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Abstract 

Most dengue-endemic countries classify dengue/dengue haemorrhagic fever (DF/DHF) as a high priority 
disease in their planning and response documents. Very few of them, however, allocate the resources 
required to deal with DF/DHF as a high priority disease. A review of the surveillance activities in dengue-
endemic countries and how surveillance data are used for planning and response revealed that few of 
them had effective surveillance systems for DF/DHF, and even fewer used available surveillance data in 
an effective manner for planning and response. The surveillance systems in selected countries with good 
surveillance are reviewed here. Issues of active vs passive surveillance and case definitions for DF and 
DHF are discussed, and recommendations made to improve the use of surveillance for planning and 
response. 
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Introduction 
Epidemic dengue fever/dengue haemor-
rhagic fever (DF/DHF) has emerged as a 
major global public health problem in the 
past 20 years, with an increased incidence of 
the disease and expanding geographical 
distribution of both the viruses and mosquito 
vectors(1-2). Factors responsible for this 
dramatic resurgence in the waning years of 
the 20th century are primarily demographic, 
societal and technical changes that have 

occurred in the past 50 years(1-5). Prospects 
are that the changes responsible for 
increased epidemic disease will continue 
indefinitely in future. Thus, effective 
prevention and control strategies are 
essential if we want to reverse the trend of 
more frequent and larger epidemics of 
DF/DHF. 

Surveillance is an important component 
of any prevention and control programme(6). 
Unfortunately, most dengue endemic 
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countries have neither an effective 
surveillance system nor an effective 
mosquito control programme. The answer to 
the question, “How effectively is 
epidemiological surveillance used for 
programme planning and epidemic 
response?” therefore is that it is not very 
effective! Most DF/DHF endemic countries 
acknowledge the need for surveillance of 
this disease, but few of them have functional 
systems that can provide the support for 
programme planning, let alone for epidemic 
prediction and response. The table below 
lists the major DF/DHF endemic countries in 

the world with a subjective evaluation of the 
status and efficiency of their surveillance 
systems, whether they have laboratory 
capabilities and whether their systems have 
an early warning predictive capability for 
epidemic transmission, something that is 
required if emergency response is to be 
effective. It will be noted that most of the 50 
countries listed have a passive surveillance 
system, but few have the active, laboratory-
based surveillance needed to predict 
epidemic DF/DHF. Scanning the table gives 
the impression that surveillance for DF/DHF 
is poor at best in most endemic countries. 

Table: Major dengue/dengue haemorrhagic fever endemic countries  
and their surveillance capabilities* 

Surveillance 
Passive Active 

Lab capability WHO 
Region/Country 

DF DHF DF/DHF Serology Virology 

Epidemic 
prediction 

South-East Asia 

Bangladesh - ++ - + + - 

India - + - + + - 

Indonesia  - +++ - + +** - 

Maldives - ++ - - - - 

Myanmar - ++ - + + - 

Sri Lanka - ++ - + + - 

Thailand - +++ - ++ ++** - 

Western Pacific 

Australia ++ ++ ++ +++ +++ - 

Cambodia + ++ - + + - 

China - + - + + - 

Laos + + - - - - 

Malaysia ++ +++ + +++ +++ + 

New Caledonia ++ ++ - +++ +++ - 
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Surveillance 
Passive Active 

Lab capability WHO 
Region/Country 

DF DHF DF/DHF Serology Virology 

Epidemic 
prediction 

Australia (North 

Queensland) 

+++ +++ + +++ +++ + 

Other South and 

Central Pacific Islands 

+ + - - - - 

Philippines - + - + + - 

Singapore +++ +++ + +++ +++ + 

Tahiti ++ ++ - +++ +++ - 

Viet Nam - ++ - ++ ++ - 

Americas 

Argentina + + - ++ ++ - 

Barbados + + - + - - 

Belize + + - - - - 

Bolivia + + - + + - 

Brazil ++ ++ + +++ +++ + 

Colombia + + - ++ ++ - 

Costa Rica + + - ++ ++ - 

Cuba ++ ++ - +++ +++ - 

Dominican Republic + + - + + - 

Ecuador + + - + + - 

El Salvador + + - + + - 

French Guiana + + - + + - 

Grenada + + - + + - 

Guatemala + + - + + - 

Haiti - - - - - - 

Honduras + + - + + - 

Jamaica + + - + - - 

Lesser Antilles + + - - - - 

Mexico ++ ++ - ++ ++ - 

Nicaragua + + - ++ ++ - 
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Surveillance 
Passive Active 

