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A total of 233 serum samples were collected from patients presenting to King Abdulaziz University 
Hospital with suspected cases of Dengue Fever (DF) from 2006 to 2008. Dengue virus was successfully 
isolated from 70 samples by culture on C6/36 and LLC-MK2 cells; it was then detected by indirect 
immunofluorescence assay (IFA). The cytopathic effect (CPE) of dengue virus on C6/36 appeared in 
most of the samples within 1-4 days post-inoculation comparing to 7-12 days on LLC-MK2 cells, and 
this was characterized by the ability to induce syncytia and multinucleated giant cells.  On the other 
hand, by using RT-PCR technique, 87 (37.3%) samples were positive. All 70 (30.4%) samples with 
positive cell culture results were detectable by RT-PCR in addition to 17 culture-negative samples were 
RT-PCR positive. Dengue virus type 1 (DENV-1) was the dominant serotype followed by DENV- 3 and 
DENV-2, while DENV-4 was not detected in tested samples. These results indicate that DENV-RNA 
detection by RT-PCR is more sensitive than virus isolation. We suggest that the high sensitivity 
coupled with the turnaround time, have made the RT-PCR a better choice as a routine test for DENV 
diagnosis. 
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INTRODUCTION 
 
Dengue fever (DF) has emerged as a global health 
problem; Dengue virus (DENV) causes epidemics 
throughout the subtropical and tropical regions (Block et 
al., 1988; Guzman and Kouri, 2003). The disease is 
caused by a single stranded RNA virus. This virus 
belongs to the family Flavividae and has four closely 
related but serologically distinct types: DENV-1, DENV-2,  
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DENV-3, and DENV-4 (Clarke, 2002). All four types are 
implicated in causing classical dengue fever (DF) or life–
threatening syndrome, dengue hemorrhagic fever (DHF), 
which is characterized by abrupt onset of vascular 
leakage and the dengue shock syndrome (DSS) in DHF 
with evidence of poor perfusion, e.g. shock (Gubler, 
1997, 1998). 

The virus is transmitted to human by bites of infected 
Aedes aegypti and Aedes albopictus mosquitoes (Chen 
and Wilson, 2004). The clinical picture ranges from rela-
tively mild dengue fever, accompanied with characteristic 
symptoms such  as  fever,  headache,  retro- orbital  pain,  



 
 
 
 
arthralgia, rash and myalgia, to severe DHF and DSS. 

The primary infection with one of the four Dengue 
serotype provides lifetime homologous immunity, but only 
weak cross protection against other serotypes. Secon-
dary infection with a heterologous serotype is implicated 
in the increased association with DHF/DSS as the result 
of antibody-dependent enhancement (Guzman and Kouri 
1996).  

The routine laboratory diagnosis of dengue virus 
infection is primarily achieved by RT-PCR (Drosten et al., 
2002; Poersch et al., 2005; Gomes et al., 2007; Saxena 
et al., 2008; Yamada et al., 2002) and recently by NS1 
dengue antigen Elisa. Serological diagnosis is carried out 
by detection of IgM and IgG antibodies by ELISA.  
Isolation of dengue virus in cell culture also plays an 
important role in dengue detection and serotyping. 

The first Isolation of DENV from a fatal case of DHF in 
adults in Jeddah / Kingdom Saudi Arabia (KSA) was 
reported after the first dengue outbreak in 1994 by 
Fakeeh and Zaki (2001). Since then, sporadic dengue 
cases here continued to be reported from Jeddah and 
Makkah regions. In 2005/2006 a new outbreak was 
reported by the Ministry of Health in Saudi Arabia (Ayyub 
et al., 2006; Khan et al., 2008). 

In this paper we report the results of dengue sur-
veillance of serum samples tested from 2006 to 2008 in 
our Special Infectious Agents Unit, Bio-safety Level 3 at 
King Abdulaziz University (KAU) in Jeddah using two cell 
lines C6/36 and LLC-MK2 followed by virus detection 
using indirect immunfluroscence assay (IFA). In parallel, 
dengue virus RNA was directly detected in the same 
serum samples by RT-PCR. DENV typing was carried out 
by IFA using specific monoclonal antibodies against 
dengue 1 to 4 and by RT-PCR using serotype-specific 
primers.   
 
 
MATERIALS AND METHODS 
 
Cell cultures 
 
A. albopictus mosquito cells line (C6/36) is the most commonly 
used cell culture system as it provides a relatively rapid, sensitive, 
and economic means of dengue virus isolation (CRL-1660, ATCC). 
This cell line was grown in Eagle minimal essential medium 
(EMEM) supplemented with 10% fetal bovine serum (FBS), and 2 
mM glutamine under 5% CO2 at 28°C (Tesh, 1979; Kuno et al., 
1985; Diamond et al., 2000; Ter Meulen et al. 2000). 

