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Emerging and other infectious diseases: epidemiology 
and control 
David L. Heymanna 

Infectious diseases emerge or re-emerge when bac­
teria, viruses and parasites take advantage of flaws 
in our defences against them. This is what hap­
pened in the Democratic Republic of the Congo 
(DRC, former Zaire) in the late 1990s when the 
monkeypox virus, hitherto only responsible for 
rare and sporadic disease, caused extensive out­
breaks among humans. The declining coverage of 
the vaccine which eradicated smallpox and also 
protected against monkeypox could have contrib­
uted to the emergence. Furthermore, civil unrest 
and poverty incited people to penetrate deeper 
into the rainforest in search of food, exposing 
them to increased contact with animals harbouring 
the virus. 

Underlying factors 
Population increase and rapid urbanization have 
resulted in the breakdown of sanitation and water­
supply systems in large coastal cities in Latin Amer­
ica, Asia and Africa, thus promoting the transmis­
sion of cholera and shigellosis. In 1991, cholera, 
not reported from Latin America in over 100 years, 
re-emerged in Peru and rapidly spread throughout 
the continent, causing well over 1 million cases in a 
continuing and widespread epidemic. Legionello­
sis, first identified in North America in 1976, is now 
known to occur worldwide and posing a threat to 
travellers exposed to poorly maintained air condi­
tioning systems. 

Breakdown in mosquito control in Latin Amer­
ica resulted in vast epidemics of dengue fever in 
1996 and 1997. Dengue haemorrhagic fever, rare 
in the Americas before 1981, spread widely along 
with dengue during these epidemics. The deterio­
ration in immunization programmes contributed 
to the re-emergence of diphtheria and polio in 
Eastern Europe, while neglect of yellow fever vac­
cination led to outbreaks in Africa and Latin 
America in the 1990s. 

Modified production methods for animal feed 
may have triggered the emergence of a new disease 
in cattle - bovine spongiform encephalopathy 
(BSE), identified in Europe in 1986, associated in 
time and place with the emergence of a previously 

a Director, Division of Emerging and other Communicable 
Diseases Surveillance and Control, World Health 
Organization, Geneva, Switzerland. 
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unknown variant of Creutzfeldt:Jakob disease in 
humans. Poor hygiene in large scale food produc­
tion contributed to making E. coli 0157 a food 
safety concern in Japan, Europe, and in the Amer­
icas in the 1990s. 

The viruses causing hepatitis C, Ebola haemor­
rhagic fever and AIDS can be transmitted by in­
fected blood. Hepatitis C was first identified in 
1989 and is now thought to be present in at least 
3% of the world population. Ebola virus was identi­
fied for the first time in 1976, causing a disease 
which has come to symbolize emerging diseases. At 
the time of the first Ebola outbreak in the Demo­
cratic Republic of the Congo, AIDS had not yet 
been diagnosed but it has been shown retrospec­
tively that HIV was present in almost 1 % of the 
population in some rural parts of the country in 
1976. Since then, AIDS has become a global public 
health problem. Nosocomial transmission has 
been implicated in the transmission of HIV in East­
ern Europe, and poor hospital practice with mal­
functioning barrier nursing transformed the rela­
tively slow spreading Ebola outbreaks into major 
epidemics. 

The effects of human intervention or of natural 
processes on the environment contribute to the 
emergence and re-emergence of infectious dis­
eases. These range from global warming and con­
sequent extension of vector-borne diseases, to eco­
logical changes due to deforestation that increase 
contact between man and animals and also the 
possibility for micro-organisms to breach the spe­
cies barrier. For example, zoonotic diseases such as 
Lassa fever, first identified in West Africa 1969, are 
now known to infect man through food supplies 
contaminated with the urine of rats in search of 
food as their natural habitat can no longer support 
their needs. The hantavirus pulmonary syndrome, 
first diagnosed in the Americas in 1983, may be 
transmitted to humans by inhalation of droplets 
from droppings, urine and saliva of infected ro­
dents. Lyme borreliosis in Europe and North 
America is transmitted to humans through contact 
with ticks that normally feed on rodents and deer. 
As drought extends in sub-Saharan Africa, epi­
demic Neisseria meningitidis has emerged south of 
the meningitis belt in countries such as Uganda 
and the United Republic of Tanzania, while out­
breaks of malaria and other vector-borne diseases 
have been linked to woodcutting in rainforest 
areas. 
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Human behaviour also plays a role in the emer­
gence and re-emergence of infectious diseases, as 
evidenced by the increase in gonorrhoea and syph­
ilis during the late 1970s, and the emergence and 
spread of HIV worldwide, directly linked to unsafe 
sexual practices. 

Further boast ta infectious diseases 
Two major factors can amplify the emergence and 
re-emergence of infectious diseases: the progres­
sion of antimicrobial resistance, and the tremen­
dous increase of international travel. Antimicrobi­
al agents are the basis for the management of im­
portant public health problems such as tuberculo­
sis, malaria, sexually transmitted diseases and low­
er respiratory infections. Soon after penicillin be­
came widely available in 1942, the first warnings 
of the potential importance of resistance were 
sounded. In the 1990s, penicillin-resistant Staphylo­
coccus aureus had attained levels > 80% both in 
hospitals and in the community, and the bacte­
rium is increasingly resistant to other antimicro­
bials. By 1976, chloroquine-resistant Plasmodium 
Jalciparum malaria was highly prevalent in South­
East Asia; resistance has now been recorded in all 
parts of the world along with high level resistance 
to two back-up drugs, Fansidar and Mefloquine. In 
the early 1970s, Neisseria gonorrhoeae resistant to 
usual doses of penicillin was observed in Europe 
and the United States, presumably imported from 
South-East Asia. By 1996, penicillin-resistant 
N. gonorrhoeae had spread worldwide, and strains 
resistant to all major families of antibiotics had 
been identified wherever these antibiotics had 
been widely used. 

The selection and spread of resistant strains is 
facilitated by human behaviour, such as over-pre­
scribing antimicrobials, poor compliance, and the 
unregulated sale of the drugs. Large amounts of 
antimicrobials are used in animal husbandry and 
agriculture; this may facilitate the selection of resis­
tant strains in animals which then transfer resis­
tance factors to human pathogens, or infect hu­
mans in the form of zoonotic disease. There is 
direct evidence that four multi-resistant bacteria 
infecting humans (Salmonella, Campylobacter, En­
terococci and Escherichia colz), are directly linked to 
resistant organisms in animals. 

The role of travel in the spread of infectious 
diseases has been known for centuries, but today, 
travellers, like mosquitoes, have become important 
vectors of disease. Over 500 million people trav­
elled by air in 1995 according to the World Tour­
ism Organization. 

