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ABSTRACT

Introduction: Malaria and dengue fever are the most prevalent vector-borne diseases in tropical
areas and represent major public health problems. They are transmitted by mosquito namely
Anopheles and Aedes aegypti, respectively. Hodeidah is a high density with these vectors. Also,
co-infection of these diseases has (malaria and dengue) become undetected due to lack of
suspicious clinical suspicion and overlapping symptoms.

Aim of the Study: The study aimed to detect the prevalence of co-infection with malaria and
dengue fever, determine the clinical presentation within febrile patients in Hodeidah city and
determine some potential risk factors associated with co-infection.

Methods: A cross-sectional study was conducted (from January to December 2017) in febrile
patients. All patients were designed into three groups: Group A (co-infected with malaria and
dengue); Group B (malaria as mono-infection) and Group C (dengue as mono-infection). The
diagnosis of malaria was by microscopic and rapid diagnostic test (RDT) and the dengue virus was
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detected using enzyme-linked immunosorbent assay (ELISA). The diagnosis was performed in
Center of Tropical Medicine and Infectious Diseases (CTMID), Authority of AL-Thawra Public
Hospital-Hodeidah, in collaboration with the Tihama Foundation for Medical-Pharmaceutical
Studies and Research (TFMPSR), Hodeidah, Yemen.

Results: Out of 270 febrile patients, 82 cases (30.4%) patients were malaria — dengue coinfection,
100 cases (37.0%) of malaria, 21 cases (7.7%) of dengue and 67 cases (24.8%) were non-malaria
and non-dengue. The most common symptoms were fever, headache, arthralgia, myalgia and
retro-orbital pain, where the clinical symptoms of co-infected patients were more like dengue than
malaria. One death was reported in malaria — dengue coinfection, with a case fatality rate (CFR%)

of 1.2% (1/82).

Conclusion: Our results show a high prevalence of malaria — dengue coinfecion in Hodeidah,
Yemen as the first time. These due to a high density of vectors in this region and endemic areas for
malaria and dengue. Furthermore, surveillance strategies, preventive measures and healthcare
worker's education are critical for curtailing this problem and lifesaving.

Keywords: Co-infection; malaria; dengue; Hodeidah city; Yemen.

1. INTRODUCTION

Malaria and dengue fever are among the major
public health problems grouped into mosquito-
borne diseases. Annually, approximately 429,000
and 12,000 people die and another 212 million
and 96 million are estimated to fall ill from
malaria and dengue [1,2]. Malaria parasites are
transmitted by female Anopheles mosquitoes,
whereas dengue is transmitted by female Aedes
mosquitoes [3]. Co-infection of these two
diseases (malaria and dengue fever) is possible
in geographical locations where the respective
vectors co-exist [4]. One such location includes
Yemen where various studies have described the
acute presentation of malaria and dengue mono-
infection in the country.

Malaria, dengue, and chikungunya fever
infections were reported in Yemen. An epidemic
of dengue fever infection in Yemen was reported
to have occurred in 1954, which affected 98% of
the population of Hodeidah [5]. In 1984, travellers
returning from Yemen to the USA that were
serologically confirmed to have the dengue [6].
The United Nations International Children's
Emergency Fund (UNICEF) reported that the
dengue hemorrhagic fever was a notable disease
in Yemen since 1994 [7,8]. The first dengue
outbreak was confirmed in 2003, in Shabwah
governorate. Later, WHO reported epidemics of
dengue fever in some parts of Yemen that
spread in the coastal planes of Tehama and
Abyan that the dengue fever became epidemic in
some parts of Yemen that spread in the coastal
planes of Tehama and Abyan [9]. Also, malaria is
an endemic in Hodeidah, Yemen [10].

On the other hand, Malaria and dengue share
common symptoms which overlap when patients

present acute febrile illness such as high fever,
headache and myalgia. Recent studies have
shown that malaria and dengue co-infection may
be more severe than those seen in mono-
infection case [11,12]. Due to this similarity and
lack of specificity of symptoms, misdiagnosis is
often common among clinicians and is
more probable when these infections occur
simultaneously [12,13].

The consequences of misdiagnosis of malaria as
dengue or vice versa and under-reporting of co-
infection could reflect a limitation of
epidemiological update of these diseases [13].
Co-infection may also be associated with
increased morbidity, mortality, and increased
health care cost. Description of co-infections may
help in primary and secondary preventive care of
patients with infections [14].