The mammalian rhesus monkey kidney cells, LLC-MK2 were 
cultured in Dulbecco modified Eagle medium (DMEM) supple-
mented with 10% FBS, Penicillin (5 U/ml) and streptomycin (5 
�g/ml). The cells were incubated at 37°C in 5% CO2 atmosphere 
(Guzman et al., 1984). 
 
 
Patient samples 
 
A total of 233 serum samples were collected from patients 
hospitalized at KAU in Jeddah between January 2006 and February 
2008. All samples were taken from patients 1 to 8 days after onset 
of suspected dengue symptoms (fever,  retro-orbital  pains,  muscle 
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pains…etc). Serum samples were tested immediately or stored at -
80°C until use. A convalescent sample for viral diagnostic serology 
could not be collected two weeks after fever onset because the 
majority of patients did not return for follow-up investigations.  
 
 
Dengue virus isolation on cell culture 
 
These two cell lines C6/36 and LLC-MK2 have been routinely used 
in our laboratory for dengue virus isolation. Patient serum was 
diluted 1:10 with medium and passed through a 0.22 µm filter, 100 
µl of the filtered diluted serum was added to 80% confluent 
monolayer of C6/36 or LLC-MK2 cells in cell culture tubes and 
incubated for 1h at 28°C for C6/36 cells and at 37°C for LLC-MK2 
cells. After adding 1 ml of medium, cultures were incubated and 
examined daily for appearance of cytopathological effect (CPE).  

The CPE of dengue virus in C6/36 appeared between 1 to 4 days 
post inoculation while in LLC-MK2 around 7 to 12 days. Infected 
cells with CPE were harvested and tested by IFA using a polyclonal 
antibody pool. If CPE did not appear after 7 days on C6/36 or after 
12 days on LLC-MK2, the infected cells were still harvested and 
tested by immunofluorescence for identification of DENV. For 
serotyping dengue virus specific monoclonal antibodies (Robert 
Koch-Institute in Berlin /Germany) against serotypes 1 to 4 were 
used with dilution of 1:50 in PBS (Henchal et al., 1983). 
 
 
Polyclonal antibody pool 
 
Human sera with high antibodies Immunoglobulin G (IgG) titers in 
capture ELISA (PanBio, Australia), were pooled and filtered with 
0.45 µm Nunc Filter. Pooled sera were tested with ELISA and IFA 
and the optimal dilution for IFA primary antibody was determined 
(data not shown). This pooled serum was used as internal 
laboratory reference serum.  
 
 
Indirect immunfluorescence assay (IFA) 
 
DENV infected C6/36 or LLC-MK2 cells were mixed with non-
infected cells and deposited on Teflon coated 8-well slides. The 
slides were air dried inside a bio-safety cabinet and fixed in chilled 
acetone/methanol (1:1) for 20 min., the wells were overlaid with 30 
µl of specific polyclonal (Serum pool 1:1000 dilution) or monoclonal 
antibodies against DENV for serotyping. The slides were incubated 
in a moist chamber at 37°C for 60 min before they were washed 
three times in PBS. The bound antibody was detected with 
fluorescein-isothiocyanate (FITC)-conjugated goat anti-human IgG 
(Sigma, Chemicals Co.) diluted 1:1000 PBS if the first antibody is 
human serum or goat anti-mouse IgG (Sigma, Chemicals Co.) 
diluted 1:500 in PBS and 0.2% Evans blue (Sigma Chemicals Co.) 
if the first antibody is mouse monoclonal antibodies. The slides 
were washed, mounted with Fluoprep (BioMerieux) and finally, 
examined under a Leitz fluorescence microscope. 
 
 
Detection and typing of dengue virus by real time RT-PCR 
 
RT-PCR was performed on the 233 patients’ serum samples. The 
light cycler (Roche v 2.0) was used.  Viral genome was amplified 
using Oligonucleotide primers as described by (Drosten et al., 
2002) and PCR products were detected using FAM-labeled 
hybridization probes, 20 pmol/µl of each primer (TIB-MOLBIOL, 
DenS2: 5'-GGATAGACCAGAGATCCTGTGT, DenAs1-3: 5'- 
CATTCCATTTTCTGGCGTTC, DenAs4: 5'-CAATCCATCCATCTT- 
GCGG-CGCTC) and 10 µM of DENV probe (TIB-MOLBIOL, DenP: 
5'-6FAM-CAGCATCATTC   CAGGCACAGTXT--PH),           Specific 
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Table 1. Characterization of dengue virus strains isolated from dengue patients in Jeddah. 
 

