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ABSTRACT 
 

Background: Dengue and other fever like illnesses including chikungunya and malaria are common 
in Hodeidah, Yemen. Several outbreaks confirmed the presence of dengue serotypes 1-3.  
Aim: Confirm dengue fever infection and identify the circulating dengue virus serotypes in 
Hodeidah, using real time one step Reverse Transcription–Polymerase Chain Reaction (RT-PCR).  
Methods: Suspected dengue cases presented to health facilities between September 2012 and 
June 2013. Cases were informed about the study and asked to participate; 179 patients consented 
and were interviewed and blood samples were collected. The samples were tested at the National 
Centre of Public Health Laboratories (NCPHL) in Sana’a. Samples were initially tested by Enzyme 
Linkage Immunosorbent Assay (ELISA). Viral RNA was then extracted and prepared for serotypes 
detections using real time RT–PCR in one step pathway. Furthermore, agarose gel electrophoresis 
documentation system was used to confirm dengue serotypes.  
Results: Dengue virus was confirmed by RT-PCR in 69 of 179 specimens. The four dengue fever 
serotypes were identified. DENV-4 was the predominant serotype at 31.88%, followed by   DENV-2 
at 23.18%, DENV-3 at 20.28%, and DENV-1 at 10.14%. Concurrent infection with more than one 
serotype was detected in 14.49% of the specimens.  
Conclusion: We confirmed dengue virus infection using real time RT-PCR and identified DENV-4 
serotype for the first time in Yemen. We also detected concurrent infections with more than on 
serotype. All serotypes are now present in Yemen increasing the risk of severe dengue and dengue 
hemorrhagic fever in future infections. 
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1. INTRODUCTION  
 

Dengue virus (DENV) is a mosquito-borne virus 
circulating in tropical and subtropical regions of 
the world [1]. It causes a broad spectrum of 
diseases, including in-apparent infection, flu-like 
mild undifferentiated fever, classical dengue 
fever and dengue hemorrhagic fever causing 
high rates of morbidity and mortality [2]. In recent 
decades, the incidence of dengue infection has 
increased around the world and is now endemic 
in more than 100 countries. The World Health 
Organization (WHO) estimates that about 50 
million dengue infections occur annually [3,4]; 
however, a recent publication reported that about 
96 million apparent and 294 million unapparent 
infections occurred in 2010 [5].   
 

Dengue fever and dengue hemorrhagic fever are 
caused by one of four closely related but 
antigenically distinct, virus serotypes (DENV-
1,4), of the genus Flavivirus [6]. The four viral 
serotypes are transmitted from viraemic to 
susceptible humans mainly by bites of the 
females’ mosquito Aedes aegypti and Aedes 
albopictus during daylight period.  Recovery from 
infection by one serotype provides lifelong 
immunity against that serotype but confers only 
partial and transient protection against 
subsequent infection by the other three [7].  
 

Multiple dengue fever outbreaks occurred in 
Yemen with the first laboratory confirmed 

occurring in 2002 in Shabwah Governorate.  By 
2014, all the ten costal Governorates in Yemen 
reported at least one outbreak. Hodeidah 
Governorate was the most affected with at least 
eight outbreaks reported between 2004 and 
2014 [8,9].  Previous PCR laboratory analyses of 
specimens from these outbreaks were conducted 
outside Yemen and detected three DENV 
serotypes (1, 2 and 3) [10].  We conducted this 
study to confirm dengue fever infection and 
identify the circulating dengue virus serotypes in 
Hodediah, Yemen, using one–step real time 
Reverse Transcription- Polymerase Chain 
Reaction (RT–PCR) for the first time in Yemen.   
 