Data on co-infection of malaria and dengue are
scarce or almost unavailable in our region.
Therefore, this study was performed to: 1:
determine the prevalence of malaria and dengue
virus co-infection among febrile patients in
Hodeidah city, Yemen; 2: determine some
potential risk factors associated with the
diseases and; 3: demonstrate the clinical
presentation of patients with co-infection and
compare it with mono-infected patients.

2. MATERIALS AND METHODS
2.1 Study Area

This study is conducted in the Hodeidah city,
Yemen. The Hodeidah city is the local coastal
capital of the fourth largest governorate in
Yemen, "Hodeidah governorate". It is located on
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a flat and narrow coastal plain, between the
foothills of the highlands and the Red Sea known
as Tehama; the area is 181 kmz, involves three
districts (Hali, Hawak and Meena) with an
estimated population of 415,283 [15]. It has a
tropical zone, and the climate can be described
as being hot, windy, and humid. The highest
temperature can reach 38 to 40°C, during the
summer while the rest of the year temperature
ranges between 27-35°C [15]. This region is
endemic for malaria and dengue due to the high-
density vectors, risk of transmission and
outbreaks that are linked to poor infrastructure,
rainfall and warmer temperatures [16]. The main
hospitals in Hodeidah city were selected as
sample collection sites.

2.2 Study Population and Design

This study is designed as cross-sectional study.
It included all patients admitted at both the in-
patient and out-patient departments in selected
hospitals in Hodeidah city between the period of
January 2017 and December 2017. To be
considered into the study, patients are selected
based on several symptoms. Hence, patients
with an acute febrile illness and exhibit two or
more of the following symptoms; headache,
arthralgia, myalgia, retro-ocular pain, rash or
hemorrhagic manifestation were included in the
study. On the other hand, patients who are
already diagnosed to have other diseases such
as enteric fever or non-febrile were excluded.

2.3 Data Collection

Data were collected wusing a standard
questionnaire that was divided into several
sections. Section 1 concerns the patients’

demographic profiles. Specifically, information on
socio-demographic data such as age, gender,
educational level, income status and house
structure were obtained. Section 2 requires
information on patients’ clinical symptoms such
as fever, headache, nausea, vomiting, myalgia,
arthralgia and rash. Finally, section 3 intends to
identify some risk factors such as presence of
bogs, trash and sewages. This filing of
questionnaire was performed by researcher.

2.4 Sample Collection Procedure

To obtain the intended sample, about 5ml of
blood was collected by venipuncture from febrile
patients transferred into two separated sterile
bottles; the first bottle (anti-coagulant)
represented one third of the whole blood and

was (3—5 drops) used for the RDT malaria
parasite detection, approximately 20 ul of which
was used to prepare thin and thick blood films for
malaria investigation. The second bottle
(anticoagulant-free) represented two third of the
whole blood that was allowed to clot at room
temperature which later centrifuged (3000 rpm 5
minutes). The serum was transferred into two
separate Eppendorf tubes (one was the original
sample and the second was the backup sample)
and stored in refrigerator at -20°C. Twenty-four
hours prior to performing the serological assay,
samples were thawed in a refrigerator overnight
at4°C.

2.5 Laboratory Testing

Malaria was detected in the samples using a
rapid test kit (Combo CareStart, Access Bio, Inc.
USA) according to the manufacturer's
instructions. The species identification and
quantitation of parasites determined on thin and
thick blood films with 20% Giemsa stain, all steps
were taken according for WHO [17]. A slide was
considered negative when there were no
parasites in the 100 high power fields [18]. For
the diagnosis of dengue, Sera samples were
analyzed for anti-dengue virus IgM and IgG by
enzyme linked immunosorbent assay (ELISA)
using commercial diagnostic kits (Calbiotech Inc.,
USA) according to the manufacturers’
instructions. The optical density was measured
at 450 nm. A positive result was calculated
based on the ratio of the optical density obtained
with the test sample divided by the calculated
cut-off value. Samples having an index value
>1.1 were considered positive. After diagnosis, a
subject was declared to be co-infected if both
malaria microscopy and a dengue IgM were
positive. Then, patients were grouped into three
groups representing different infections; malaria
and dengue co-infection (Group A), malaria
mono-infection (Group B) and dengue mono-
infection (Group C).