Disease eradication 
It is now 20 years since smallpox was eradicated. 
This unparalleled public health accomplishment 
resulted in immeasurable savings in human suffer-

Wld hlth statist. quart., 50 (1997) 

ing, mortality and financial resources, and encour­
aged other eradication initiatives. Poliomyelitis is 
expected to be eradicated during the coming de­
cade and transmission of the virus has already been 
interrupted in the Americas. Reported cases of dra­
cunculiasis have decreased from > 900 OOO in 1989 
to < 200 OOO in 1996 when most cases occurred in 
countries that are still endemic. Leprosy and Cha­
gas disease likewise continue their downward trend 
towards elimination. 

The eradication of smallpox boosted an already 
growing feeling that infectious diseases were no 
longer a threat, at least to industrialized countries. 
This optimism had prevailed since the 1950s en­
couraged by unprecedented developments of vac­
cines and antimicrobial agents, and sometimes 
leading to a transfer of resources and public health 
specialists away from infectious disease control. 
Eventually, it became dear that the infrastructure 
for infectious disease surveillance and control had 
suffered. Population movements, combined with 
changes in environment and human behaviour, 
have created weaknesses in the defence systems 
against infectious diseases in both industrialized 
and developing countries. 

Public health control 
Eradication and regulation may contribute to the 
containment of infectious diseases, but do not re­
place sound public health practices. Eradication or 
elimination can be applied to very few infectious 
diseases, namely, only those which have no reser­
voir other than humans, which trigger solid immu­
nity after infection, and for which affordable and 
effective intervention strategies exist. 

Attempts at regulations to prevent the spread 
of infectious diseases were first recorded in 1377 
in quarantine legislation to protect Venice from 
plague-carrying rats on ships from foreign ports. 
From then on, countries have joined in adopting 
and enforcing a series of regulations aimed at 
maximum protection against the international 
spread of infectious diseases, with minimum 
restriction. 

Today the International Health Regulations 
(IHR) provide a universal code of practice ranging 
from strong national disease detection systems and 
measures of prevention and control, including vac­
cination, to disinfection, disinfestation and de-rat­
ting. Currently the IHR require the notification of 
three infectious diseases - cholera, plague and yel­
low fever, but, once these diseases are reported, the 
Regulations are often misapplied, resulting in the 
disruption of international travel and trade, and 
huge economic losses. This was experienced both 
by Peru when the present pandemic of cholera 
reached the country in 1991 and by India, during 
the outbreak of plague in 1994. Both countries 
suffered multi-million dollar losses in trade and 
travel. 
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Many infectious diseases, including those which 
are new or re-emerging, are not covered by the 
present IHR in spite of their great potential for 
international spread. The insufficient coverage 
and application of the Regulations are now ad­
dressed in a thorough revision to make them more 
applicable to infection control in the 2lst century. 
The revised IHR will replace the reporting of spe­
cific diseases such as cholera, with the reporting of 
syndromes such as epidemic diarrhoeal disease 
with high mortality. Their scope will be broadened 
to include all infectious diseases of international 
importance, and will dearly indicate what mea­
sures are appropriate, or inappropriate, interna­
tionally. 
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However, regulations and eradication or elimi­
nation of a disease are no substitute for good pub­
lic health practice: rebuilding of the weakened 
public health infrastructure and strengthening of 
water supply and sanitation systems; minimizing 
the impact of natural and man-made environmen­
tal changes; effectively communicating informa­
tion about prevention of infectious diseases; and 
using antibiotics appropriately. The challenge in 
the 2lst century will be to continue to provide 
resources to strengthen and erisure more cost-ef­
fective infectious disease control while also provid­
ing additional resources for other emerging public 
health problems such as those related to smoking 
and aging. 

Rapp. trimest. statist. sanit. mond., 50 (1997) 



Global situation of dengue and dengue haemorrhagic fever, 
and its emergence in the Americas 
Fransisco P. Pinheiroa & Stephen J. Corberb 

Introduction 
Clinically, dengue fever has been recognized for 
more than 200 years, and a disease similar to den­
gue haemorrhagic fever (DHF) was first described 
in northern Australia at the end of the past century 
( 1 ). Although several dengue epidemics or pan­
demics have been described in previous centuries 
and in the first half of this century, a remarkable 
increase of the incidence of the two diseases has 
been noted since the 1950s. A main concern was 
the appearance of an epidemic of DHF in the 
Philippines in 1954, which rapidly spread to 
Thailand, Viet Nam, Indonesia and to other Asian 
and Pacific countries, becoming endemic and epi­
demic in several of them (1). The first DHF epi­
demic in the Americas occurred in Cuba in 1981 
(2); subsequently 24 other countries in the Region 
have reported DHF. Also of great concern has 
been the occurrence of several pandemics and 
countless epidemics of dengue fever over the past 
40 years, with considerable health, social and eco­
nomic consequences. 

Present situation 
About two-thirds of the world's population live in 
areas infested with dengue vectors, mainly Aedes 
aegypti. All four dengue viruses are circulating, 
sometimes simultaneously, in most of these areas. 
It is estimated that up to 80 million persons be­
come infected annually, although marked under­
reporting results in the notification of much 
smaller number of cases (3). 

Currently dengue is endemic in all continents 
except Europe and epidemic DHF occurs in Asia 
and in the Americas. The incidence of DHF is 
greater by far in Asia than in the Americas. In the 
Americas, the emergence of epidemic DHF oc­
curred in 1981, nearly 30 years after its appearance 
in Asia and its incidence is showing a marked up­
ward trend. 

Asian countries 
DHF continues to be a serious public health prob­
lem and a major cause of hospitalization and death 

• Regional Adviser on Viral Diseases, Communicable Disease 
Programme, Division of Disease Prevention and Control, WHO 
Office for the American Region. 

b Director, Division of Disease Prevention and Control, WHO 
Office for the American Region. 
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among children in many Asian countries, with over 
100 OOO deaths estimated to have occurred in 1995. 
The disease continues to affect children predomi­
nantly. All four dengue serotypes are in continual 
circulation, which characterizes a situation of hype­
rendemicity. DHF continues to occur mainly in 
urban centres but rural areas have also been affect­
ed. In the 1990s DHF has continued to show a 
higher incidence in South-East Asia, particularly in 
Viet Nam and Thailand. These two countries ac­
count for more than two-thirds of the DHF cases 
reported in Asia despite the fact that a significant 
decline of their reported cases was observed during 
the period 1991-1995 compared to the previous 
5-year period (Tah/,e 1). In contrast, an increase in 
the number of reported cases was noted in the 
Philippines, Lao People's Democratic Republic, 
Cambodia, Myanmar, Malaysia, India, Singapore, 
and Sri Lanka, when the two periods are com­
pared. In Indonesia the incidence of DHF was sim­
ilar in both periods. No epidemics have been re­
ported in Maldives since 1988, when a very severe 
outbreak of dengue and 9 deaths from DHF oc­
curred in Male. Serological surveys indicate that 
dengue fever is endemic in Bangladesh and al­
though an outbreak of DHF apparently occurred 
in 1964, DHF is not considered at present to be a 
public health problem in Bangladesh (4). 

