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Abstract 
Prior to 2000, only DEN-1 and the American genotype DEN-2 viruses were isolated in Peru. During 
the dengue outbreak from May 2000 to May 2001 in the North-west departments of Peru, clinical 
data and blood samples were obtained from 1,652 patients who presented clinical manifestations 
comparable with those of dengue. Virus genome isolations were made from 278 (16.8%) of the 
samples. Serotype-specific monoclonal antibodies and polymerase chain reaction (PCR) were used 
to type isolations. The genotype of the majority of the DEN-2 isolations was determined by the 
restriction fragment length polymorphism (RFLP) analysis. Members of each serotype and two 
genotypes of DEN-2 virus were isolated: DEN-1 (n=93); Asian genotype DEN-2 (n=104); American 
genotype DEN-2 (n=1); DEN-2 genotype not determined (n=53); DEN-3 (n=25); and DEN-4 
(n=2). Representatives of each serotype, and genotype for DEN-2, were confirmed by partial 
sequence analysis. Dengue antibodies as determined by Plaque Reduction Neutralization Test 
(PNT) were present in the acute serum from the single DHF Grade-II patient, in 19 of 31 (61%) 
acute sera from patients with DHF Grade-I and in 3 of 45 (7%) acute sera of DF patients, suggesting 
an association between pre-existing dengue antibody and disease severity. 
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Introduction  
Dengue viruses are single-stranded, positive-
sense RNA viruses that belong to the genus 
Flavivirus, family Flaviviridae and they are 
transmitted primarily by the Aedes aegypti 
mosquito(1). There are four serotypes of 
dengue viruses (DEN 1-4), each of which can 
cause disease(2). Over the past 40 years, the 
number of DF cases has increased at least 
twentyfold and the number of DHF cases 
has similarly increased over the same time-
period(3).  

With the re-establishment of the Aedes 
aegypti vector in central and south America, 
the region observed an increased dengue 
virus activity and all four serotypes of dengue 
viruses are now widely distributed(4,5).  

Epidemics of DF fever caused by DEN-2 
and DEN-3 were reported from the 
Caribbean and northern South America in 
the 1960s and 1970s, respectively, and with 
the introduction of DEN-1 into the region in 
1977, widespread epidemics of DF occurred 
in many different countries throughout Latin 
America(4,5,6). Although multiple serotypes of 
dengue virus were circulating in the 
Americas during the 1970s, no outbreak of 
DHF occurred until 1981 when the Asian 
genotype DEN-2 virus was introduced into 
Cuba(5,6). Since then, this virus and DHF have 
spread across the Americas.  

Epidemiological studies have shown 
that the severity of the disease can be 
dependent on the infecting virus and on the 
individual’s previous history of infection by 
dengue viruses(7). Evidence of both 
mechanisms of dengue pathogenesis can be 
seen in the Americas. A primary dengue 
infection will usually be either sub-clinical or 
cause DF and the individual will develop 

immunity to the infecting serotype of virus. 
Heterotypic immunity is short-lived and 
sequential heterotypic infections are 
hypothesized to lead to an increased disease 
severity by an antibody-dependent 
enhancement mechanism (ADE)(8,9). 
Increased disease severity has been 
associated with all combinations of 
sequential infections, but a greater 
percentage of the cases with the sequential 
infection combination of DEN-1, followed by 
DEN-2, have led to increased disease 
severity(10,11). In Peru, DEN-1 and the 
American genotype, DEN-2 virus, have been 
circulating since the 1990s without 
DHF(12,13). The lack of DHF may be 
attributed to a heterologous neutralization 
phenomenon. Sera from DEN-1-immune 
individuals cross-neutralize American, but 
not Asian, genotype DEN-2 virus in vitro(14). 
This heterologous neutralization is 
unidirectional (DEN-1 to American genotype 
DEN-2 only), and it was expected that when 
the other serotypes (and genotypes for DEN-
2) of dengue virus were introduced into 
Peru, no heterologous protection (other than 
against the American genotype DEN-2 virus) 
would be available to individuals and DHF 
would be observed. By 2000, all four 
serotypes of dengue virus, with the Asian 
genotype representing most isolates of DEN-
2, were present in countries of the region, 
including Peru(15).  