2.6 Statistical Analysis

The data obtained were entered and analyzed
using Statistical Package Social Sciences
(SPSS) version 21.0 (SPSS Inc., Chicago, USA).
The chi-squared (X2) test was used to compare
the proportion of quantitative variables between
the two groups. Descriptive analysis for
numerical data consists of mean with standard
deviation (SD) was using T-test to compare of
mean between two groups. The p-value less than
0.05 (p < 0.05) was considered as statistically
significant.
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3. RESULTS

3.1 General Characteristics of Patients

This study has recorded a total of 270 febrile
patients attending selected hospitals in Hodeidah
City, which are Authority of General Al-Thawra
Hospital, Military General Hospital, Al-Rasheed
Hospital, Al-Agsa  Hospital, Al-Salakhana
Hospital and Al-Amal Hospital. The majority of
study participants were from the out-patients
department (60.4%). In term of gender, this study
has seen a large number of male patients than
the female patients. The male represents 64.4%
of total participants while female patient
represents 35.6%. The age range was from 2-88
years old, with a median age of 21.5 years, the
highest infected age group was between 16-30
years (49.2%). Almost half of participants in this
study (47.8%) received education up to
secondary level. Consequently, 231 patients
belong to low income status (85.6%). Finally,
most of the participants (57.0%) were living in
rural areas and 53.7% were living in random
houses (Table 1).

3.2 Prevalence of Malaria and Dengue Co-
infection according to the Socio-
demographic Characteristics

Out of 270 acute febrile patients, co-infection of
malaria-dengue (Group A) was found in 82 cases
(30.4%), malaria mono-infection (Group B) in 100
cases (37.0%) and dengue mono-infection
(Group C) in 21 cases (7.8%), while 67 cases
(24.8%) were determined as negative for malaria
and dengue. In addition, this study also notes on
one death case that belongs to co-infection
group (Group A) with a case fatality rate (CFR %)
of 1.2% (1/82). The prevalence of the
whole results in this study was summarized in
Table 2.

Regarding for the species of malaria. P.
falciparum, P. vivax and mixed infections were
found in 78 (95.1%), 3 (3.6%) and 1 (2.4%),
respectively, among co-infection cases. While
among the cases of malaria mono-infection P.
falciparum and P. vivax was found in 96 (96%)
and 4 (4%), respectively.

Table 1. General characteristics of patients in Hodeidah city, Yemen (n = 270)

Variables Number(n) Ratio (%)
Hospitalization

In-patient 107 39.6
Out-patient 163 60.4
Gender

Male 174 64.4
Female 96 35.6
Age

1-15 89 33.0
16-30 133 49.2
31-45 35 13.0
46-60 8 3.0
261 5 1.8
Educational level

llliterate 24 8.9
Primary 98 36.3
Secondary 129 47.8
University 19 7.0
Income status

Low status 231 85.6
Moderate status 39 14.4
High status 0 0.0
Residency

Rural 154 57.0
Urban 116 43.0
House structure

Random 145 53.7
Apartment 125 46.3
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Table 2. Overall prevalence of malaria and dengue co-infection

Characteristics Dengue Positive Dengue Negative Total

n % n % n %
Malaria Positive 82 30.4 100 37.0 182 67.4
Malaria Negative 21 7.8 67 24.8 88 32.6
Total 103 38.2 167 61.8 270 100

Table 3. Prevalence of malaria and dengue co-infection according to the socio-demographic
characteristics, Hodeidah, Yemen (N = 270)

Patients Participants Co-infection (A) Malaria (B) Dengue (C) p-value
characteristics n % n % n % n % AxB AxC
Hospitalized

In-patient 107 396 55 514 29 271 9 8.4 0.01 0.04
Out-patient 163 604 27 16.5 71 435 12 73

Gender

Male 174 644 56 32.1 69 396 17 97 0.9 0.2
Female 96 356 26 27.0 31 322 4 4.1

Age (years)

1-15 89 33.0 18 20.2 41 46.0 4 4.4 0.04 04
16-30 133 49.2 51 38.3 46 345 14 105

31-45 35 13.0 12 34.2 11 314 3 8.5

46-60 8 3.0 1 12.5 2 250 O 0.0

261 5 1.8 0 0.0 0 0.0 0 0.0

Educational level

llliterate 24 8.9 3 12.5 8 333 2 8.3 0.2 0.3
Primary 98 36.3 25 255 41 418 5 5.1

Secondary 129 478 49 37.9 47 364 11 85

University 19 7.0 5 26.3 4 210 3 15.7

Income status

Low status 231 8565 73 31.6 89 385 18 7.7 0.9 0.7
Med status 39 144 9 23.0 11 282 3 7.6

High status 0 0.0 0 0.0 0 0.0 0 0.0

Residency

Rural 154 57.0 54 35.0 61 396 8 5.1 0.5 0.02
Urban 116 43.0 28 241 39 336 13 11.2