Dengue virus isolation in cell culture Dengue virus Detection by RT-PCR 
DENV serotypes identified by 

monoclonal antibodies (%) 
DENV serotypes typing  

by RT-PCR (%) Year 
No. of 
sera 

tested 
Positive virus 
isolation (%) 

1 2 3 4 

RT-PCR 
positive 

(%) 1 2 3 4 
2006 199 64 61 1 2 0 78 75 1 2 0 
2007 25 4 2 0 2 0 6 5 0 1 0 
2008 9 2 2 0 0 0 3 2 0 1 0 
Total 233 70 (30.04) 65 (92.8) 1 (1.4) 4 (5.7) 0 (0) 87  (37.3) 82 (94.3) 1 (1.1) 4 (4.6) 0 (0) 
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Figure 1. Dengue infected C6/36 cells. a) Monolayer of uninfected C6/36 cells. b) 
CPE of dengue virus, 1 day after inoculation of C6/36 cells with patient serum. The 
infected cells became round with light swelling and few aggregations. c) On the 
second day after virus inoculation, increased cell aggregation and formation of 
multinucleated giant cells as a result of cell-cell fusion. (arrows). d) Dengue infected 
C6/36 cells, 5 days after infection stained with specific monoclonal antibodies against 
serotype 1. 

 
 
 
Oligonucleotide with 5' FAM-labeled probe is designed for each 
type of DENV, preparing 4 tubes for each sample using 
Qiagen QuantiTect Probe RT-PCR kit. 
 
 
RESULTS 
 
Dengue virus isolation and CPE characterization 
 
Dengue virus infection was  confirmed  in  70  out  of  233  

cases by inoculation in C6/36 cells and in LLC-MK2 cells 
(Table-I). The CPE of dengue virus in C6/36 appeared 
between 1 to 4 days post inoculation, but in LLC-MK2 
after 7-14 days.  CPE in C6/36 cells was characterized as 
follow: first, the cells became round and swollen, then 
small aggregates would appear, as shown in (Figure 1b 
and 1c).  Finally, after several days multinucleated giant 
cells, syncytia, and many degenerated cells and cell 
debris were observed. Some cells showed necrosis and 
become   detached   from   the  tubes  at  later  stages  of  
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Figure 2. Dengue infected LLC-MK2 cells. a) Confluent monolayer of LLC-MK2 non-infected monkey 
kidney cells. b) The infected cells became round with light swelling and few aggregations. c) Seven 
days�after inoculation of LLCK2 cells with serum from infected patient with DF, diffuse type of CPE 
typical of DENV all over the monolayer. Infected cells became rounded, swollen, syncytia and 
multinucleated cells can be seen.  Also some degenerated cells (arrows) Giant cell formation and 
aggregation characterize the LLC-MK2 cells. d) Indirect Immunoflourescent antibody testing with 
polyclonal antibodies identifying dengue virus in tissue culture of LLC-MK2 cells. Dengue infected LLC-
MK2 cell, 10 days after infection using polyclonal antibodies (1:1000). 

 
 
 
infection. 

The CPE of DENV in LLC-MK2 cells was characterized 
by the ability of these cells to form multinucleated giant 
cells and syncytia after 7 to 14 days post inoculation with 
patient’s serum.  The rounding and swelling of the giant 
LLC-MK2 cells were well marked as shown in (Figure 2b 
and 2c). Infected cells with CPE appearance were har-
vested and tested by IFA using the polyclonal antibody 
pool (1:1000). Positive cultures exhibit clear positive 
cytoplasmic fluorescence (Figure 2d). 

 
 
Dengue virus typing by IFA using monoclonal 
antibodies 
 
Figure (1d) shows positive immunofluorescence tested in 
the cytoplasm with the nucleus laying at the edge of the 
cell (eccentric). This is typical for the typing results for the 
three dengue forms in our studies. Typing of 70 isolated 
dengue virus strains showed that three dengue serotypes 

were detected simultaneously in the three year period 
from 2006 to 2008. Serotype DENV-1 was the main 
isolated serotype (65 of 70 positive samples, 92.8%), 
followed by dengue type 3 (4 of 70 positive samples, 
5.7%) and dengue type 2 (1 of 70 positive samples, 
1.4%) DENV-4 was not found (Table). 
 
 
 
 
Dengue virus detection and typing by real time PCR 
 
Almost all positive sera were detectable after 21 cycles. 
The results of detecting DENV viral RNA by RT-PCR are 
shown in Table. Eighty-seven (37.3%) out of the 233 
serum samples were RT-PCR positive. These results 
indicate that RT-PCR has higher sensitivity for virus 
detection than cell culture. Typing of the viral strains by 
Real-time RT-PCR with specific primers confirms the 
results   to   serotyping   by  IFA.  DENV-1   was  also  the 
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dominant serotype detected in 82 patient’s samples 
(94.3%), DENV-2 detected only in one sample (1.1%) 
and DENV-3 in four patients (4.6%); furthermore, DENV-
4 was not detected in any of the tested samples by either 
technique (Table). 
 