Lab capability WHO 
Region/Country 

DF DHF DF/DHF Serology Virology 

Epidemic 
prediction 

Panama + + - + + - 

Paraguay + + - - - - 

Peru + + - +** +** - 

Puerto Rico ++ ++ -** + -** - 

Suriname + + - - - - 

Trinidad + + - -** -** - 

United States + + - +++ +++ - 

Uruguay - - - - - - 

Venezuela ++ ++ - ++ ++ - 

African/Eastern Mediterranean 

Djibouti - - - - - - 

Eritrea - - - - - - 

Kenya - - - + + - 

Nigeria - - - - - - 

Other African Countries - - - - - - 

Pakistan - - - - - - 

Saudi Arabia + + - + + - 

Senegal + - - + + - 

Somalia - - - - - - 

Others 

Taiwan +++ +++ - +++ +++ - 

*The efficacy of the surveillance system and laboratory capability is rated as follows: 
- surveillance or capability does not exist in public health laboratory 
+ exists ++ good   +++ best 
**Does not include US Military, CDC or WHO laboratories 

There are two problems with passive 
surveillance for DF/DHF as it is conducted 
by WHO Member countries. First, there is 
no consistency in reporting standards. Some 
countries report only DHF while others 
report both DF and DHF. Secondly, the 
WHO case definitions are not strictly 

adhered to in reporting the cases. These 
problems, which lead to both under-
reporting and over-reporting(4), must be 
corrected if we ever hope to obtain accurate 
incidence data on DF/DHF. 

Most cases of DHF are reported in 
Asian countries; yet only two countries 
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(Malaysia and Singapore) have the laboratory 
capacity and actually support an active, 
laboratory-based surveillance programme, 
with the aim of predicting epidemic activity 
in advance of peak transmission. Several 
Asian countries have reasonably good 
passive surveillance systems for DHF (Sri 
Lanka, Myanmar, Thailand, Indonesia, 
Maldives, Malaysia, Singapore and Viet 
Nam). Very few of these countries, with the 
exception of Singapore, however, have a 
passive surveillance system for dengue fever, 
which, along with mild non-specific illness, is 
probably responsible for most transmission.  

In the Americas, where DHF has 
emerged in the past 20 years, passive 
surveillance for dengue fever is better, since 
both DF and DHF are reported. Also, a 
number of countries, including the United 
States, Brazil, Puerto Rico and Cuba, have 
good laboratory capability to support active 
surveillance, and a number of other 
countries are developing that capability. 
Unfortunately, few countries support an 
active surveillance system with an early 
warning capability; only Puerto Rico has 
such a system that has accurately predicted 
three recent epidemics. Even in Puerto Rico, 
however, surveillance data from the active 
surveillance system have not been used 
effectively in emergency response to prevent 
the epidemics that were predicted. 

In the Pacific, only Australia, Tahiti and 
New Caledonia have good laboratory 
capability, but it is not used to support active 
surveillance. And, in the African and Eastern 
Mediterranean countries, surveillance for 
DF/DHF is generally very poor.  

In summary, the majority of dengue 
endemic countries do not have adequate 

laboratory-based, active surveillance systems 
that can provide accurate early warning 
predictive capability for epidemic DF/DHF. 
And, those few countries that do have this 
capability, do not use it effectively for 
planning and emergency response. Most 
countries in dengue endemic areas usually 
do not respond to an epidemic until it is at, 
or near, peak transmission(4). By then, it is 
too late for mosquito control measures to 
have any impact on transmission, even if 
they were effective. What characterizes 
DF/DHF surveillance in most countries is 
under-reporting during inter-epidemic 
periods and over-reporting during 
epidemics(4,6). This crisis mentality must be 
changed if we ever hope to effectively 
respond to such epidemics by initiating 
prevention and control measures before 
epidemic transmission begins. 

Country examples of DF/DHF 
surveillance 
I will use examples from some of the 
countries that I feel have the best 
surveillance systems, to illustrate what can 
be done, given adequate political and 
economic support, and some of the 
problems associated with these programmes.  

Singapore 

There is probably only one endemic country 
where surveillance is effectively used for 
planning, response and prevention and 
control; that country is Singapore(7). 
Singapore uses case definitions and has 
mandatory reporting for both dengue fever 
and dengue haemorrhagic fever. Health 
authorities use the surveillance information 
to actively target specific areas of the city for 
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intensified control while maintaining a 
countrywide prevention and control 
programme.  