House structure

Random 145 53.7 54 37.2 55 379 9 6.2 0.1 0.07
Apartment 125 46.3 28 224 45 36 12 9.6

Table 3 shows a comparison of the three groups
(A, B and C) according to patients’ socio-
demographic characteristics. First, type of
hospitalization shows that patients with co-
infection of malaria-dengue are to be more
frequent in in-patient department with a total of
55 patients (51.4%) than the out-patient
department (16.5%). On the other hand, more
out-patients are identified when malaria is
registered as mono-infection 71 patients (43.5%).
The p value < 0.05 indicates the statistically
significant association between hospitalization
and a prevalence of group A with group B and
group C.

Males were more distribution in all the three
groups A, B and C than the females which were
32.1%, 39.6% and 9.7% respectively, while this
difference was not statistically significant (p value
> 0.05). Next, patients aged 16-30 years old
were more susceptible to acquire co-infection
(Group A) with total number of patients was 51
(38.3%) and 14 (10.5%) patients with dengue
mono-infection (Group C); whereas malaria
mono-infection (Group B) sees patients
were in the age group of 1-15 vyears old
(46.0%). This produces a p value of < 0.05 thus
indicating significant association with co-
infection.
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In the aspect of income status, positive cases
were mostly observed among patients with low
income status across all type of group infection;
73 patients in Group A (31.6%), 89 patients in
Group B (38.5%) and 18 patients in Group C
(7.7%). Next, the frequencies of cases in rural
areas were almost similar between the co-
infection 54 (35.0%) and malaria mono-infection
61 (39.6%). The frequencies in the urban areas
however show more cases of dengue mono-
infection 13 (11.2%) which indicates significant
association with co-infection of malaria-dengue
when the p value is < 0.05.

3.3 Distribution of Studied Cases
According to the Clinical Features

According to Table 4, it is clear that fever was
present in all patients (100%). In fact, fever was
the common symptom reported in all groups (A,
B and C) with percentage 30.4%, 37.0%, and
7.8% respectively. Other common symptoms to
be reported by most patients are headache
(61.4%), abdominal pain (53.3%) and arthralgia
(44.8%). Retro-orbital pain symptom was
reported in Group C (27.5%) and this is followed
by 24.6% in Group A and 21.7% in patients from
Group B. It was significantly more in Group A as
compared to Group C (p = 0.01) but was not
different significantly with group B (p = 0.33),
hence, it is comparable with malaria. Regarding
bleeding manifestation like purpuric rashes over
skin, epistaxis, and sub-conjuctival haemorrhage,
these symptoms were present in 9 patients
(37.5%) of co-infection in Group A, 7 patients
(29.2%) of Group C and 2 patients in Group B
(8.3%) which was statistically significant as
compared between groups A and B (p = 0.02)
and between groups A and C (p = 0.01).

3.4 Risk Factors Associated with Co-
infection

Finally, this study wants to identify the potential
risk factors associated to co-infection of malaria-
dengue. Table 5 shows the prevalence of mono
and co-infection according to vector breeding
sites that have been identified as the risk factors.
From the result, it can be seen that the highest
percentage of mosquitoes breeding site was the
bogs 40.4% (Group A), 29.3% (Group B) and
15.6% (Group C) hence producing a significant
association between co-infection as compared to
malaria mono-infection (p = 0.01) and dengue
mono-infection (p = 0.02). On the other hand,
water tank, sewage, trash and tires were shown
to associate the presence of co-infections mostly

trash (33.1%) and sewage (32.6%) although they
have not shown a significant association with co-
infection. Another risk factor identified was water
storage tools as evident in the three groups A
(32.8%), B (26.7%) and C (10.3%). This
indicates a significant association between co-
infection as compared to Group B (P = 0.04), but
this difference was found to be not significant
with Group C (p = 0.3).

4. DISCUSSION

This study is deemed to be the first study
conducted to investigate the co-infection with
malaria and dengue among febrile patients in
Hodeidah city and in Yemen generally. Even
though Hodeidah has been reported to be
among the endemic regions with malaria and
dengue, there have not been any attempts of
epidemiological studies on such.

From the results, it has been revealed that the
overall prevalence of co-infection (malaria with
dengue) among all the cases with fever was 82
(30.4%), 100 (37.0%) of cases were found
positive for malaria mono-infection, 21 (7.8%) of
cases had dengue mono-infection, while 67
(24.8%) of febrile patients were negative for both
malaria and dengue.