 
DISCUSSION 
 
Dengue virus isolation on cell culture from patient’s 
serum and mosquitoes remains the “gold standard,” but 
this method is still difficult due to several reasons: 1) The 
lower sensitivity of cells in comparison with RT-PCR. 2) A 
longer time needed (1 to 2 weeks) for virus growth, 
detection by IFA and to identify the isolated virus with 
serotype-specific monoclonal antibodies, as DENV 
sometimes requires multiple passages before inducing 
CPE in the infected cells. 3) The isolation of dengue virus 
from clinical specimens is frequently possible only during 
the viraemic-phase (acute dengue fever) which occurs in 
the first 5 days after onset of the symptoms. 4) The 
viability of virus isolation depends on the proper handling 
and prompt delivery of the specimen to the laboratory. 5) 
The CPE produced in mosquito cell culture by many 
dengue viruses is difficult to detect, and it can be 
morphologically variable. 6) The work in a Bio-safety 
Laboratory Level three (BSL-3) is required for culturing of 
dengue virus in many countries including Saudi Arabia. 
Therefore many laboratories in the world do not perform 
dengue virus isolation in cell culture routinely. In recent 
years, RT-PCR has proved to be very useful in dengue 
diagnosis and has been able to detect dengue viruses up 
to the 8th day after the onset of the symptoms (Yong 
Yean Kong et al., 2006).  Most important, it is rapid and 
can be done in few hours after receiving the sample; 
consequently, a proper treatment can be started soon 
enough (within 4 h) to avoid complications. Finally RT-
PCR has demonstrated high sensitivity and specificity 
(Dorsten et al., 2002). However, the virus isolation in cell 
culture cannot be replaced completely by RT-PCR, as the 
isolation of live DENV on cell culture will still remain a 
valuable tool for further dengue research such as; 
genome sequencing, preparation of vaccine, immunizing 
of animals, performing of animal experiments to study the 
pathogenesis of the disease, and producing of 
monoclonal and polyclonal antibodies for diagnostic 
proposes. 

In our study the molecular method based on RT-PCR 
has been compared with the cell culture method, our  
results have shown that the application of RT-PCR on 70 
culture-positive blood samples gave a specificity and 
sensitivity of 100% and allowed a rapid diagnosis. In 
contrast, virus isolation was not successful on all RT-
PCR positive samples; only 70 (80%) virus isolates were 
detected from 87 RT-PCR positive serum samples. 
These results indicate that RT-PCR technique is more 
sensitive   than  virus  isolation  from  clinical  samples.  It  

 
                                                                   
 
 
must be emphasized, however, that RT-PCR should not 
be used as a substitute for virus isolation. The availability 
of virus isolates is important for characterizing virus strain 
differences, since this information is critical for viral 
surveillance and pathogenesis studies. 

Dengue virus serotype analysis is important in 
epidemiological and pathological studies. Three dengue 
serotypes were detected over the three-year period from 
2006 to 2008. Typing of the disease in this study was 
done using specific monoclonal antibodies and by RT-
PCR. We have found no discrepancies between 
serotypes detected in RT-PCR and IFA. Our dengue 
typing results indicate that dengue virus types 1, 2 and 3 
still circulating  in Jeddah since 1994,  dengue serotype 1 
being responsible for most of our severe DF and DHF 
during this period (data not shown). 

During 1994 to 1997 the study of Fakeeh and Zaki. 
(2001) had shown that DENV-2 was the most frequent 
serotype in primary dengue constituting (66.7%) of the 
positive samples, followed by DENV-1 and DENV-3.  Our 
present paper demonstrates that DENV-1 was the 
dominant isolate followed by DENV-3 and DENV-2 during 
study period from 2006-2008. The long-term persistence 
of dengue virus and continuously circulation of three 
serotypes 1, 2, 3 since 1994 in Jeddah, with one serotype 
emerging as the cause of each periodic epidemic 
probably indicates that the circulating serotype changes 
over time as has been demonstrated in other endemic 
situations for dengue viruses (De Simone et al., 2004; 
Nisalak et al., 2003, Cummings et al., 2004; Timothy et 
al., 2002). 

We think that multiple factors influence dengue trans-
mission and serotype circulation in Jeddah like the cycle 
of epidemics, the emergence of new dominant serotypes, 
local environment, vector breeding, the pre-existing 
dengue serotype specific antibodies in population over 
time and their capacity to induce epidemics or severe 
dengue diseases. All these factors required extensive 
study by concerned Saudi authorities to prevent and mini-
mize future outbreaks among Saudis and local residents. 
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