The increased epidemic dengue activity 
in Singapore in the past 10 years is 
somewhat of a paradox, since the Aedes 
aegypti house indices have been held below 
2% for a number of years(7). The situation in 
Singapore underscores the need for regional 
prevention and control of this disease. The 
effective prevention and control programme 
in Singapore between 1968 and 1988 
decreased the herd immunity to dengue 
viruses to all-time low levels(7,8). The latter 
part of this period in the 1980s, however, 
coincided with a dramatic geographical 
spread and increased incidence of DF/DHF 
in most other surrounding countries of the 
Asia/Pacific region(2). Increased disease 
incidence in those countries resulted in 
increased movement of dengue viruses. The 
combination of low herd immunity with 
increased importation of dengue viruses into 
Singapore, led to increased autochthonous 
transmission even though the Aedes aegypti 
population densities remained low (<2% 
house index)(9). It should be noted that 
Aedes albopictus is also common in 
Singapore and may contribute to the 
transmission and maintenance of dengue 
viruses. However, this species is not an 
efficient epidemic vector of dengue viruses 
under most circumstances. It is likely that 
Singapore would not have epidemic 
DF/DHF if importation of the viruses could 
be prevented.  

Puerto Rico 

Puerto Rico has one of the best, if not the 
best, surveillance systems for DF/DHF in the 
world(6,10-12). The passive surveillance system 

is based on case reports from physicians, 
clinics and hospitals from all over the island, 
and has been very effective as a result of 
intensive education programmes for both the 
public and the medical community. Both 
dengue fever and DHF are monitored, and 
clinical samples are submitted with the 
report. The active surveillance system is 
supported by the U.S. Centers for Disease 
Control and Prevention (CDC) Dengue 
Branch laboratory, and relies on testing 
blood samples submitted as part of the 
passive system. Selected cases, which are 
prioritized according to geographical area on 
the island and representative clinical 
severity, are processed weekly for dengue-
specific IgM antibody and for virus isolation. 
The system is designed to provide real-time 
information on which serotypes of the 
viruses are being transmitted, where on the 
island the transmission is occurring, the 
severity of illness associated with each 
serotype, when a new serotype and/or 
genotype of the virus is introduced, and 
whether another flavivirus such as yellow 
fever or West Nile is introduced(10,12). 
Reports are made to the Puerto Rico Health 
Department and back to the submitting 
physicians/clinics/hospitals on a weekly basis. 
The system is fully computerized.  

Predictive capability for epidemic 
dengue transmission in Puerto Rico is based 
on the collective results of several types of 
data, including the number of case reports, 
seasonality, the IgM seropositivity rate, the 
severity of illness, the predominant virus 
serotype and strain isolated, and the 
geographical distribution of the laboratory-
confirmed cases and the virus serotypes and 
strains isolated. This information is collected 
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and reviewed weekly, and over time, allows 
public health epidemiologists and 
laboratorians to gain “a feel” for dengue 
transmission in their catchment area, 
providing them with the real-time 
information they need to detect small 
changes that may be important. Of note 
here is the fact that mosquito surveillance is 
not considered a predictive factor in Puerto 
Rico because densities are high enough at all 
times of the year to transmit an epidemic(4). 
Using this system, the last three major 
epidemics (1986, 1994 and 1998) were 
correctly predicted, with weeks to months as 
lead time before peak transmission 
occurred(13,14, CDC, unpublished data).  

Unfortunately, predictions are not 
always correct. A south-east Asian strain of 
DEN-3 was recently introduced in Puerto 
Rico, the first transmission of this serotype in 
21 years. Based on this information it was 
anticipated that another epidemic would 
occur in 1999. For reasons that are not fully 
understood, this did not happen. Even so, 
the record of being correct 93% of the time 
(1 mistake in 18 years) is an excellent track 
record for predicting epidemic activity.  

