and the y axis the number of cases. The linear trend of cases over the 9-year study period is shown by each continent.

TABLE 1
Distribution of population study according to birthplace and region of exposure

Region of exposure*

Total

Birthplace

Europeans Non-Europeans Unknown

N n (%) n (%) n (%)

Africa 3,874 2,312 (59.7) 1,557 (40.2) 5 (0.1)
Northern Africa 138 129 (93.5) 7 (5.1) 2 (1.4)
Sub-Saharan Africa 3,736 2,183 (58.4) 1,550 (41.5) 3 (0.1)
Eastern Africa 691 641 (92.8) 50 (7.2) 0 (0)
Ethiopia 121 105 (86.8) 16 (13.2) 0 (0)
Kenya 119 106 (89.1) 13 (10.9) 0 (0)
Mozambique 107 99 (92.5) 8 (7.5) 0 (0)
Tanzania 159 154 (96.9) 5 (3.1) 0 (0)
Middle Africa 2,055 811 (39.5) 1,244 (60.5) 0 (0)
Angola 130 102 (78.5) 28 (21.5) 0 (0)
Cameroon 188 140 (74.5) 48 (25.5) 0 (0)
Equatorial Guinea 1,570 435 (27.7) 1,135 (72.3) 0 (0)
Southern Africa 83 82 (98.8) 1 (1.2) 0 (0)
Western Africa 899 646 (71.9) 250 (27.8) 3 (0.3)
Mali 106 73 (68.9) 33 (31.1) 0 (0)
Nigeria 136 52 (38.2) 84 (61.8) 0 (0)
Senegal 279 234 (83.9) 45 (16.1) 0 (0)

Americas 2,638 1,216 (46.1) 1,327 (50.3) 95 (3.6)
Latin America and the Caribbean 2,633 1,211 (46) 1,327 (50.4) 95 (3.6)
Caribbean 312 207 (66.3) 82 (26.3) 23 (7.4)
Dominican Republic 138 75 (54.3) 52 (37.7) 11 (8)
Central America 520 400 (76.9) 82 (15.8) 38 (7.3)
Mexico 164 129 (78.7) 20 (12.2) 15 (9.1)
South America 1,785 603 (33.8) 1,150 (64.4) 32 (1.8)
Bolivia 686 89 (13) 597 (87) 0 (0)
Brazil 185 138 (74.6) 47 (25.4) 0 (0)
Colombia 187 58 (31) 126 (67.4) 3 (1.6)
Ecuador 282 77 (27.3) 203 (72) 2 (0.7)
Peru 247 147 (59.5) 85 (34.4) 15 (6.1)

Northern America 5 5 (100) 0 (0) 0 (0)
Asia 1,082 1,039 (96) 40 (3.7) 3 (0.3)
Eastern Asia 52 51 (98.1) 1 (1.9) 0 (0)
Central Asia 3 3 (100) 0 (0) 0 (0)
Southern Asia 597 570 (95.5) 26 (4.4) 1 (0.1)
India 529 508 (96) 21 (3.8) 0 (0)
Southeastern Asia 421 406 (96.4) 13 (3.1) 2 (0.5)
Thailand 127 124 (97.6) 3 (2.4) 0 (0)
Western Asia 9 9 (100) 0 (0) 0 (0)
Oceania 13 13 (100) 0 (0) 0 (0)

Unknown 382 291 (76.2) 30 (7.9) 61 (16)
Multiple exposure 306 284 (92.8) 22 (7.2) 0 (0)
Total 8,295 5,155 (62.1) 2,976 (35.9) 164 (2)

*Only countries with more than 100 patients studied are shown.
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versus 9.9%, respectively; P < 0.00001). Table 2 shows the
distribution of past dengue infections according to birth-
place and travel destination. Among non-European patients,
those who had traveled from Africa had the highest rate of

past infection (67.8%), compared with those coming from
Latin America and the Caribbean (38.7%) or Asia (35%).
Although non-European subjects who had traveled from
Africa were slightly older compared with those coming from

TABLE 2
Cases and past infections of dengue according to birthplace and region of exposure

