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Dengue fever was a major cause of illness
among U.S. troops in Somalia during 1993 (1). We
identified 14 virus isolates from soldiers with
dengue fever: 12 dengue-2, 1 dengue-3, and 1
mixed dengue-2 and -3 (2). Nucleotide sequence
followed by phylogenetic analysis was performed
to further characterize these isolates. The
genotype of these virus isolates was subse-
quently combined with information collected
during epidemiologic investigation of the
febrile patients. The molecular epidemiologic
analysis showed that endemic strains of
dengue-2 virus were segregated in specific
geographic locations (Figure 1).

Analytic Approach
Ninety patients with temperatures of at least

38.1°C who were admitted to the 86th Evacuation
Army Hospital in Somalia from 27 February to 3
April 1993 underwent a standardized clinical
evaluation (history and physical examination)
and were asked to fill out an epidemiologic
questionnaire at admission. Clinical evaluations
were repeated daily until discharge. Serum
samples were obtained from patients at
admission and discharge and frozen at -70ºC for
later testing. For this report, the geographic site

of infection for each patient was defined as the
site of principal activity 2 weeks before onset of
illness and was assigned without knowledge of
the dendrogram.
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Nucleotide sequence analysis was performed on 14 dengue virus isolates (13
dengue-2 viruses and 1 dengue-3 virus) recovered from febrile soldiers in Somalia in
1993. The dengue-2 viruses were most closely related to dengue-2 virus recovered in
Somalia in 1984. However, differences in nucleotide sequence (0.35% to 1.35%) were
evident among the 1993 isolates. These differences were closely associated with the
geographic location of the infection as well as with different times of infection at the same
location. Genetic difference between strains was not associated with differences in
clinical features. Molecular analysis of dengue viruses is a useful adjunct to
epidemiologic investigation of their distribution over distance and time.

Figure 1.  Map of Somalia showing towns from which
dengue viruses were recovered.
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Virus isolations were performed on 81
available admission sera by injecting them into
Toxorhynchites splendens mosquitoes and C6/36
cells (Aedes albopictus mosquito cell line) (3).
Dengue virus isolates were identified by indirect
immunofluorescence assay (IFA), by nested reverse
transcriptase-polymerase chain reaction (RT-PCR)
for dengue virus, and by virus neutralization (3).
Virus seeds were obtained from culture fluids
collected 14 days after incubation on C6/36 cells
(single amplification in C6/36 cells) and stored at
-70°C for genotypic analysis.

Nucleotide sequencing of the envelope (E)
gene from position 639 to 1,233 was obtained for
all 14 Somalia isolates. This genomic region was
amplified directly by RT-PCR from extracted
viral RNA and sequenced by the dye-terminator
method of ABI (Applied Biosystems, Foster City,
CA) (5). The nucleotide sequence was resolved by
a 377 automated DNA sequencer (Applied
Biosystems). The sequences, combined with the
E-gene database of other viruses (5,6), were
phylogenetically analyzed by genetic distance or
discrete character-state methods (7). Viruses
were classified into a specific serotype and
genotype according to phylogenetic clustering
with other dengue viruses.

Findings
The patients were men ages 19 to 39 years

(median age 22); 12 were Caucasian and 2
(patients 11 and 12) were African American; all
had signs and symptoms consistent with dengue
fever (Table 1). The sequence analysis identified

13 dengue-2 viruses and one dengue-3 virus
among the 14 isolates. These results supported
previous identification by IFA and RT-PCR,
except that no mixed infection with dengue-2 and
-3 was found in the isolate from patient 12 after
amplification in C6/36 cell culture.

The single dengue-3 isolate was recovered
from a soldier stationed at the port in Mogadishu.
The sequence was dengue-3 genotype III, which
closely resembles Mozambique 85 strain (6) and
strains from Sri Lanka, India, and Samoa.

The 13 dengue-2 isolates were all genotype IV
and most closely related genetically to the 1984
isolate from Somalia (Figure 2). Phylogenetic
clustering of genotype IV viruses was supported
by 98% bootstrap confidence level, which also
included viruses from Burkina Faso, Indonesia,
Sri Lanka, and the Seychelles (5). An apparent
genetic drift of 1.18% to 1.85% nucleotide
sequence difference within dengue-2 viruses was
observed between 1984 and 1993 (data not
shown). A similar level of genetic difference
(0.34% to 1.35%) was also observed among the 13
dengue-2 virus isolates collected in 1993.