India and Sri Lanka represent countries where 
epidemic DHF is becoming a potential threat. 
Since the late 1980s several outbreaks have oc­
curred in both countries and at least two outbreaks 
were detected in India during the period 1991-
1995 (5). A dengue-3 strain genetically distinct 
from other dengue-3 viruses previously circulating 
in those countries has been considered the major 
cause of these outbreaks (6). In 1996 (as of 
29 October) 7 247 cases of dengue and DHF of 
which 297 were fatal were reported in New Delhi, 
and dengue-2 virus was isolated (7). A report from 
Pakistan documented the occurrence in 1994 of 
laboratory-confirmed dengue cases, 3 of which 
were associated with benign haemorrhagic mani­
festations 2 of them being due to dengue-I and the 
other to dengue-2 (8). 

Pacific countries 
Epidemics of dengue fever with sporadic cases of 
DHF have been reported recently in several Pacific 
islands, including Vanuatu, New Caledonia, Tahiti, 
Rarotonga, Fiji, American Samoa, Western Samoa, 
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Table 1 
Dengue haemorrhagic fever cases (and deaths) reported in selected countries in Asiaa 

Tableau 1 
Nombre de cas de dengue hemorragique (et de deces) notifies dans certains pays d'Asiea 

Philippines Viet Nam China- Thailand- Lao P.O.R.- Cambodia-
Chine Tha'ilande R.p.d. Lao Cambodge 

c 0 c 0 c 0 c 0 c 0 c 0 

1956-1980 25 738 1 670 208 590 3 780 21 227 459 236 364 5 923 
1981 123 8 35 323 408 25 670 198 287 442 
1982 305 31 39 806 361 22 250 159 711 
1983 1 684 130 143 380 1 798 85 293 3 032 30 225 229 204 5 4 286 
1984 2 545 89 30 496 368 69101 496 22 14 912 
1985 45107 399 80 076 542 1 774 15 6420 
1986 839 30 46 266 511 27 837 236 365 43 2 458 
1987 859 27 354 517 1 566 174 285 1 007 9 699 295 5 536 
1988 2 922 68 85 160 826 51 510 1 529 26 926 179 1 212 27 1 981 
1989 305 14 40 205 289 37 886 807 74 391 290 
1990 588 27 54 767 246 376 0 92 005 419 60 3 7 241 403 
1991 111 817 445 902 43 511 137 0 1 882 134 
1992 51 311 271 46 095 41 125 136 138 4 800 172 
1993 5 715 53 674 157 359 67 017 222 343 3 913 189 
1994 5 603 44 944 2 0 51 688 140 2 585 2 1 498 
1995 7 413 80 447 6 114 0 59 911 164 7781 10 199 
1996 13 613 86 621 7 34 618 102 8197 1 433 

1981-1985 4 657 258 294 112 3 334 85 293 3 032 227 322 1 624 2 287 34 12 771 

1986-1990 5 513 166 580 915 3 438 89 772 2 336 395 444 2 131 11 336 368 17 216 403 

1991-1995 18 731 342 193 873 53 472 0 263 252 799 10 847 2 22 292 495 

Totalb 68 252 2 094 1512431 11 425 249 771 5 827 1157 OOO 10 579 32 667 404 53 712 898 

Myanmar Malaysia- Singapore- Indonesia- India- Sri Lanka 
Malaisie Singapour lndonesie lnde 

c 0 c 0 c 0 c 0 c 0 c 0 

1956-1980 30 191 1 339 8 588 357 5 167 48 49 499 2 683 69 17 
1981 1 524 90 524 17 133 0 5 909 231 
1982 1 706 49 3 006 35 216 0 4 665 255 
1983 2 856 83 790 5 205 2 13 875 491 
1984 3 232 39 702 5 86 0 12 710 382 
1985 2 666 134 367 12 126 2 13 588 460 
1986 2192 111 1 408 8 354 1 16 529 608 
1987 7 424 233 2 025 8 436 2 23 864 1 105 
1988 1 181 65 1 428 3 245 0 44 573 1 527 10 
1989 1196 52 2 564 16 944 2 10 362 464 203 20 
1990 6 318 182 4 880 21 1 733 3 22 807 821 1 350 54 
1991 8 055 305 6 628 39 2179 6 21 120 578 6 291 3 1 048 31 
1992 1 678 37 5 473 24 2 878 4 17 620 509 2 683 12 656 15 
1993 2 297 67 5 589 23 837 0 17 418 418 11 125 36 750 7 
1994 11 050 444 3 133 13 1 216 0 18 783 471 7 494 4 582 7 
1995 2 221 48 6 543 28 2 008 0 35102 885 7 847 10 440 11 
1996 1 621 18 14 255 3128 0 44 650 1 192 13 069 460 1 244 28 

1981-1985 11 984 395 5 389 74 766 4 50 747 1 819 

1986-1990 18 311 643 12 305 56 3 712 8 118 135 4 525 1 563 74 

1991-1995 25 301 901 27 366 127 9118 10 110 043 2 861 35 440 65 3 476 71 

Totalb 87 408 3 296 67 903 614 21 891 70 373 074 13 080 48 509 525 6 352 190 

• Data reported by WHO Regional Offices for South-East Asia and the Western Pacific. - Oonnees notifiees par les bureaux regionaux de l'OMS pour l'Asie du Sud-
Est et le Pacifique occidental. 

b 1956-1996 
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Yapa and Palau; all 4 serotypes are circulating in 
these islands but usually a single serotype causes 
the epidemics (9). In Australia a small outbreak 
associated with dengue-I occurred in 1990-1991, 
and a large outbreak due to dengue-2 affected 
Townsville during 1992-1993; 21 % of the patients 
presented minor haemorrhagic manifestations 
(10). In 1995 an epidemic of dengue-3 affected 
several islands of New Caledonia; dengue-3 was the 
predominant serotype during the last epidemic 
which affected these islands in 1989 ( 11 ). In 1995 
increased dengue activity associated with sero­
type 2 was reported in the island of Rarotonga ( 12). 