This study has highlighted a high prevalence of
co-infection (30.4%) in Hodeidah city, Yemen.
Such result is within the similar range of
percentage to what was found in Pakistan that
has 32.6% and 23.2% respectively [12,19]. The
high prevalence of co-infection with malaria and
dengue in febrile patients in our study could be
associated to the similarity of clinical features of
malaria and dengue fever. In this case,
symptoms for dengue fever may easily be
confused with malaria if the patient does not
receive careful evaluation by clinical practitioners
and vice versa. This observation agreed with Ali
et al and Hisam et al [20,21].

In addition, we also found that P. falciparum was
present in majority of the cases 78 (95.1%)
among co-infection cases. However, P. vivax and
mixed infection was found in 3 (3.6%) and 1
(2.4%), respectively. This result similar to
Mohapatra et al. from India (88.8%) [4].

Next, the malaria — dengue co-infection was
mostly observed in in-patients (51.4%), when it is
compared to mono-infection (27.1%) and (8.4%),
respectively. Such result is not surprising
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Table 4. Comparison of the clinical features of cases mono and co-infection, Hodeidah, Yemen

Clinical Participants Co-infection Malaria Dengue P- value
features N =270 (A) n=82 (B)n=100 (C)n=21

n % n % n % n % AxB AxC
Fever 270 100.0 82 304 100 37.0 21 7.8 * *
Abdominal 144 53.3 45 312 50 34.7 15 104 0.553 0.218
Pain
Myalgia 93 344 44 473 7 7.5 19 204 0.01 0.02
Headache 166 61.4 76 403 41 246 17 10.2 0.01 1.00
Retro- orbital 69 255 17 246 15 217 19 275 033 0.01
Pain
Arthralgia 121 448 34 28.1 31 256 17 14.0 0.16 0.01
Chills 108 40.0 37 342 48 444 15 13.8 0.76 0.04
Nausea 101 37.4 38 376 29 28.7 9 8.9 0.75 0.61
Diarrhea 21 7.7 7 333 5 238 2 9.5 0.38 0.88
Vomiting 92 345 39 423 20 21.7 13 14.1 0.04 0.03
Bleeding 24 8.8 9 375 2 8.3 7 29.2 0.02 0.01

*Same percentage, no comparison necessary; p-value < 0.05 (significant)

Table 5. Prevalence of malaria and dengue co-infection according to vector breeding sites
(as risk factors), Hodeidah, Yemen

XZ

Risk factors Patients Co-infection Malaria Dengue p- value
N = 270 (A)n=82 (B)n=100 (C)n=21

n % n % n % n % AxB AxC AxB AxC
Water storage 116 429 38 32.8 31 26.7 12 10.3 4.5 0.7 0.04 0.34
tools
Water tank 90 333 27 30 22 244 9 10 2.7 0.7 0.09 043
Bogs 109 404 44 404 32 293 17 15.6 8.6 5.1 0.01 0.02
Sewages 89 329 29 326 23 259 10 112 33 1.0 0.07 0.38
Trash 118 437 39 331 32 271 10 85 35 0.0 0.05 1.00
Tires 58 215 15 259 11 189 5 86 1.9 03 0.22 0.57

p-value < 0.05 (significant); Chi square (X°) = 3.9 (significant)

because it is expected that patients with co-
infection will prolong the disease duration if they
do not receive early diagnosis and hence, will
result in hospitalization. Nevertheless, there was
a significant association between co-infection
group and both mono-infection groups with
hospitalized patients (p < 0.05). Almost Similar
findings were seen in studies by Epelboin et al
[11] and Magalhaes et al. [22], who found that
the duration of fever was longer in co-infection
patients and they were hospitalized more
frequently than malaria and dengue mono-
infection.

In terms of gender, males were found to be more
susceptible to have co- infection and both mono-
infection of malaria and dengue. However, the
differences between male and female were not
statistically significant. Similar result of co-
infection was found in French Guiana [11],
Pakistan [12] and India [23]. For this particular
finding, it is believed that the habits of males

when they are in hot areas such as wearing cut
clothes that leave their arms and legs exposed
may cause them to be infected more than
females who go out quietly covered. Males are
also perceived to be more active in outdoor
activities which make them more vulnerable to
the bites of mosquitoes. This observation is
consistent with other studies conducted in
Yemen [10,8].