From May 2000 to May 2001, 28,815 
cases of DF and 251 cases of DHF were 
reported by the Peruvian Ministry of Health 
in the Northwest Departments of Peru(16,17). 
Blood samples were collected from 1,652 
clinically-presenting dengue patients for the 
purpose of identifying the etiological agent(s) 
of the outbreak and to further our 
understanding of the pathogenesis of dengue 
viruses.  
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Materials and methods 

Sample collection 

During the outbreak, the regional clinics and 
hospitals in north-western Peru collected 
blood samples from patients with symptoms 
consistent with dengue disease (n=1,652), 
either dengue fever or a grade of dengue 
haemorrhagic fever as defined by the World 
Health Organization(18). Sera were prepared 
and stored at –700C until they were 
delivered on dry ice to laboratories in Lima, 
Peru, for virus isolation and antibody testing. 
Clinical and demographic data were 
collected from all sample-donating patients.  

Virus isolation and identification 

Sera were tested for virus in C6/36 cells 
propagated in T-25 cm2 flasks and viral 
isolates were identified by indirect 
fluorescent antibody testing using anti-
dengue polyclonal and dengue serotype 1-4-
specific monoclonal antibodies(19,20). The 
serotypes of virus isolates were confirmed by 
serotype-specific PCR(21). The genotypes of 
the DEN-2 virus isolates were determined by 
Restriction fragment length polymorphism 
(RFLP) analysis(22). The capsid, premembrane 
and envelope genes of representative DEN-
1, DEN-3, DEN-4 and DEN-2 American and 
Asian genotype virus isolates were 
sequenced using the following protocol. PCR 
amplified envelope fragments were purified 
and ligated into the pGem-T vector 
(Promega). Recombinant plasmids were 
transformed in E. coli strain DH5α and 
purified by alkaline lysis. The nucleotide 
sequences of inserts were determined by 
primer extension dideoxy chain termination 

method using AutoCycle Sequencing Kits 
and Taq Polymerase (Amersham Pharmacia 
Biotech) and an ALF Express Automatic DNA 
Sequencer.  

Serology 

Plaque Reduction Neutralization Test 
(PRNT) 

A modified PRNT protocol of Morens et al 
was followed(23). Test sera were diluted 
twofold in media (E-MEM + Pen./Strep.) 
from 1:5 to 1:5,120. 200 ul media 
containing 40 to 80 PFU of assay virus was 
mixed with 200 ul diluted test serum and 
then incubated at 40C for 15 hours. In 
triplicate, 100 ul virus-serum mixture was 
added to 0.5 ml media containing 1.5 X 105 
BHK21 cells and then added to a well of a 
24-well tissue culture plate and incubated at 
370C with 5% CO2 for three hours. The cells 
were then overlaid with 0.5 ml of overlay 
media (0.6% carboxymethyl cellulose, MEM 
w/o Phenol Red, 10% FBS, 0.075% NaHCO3 
and Pen./Strep.) and incubated at 370C with 
5% CO2 for five days. The media was then 
removed, the cells were rinsed with H2O 
and stained with 0.5 ml/well stain solution 
(0.1% (w/v) Naphthol Blue Black, 1.36% 
(w/v) Sodium Acetate, and 6% (v/v) Glacial 
Acetic Acid) for 30 min. The stain was 
removed and the plaques were counted. The 
results were expressed as the serum dilution, 
determined by probit analysis that reduced 
the number of plaques by 50% compared to 
that of normal human serum at the same 
dilution. A PRNT50 titer <1:20 was 
considered negative; a PRNT50 titer >1:20 
was considered positive.  
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PRNT and RFLP viruses 

DEN-1 virus 16007, DEN-3 virus 16562 and 
Asian genotype DEN-2 virus 16681 were 
isolated in Thailand in 1964 from DHF 
cases(2). DEN–4 virus 1036 was obtained 
from ATCC. The American genotype DEN-2 
virus IQT 2913 was isolated in Iquitos, Peru, 
in 1996, by the Naval Medical Research 
Center Detachment, Lima, Peru. 

IgM ELISA 

Dengue IgM antibody capture ELISA were 
performed following the protocol of Wu, et 
al(24), with the substitution of DEN-1 virus 
suckling mouse brain preparation for cell 
culture supernatants DEN-1 virus 
preparation as antigen(24). Acute specimens 
with optical density readings two standard 
deviations higher in dengue antigen wells 
than negative antigen wells were positive. 
For paired sera, the criterion for 
seroconversion was a fourfold increase in 
antibody titer in the convalescent specimen 
as compared to that of the acute specimen.  

Results 
Sera samples were collected from 1,652 
patients presenting symptoms consistent with 
dengue. 171 of the patients also provided 
convalescent sera samples. Based on signs 
and symptoms the specimens were divided 
into three categories, those that were from 
DF (1,481), from DHF Grade-I (170) and 
from DHF Grade-II (1) patients. The most 
frequently observed symptoms were fever, 
chills, eye pain and body pain (Table 1). 
Anti-dengue IgM antibodies were present in 
18.7% of the acute sera and 52.1% of the 
paired sera exhibited dengue IgM 
seroconversion. Dengue viruses were 
isolated from 278 (16.8%) of the total sera 
samples.  