Nucleotide sequence alignment from E gene
position 638 to 1,233 showed 24 nucleotide
changes with four amino acid alterations at the
E-291, 300, 352, and 409 between 1984 and 1993
isolates (Table 2). Transition mutations were the
predominant changes with a transition to
transversion ratio of six to one. All 1993 isolates
shared six unique nucleotide changes at position
792, 871, 885, 1,074, 1,137, and 1,161. However,
only position 871, C to A change, altered amino

Table 1. Patients from whom dengue-2 virus isolates were recovered

Dates of Max.
Patient illness temp Head- Body- Eye
Noa Location Unit (1993) (°F)  ache  ache pain Rash
23 Mogadishu/Airport 711 Postal 5-9 Mar 102.0 No Yes Yes Yes
20 Kismayu/ICRC Hospital 2/87th 4-10 Mar 102.0 Yes No No No
21 Kismayu/ICRC Hospital 2/87th 4-8 Mar 102.6 Yes No Yes Yes
02 Kismayu/Airport 710 MSB 27 Feb-5 Mar 103.0 Yes Yes Yes Yes
11 Kismayu/Airport 3/14th 27 Feb-2 Mar 102.0 Yes Yes NAb Yes
12 Kismayu/Airport 129th Postal 28 Feb-4 Mar 104.2 Yes Yes Yes No
13 Kismayu/Airport 3/14th 27 Feb-3 Mar 101.8 Yes Yes NA Yes
56 Mogadishu/Airport LSB 1-4 Apr 103.0 Yes Yes No No
57 Mogadishu/Airport 70th Transport 2-5 Apr 102.4 Yes Yes Yes No
58 Mogadishu/Stadium 1/7th 3-6 Apr 102.8 Yes Yes Yes No
30 Afgoi 984 MP 11-15 Mar 103.4 No Yes Yes No
39 Mog/Checkpoint 57 1/7th 21-25 Mar 103.8 Yes Yes Yes No
46 Mog/Checkpoint 57 1/7th 26-28  Mar 103.2 Yes Yes Yes Yes
aPatients are grouped according to the degree of homology of isolate sequences. Each group represents a single branch in the
phylogenetic dendrogram.
bNA = not available
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acid sequence of Gln in the Somalia 1984 isolate
to Lys in the 1993 dengue-2 virus isolates.

Viruses with certain nucleotide sequence
differences appeared to be segregated by location.
Virus isolates from Kismayu had a unique U
change at position 1,167 that the Somalia 1984
dengue-2 virus and the Mogadishu and Afgoi
isolates did not have (Table 2). Identical strains
were isolated from soldiers infected in the same
location at the same time. Distinguishable
strains were collected from patients apparently
infected at different locations within the same

Figure 2. Phylogenetic tree of the dengue-2 viruses,
including Somalia 1993 virus isolates, using
nucleotide sequence from position 639 to 1,233 of the
envelope protein gene. This strict consensus tree was
constructed by the following programs of the PHYLIP
3.5 package: SEQBOOT, DNAPARS, CONSENSUS,
and DRAWGRAM. Strain ID is listed first, followed by
abbreviation for country of isolation, and the last two
digits of the year of isolation.

city, e.g., during a 1-week period at the ICRC
hospital and the airport in Kismayu (Tables 1, 2).
Yet, greater differences were found between
dengue-2 viruses recovered from cases at different
times from the same location within the city of
Mogadishu. Sequences from viruses recovered in
March (patient 23) or in April (patients 56, 57) were
as dissimilar as sequences from viruses collected at
the same time from different locations.

Conclusions
The data show distinct clustering of dengue-2

viruses within specific locales in Somalia.
Identical dengue-2 viruses were acquired at the
same time in the same locale, as shown by the
four isolates from persons presumably infected at
the airport in Kismayu. Moreover, virus isolates
recovered from persons infected in three widely
dispersed towns (Mogadishu, Kismayu, and
Afgoi) were clearly distinguishable by nucleotide
sequence analysis. The number of virus isolates
studied in this analysis is small, and there is some
imprecision in assigning the geographic location of
infection. However, these data suggest a selective
preference for a single circulating dengue-2 virus in
a particular geographic location.

The distances between towns exceeded the
flight range of mosquito vectors, unless they were
transported by vehicles or by air. Movement of
vectors is refuted by the consistency of isolates
recovered at different locations. Additionally, no
large-scale movements of troops occurred during
this study. The local population was stable, and
no large refugee movements occurred. Hence,
the isolates reflect viruses circulating among
the indigenous populations, a consequence of
moving populations unexposed to dengue into
endemic-disease locations.