The objective of having an early 
warning surveillance system that can predict 
epidemics is to allow health authorities to 
implement early emergency response to 
reduce epidemic transmission, and save 
lives(1,4,6,10,12). A major problem in Puerto 
Rico (and in most other endemic countries) 
is that the public health response to the 
surveillance data that are gathered in an 
active system is inadequate(4). Thus, in both 
1986 and 1994, when epidemics were 
predicted in June and July respectively, 
serious epidemic response measures were 

not implemented until the peak transmission 
had occurred 3 to 4 months later. This late 
response is always too late to have any 
impact on epidemic transmission(4). The third 
epidemic in 1998, however, was predicted 
in July and Puerto Rico health authorities 
responded early with apparent success. The 
surveillance data were discussed openly in 
the early stages of the epidemic, when 
increased transmission was just beginning, 
and an island-wide community-based source 
reduction campaign was initiated in July 
1998. Although a proper evaluation of this 
campaign was interrupted by Hurricane 
Georges in late September, the case report 
data suggest that the epidemic had begun to 
wane in late August, 4-8 weeks before the 
expected peak of the epidemic based on 
historical data (CDC, Puerto Rico 
Department of Health, unpublished data). 
This experience leads us to believe that with 
active surveillance and early warning, major 
epidemics can be prevented using 
community-based larval mosquito control. 

Cuba 
Cuba initiated a highly successful Aedes 
aegypti control programme during and after 
the 1981 DHF epidemic in that country, 
developing the best Aedes aegypti control 
programme in the region, with a house 
index of this species of less than 0.01% for 
over 16 years(15). As a result, Cuba had no 
epidemics of DF/DHF through the 1980s 
and most of the 1990s. In mid-1990s, 
however, the mosquito surveillance and 
control programme had some problems. 
Aedes albopictus was introduced to the 
island and Aedes aegypti densities increased 
in some areas(16). Although this problem was 
identified in late 1996, and cases were 
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reported as early as January 1997, an 
epidemic of DF/DHF occurred in Santiago 
de Cuba in June/July 1997(15). Since that 
time, several outbreaks have occurred on 
the island. The Cuba experience once again 
underscores the old adage that "success 
breeds failure", and that, in the absence of 
total elimination, control pressure must be 
kept on Aedes aegypti in order to prevent a 
recurrence of epidemic transmission.  

Brazil 

Brazil has an excellent laboratory-based 
surveillance system for DF/DHF, with a 
network of laboratories to conduct 
serological diagnosis of DF/DHF, and at least 
three laboratories to conduct virological 
surveillance. To my knowledge, however, 
the system is not used as an early warning 
system to predict epidemics. For example, in 
December 2001, DEN-3 was detected in Rio 
de Janeiro(17), and despite warnings, control 
was not implemented until the epidemic 
was near its peak transmission. With 
appropriate coordination and data sharing, 
this system could become proactive and 
provide early warning for epidemic activity. 

Malaysia 

Malaysia has a good laboratory-based 
surveillance system, with both serological 
and virological capability. However, it is 
basically a passive system and has little 
predictive capability unless a new serotype is 
detected.  

Thailand 
Thailand has an excellent passive 
surveillance system for DHF, but does not 

routinely report dengue fever, and has little 
laboratory support for areas outside of 
Bangkok. The Bangkok catchment area is 
served by the Queen Sirikit National Institute 
of Child Health (Children’s Hospital), and 
the excellent laboratory support available 
from the Armed Forces Research Institute of 
Medical Science (AFRIMS), but this coverage 
is very limited. The rest of the country, 
where the majority of cases have occurred in 
recent years, has only a passive reporting 
system with no laboratory support. Plans are 
being developed to utilize selected 
provincial public health laboratories to 
develop a laboratory-based active 
surveillance system.  

Other countries 
There are several other countries that are in 
various stages of developing a laboratory-
based, active surveillance system for 
DF/DHF, including Indonesia, Viet Nam, 
Cambodia, the Philippines, India, Mexico, 
Venezuela, Peru and others in both Asia and 
the Americas. There are a few countries that 
are apparently serious about DF/DHF 
surveillance, but most do not provide 
adequate support and training to achieve 
this goal.  

Emergency response 
In the early 1970s, decisions were made to 
move away from disease prevention 
programmes and place the public health 
emphasis on emergency response. This, in 
my view, was a disastrous public health 
decision. Public health policy- and decision-
makers have since developed a “crisis 
mentality”; we wait until an epidemic is in 
progress before we respond and attempt to 
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control it. Unfortunately, passive surveillance 
systems are insensitive and rarely detect an 
epidemic much before peak transmission(4). 
By then it is too late and a lot of money is 
wasted controlling an epidemic that is 
already waning. Equally unfortunate is that 
these epidemics receive a lot of coverage in 
the mass media and funds are generously 
allocated to develop an emergency 
response. The public and political 
outpouring of support during the period of 
crisis is gratifying to public health officials, 
but only serves to perpetuate the vicious 
cycle of epidemics and emergency response. 
This is not good public health practice when 
epidemic DF/DHF can be effectively and 
economically prevented.  