2. METHODS  
 
2.1 Study Designs 
 
Dengue is a reportable disease in Yemen and 
surveillance officers collect basic demographic 
information and blood specimens for 
confirmation. Suspected dengue cases 
presenting with undifferentiated fever to health 
centers were identified from 24 dengue endemic 
districts in Hodeidah from September 2012-June 
2013. Cases received a verbal simple 
explanation about the study and asked if they 
would be willing to participate and agree to 
provide blood specimens. A total of 179 cases 
agreed and were interviewed using a 
questionnaire collecting information on age, sex, 
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and clinical symptoms and blood samples were 
collected. Confidentiality of the collected data 
was achieved by keeping data record in a locked 
room with limited access. 
 

2.2 Samples Collection  
 

Whole 15 ml blood samples were collected on 
average 4-6 days from onset of fever. The 
samples were collected in disposable sterile 
vacuum blood collection tubes with red caps / 
stoppers without any additives.  We allowed the 
blood to clot by leaving it undisturbed at room 
temperature. This usually takes 15-30 minutes.  
We then removed the clot by centrifuging at 2000 
x g for 10 minutes. We immediately transferred 
the supernatant (serum) to Eppendrof tubes by 
using a Pasteur pipette. The samples were 
maintained at 2-8°C while handling. Then, they 
were stored at –20°C for a maximum of 7 days 
until they were transported to National Center of 
Public Health Laboratory. Following ELISA 
analysis and viral RNA extraction, samples were 
stored at -80°C. Finally, samples were 
transferred to the department of molecular 
biology for real-time RT–PCR analysis.  
 

2.3 Analyses of Specimens Based on 
Elisa Method and Real-Time Rt – Pcr 
in One Step Pathway  

 

Sera from all specimens were tested for anti-
dengue immunoglobulin (IgM) by Enzyme Linked 
Immunoassay (ELISA) of Novagnost kits, GmbH, 
Germany [11,12]. Total viral RNA were extracted 
from 140 µL of human serum specimens by 
using the QIAamp viral RNA kit (Qiagen, Inc., 
Germany) according to the manufacturer’s 
instructions.  After that, the master mix of dengue 
virus genome was prepared for one-step RT-
PCR reaction according to (iscript one-step RT-
PCR kit biorad, USA) cat. 170-8895. (water PCR, 
10X RT-PCR reaction buffers, MgCL2 , DNTP 
deoxynucleotide mix, RNAse inhibitor rox dye 
iscript RT enzyme, and the primers used were 
DEN-1F (5'-CAAAAGGAAGTCGTGCAATA-3'), 
DEN-1R (5'-CTGAGTGAATTCTCTCTACTGA 
ACC-3'), DEN-2F (5'-
CAGGTTATGGCACTGTCACGAT-3'), DEN-2R 
(5'-CCATCTG CAGCAACACCATCTC-3'), DEN-
3F (5'-GGACTGGACACACGCACTCA-3'), DEN-
3R(5'-CATGTCTCTACCTTCTCGACT TGTCT-
3'), DEN-4F (5'-TTGTCCTAATGATG 
CTGGTCG-3'), and DEN-4R (5'-TCCACCTGA 
GACTCCTTCCA-3') that already prepared from 
Bio-Rad kit components according to CDC 
protocol, 2012 for detection and serotyping  of 
dengue viruses by real time RT-PCR. The 

extracted viral RNA was transformed to cDNA 
and amplified in one step by using Applied 
Biosystem (ABI-7300 RT-PCR) for detection and 
serotyping of dengue viruses which was set with 
CDC protocol thermal cycler program in the one 
step pathway reaction [13].  
 

The PCR products were migrated on agarose gel 
to show the serotypes bands in comparison with 
suitable DNA marker (HyperLadder™ 100bp, Cat 
No. BIO-33056, Size. 100 Lanes, Bioline 
Company, UK). The migration was done on 1% 
agarose gel and 1X TBE buffer by using 120 vlt 
for 30 minutes. In addition, gels were 
photographed using gel documentation system 
(syn gene) and the reproducible banding patterns 
of each serotype. Each gel was analyzed using 
(Gel Analyzer 3) program [14]. 
 