African countries 
All four dengue serotypes are known to circulate in 
Africa, but the presence of clinical dengue is docu­
mented by a few reports only. Recently outbreaks 
of dengue fever were described in Djibouti and the 
Comoro islands. The episode in Djibouti occurred 
in 1991-1992; it was associated with dengue-2 and 
the estimated number of cases was 12 OOO (13). 
During an outbreak associated with dengue-I on 
Grand Comoro Island in 1993, it was estimated that 
between 56 OOO and 75 OOO persons became in­
fected ( 14 ). Dengue epidemics have also been 
recorded in the Seychelles, Kenya, Mozambique 
and Somalia, and cases compatible with DHF were 
observed in Mozambique (6). Nevertheless no 
epidemics similar to those in Asia and in the Amer­
icas have been recorded. 

Middle Eastern countries 
An outbreak of dengue occurred injeddah, Saudi 
Arabia, in 1994, during which 2 fatal cases of D HF 
were recorded and were confirmed as dengue-2 
infections by virus isolation. Both patients were 
adults, one died in shock and the other with hepa­
torenal failure. Genetic analysis of the isolate from 
one of the fatal cases showed a close relationship to 
otherdengue-2 isolates from East Africa (15). Prior 
to this event, dengue-2 transmission had been con­
firmed in Yemen. 

The re-emergence of dengue and the 
emergence of DHF in the Americas 

Historical overview 
The first description of a dengue-like disease in the 
Americas relates to an outbreak that occurred in 
Philadelphia, United Sates, in 1780 (]). In the fol­
lowing century 4 large epidemics affected Carib­
bean countries and the southern United States 
during the periods 1827-1828, 1850-1851, 1879-
1880 and 1897-1899 (16). Small:ioint arthritis in­
cluding swelling, commonly found in infections 
associated with the arboviruses Chikungunya and 
Mayaro, was among the clinical manifestations oh-
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served exclusively during the dengue outbreaks 
between 1827 and 1880. In the first half of this 
century 4 epidemics were reported in the same 
countries, the last one during the period 1941-
1946, affecting cities in the Texas Gulf, several 
Caribbean islands including Cuba, Puerto Rico 
and Bermuda, Mexico, Panama and Venezuela 
( 16). In Brazil, epidemics of dengue were recorded 
during 1846-1848 and 1851-1853. From then until 
1982 only 2 outbreaks were reported, in 1916 and 
1923 (17, 18 ). Peru reported cases of dengue dur­
ing the 1950s but not in the following 3 decades 
( 19). In 1953 dengue virus which was identified as 
serotype 2 was isolated for the first time in the 
Americas in the island of Trinidad. Several isolates 
of dengue-2 were obtained from persons in the 
same island during 1953-1954 but no outbreaks 
were reported in this period in Trinidad nor in any 
other Caribbean island (20). 

Re-emergence of dengue 
During the 1960s two extensive pandemics of den­
gue affected the Caribbean and Venezuela. The 
first one which broke out in 1963 was due to den­
gue-3 and swept the Caribbean after almost 
20 years of silence.Jamaica, Puerto Rico, islands of 
the Lesser Antilles and Venezuela were among 
the countries affected, although Cuba, Hispaniola 
and Trinidad were spared in this outbreak. The 
second epidemic occurred in the Caribbean and in 
Venezuela during 1968-1969 and although den­
gue-2 was predominantly isolated, dengue-3 was 
also recovered from persons in some islands ( 16). 
During the 1970s these two serotypes caused exten­
sive epidemics in Colombia where dengue had not 
been recognized since 1952 (21 ). The first epidem­
ic occurred during 1971-1972 and was due to den­
gue-2, whereas the 1975-1977 epidemic was associ­
ated with dengue-3. It was estimated that more 
than half a million persons became infected, al­
though both outbreaks occurred "silently" for the 
most part or were confused with other illnesses and 
did not draw much attention on the part of the 
health authorities. 

A milestone in the re-emergence of dengue in 
the Americas was the introduction of dengue-I in 
1977. This was followed by a devastating pandemic 
that lasted until 1980 (22). The virus was initially 
detected in Jamaica, possibly having been im­
ported from Africa, and from there the epidemic 
spread to virtually every island in the Caribbean. 
The epidemic in South America began in 1978, 
affecting Venezuela, Colombia, Guyana, Surinam 
and French Guiana. The epidemic in Central 
America was also detected in 1978, affecting 
Honduras initially and subsequently El Salvador, 
Guatemala and Belize. Spreading to the north, the 
epidemic reached Mexico at the end of 1978 and 
during 1979-1980 continued to affect other 
Mexican states, and reached the state of Texas in 
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the second half of 1980. About 702 OOO cases were 
reported to the Pan American Health Organiza­
tion (PAHO) for the period 1977-1980, but the 
incidence was much higher since estimates from 
Colombia, Cuba and Venezuela alone indicated 
that over 5 million persons became infected. In 
1981 dengue-4 strain probably imported from 
Pacific islands emerged in the Americas causing a 
series of outbreaks in the Caribbean, northern 
South America, Central America and Mexico; with 
some exceptions, dengue-4 infection has generally 
been associated with mild disease (22). 

During the 1980s five countries in South 
America namely Brazil, Bolivia, Paraguay, Ecuador 
and Peru, that had not experienced dengue before 
or had been free of the disease for several decades 
were affected by explosive epidemics caused by 
serotype 1 (22); in the epidemic in Peru serotype 4 
was also isolated (23). The first epidemic which 
occurred in northern Brazil in 1982 was associated 
with serotypes 1 and 4 (24); vector control 
measures were implemented, and since then no 
dengue activity has been reported in this area. In 
1986, dengue 1 was introduced in Rio de Janeiro, 
Brazil, causing major outbreaks (25). It was subse­
quently disseminated to most states in Brazil. Fol­
lowing its introduction in those countries, dengue-
1 virus has continued to cause major epidemics in 
Brazil, Ecuador and Peru in subsequent years. 

During 1993, the last two tropical Latin Amer­
ican countries which had been free of dengue for 
several decades, namely Costa Rica and Panama, 
reported indigenous transmission of dengue; the 
serotype was dengue-I and its introduction in 
Costa Rica was associated with severe outbreaks in 
this year and in subsequent years (26). In 1994 
dengue-3 was reintroduced in the Americas for the 
first time since 1978 when it had been isolated in 
Puerto Rico (27). This serotype was initially de­
tected in Panama and Nicaragua and in the follow­
ing year it spread to other Central American coun­
tries and to Mexico, causing numerous epidemics 
of dengue. In Nicaragua, in 1994, the introduction 
of dengue-3 was associated with a countrywide epi­
demic of dengue/DHF but dengue-I was also 
present. The introduction of dengue-3 in Mexico 
in 1995 coincided with an increased number of 
DHF cases; however, only dengue-I and particular­
ly dengue-2 were associated with DHF (28). It 
should be noted that this dengue-3 virus belongs to 
the genotype that has caused major epidemics of 
DHF in Sri Lanka and India (27). As of June 1997, 
dengue-3 has not been isolated outside Central 
America and Mexico. Over 250 OOO cases of den­
gue were reported in the Region in each of 1995 
and 1996. 