Region of exposure*

Cases Past infections

Total Europeans Non-Europeans Total Europeans Non-Europeans

N (%)† n (%)† n (%)† N (%)† n (%)† n (%)†

Africa 173 (4.5) 90 (3.9) 83 (5.3)‡ 1,311 (33.8) 254 (11) 1,056 (67.8)¶
Northern Africa 4 (2.9) 4 (3.1) 0 (0) 8 (5.8) 6 (4.7) 2 (28.5)
Sub-Saharan Africa 169 (4.5) 86 (3.9) 83 (5.4) 1,303 (34.9) 248 (11.4) 1,054 (68)¶
Eastern Africa 23 (3.3) 19 (3) 4 (8)§ 53 (7.7) 45 (7) 8 (16)
Ethiopia 4 (3.3) 1 (1) 3 (1.9) 10 (8.3) 8 (7.6) 2 (12.5)
Kenya 8 (6.7) 7 (6.6) 1 (7.7) 10 (8.4) 8 (7.5) 2 (15.3)
Mozambique 1 (0.9) 1 (1) 0 (0) 12 (11.2) 11 (11.1) 1 (12.5)
Tanzania 3 (1.9) 3 (1.9) 0 (0) 12 (7.5) 10 (6.5) 2 (40)
Middle Africa 107 (5.2) 44 (5.4) 63 (5.1) 1,043 (50.7) 146 (18) 897 (72.1)¶
Angola 6 (4.6) 5 (4.9) 1 (3.5) 44 (33.8) 19 (18.6) 25 (89.2)¶
Cameroon 9 (4.8) 6 (4.3) 3 (6.2) 43 (22.9) 16 (11.4) 27 (56.2)¶
Equatorial Guinea 84 (5.4) 27 (6.2) 57 (5) 923 (58.8) 93 (21.3) 830 (73.1)¶
Western Africa 37 (4.1) 22 (3.4) 15 (6) 195 (21.7) 48 (7.4) 146 (58.4)¶
Mali 5 (4.7) 3 (4.1) 2 (6.1) 20 (18.9) 2 (2.7) 18 (54.5)
Nigeria 7 (5.1) 3 (5.8) 4 (4.8) 71 (52.2) 4 (7.7) 67 (79.8)¶
Senegal 11 (3.9) 8 (3.4) 3 (6.7) 34 (12.2) 15 (6.4) 19 (42.2)¶

Americas 161 (6.1) 75 (6.2) 77 (5.8) 598 (22.7) 69 (5.6) 513 (38.7)¶
Latin America and the Caribbean 161 (6.1) 75 (6.2) 77 (5.8) 598 (22.7) 69 (5.6) 513 (38.7)¶
Caribbean 21 (6.7) 10 (4.8) 9 (10.9) 61 (20) 11 (5.3) 45 (54.9)¶
Dominican Republic 13 (9.4) 5 (6.7) 6 (11.5) 41 (29.7) 2 (2.6) 35 (67.3)¶
Central America 45 (8.7) 31 (7.8) 10 (12.2) 42 (8.8) 19 (4.8) 16 (19.5)¶
Mexico 10 (6.1) 7 (5.4) 2 (10) 8 (4.9) 4 (3.1) 1 (5)
South America 94 (5.3) 34 (5.6) 57 (5) 487 (27.3) 39 (6.5) 444 (38.6)¶
Bolivia 26 (3.8) 1 (1.1) 25 (4.2) 249 (36.3) 8 (9) 241 (40.4)¶
Brazil 19 (10.3) 12 (8.7) 7 (14.9) 27 (14.6) 12 (8.7) 15 (31.9)¶
Colombia 13 (6.7) 7 (12.1) 6 (4.8) 71 (38) 4 (6.9) 67 (53.2)¶
Ecuador 10 (3.5) 3 (3.9) 7 (3.4) 82 (29.1) 5 (6.5) 76 (37.4)¶
Peru 6 (2.4) 3 (2) 2 (2.4) 21 (8.5) 8 (5.4) 11 (12.9)

Asia 97 (9) 94 (9) 2 (5) 98 (9.1) 84 (8.1) 14 (35)¶
Southern Asia 54 (9) 53 (9.3) 1 (3.8) 53 (8.9) 47 (8.2) 6 (23.1)¶
India 49 (9.3) 49 (9.6) 0 (0) 48 (9.1) 43 (8.5) 5 (23.8)§
Southeastern Asia 42 (10) 41 (10.1) 0 (0) 42 (10) 34 (8.4) 8 (61.5)¶
Thailand 20 (15.7) 19 (15.3) 0 (0) 8 (6.3) 7 (5.6) 1 (33.3)

Unknown 14 (3.7) 10 (3.4) 1 (3.3) 51 (13.4) 24 (8.2) 10 (33.3)¶
Multiple exposure 45 (14.7) 40 (14.1) 5 (22.7) 99 (32.4) 80 (28.2) 19 (86.4)¶
Total 492 (5.9) 311 (6) 168 (5.6) 2,157 (26) 511 (9.9) 1,612 (54.2)¶

*Only areas and countries with more than 100 subjects studied are shown.
†Rates were calculated using as denominator the figures of Table 1.
‡§¶Significant differences between Europeans versus non-Europeans in each group (cases and past infections): P < 0.05; P < 0.01; P < 0.001, respectively.