The next variable that this study has looked into
is age. People in between 16-30 years old were
likely to have co-infection 51 (38.3%) and
dengue mono-infection 14 (10.5%). This
particular finding was almost found with
outcomes from studies conducted in Brazil [22]
and in Pakistan [12]. On the other hand, people
aged from 1-15 years old were more likely to
have malaria mono-infection 41 (46.0%) which is
consistent to studies carried out in Hajjah [24]
and Hadrmout, Yemen [25]. The possible reason
for the high number of co-infection and malaria
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mono-infection in these age groups (16-30 years
and 1-15 years, respectively) was again due to
the high activities that individuals from these age
groups participated that often require them to be
in outdoor during day. As a result, it increases
the exposure to vector bites.

Another finding that the current study can report
is the high prevalence of co-infection and malaria
mono-infection in rural areas which is also the
same observation that was found in random
houses. Our finding concurred with a study in
India [26] whose found maximum cases from
rural areas in co-infection and malaria mono-
infection.

On the other hand, dengue mono-infection was
found to be common in urban areas and
apartment houses with a significant association
between the prevalence rate of co-infection with
dengue mono-infection and place of residency
(rural or urban areas) is P. v < 0.05. This finding
agreed to what has been found in Al-Hodiedah

(8]

One important yet interesting observation in our
study is that the occurrence of co-infection
(malaria-dengue) were prevalence in rural areas.
The traditional belief that malaria occurs in rural
areas while dengue is more prevalent in urban
areas may not be applicable. If such belief is
practiced, it can pose risk of misdiagnosing
dengue as malaria and vice versa due to
common similar symptoms. Hence, our study has
shown evidence that it might not be such a case.
This an explanation is in agreement with a study
in French Guiana [27].

Even though dengue was earlier known as an
urban disease, the trend is now changing due to
environmental and societal changes and
improper water storage practices which have
resulted in the invasion of the vector into the rural
areas. Frequent movement of the population has
also helped the virus to be spread into the rural
areas [28].

Patients with co-infected are found to exhibit
clinical features more like dengue mono-infection
than the malaria mono-infection. Therefore, the
similarity in symptoms between these infections
may complicate the diagnosis of co-infection. Our
finding was similar with previous studies in Brazil
and in India [22,4]. Analysis on the symptoms of
all patients has shown fever to be the
commonest symptom (100%) in all the three
groups. This result was similar to what has been
found in Pakistan and in India [12,26].

Moreover, bleeding manifestation which is similar
to dengue was common in patients with co-
infection (malaria and dengue). Therefore,
screening for malaria in patients with dengue is
necessary for diagnosis of such cases. Studies in
India and French Guiana [4,11] also have
reported similar findings. This suggests a
possible synergistic pathogenic mechanism,
which could be linked to both capillary fragility
and coagulation disorders, but not the low
platelets count [22]. According to WHO, bleeding
is uncommon in malaria [29] but can be possible
in malaria with common platelets low [30].
Consequently, malaria with bleeding
manifestation is considered as severe malaria
[4].

Furthermore, breeding sites of mosquitoes were
found to be linked to the existence of co-
infection, and both malaria and dengue mono-
infection, where bogs were the highest
percentage in all three the groups. The rest of
breeding sites such as trash, water storage tools,
sewages, water tank and tires further help in
spreading of the infection despite these places
are common habitat of mosquitoes to live in.
Where many people do not cover the bogs, leave
dumpsites in the street and uncovered water
storage tools and tank, all these factors
contribute to modify the environment and directly
influence in increase breeding for mosquitoes in
urban and rural areas. This practice
consequently supports the transmission of
malaria and dengue to human [31].

Finally, mortality was seen in one case only
(1/82) which was registered with co-infection
(1.2%). In this case, the patient was a pregnant
woman who had been delayed in the diagnosis
and treatment. It should be noted that co-
infections in pregnancy presented more
complications and challenges for diagnosis and
clinical management due to the additional stress
of the physiological changes during pregnancy
[32]. Therefore, accurate diagnosis of the co-
infections can reduce the high mortality rates in
pregnancy-related cases.

5. CONCLUSION

Our study for the first time has contributed to
showing a high prevalence of malaria — dengue
co-infection in Hodeidah city, Yemen. The high
prevalence is due to a high density of vectors in
this region. Following this outcome, the co-
infection should be suspected in endemic areas
for malaria and dengue, especially the two
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infections are clinically difficult to differentiate
which caused the overlapping symptoms and
failure or delay in diagnosis and treatment.
Furthermore, surveillance strategies, preventive
measures and healthcare worker’s education
should be critical for curtailing this problem and
lifesaving in the future.
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