Table 1. Clinical symptoms and presentation 

Symptoms % 

Fever 100 
Headache 98 
Chills 82 
Eye pain 82 
Myalgia 81 
Joint pain  45 
Nausea, vomiting 47 
Sore throat 40 
Cough 36 
Nasal congestion  28 
Rash 28 
Diarrhea  22 
Malaise 14 
Muscle pain 14 
Bloody nose 6 
Bloody gums 4 
Jaundice 3 
Bloody feces 3 
Lack of appetite 3 
Bone pain 4 
Bloody vomit 2 
Vaginal hemorrhage 2 
Bloody urine 1 
Abdominal pain 2 
Photophobia  0.6 
Itching 0.5 
Enlarged lymph nodes 0.3 
Cold skin 0.3 
Pale 0.1 
Unconsciousness  0.07 
Rapid pulse 0.07 
Presentation Number % 

DF 1,481 89.7 
DHF Grade-I 170 10.3 
DHF Grade-II 1 0.06 



Dengue Viruses of Peru, 2000-2001 

56 Dengue Bulletin – Vol 27, 2003 

Serotype isolation vis-à-vis disease 
manifestation included DEN-1 (93: DF - 89, 
DHF Gr.I - 4), DEN-2 (158: DF – 150, DHF 
Gr.I – 8), DEN-3 (25: DF – 23, DHF Gr.I – 
2), DEN-4 (2: DF). No isolation was made 
for the lone DHF Gr.II case. The 
geographical distribution of the dengue 
isolates in north-western Peru, by serotype, 
for the year 2000-2001 is shown in Figure 
1. DEN-1 virus was first isolated in La 
Libertad Department (May 2000) and 
subsequently in Piura (June 2000), 

Lambayeque (February 2001) and Tumbes 
(April 2001). DEN-2 was first isolated in 
Tumbes (June 2000), followed by Piura 
(June 2000) and then La Libertad (February 
2001) and Lambayeque (March 2001). 
DEN-3 was first isolated in Piura (August 
2000), followed by Tumbes (September 
2000) and the most southern affected 
department, Ancash (March 2001). DEN-4 
was isolated in the department of Tumbes 
(June 2000) and subsequently detected by 
PCR in Piura (January 2001). 

BOLIVIA

TUMBES
DEN-1, DEN-2,
DEN-3, DEN-4

ECUADOR

COLOMBIA

BRAZIL

CHILE

PACIFIC OCEAN

PIURA
DEN-1, DEN-2
DEN-3, DEN-4

LA LIBERTAD
DEN-1, DEN-2

Lima, Capital of Peru

LAMBAYEQUE
DEN-1, DEN-2

ANCASH
DEN-3/

DEN-1*

DEN-2*

* DEN-1, DEN-2 (American genotype) in circulation in Peru since 1990  
 

Figure 1. Dengue in north-west Peru, May 2000-May 2001 
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Since American and Asian genotypes of 
DEN-2 virus have been in circulation in the 
southern hemisphere, RFLP analysis was 
performed on the majority of the DEN-2 
isolates to determine their genotype. 
Representative restriction digests of Asian 
and an American genotype DEN-2 virus 
isolates are shown in Figure 2. The DEN-2 
isolates of lanes 5-7 yield restriction patterns 

identical to the marker Asian genotype virus, 
lane 3. The DEN-2 isolate of lane 8 has an 
identical restriction pattern to the American 
genotype marker virus of lane 4. Greater 
than 99% (104/105) of the samples tested 
were of the Asian genotype. Only one 
isolate, from Piura, was of the American 
genotype.  

Figure 2. RFLP Analysis of DEN-2 Isolates‡ 

1600 bp --

2400 bp --

100 bp --

200 bp --

400 bp --

800 bp --

1   2   3   4   5   6   7    8 

1600 bp --

2400 bp --

100 bp --

200 bp --

400 bp --

800 bp --

1   2   3   4   5   6   7    8 

 

[Lane 1: DNA molecular weight ladder, marker sizes are listed in the photo margin; lane 2: no template RT/PCR 
control reaction; lane 3: 295216 Asian DEN-2 marker virus; lane 4: IQT2124 American genotype DEN-2 marker 

virus; lane 5-8: OBT 396, OBT 1242, OBT 1243 and OBS 9638 viruses, respectively.] 