There have been some attempts, 
mainly by the Pan American Health 
Organization (PAHO) to develop and initiate 
an early response to incipient epidemics in 
the region. An example was in 1994 when 
DEN-3 was isolated from patients in 
Nicaragua during a DF/DHF epidemic. The 
virus was shown to be an Asian strain closely 
related to the virus that caused recent DHF 
epidemics in Sri Lanka and India(18). PAHO, 
working in collaboration with CDC, 
developed an emergency response plan and 
put out an alert urging countries in the 
region to enhance surveillance and 
implement preventive Aedes aegypti control. 
PAHO followed it up by helping countries in 
the American Region develop DF/DHF 
prevention and control programmes. 
Unfortunately, none of the American 
countries took this alert seriously, and DEN-
3 subsequently spread rapidly, causing major 
epidemics throughout Central America and 
Mexico in 1995-1996(19), and in Brazil in 
2002(20). 

Similarly, in 1997-1998 in Asia, a 
number of countries experienced large 
epidemics (Indonesia, the Philippines, Viet 
Nam, Cambodia, Thailand, Malaysia and 
Singapore), despite efforts by the South-East 
Asian and Western Pacific Regional Offices 
of WHO to alert countries, urging them to 
develop prevention and control programmes 
(WHO, unpublished data).  

Conclusion 
So “how effectively is DF/DHF surveillance 
used for planning an emergency response?” 
The answer has to be, “not very effectively!”  

Dengue is a disease that is easy to 
overlook because the majority of infections 
are clinically non-specific and are usually 
diagnosed by physicians as something else 
during inter-epidemic periods(4). Only when 
an epidemic occurs is the full spectrum of 
the disease reported, and then it is probably 
over-reported. Thus, the disease is under-
reported during inter-epidemic periods, but 
rapidly gets over-reported when epidemic 
transmission is recognized. How do we solve 
this problem? The only solution is to 
implement standardized passive and active 
surveillance systems in all dengue endemic 
countries of the world, with emphasis on an 
early warning laboratory-based 
component(1,4,6,10,12). Equally or even more 
important, however, is to educate policy- 
and decision-makers on effective use of 
active surveillance data to prevent major 
DF/DHF epidemics. Decision-makers must 
understand that to prevent epidemics a 
decision to respond must be made in the 
early stages when the transmission first 
begins to increase(4,12). 
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WHO has already taken the first step in 
this direction by developing an electronic 
reporting system (DengueNet), recommend-
ing that both dengue fever and DHF be 
made notifiable diseases in endemic 
countries, by developing standardized case 
definitions for surveillance purposes, and by 
publishing guidelines for prevention and 
control(21). Clearly, every dengue endemic 
country will need to develop and support 
laboratory diagnosis for DF/DHF to support 
active surveillance system(22-24). Moreover, 
these countries will need to support the 
development and implementation of 
national prevention and control programmes 
if we ever hope to reverse the trend of 
increased epidemic DF/DHF(1). 

Recommendations 
1. All dengue endemic countries should 

develop and implement passive 
surveillance systems for dengue fever 
and dengue haemorrhagic fever using 
standardized case definitions developed 
by WHO. 

2. All dengue endemic countries should 
develop and implement an active, 
laboratory-based surveillance system 
that is adapted to local conditions. 

3. Regional reference laboratories should 
be developed and adequately 
supported to provide reference service 
and standardized reagents to national 

laboratories. These centres should be 
provided the equipment and staff 
required to conduct a state-of-the-art 
laboratory diagnostic service.  

4. Standardized reporting requirements, 
using DengueNet, should be developed 
and implemented in all endemic 
countries.  

5. The DengueNet system should be used 
as a real-time international information 
exchange system so that endemic 
countries can share surveillance 
information on a timely basis with each 
other and with WHO. 

6. Emphasis should be placed on 
programmes to educate physicians, 
nurses and others in the medical 
community in dengue endemic 
countries about DF/DHF, its diagnosis, 
management, prevention and control.  

7. Every country should be encouraged to 
develop, implement and support 
national programmes for the prevention 
and control of epidemic DF/DHF, 
following the WHO Global Strategy. 

8. Each WHO regional office should 
develop an emergency response plan 
that can be effectively implemented at 
appropriate times such as when major 
regional pandemics occur, as in 1998, 
or if a new virus such as yellow fever is 
introduced into the region. 
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