The emergence of DHF 
In 1981, Cuba reported the first major outbreak of 
DHF in the Americas (2). Prior to this, suspected 
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cases of DHF or fatal dengue cases had been 
reported by 5 countries or territories namely 
Venezuela,Jamaica, Honduras, Curacao and Puer­
to Rico, but only a few of them fulfilled the WHO 
criteria for diagnosis of dengue haemorrhagic 
fever I dengue shock syndrome (DHF /DSS) and 
most were not laboratory confirmed (22). During 
the Cuban epidemic, a total of 344 203 cases of 
dengue were notified, of which 10 312 were classi­
fied as severe cases (WHO grades II-IV) and 158 
were fatal; a total of 116 143 patients were hospital­
ized, the majority of them during a 3-month period 
(2). The DHF Cuban epidemic was associated with 
a strain of dengue-2 virus and it occurred 4 years 
after dengue-I had been introduced in the island 
causing epidemics of dengue fever and infecting 
almost half of the population. 

The outbreak of DHF /DSS in Cuba is the most 
important event in the history of dengue in the 
Americas. Since then, in every year except 1983, 
confirmed or suspected cases of DHF have been 
reported in the Americas (Fig. 1). The figure shows 
that a marked increase in the annual incidence 
occurred in 1989 which was due to a countrywide 
epidemic in Venezuela. This was the second major 
DHF epidemic in the Americas with 3 108 DHF 
cases and 73 deaths being reported between 
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Fig. 2 
Number of reported cases (deaths) of dengue 
haemorrhagic fever in the Americas by country/territory, 
1981-19963 

Nombre de cas (deces) de fi~vre hemorragique notifies 
dans la Region des Ameriques, par pays/territoire, 
1981-199Er 

Venezuela 

Cuba 

Colombia 
Colombie 

Nicaragua 

Mexico - Mexique 

Brazil - Bresil 

Puerto Rico 311 (37) Porto Rico 

El Salvador 287 (12) 

Dominican Republic 
Republique dominicaine 174 (14) 

Jamaica - Jamaique 108 (4) 

French Guiana 
Guyane fra~ise 53(2) 

Number of cases 42 246 
Nombre de cas 

Honduras 37 (6) 
Number of deaths 582 
Nombre de d6c~s 

Guatemala 20(0) Mortality 1.4% 
Mortalite 

Other - Autres b 66(10) 

0 10000 20000 30000 
Number of cases (deaths) - Nombre de cas (deces) 

a Provisional figures for 1996. -Chiffres provisoires pour 1996. 

b Martinique 17 (1), Suriname 11 (0), Dominica-Dominique 11 (0), 
Guadeloupe 7 (3), Trinidad and Tobago-Trinite-et-Tobago 7 (1), 
Panama 3 (1), Grenada-Grenade 3 (0), Aruba 2 (2), Barbados­
Barbade 2 (1), Costa Rica 1 (0) Saint Lucia-Sainte-Lucie 1 (0), 
Saint Kitts and Nevis - Saint Kitts-et-Nevis 1 (0). 

December 1989 and April 1990, when it was de­
clared over. Dengue-2 was the predominant sero­
type isolated from cases but serotypes 1 and 4 were 
also recovered from patients; although no isolate 
were obtained from fatal cases, immunohistochem­
ical analysis performed with formalin-fixed paraf­
fin-embedded tissues of fatal cases revealed the 
presence of dengue-2 antigen in the liver of 4 of 
them (29). The epidemic in Venezuela recurred in 
the second half of 1990 and every year since then. 

Between 1981 and 1996 a total of 42 246 cases 
of DHF and 582 deaths were reported by 25 coun­
tries in the Americas. Fig. 2 shows the distribution 
of cases by country where it- can be observed that 
22 170 ( 53 % ) of the reports originated from 
Venezuela. It can also be seen that excluding Cuba 
and Venezuela, the number of cases by country 
varies from 1 to 3 740. Colombia, Nicaragua and 
Mexico have each reported over 1 OOO cases, most 
of which during the period 1992-1996. About 74% 
of the Colombian cases were notified during 1995-
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1996 whereas 97% of the Mexican cases were re­
ported during 1995-1996. In Brazil, 4 fatal cases 
which exhibited fever, haemorrhages and shock 
occurred during 1986-1987 and were associated 
with dengue-I virus; confirmation was obtained by 
virus isolation or by antigen detection (22). In 
1990-1991 an outbreak of D HF was recorded in Rio 
de Janeiro, Brazil (30) and 24 cases with 11 deaths 
occurred in the Brazilian State of Ceara in 1994 
(31). 

Studies of DHF cases in the Americas (32, 29, 
33, 34) revealed similarities to the clinical manifes­
tations exhibited by DHF patients in Asia. How­
ever, the incidence of gastrointestinal haemor­
rhages observed in Cuba and Puerto Rico seem to 
be higher than that seen in Thai children ( 35 ). 
Liver necrosis was described in 70% of 72 children 
who died of DHF in Cuba in 1981 (35). Severe 
neurological manifestations, renal failure and myo­
carditis have been occasionally reported in the 
Americas (31, 36, 37). 

The age distribution of DHF cases in the Amer­
icas is different to that observed in Asia. In the 
outbreaks in Cuba and Venezuela the disease has 
occurred in all age groups, although children 
under 15 years of age have comprised about two­
thirds of the fatalities. Studies of DHF cases that 
fulfilled WHO's criteria done in Brazil (34) showed 
a modal age range of 31-45 years. Observations 
made in Puerto Rico showed distinct age distribu­
tion patterns of cases that fulfilled WHO's criteria: 
in 1986 two-thirds of the cases were under 15 years 
of age, but during 1990-1991 the mean age of 
patients was 38 years (37, 33). This age distribution 
pattern is different from that found in South-East 
Asia where young children are affected predomi­
nantly. It should be noted, however, that a marked 
increase in the number of DHF cases in people 
over 15 years old has been observed in the Philip­
pines and Malaysia during recent years (38). Re­
garding the sex distribution, Cuba reported no 
significant female predominance, a finding that is 
in contrast with observations from Asia. 