                                                
‡ RT/PCR products of DEN-2 virus isolates were digested with Alu I, electrophoresed through a 2.0% agarose gel, 
stained with ethidium bromide and photographed.  

To further identify the viruses of the 
outbreak, portions of the capsid, 
premembrane and envelope genes of 
representative isolates of each serotype, and 
genotype for DEN-2, were sequenced. The 

sequence of the DEN-1 isolates was ninety-
eight per cent identical to DEN-1 viruses that 
were isolated in Peru in 1997. Similarly, the 
sequence of the American genotype DEN-2 
isolates was 98% identical to an American 
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genotype isolate from Iquitos, Peru, during 
1996. The Asian DEN-2 isolates were 98% 
identical to the Asian DEN-2 isolates of 
Maracay, Venezuela, in 1998. The DEN-3 
isolates were 98% identical to the DEN-3 

isolates of Guatemala (1998) and DEN-4 
isolates were 98% identical to the DEN-4 
isolates of the Dominican Republic (1981) 
(Table 2). 

Table 2. Identity of representative dengue virus isolates 

Serotype Gene 
Accession 

number and 
strain 

Place and 
year of 

isolation 

Accession 
number and 

strain 

Country 
and year 

Identity 
(%) 

DEN-1 E AF378171 
Peru 9808-00 

Piura, 2000 AF378172 
Peru 5189-97 

Peru 
1997 

98.03 

DEN-2 
Asian 
Genotype 

E AY079424 
Sullana 6663-01 

Piura, 2001 AF163096 
PTCOL 96 

L10041 
Clone 2A 

AY044442 
Mara 3 

Colombia 
1996 

Brazil 
1990 

Venezuela 
1990 

98.529 
 

98.162 
 

97.61 

DEN-2 
American 
Genotype 

E AF378163 
Peru 9638-00 

Piura, 2000 AF100465 
Ven 2 
AF264054 
PR 152 
AF100468 
IQT 2913 

Venezuela 
1987 
Puerto Rico 
1969 
Peru 
1996 

98.32 
 

98.13 
 

98.13 

DEN-3 C/PrM AY079175 
Peru 6682-01 

Piura, 2001 AB038475 
Guate 98-2 

Guatemala 
1998 

98 

DEN-4 C/PrM AY079176 
Peru 6682-01 

Piura, 2001 AF326573 
Dominica 81 

Domincan 
Republic 
1981 

98 

 
Since DEN-1 and the American 

genotype DEN-2 viruses have been in 
circulation in Peru during the last decade, it 
was expected that some persons infected with 
dengue viruses during this outbreak were 
experiencing secondary infections. In order to 
determine if pre-existing dengue antibodies 
influenced the disease presentation, the acute 
sera dengue antibody status of individuals 
with DF (n=45) and the more severe illnesses 
of DHF Grade-I (n=31) or DHF Grade-II 

(n=1) were determined by PRNT. Primary 
dengue infections were identified by the 
absence of any dengue virus neutralizing 
antibody in the acute sera, while acute sera 
from secondarily infected individuals 
contained dengue neutralizing antibody 
against at least one serotype dengue virus. 
The acute sera that were selected for this 
analysis were dengue IgM antibody negative 
and were possible sera from which dengue 
virus had been isolated. Dengue viruses were 
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isolated from all 45 sera of DF-presenting 
patients, while dengue viruses were isolated 
from the sera of only four of the 31 patients 
that had DHF Grade-I, and no virus was 
isolated from the lone DHF Grade-II 
specimen that was available for analysis. By 

PRNT, 7% (3 of 45) of the DF cases showed 
evidence of secondary heterologous serotype 
infections, while 61% (19 of 31) of the DHF 
Grade-I cases showed evidence of secondary 
heterologous serotype infections as did the 
DHF Grade-II case (Table 3). 

Table 3. Dengue serostatus vs. disease severity 

Disease 1o infection 
number Isolated virus 2o infection 

number 
Pre-existing 

antibody 
Isolated 

virus 

DF 42 DEN-1 (n=6) 
DEN-2 (n=31) 
DEN-3 (n=5) 

3 DEN-1 (n=3) DEN-2 (n=2) 
DEN-3 (n=1) 

DHF 
Grade I 

12 DEN-2 (n=1) 
DEN-3 (n=1) 

19 DEN-1 (n=5) 
DEN-2 
(n=14) 

0 
DEN-1 (n=1) 
DEN-3 (n=1) 

DHF 
Grade II 

0 0 1 DEN-2 (n=1) 0 

 
Discussion 
Here we report the isolation and 
characterization of DEN-1, DEN-2 (Asian 
genotype), DEN-2 (American genotype), 
DEN-3 and DEN-4 viruses as the etiological 
agents of the May 2000–May 2001 dengue 
outbreak in north-western Peru. Along with 
the introduction of the DEN-2 Asian 
genotype, DEN-3 and DEN-4, Peru has seen 
her first DHF Grade-II cases. 