2.4 Statistical Analysis  
 
We used Excel 2010 to analyze the data 
performing descriptive analysis. Chi-square test 
was used to make comparisons among 
categorical variables.  A p -value of less than 
0.05 was considered statistically significant. 
 

3. RESULTS  
 

3.1 Analysis of Dengue Virus Serotypes 
Based on Real-Time RT-PCR   

 

All 179 specimens tested positive using IgM 
ELISA; however, only 69 (38.5%) tested positive 
for dengue virus using RNA viral extractions. We 
identified all four serotypes. The predominant 
serotype was DENV-4 at 31.88%, followed by 
DENV-2 at 23.18% and, DENV-3 at 20.28%, 
then DENV-1 at 10.14% (Fig. 1). We found 10 
patients (14.49%) with concurrent infections with 
more than one serotypes.  Eight of the patients 
(80%) had serotype (4) as one of the concurrent 
types.  Two (20%) had DENV (1,3), three (30%) 
had DENV (2,4), three (30%) had DENV (3,4) 
and two (20%) had DENV (1,3,4).   
 
The migration of PCR products presented four 
different genetic bands which confirmed the four 
detected dengue virus serotypes in comparison 
with hyper DNA marker (Fig. 2). The 
photographs were analyzed using gel analyzer 3 
program for the molecular weight of genetic 
bands and relative mobility of genetic bands on 
agarose gel 0.5 gm/50 ml of 1X TBE and the 
results confirmed the electrophoretic patterns of 
DENV-1 (1.567 kbp), DENV-2 (1.466 Kbp), 
DENV-3 (1.407 Kbp), and DENV-4 (1.361 Kbp) 
of dengue virus. 
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All 69 patients had fever for a period of 1-2 days 
before presenting to health centers. The most 
common clinical symptoms experienced by 
cases included headache, retro-orbital pain, 
arthralgia and thrombocytopenia, regardless of 
the serotype.  Seven (10.4%) cases presented 
with hemorrhagic fever, four had DENV-4, 2 had 
DENV-3, and 1 case had DENV-1. Two cases 
died, with dengue serotypes (1) and (3) (Table 
1). Cases with concurrent infections presented 
with more severe outcomes. Of the 10 with 
concurrent infections, eight (80.00%) had dengue 
hemorrhagic fever and four (40.00%) died (Table 
1). Two of the 10 with concurrent infections had 
three serotypes DENV (1,3,4); both presented 
with hemorrhagic manifestation and one died.  
 
Patients ranged in age from 14-42 years 
regardless of serotypes. Dengue fever was 
confirmed significantly more in males 65.22% 
than females 34.78% (p < 0.05). Six (60.00%) of 
those with concurrent infections were males.   All 
serotypes were more common among males, 
except serotype 2 with 10 (62.50%) of the 16 
infected with this serotype were females.  
 

4. DISCUSSION 
 

In just the past decade, the significance of 
dengue as a threat to health and economic 
burden on health services has increased 
substantially. The first recorded epidemic of 
dengue fever in Yemen occurred in 1954, which 
affected 98% of the population in Hodeidah [15]. 
In 1984, travelers returning from Yemen to USA 
were serologically confirmed to have dengue 2. 
United Nations International Children's 
Emergency Fund (UNICEF) reported that dengue 
hemorrhagic fever was a notable disease in 
Yemen since 1994 [16]. The first laboratory 
confirmed dengue outbreak occurred in 2002, in 
Shabwah Governorate. Later, WHO reported that 
dengue fever became endemic in some parts of 
Yemen, especially the coastal regions including 
Tihama in Hodeidah [17,18]. 
 