The epidemics in Cuba and Brazil were clearly 
associated with dengue-2 virus. In both countries 
dengue-I had been introduced 4 years earlier, 
after a period of several decades of absence of 
dengue virus circulation. However, a major epi­
demic occurred in Cuba while only relatively small 
outbreaks have been observed in Brazil. Other 
countries such as Peru and Ecuador have experi­
enced a similar sequence of dengue infections with 
these serotypes, but no DHF epidemics were re­
corded. A distinct epidemiological pattern was ob­
served in Venezuela and in French Guiana where 
dengue was endemic for over 20 years before the 
emergence of the first epidemics of DHF in 1989-
1990 and 1990-1991 respectively. Dengue-2 was 
predominant in Venezuela (29) and in French 
Guiana (39) and the only serotype found in the 
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tissues of fatal cases in Venezuela (29). In French 
Guiana, the dengue-2 strains isolated during the 
DHF outbreak and during an outbreak of dengue 
fever that occurred in 1986 were genetically similar 
and belonged to the Jamaican genotype which in 
turn has a genome sequence very close to dengue-2 
strains from Viet Nam where DHF is highly endem­
ic (39). These findings illustrate the complexity of 
the factors responsible for triggering DHF. Studies 
in Cuba suggested that individual risk factors for 
DHF include chronic diseases such as bronchial 
asthma, diabetes mellitus and sickle cell anaemia, 
and that race seems also to be important, since 
DHF / DSS was more prevalent in white than in 
black persons ( 40 ). 

Overall, the case-fatality rate (CFR) of DHF in 
the Americas is 1.4% (Fig. 2). However, a marked 
variation has been observed among countries. In 
1995, the CFR ranged from 8.3% in Puerto Rico to 
0.8 % in Venezuela. This variation could be due to 
several factors such as reporting criteria, viral 
strain, case management, host genetic factors and 
possibly other causes. 

Causes of the emergence/re-emergence 
In 1947, PAHO was entrusted by its Directing 
Council to organize a hemispheric campaign to 
eradicate the mosquito Aedes aegypti. By 1962, 
18 continental countries and several Caribbean 
island countries had successfully eradicated the 
vector. Unfortunately, after 1962 only 3 additional 
countries eliminated the vector. Even more seri-

ous, however, was that the countries that had 
achieved eradication became reinfested in the 
1960s and in subsequent decades. Countries still 
infested (the United States, Cuba and some other 
Caribbean islands, Venezuela) became sources of 
reinfestation for those that had eradicated the vec­
tor. Other reasons for the programme's failure 
include reduced political support, resulting in in­
adequate management and scarcity of trained tech­
nical personnel; resistance of A. aegypti to chlori­
nated insecticides and high cost of materials, 
equipment and wages. There was progressive dis­
semination of the vector so that by 1997 with the 
exception of Canada, Chile and Bermuda, all 
countries in the Americas are infested. Map 1 
shows the distribution of A. aegypti before and after 
the achievements of the eradication programme, 
where it can be seen that the mosquito has re­
gained most of its original distribution. The prac­
tice of water storage in domestic settings due to the 
problems of water supply and the exponential 
growth of containers that can hold water (tires, 
disposable containers) greatly contribute to the 
increase of vector densities favouring virus trans­
mission. Other factors contributing to the emer­
gence/re-emergence of dengue/ DHF include the 
rapid growth and urbanization of populations in 
Latin America and the Caribbean, and increased 
travel of persons which facilitates dissemination of 
dengue viruses. At present, all 4 dengue serotypes 
are circulating in the Americas, thus increasing the 
risk for DHF in this region. 

Map 1 Distribution of Aedes aegypti in the Americas, 1930, 1962 and 1997 

Carte 1 Repartition d'Aedes aegypti dans les Ameriques, 1930, 1962 et 1997 

1930 1962 1997 
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Fig. 2 
Number of reported cases (deaths) of dengue 
haemorrhagic fever in the Americas by country/territory, 
1981-1996a 

Nombre de cas (deces) de fievre hemorragique notifies 
dans la Region des Ameriques, par pays/territoire, 
1981-1996a 

Venezuela ::::::.::::::::::::::::::::::::::::::::::::::::::::::::: 22170 (207) 
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b Martinique 17 (1), Suriname 11 (0), Dominica-Dominique 11 (0), 
Guadeloupe 7 (3), Trinidad and Tobago- Trinite-et-Tobago 7 (1), 
Panama 3 (1 ), Grenada - Grenade 3 (0), Aruba 2 (2), Barbados -
Barbade 2 (1). Costa Rica 1 (0) Saint Lucia- Sainte-Lucie 1 (0), 
Saint Kitts and Nevis - Saint Kitts-et-Nevis 1 (0). 

December 1989 and April 1990, when it was de­
clared over. Dengue-2 was the predominant sero­
type isolated from cases but serotypes 1 and 4 were 
also recovered from patients; although no isolate 
were obtained from fatal cases, immunohistochem­
ical analysis performed with formalin-fixed paraf­
fin-embedded tissues of fatal cases revealed the 
presence of dengue-2 antigen in the liver of 4 of 
them (29). The epidemic in Venezuela recurred in 
the second half of 1990 and every year since then. 

Between 1981 and 1996 a total of 42 246 cases 
of DHF and 582 deaths were reported by 25 coun­
tries in the Americas. Fig. 2 shows the distribution 
of cases by country where it- can be observed that 
22 170 (53%) of the reports originated from 
Venezuela. It can also be seen that excluding Cuba 
and Venezuela, the number of cases by country 
varies from 1 to 3 740. Colombia, Nicaragua and 
Mexico have each reported over 1 OOO cases, most 
of which during the period 1992-1996. About 74% 
of the Colombian cases were notified during 1995-
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1996 whereas 97% of the Mexican cases were re­
ported during 1995-1996. In Brazil, 4 fatal cases 
which exhibited fever, haemorrhages and shock 
occurred during 1986-1987 and were associated 
with dengue-I virus; confirmation was obtained by 
virus isolation or by antigen detection (22). In 
1990-1991 an outbreak ofDHFwas recorded in Rio 
de Janeiro, Brazil (30) and 24 cases with 11 deaths 
occurred in the Brazilian State of Ceara in 1994 
(31). 

Studies of DHF cases in the Americas (32, 29, 
33, 34) revealed similarities to the clinical manifes­
tations exhibited by DHF patients in Asia. How­
ever, the incidence of gastrointestinal haemor­
rhages observed in Cuba and Puerto Rico seem to 
be higher than that seen in Thai children (35). 
Liver necrosis was described in 70% of 72 children 
who died of DHF in Cuba in 1981 (35). Severe 
neurological manifestations, renal failure and myo­
carditis have been occasionally reported in the 
Americas (31, 36, 37). 