FIGURE 2. Distribution of cases and rate (%) by year and geo-
graphical dengue exposure.

FIGURE 3. Distribution of cases and rate (%) by seasonality and
geographical dengue exposure over the 9-year study period.
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the Americas or Asia, when we stratified by age group, we
obtained similar rates of past infection across continents
(data not shown).
Malaria. Investigation for malaria was performed in 7,231

(78.2%) of suspected dengue episodes, of which 106 (1.5%)
were positive (99 Plasmodium falciparum, four Plasmodium
vivax, two Plasmodium ovale, and one Plasmodium malariae).
Most cases of malaria were detected in subjects who had
traveled from sub-Saharan Africa (N = 92, 86.8%) and, to a
much lesser degree, from Latin America and the Caribbean
(N = 10, 9.4%). More malaria cases were diagnosed among
non-European patients than among their European counter-
parts (N = 57, 53.8% versus N = 48, 45.2%, P < 0.001).
In the study population, there was a significant decrease in
the number of subjects with malaria over time, with a similar
distribution of cases by seasonality (data not shown). Only
seven cases of dengue/malaria coinfection were detected:
all but one were subjects who had traveled to Africa.

DISCUSSION

A recent report has suggested that the worldwide impact
of dengue infection is far greater than previously thought.1

This may be especially dramatic for Africa. The true burden
of dengue is uncertain because surveillance is still deficient
and infection may be masked by the many febrile diseases
in this continent often being overlooked. Although several
outbreaks have been reported in this continent and the
number of epidemiological studies has increased in recent
years, studies are still scarce.13,14 Therefore, there is a need
to collect epidemiological data on dengue infection in Africa
to uncover the probably large hidden African dengue bur-
den and its extension within this continent.15 In our study,
we found the highest rate of diagnosed cases in patients
who had visited Asia (9%), followed by those traveling from

Latin America and the Caribbean (6.1%) and, very close
behind, from Africa (4.5%). These data tally with the find-
ings of Bhatt and others, who estimated that Africa’s den-
gue burden is lower than that of Asia but similar to that of
America.1 We found that most cases from Africa had trav-
eled from sub-Saharan countries within the tropical belt;
consequently, only a minority of African dengue cases was
diagnosed outside this area. These data are in agreement
with previous reports that showed that although infection is
widespread throughout the continent, the risk of dengue
does not seem to be evenly distributed, predominating in
tropical and subtropical regions, whereas the regions of
northern and southern Africa are less affected.1,2

In our research, we divided the study population between
European and non-European patients according to birth-
place. The epidemiological context of the study suggests
that non-European travelers probably represent recent
migrants or settled immigrants who visit friends and rela-
tives in their native countries. Therefore, the risk of acquir-
ing dengue infection, which is related to the length of
stay,16 may be higher in this last group. Analysis of these
travelers who come from or visit their home countries could
provide a clearer picture of the true impact of dengue in
these countries. We did not find any differences in the rate
of cases of dengue infection between European and non-
European travelers, except for subjects who have traveled
from Africa. However, the seroprevalence of past dengue
infections in most regions of traveling was significantly
higher in non-European travelers than in European ones
(Table 2).
A significant proportion of non-European subjects who

had traveled to Africa are from Equatorial Guinea (about
40%) and, to a lesser extent, Senegal and Nigeria. Epidemio-
logical studies in these countries are scarce. Dengue infec-
tion had been reported in Equatorial Guinea previously,13

TABLE 3
Serotypes of dengue according to region of exposure

Region of exposure

Serotype

1 2 3

N (year) N (year) N (year)

Africa
Angola 3 (2013)
Cameroon 1 (2005)
Equatorial Guinea 1 (2012)
Kenya 1 (2012) 1 (2013) 1 (2006)

Asia
Bhutan 1 (2009)
India 2 (2010) 1 (2008) 1 (2005)
Indonesia 2 (2010, 2013)
Myanmar 1 (2005)
Sri Lanka 1 (2005)
Thailand 1 (2013) 1 (2008) 4 (2009, 2012, 2013†)

Latin America
Brazil 1 (2011)
Colombia 2 (2009, 2013)
Dominican Republic 1 (2010)
Panama 1 (2009)
Paraguay 1 (2011*) 2 (2011*, 2012)
Venezuela 2 (2007, 2013)

Unknown 2 (2006, 2007)
Total 16 9 10

*One case with coinfection with serotype 1 and 2.
†Two cases.
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but to our knowledge no studies have been conducted in
this country. In Nigeria, a recent report carried out on 310
febrile patients showed a 67.7% seroprevalence of dengue
using plaque reduction neutralization testing to rule out
cross-reactivity.17 This figure is slightly lower than that
found in our study (73.6%). There are no data about sero-
prevalence of dengue in Senegal, although outbreaks have
been reported there.18