The viruses that were isolated during 
this outbreak were not new to South 
America. DEN-1 and the American genotype 
DEN-2 viruses have been in circulation in 
Peru prior to this outbreak and the Asian 
genotype DEN-2, DEN-3 and DEN-4 viruses 
are genetically identical to those that were 
isolated in Ecuador during a dengue 
outbreak six months prior to the Peruvian 

outbreak(25). We speculate that the ease of 
trans-border travel between Ecuador and 
Peru facilitated the transmission of these 
dengue viruses into north-west Peru. The 
geographical distribution of virus isolates 
demonstrated the co-circulation of multiple 
serotypes, and genotypes of DEN-2, of 
dengue virus during this outbreak. The 
greatest number of virus isolations was made 
in Piura where DEN-1, DEN-2 (American 
and Asian genotypes), DEN-3 and DEN-4 
viruses were isolated. Piura was also the 
department with the greatest number of 
severe cases. DEN-4 was the least isolated 
virus of this outbreak with only two isolations 
in the Tumbes department and one 
identification by PCR in the Piura 
department. DEN-4 was not isolated from 
the southern departments, but we cannot 
rule out its presence there, since acute sera 
from only a fraction of the clinically-
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presenting patients were available for virus 
testing. The same possibility exists for the 
other departments where a serotype of 
dengue was not isolated. It must be noted 
that DEN-1 cases were being seen in the 
most southern city of Casma in the southern 
department of Ancash during the 
preparation of this manuscript. 

Since we have isolated the American 
DEN-2 virus from this outbreak and from the 
outbreak in Ecuador the year before, it raises 
other possibilities to the hypothesis that the 
Asian DEN-2 virus has displaced the 
American DEN-2 virus in South America(7). 
Possibly, the American DEN-2 virus is less 
virulent, so infected people do not seek 
medical attention, and hence it is isolated 
less often. Support for this hypothesis comes 
from this report where 73% (14/19) 
secondary infected individuals with DHF 
Grade-I and the lone DHF Grade-II 
individual had DEN-2 antibodies in their 
acute sera. These antibodies were 
presumably from American genotype DEN-2 
infections, since the Asian genotype DEN-2 
virus had not been previously isolated in 
Peru. To avoid misinterpreting PRNT results 
for the determination of pre-existing dengue 
antibody, only IgM negative specimens were 
considered for this portion of the study.  

Explanations of the pathogenesis of 
dengue have focused on two non-exclusive 
hypotheses, viral determinants and 
ADE(26,27,28). Evidences for both the theories 
exist in the Americas. The American 
genotype DEN-2 virus is relatively avirulent, 
while the Asian genotype DEN-2 virus is 
associated with severe disease(7,13). DEN-1 
antibody positive individuals secondarily 
infected with the American genotype DEN-2 
virus did not develop DHF Grade-II in 
Iquitos, Peru, while in other dengue 

outbreaks in Central and South America, 
DEN-1 antibody-positive individuals 
secondarily infected with the Asian genotype 
of DEN-2 did(4,29,30). Here we report that the 
DHF Grade-II case and 61% of the DHF 
Grade-I cases were the products of 
secondary infections, while only 7% of DF 
patients had pre-existing dengue antibodies. 
This finding is supportive of the hypothesis 
that secondary heterologous infections result 
in a higher frequency of severe dengue 
disease as compared to primary dengue 
infections, but it must be noted that we are 
reporting on patients with DHF Grade-I and 
only one DHF Grade-II case. However, the 
trend of disease severity with pre-existing 
antibodies is evident. Few isolations were 
made from specimens from DHF Grade-I 
patients (4/31) and no virus was isolated 
from the DHF Grade-II patient’s sera. 
Possibly those samples were collected in the 
post-viremic stages of the illness or the virus 
isolation process was complicated by pre-
existing antibody. Unfortunately, for the 
majority of the DHF Grade-I specimens and 
that of the DHF Grade-II patient, only 
clinical presentations were available for 
assignment of dengue disease.  

Future studies are aimed at furthering 
our understanding of the transmission and 
pathogenesis of dengue viruses in South 
America.  
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