The age distribution ofDHF cases in the Amer­
icas is different to that observed in Asia. In the 
outbreaks in Cuba and Venezuela the disease has 
occurred in all age groups, although children 
under 15 years of age have comprised about two­
thirds of the fatalities. Studies of DHF cases that 
fulfilled WHO's criteria done in Brazil (34) showed 
a modal age range of 31-45 years. Observations 
made in Puerto Rico showed distinct age distribu­
tion patterns of cases that fulfilled WHO's criteria: 
in 1986 two-thirds of the cases were under 15 years 
of age, but during 1990-1991 the mean age of 
patients was 38 years (37, 33). This age distribution 
pattern is different from that found in South-East 
Asia where young children are affected predomi­
nantly. It should be noted, however, that a marked 
increase in the number of DHF cases in people 
over 15 years old has been observed in the Philip­
pines and Malaysia during recent years (38). Re­
garding the sex distribution, Cuba reported no 
significant female predominance, a finding that is 
in contrast with observations from Asia. 

The epidemics in Cuba and Brazil were clearly 
associated with dengue-2 virus. In both countries 
dengue-I had been introduced 4 years earlier, 
after a period of several decades of absence of 
dengue virus circulation. However, a major epi­
demic occurred in Cuba while only relatively small 
outbreaks have been observed in Brazil. Other 
countries such as Peru and Ecuador have experi­
enced a similar sequence of dengue infections with 
these serotypes, but no DHF epidemics were re­
corded. A distinct epidemiological pattern was ob­
served in Venezuela and in French Guiana where 
dengue was endemic for over 20 years before the 
emergence of the first epidemics of DHF in 1989-
1990 and 1990-1991 respectively. Dengue-2 was 
predominant in Venezuela (29) and in French 
Guiana (39) and the only serotype found in the 
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Prevention and control 
The high number of dengue and DHF cases, the 
presence of all 4 dengue virus serotypes in the 
Region, and the extensive range of the vector make 
it necessary to intensify disease prevention and 
control activities. 

Unfortunately a vaccine against dengue is not 
available at present. A live attenuated tetravalent 
vaccine developed in Thailand looks promising, 
but field efficacy trials have not yet been under­
taken. In parallel, efforts are being made to devel­
op a genetically engineered dengue vaccine. Dif­
ferent approaches are being explored such as chi­
meric infectious clone using dengue-2 attenuated 
or 1 7D yellow fever strains as backbones, and a 
DNA naked vaccine. Despite these efforts it may 
take 5-10 years before a vaccine safe and efficacious 
for the immunization of children becomes avail­
able. 

Therefore vector control is at present the only 
approach to combat dengue/DHF. Recent discus­
sions concerning a new effort to eradicate the vec­
tor from the Americas have not been well received 
by Member countries generally because of high 
cost, the need for hemispheric commitment and 
implementation, and various operational obstacles 
(such as difficulties in establishing vertical pro­
grammes and problems accessing certain slum 
areas). At a meeting in Caracas, Venezuela, in April 
1997, experts recommended a 5-step approach be­
ginning with control programmes and leading to 
eventual eradication. 

PAHO has developed guidelines (35) for the 
prevention and control of dengue/DHF and 
A. a,egypti which include several components that 
should be implemented together. These compo­
nents are as follows: ( a) epidemiological surveil­
lance (active, with laboratory support); (b) educa­
tion of the medical community to recognize and 
properly treat dengue/DHF cases; (c) entomologi­
cal surveillance; (d) vector control with emphasis 
on source reduction utilizing environmental man­
agement (improvement of water supply, adequate 
solid waste management, naturalistic methods), 
chemical methods and biological control; (e) com­
munity participation with efforts oriented towards 
the elimination or proper handling of potential 
breeding sites, physical protection of water storage 
areas and clean up campaigns; and {f) emergency 
plans to cope with epidemics of dengue/DHF. 

There is a lack of well organized and effective 
control programmes at present as evidenced by the 
frequent outbreaks/ epidemics of dengue fever 
and the increase of DHF in several countries. 
Emergency measures to combat the epidemics 
have had limited impact. A reliance on emergency 
as the basis for response to this disease cannot be 
successful. Rather, countries must dedicate them­
selves to coordinated prevention and control pro­
grammes in order to be effective. 

Wld hlth statist. quart., 50 (1997) 

Summary 

About two-thirds of the world's population live in areas 
infested with dengue vectors, mainly Aedes aegypti. All 
four dengue viruses are circulating, sometimes simulta­
neously, in most of these areas. It is estimated that up to 
80 million persons become infected annually although 
marked underreporting results in the notification of 
much smaller figures. Currently dengue is endemic in all 
continents except Europe and epidemic dengue haem­
orrhagic fever (DHF) occurs in Asia, the Americas and 
some Pacific islands. The incidence of DHF is much 
greater in the Asian countries than in other regions. 

In Asian countries the disease continues to affect chil­
dren predominantly although a marked increase in the 
number of DHF cases in people over 15 years old has 
been observed in the Philippines and Malaysia during 
recent years. In the 1990's DHF has continued to show 
a higher incidence in South-East Asia, particularly in 
Viet Nam and Thailand which together account for more 
than two-thirds of the DHF cases reported in Asia. 
However, an increase in the number of reported cases 
has been noted in the Philippines, Lao People's Demo­
cratic Republic, Cambodia, Myanmar, Malaysia, India, 
Singapore and Sri Lanka during the period 1991-1995 
as compared to the preceding 5-year period. 

In the Americas, the emergence of epidemic DHF oc­
curred in 1981 almost 30 years after its appearance in 
Asia, and its incidence is showing a marked upward 
trend. In 1981 Cuba reported the first major outbreak of 
DHF in the Americas, during which a total of 344 203 
cases of dengue were notified, including 10 312 severe 
cases and 158 deaths. The DHF Cuban epidemic was 
associated with a strain of dengue-2 virus and it oc­
curred four years after dengue-1 had been introduced in 
the island causing epidemics of dengue fever. Prior to 
this event suspected cases of DHF or fatal dengue 
cases had been reported by five countries but only a few 
of them fulfilled the WHO criteria for diagnosis of DHF. 
The outbreak in Cuba is the most important event in the 
history of dengue in the Americas. Subsequently to it, in 
every year except 1983, confirmed or suspected cases 
of DHF have been reported in the Region. The second 
major outbreak in the Americas occurred in Venezuela 
in 1989 and since then this country has suffered epi­
demics of DHF every year. 

Between 1981 and 1996 a total of 42 246 cases of DHF 
and 582 deaths were reported by 25 countries in the 
Americas, 53% of which originated from Venezuela and 
24 % from Cuba. Colombia, Nicaragua and Mexico have 
each reported over 1 OOO cases during the period 1992-
1996. About 7 4 % of the Colombian cases and 97% of the 
Mexican cases were reported during 1995-1996. 