In our study, we noted that the rate of past dengue infec-
tions found among non-Europeans who had traveled from
Africa was almost twice as high as that detected in non-
Europeans coming from Asia or the Americas. We found no
significant age or gender-related difference among these
subjects that could explain this paradox. A plausible expla-
nation is that African immigrants may previously have been
exposed to other circulating flaviviruses and alphaviruses in
their countries of origin that can cause cross-reactivity in
the IgG serological tests for dengue. In addition, exposure to
parasites may produce polyclonal B-cell activation responsi-
ble for the high rate of false-positive immunoassays results
reported in African patients.19 Vairo and others have esti-
mated that although sensitivity of IgG enzyme immunoassay
test for dengue is nearly 100%, specificity could be substan-
tially diminished in African populations.20 Taken all together,
these data suggest that prevalence studies using anti-dengue
IgG antibodies in the African continent may be overestimat-
ing dengue infection and should be interpreted cautiously.
We observed three main peaks of cases in 2007, 2010,

and 2013, in keeping with a recent report.21 In subjects
traveling from Africa, the peaks in 2007 and 2013 were due
mainly to those traveling from Equatorial Guinea. These
data suggest this country probably experienced successive
dengue epidemics during the study period. The increase in
cases from Latin America, in particular Venezuela and
Dominican Republic (2007) and Brazil (2013), and from Asia,
notably Thailand (2008 and 2013) and India (2010), is prob-
ably related to ongoing outbreaks in these countries at
that time.22,23

Another risk factor for acquiring dengue is the season of
travel. We found that most cases had been detected after
the summer (September or October) and correspond mainly
to cases from Asia (namely, India and Thailand). Several
reports have found a similar seasonal pattern in these
countries related to the rainy season (the monsoon), which
extends from May/June to September/October.24,25 Our
data did not show a seasonality distribution in Africa, even
when the study was restricted to Equatorial Guinea. To our
knowledge, only one study has analyzed the seasonality of
dengue in Africa; the authors did not find a seasonal pattern,
although the number of cases included was very small.26

All four DENV serotypes are found worldwide, including
in Africa. Our study included few serotyped samples, and
for this reason we did not find any subjects with DENV-4,
which is the least prevalent globally.3 In sub-Saharan Africa,
we found serotypes 1, 2, and 3. Interestingly, all three
cases of DENV-1 were detected in travelers coming from
Angola in 2013, in which year an outbreak of DENV-1 was
reported there.27 Another case of DENV-1 was detected
in Equatorial Guinea, but there were no reports about
serotypes circulating in this country. The remaining sero-
types found in sub-Saharan African countries have been
reported previously.3

The study aimed to investigate epidemiological dengue
infection features in ill travelers with clinical suspicion of
dengue. Therefore, although malaria infection data were
collected, they are not representative of the disease’s impact
on this population and must be interpreted cautiously.
Nevertheless, we found that most malaria cases were diag-
nosed in sub-Saharan travelers, whereas the proportion of
malaria cases among subjects coming from Asia and the
Americas was very low. This is to some extent in agreement
with previous studies that maintain that dengue is now
more frequent than malaria as a cause of febrile disease in
travelers returning from southeast Asia and from America–
Caribbean, whereas malaria predominates in sub-Saharan
Africa.28 In addition, our data support the claim that coin-
fection malaria/dengue is not a rare event and may have
clinical implications.29

Our study has several limitations: First, no antibody-
neutralizing test was performed to rule out cross-reaction
with other circulating flaviviruses or with yellow fever vacci-
nation. This is particularly relevant when using IgG dengue
antibody for seroprevalence determination in non-European
subjects, mainly African travelers, and may cause the rate
to be overestimated. Second, we have established the
presence of anti-DENV IgM antibodies in a single specimen
as a criterion to define a confirmed case of dengue, there-
fore we cannot rule out the possibility of a false-positive
result. Third, NS1 antigen and molecular methods were not
used routinely for dengue diagnosis; however, few cases
were detected using only these methods and they do not
interfere with the conclusion on comparing the rate of
cases between continents. Finally, our study focused exclu-
sively on ill travelers in whom dengue was clinically sus-
pected; therefore we cannot draw conclusions about the
actual incidence of the disease.
In summary, our work suggests that dengue infection in

certain regions of Africa has a magnitude approaching
that of other endemic countries in Latin America and the
Caribbean. These data suggest that dengue infection is
underdiagnosed in Africa and may be misdiagnosed and
therefore confused with other diseases, mainly malaria.
Implementation of measures aimed at ensuring correct diag-
noses and appropriate treatment should be a priority.
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