The detection of dengue fever viruses 
serologically is not specific because of cross 
reactivity due to the close similarities among 
Flaviviruses including dengue, and Chikungunya 
that are related [19,20]. Our study was the first to 
confirm dengue virus disease and identify the 
serotypes in Yemen using one step pathway 
real-time Reverse Transcription- Polymerases 
Chain Reaction. The study confirmed that only 
69 (38.50%) of the 179 IgM positive samples 
were positive for dengue fever viruses infection 

This difference confirms that the detection of 
dengue virus by real-time RT-PCR provides 
more accurate results and that IgM results can 
be misleading [21].  The study also confirmed the 
presence of the four different serotypes of 
dengue virus circulating in Hodeidah 
Governorate.  WHO reported that only three 
dengue fever serotypes were circulating in 
Yemen [22] indicating that our study identified 
DENV-4 for the first time in Yemen. Our study 
also documented concurrent infections with more 
than one serotype; this supports previous study 
[23-25]. 
 

  
 

Fig. 1. The percentage of dengue virus 
serotypes as identified by  

real-time RT-PCR in one-step pathway 
isolated from specimens collected  

from Hodeidah governorate 
 

  
 

Fig. 2. Electrophoretic patterns of DENV-1 
(1.567 kbp), DENV-2 (1.466 Kbp), DENV-3 
(1.407 Kbp), and DENV-4 (1.361 Kbp) of 

dengue virus on the agarose 0.5 gm/50 ml  
of 1X TBE, Hodeidah governorate, Yemen 
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Table 1. Clinical history of patients and dengue virus serotypes and concurrent serotypes n = 69 

 

Serotypes   Gender Mean age and SD Hemorrhagic cases Mortality cases Total Percentage % 

     Male   Female 

No  % No % 

DENV-1 

DENV-2 

DENV-3 

DENV-4 

5 

6 

13 

14 

10.14 

11.59 

20.28 

23.18 

2 

10 

1 

8 

2.89 

14.49 

4.23 

13.04 

18±1,61  

23±5,44 

34±3,80 

22±6,21 

0 

0 

0 

2 

1 

0 

0 

0 

7 

16 

14 

22 

10.14% 

23.18% 

20.28% 

31.88% 

Concurrent serotypes 38  21   2 1   

DENV-1 and 2 

DENV-2 and 4 

DENV-3 and 4 

DENV-1,3 and  4 

2 

2 

- 

2 

 - 

1 

3 

- 

 28±0 

31±8 

22±4 

23±2 

1 

2 

1 

2 

- 

- 

1 

1 

2 

3 

3 

2 

2.89  

4.34  

4.34   

2.82 

Total 44 63.76% 25 36.23%  8 

11,59% 

3 

4.34% 

69 100% 
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In our study, more cases were identified with 
DENV-4 serotype compared to the other 
serotypes suggesting that the population has 
higher immunity to the endemic serotypes. 
Although, the clinical symptoms were similar 
among those will all the serotypes, the risk of 
developing DHF in DENV-4 patients was higher 
(25.00%).  It is possible that these patients have 
had a previous infection with another serotype 
and this is a second infection leading to higher 
hemorrhagic manifestation as expected [25]. Our 
study supports other studies that found that 
males have a higher infection rate than female 
[16,17].  In Yemen, men are more likely to have 
exposed skin that women and thus would have a 
higher risk of mosquito bites. Patients with 
concurrent infections in our study had a higher 
rate of hemorrhagic dengue fever and deaths as 
reported in earlier studies in India and Saudi 
Arabia [26,27]. 
 

5. CONCLUSION  
 

Dengue virus infection was confirmed using real-
time RT-PCR analysis in Yemen for the first time.  
We detected all four serotypes and DENV-4 was 
detected for the first time. We also documented 
concurrent infection with more than one 
serotype. The circulation of all dengue serotypes 
puts the population at a higher risk of dengue 
hemorrhagic fever during future infections. 
Therefore, surveillance needs to be strengthened 
so that cases and outbreaks are identified early 
to prevent the spread of the infections and for 
speedy and proper management of cases.  
Finally, control measures need to be instituted to 
prevent future infections and outbreaks.   
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