The analysis also shows that dengue-2
viruses with unique genetic sequences may
circulate at different times within the same
location. The six isolates recovered from soldiers
infected in Mogadishu show consistent differ-
ences over time during the short course of this
analysis (2 months). These findings suggest
spatial and temporal clustering of dengue viruses
causing infections within Somalia. These differ-
ences are not readily explained by immigration of
infective vector mosquitoes. The distances
between locations within towns (e.g., 8 km)
exceeded the flight range of Aedes aegypti.
However, surveillance for vector mosquitoes was
not routinely performed during the time of this
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analysis, and mosquitoes may have been carried
by transport vehicles within the town.

No apparent differences in clinical features of
the illness caused by these different dengue-2
strains were observed. This may reflect the small
sample size, intrinsic variability in host
response, and restricted time of analysis.
Reports from Australia suggest that clinical
features may be modified over the course of a
dengue epidemic, perhaps reflecting a change
in virulence of circulating virus (8). Only
sporadic cases of dengue fever were detected,
reflecting endemic transmission during this
investigation; hence we cannot directly com-
ment on transmission during epidemics.

Isolation of dengue viruses in C6/36 insect
cells from viremic serum was required to increase
virus titer for genetic analysis. Amplification of
the virus isolates on insect cells may have
induced or selected specific genetic changes. A
comparison of the RNA T1 fingerprints of the
New Guinea C isolate and C6/36 cell passage
showed that under the conditions of laboratory

Table 2. Nucleotide sequences at the E-639 to 1233 region of Somalia dengue-2 isolates
E gene SOM
position 1984b Patientc

nt/aaa nt/aa 11 13 02 12 21 20 23 30 39 46 56 57 58
654/218 uuA/Leu G G
661/221 Cug/Leu U U
720/240 uuC/Phe U
723/241 aaA.Lys G G
729/243 ccU/Pro C
783/261 caU/His C C
792/264 cuC/Leu U U U U U U U U U U U U U
801/267 gcC/Ala U U
870/290 gaC/Asp U
871/291 Caa/Gln→Lys A A A A A A A A A A A A A
885/295 aaA/Lys G G G G G G G G G G G G G
900/300 UCu/Ser A A A A
972/324 guA/Val G G
1,050/350 cgC/Arg U
1,056/352 auU/Ile C C A A A A
1,074/358 guU/Val C C C C C C C C C C C C C
1,079/360 gAa/Glu→Gly G G
1,082/361 aAa/Lys→Arg G
1,104/368 gaA/Glu G G
1,137/379 auC/Ili U U U U U U U U U U U U U
1,161/387 cuG/Leu A A A A A A A A A A A A A
1,167/389 cuC/Leu U U U U U U U
1,209/403 gaG/Glu A
1,225/409 Gcg/Ala→Pro C
ant/aa = nucleotide/amino acid.
bSomalia 1984 dengue-2 virus.
cCapital letter (A, U, G, C) = different nucleotide sequence; empty cell indicates identical nucleotide sequence.

passage in experimental hosts, during a single
infection in humans, dengue-2 was subject to
very little selective pressure (10). In this study,
the identical isolation procedure was followed,
and four identical gene sequences representing
four sets of independent isolates were obtained
for all isolates (Table 2); these results indicate
that, if present, the same selection process was
exerted on all isolation attempts.

Hence, nucleotide sequences obtained by
direct sequencing of RT-PCR amplified product
from serum samples of viremic patients were
certainly representative of original virus geno-
type. Dengue-2 was the dominant virus in the
mixed dengue-2, and -3 infected serum from
patient 12. Failure to recover dengue-3 virus
from this patient may be due to a direct growth
competition of viruses in C6/36 cells. Titer of
dengue-3 virus after C6/36 cell passage was
insufficient to be amplified by RT-PCR directly.

The stability or relatedness of strains over
time can only be surmised from these limited
data. The dengue-2 viruses recovered in 1993
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from this investigation are genetically distinct
from the Somalia 1984 dengue-2 isolate. The
extent of homology preserved for 10 years
suggests that only  6 (1%) of 596 positions (Table
2) of nucleotides changed because of genetic drift.
Remarkable genetic stability has been proposed
for dengue viruses (10). The ability of genotyping
methods to reliably resolve small (<1%) differ-
ences in sequence and the expanding access to
these methods are powerful epidemiologic and
clinical tools. These methods may further refine
the ability to track the circulation or spread of
dengue viruses within a city or country (9), as has
been done with other viruses (11). These
techniques may also provide insight into the
evolution of dengue viruses at specific locations
and perhaps detect the frequency of dual
infections or the presence of recombination
within dengue viruses (12).

Dr. Kanesa-thasan focuses on tropical medicine,
specifically tropical virology and immunology, at the
Department of Virus Diseases, Walter Reed Army
Institute of Research in Washington, D.C.
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