A main cause of the emergence of DHF in the Americas 
was the failure of the hemispheric campaign to eradi­
cate Aedes aegypti. Following a successful period that 
resulted in the elimination of the mosquito from 18 coun­
tries by 1962, the programme began to decline and as 
a result there was a progressive dissemination of the 
vector so that by 1997 with the exception of Canada, 
Chile and Bermuda, all countries in the Americas are 
infested. Other factors contributing to the emergence/ 

167 



re-emergence of dengue/DHF include the rapid growth 
and urbanization of populations in Latin America and the 
Caribbean, and increased travel of persons which facil­
itates dissemination of dengue viruses. Presently, all 
four dengue serotypes are circulating in the Americas, 
thus increasing the risk for DHF in this region. 

Resume 

La situation mondiale de la dengue et de 
la dengue hemo"agique et leur emergence 
dans les Ameriques 

Pres des deux tiers de la population mondiale vivent 
dans des regions infestees par les vecteurs de la 
dengue, et principalement par Aedes aegypti. Les qua­
tre virus de la dengue circulent, parfois simultanement, 
dans la plupart de ces regions. On estime que jusqu'a 
80 millions de personnes seraient infectees chaque 
annee, bien qu'une nette sous-notification se traduise 
par la declaration de chiffres beaucoup mains impor­
tants. Actuellement, la dengue sevit a l'etat endemique 
sur tous les continents sauf en Europe, et la dengue 
hemorragique sevit sur le mode epidemique en Asie, 
dans les Ameriques et dans certaines iles du Pacifique. 
L'incidence de la dengue hemorragique est beaucoup 
plus importante dans les pays d'Asie que dans d'autres 
regions. 

Dans les pays d'Asie, la maladie continue de toucher 
principalement les enfants, bien que l'on ait observe une 
augmentation sensible du nombre de cas de dengue 
hemorragique chez les personnes de plus de 15 ans 
aux Philippines et en Malaisie ces dernieres annees. 
Dans les annees 90, !'incidence de la dengue hemorra­
gique est restee plus elevee en Asie du Sud-Est, en 
particulier au Viet Nam et en Tha'ilande, ou l'on denom­
bre plus des deux tiers des cas notifies en Asie. Toute­
fois, une augmentation du nombre de cas notifies a ete 
enregistree aux Philippines, en Republique democra­
tique populaire lao, au Cambodge, au Myanmar, en 
Malaisie, en lnde, a Singapour et au Sri Lanka pendant 
la periode 1991-1995 par rapport a la periode de 5 ans 
precedente. 

Dans la Region des Ameriques, la dengue hemorragi­
que epidemique a fait son apparition en 1981, soil une 
trentaine d'annees apres l'Asie, et son incidence accu­
se une tendance marquee a la hausse. En 1981, Cuba 
a signale la premiere flambee d'importance de dengue 
hemorragique aux Ameriques. Pendant l'epidemie sur­
venue a Cuba, 344 203 cas de dengue ont ete notifies, 
dont 10 312 classes comme cas graves et 158 mortels. 
L'epidemie de dengue hemorragique a Cuba etaitasso­
ciee a une souche du virus de la dengue 2 et s'est 
produite 4 ans apres que le virus de la dengue 1 eut fail 
son apparition sur l'ile, entrainant des epidemies. Avant 
cela, des cas suspects de dengue hemorragique ou 
des cas mortels de dengue avaient ete declares par 
cinq pays, mais seuls quelques-uns repondaient aux 
criteres de diagnostic de la dengue hemorragique eta­
blis par l'OMS. La flambee de Cuba est la plus impor­
tante manifestation survenue dans l'histoire de la den­
gue aux Ameriques. A la suite de celle-ci, chaque 
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annee, sauf en 1983, des cas suspects ou confirmes de 
dengue hemorragique ont ete notifies dans la Region. 
La deuxieme flambee majeure aux Ameriques s'est 
produite au Venezuela en 1989 et, depuis, ce pays a 
con nu des epidemies de dengue Mmorragique chaque 
annee. 

Entre 1981 et 1996, 42 246 cas de dengue hemorragi­
que et 582 deces ont ete signales par 25 pays des 
Ameriques, dont 53% par le Venezuela et 24% par 
Cuba. La Colombie, le Nicaragua et le Mexique ont 
chacun signale plus de 1 OOO cas au cours de la periode 
1992-1996. Environ 7 4% des cas survenus en Colombie 
et 97% des cas survenus au Mexique ont ete notifies en 
1995-1996. 

L'une des principales causes de !'emergence de la 
dengue hemorragique dans les Ameriques a ete !'ab­
sence de campagnes d'eradication d'Aedes aegypti a 
l'echelle du continent. Apres une periode de succes qui 
s'est traduite par !'elimination du moustique dans 
18 pays en 1962,leprogrammeacommenceadecliner 
et, de ce fail, le vecteur a commence a se disseminer 
progressivement. au point qu'en 1997, a !'exception du 
Canada, du Chili et des Bermudes, tous les pays des 
Ameriques etaient infestes. Parmi les autres facteurs 
contribuant a l'emergence/reemergence de la dengue/ 
dengue hemorragique figurent la croissance rapide et 
!'urbanisation des populations d'Amerique latine et des 
Cara'ibes, et les mouvements accrus de personnes qui 
facilitent la dissemination des virus de la dengue. A 
l'heure actuelle, les quatre serotypes circulent dans les 
Ameriques, accroissant ainsi le risque de dengue he­
morragique dans cette region. 
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Meningococcal disease: public health burden and control 
Eugene Tikhomirova, Maria Santamariab & Karin Estevesc 

Introduction 
Meningococcal disease is one of the most impor­
tant medical emergencies demanding early diag­
nosis and effective therapy. Although effective, 
nontoxic and affordable antibiotics are available 
worldwide, the disease is still associated with a very 
high mortality and persistent neurological defects, 
particularly among infants and young children. 

Sporadic meningococcal meningitis occurs 
throughout the world, with seasonal variations, 
and accounts for 10-40% of endemic bacterial 
meningitis. Epidemic meningitis also occurs in any 
part of the world, but the largest and most fre­
quently recurring outbreaks have been in the semi­
arid area of sub-Saharan Africa, designated the 
"meningitis belt". 

The socioeconomic implications of epidemic 
meningitis can be disruptive. The control and pre­
vention of cerebrospinal meningitis (CSM) out­
breaks requires a massive amount of vaccine, medi­
cines, injection material, and logistic support from 
the national health authorities of the affected 
countries. Most countries face great difficulties in 
responding appropriately to these needs. In addi­
tion, routine health services and other important 
activities are disrupted. 

The current pandemic in the meningitis belt in 
Africa, causing thousands of deaths, has again fo­
cused global attention on meningitis. To respond 
to the current situation and the expected spread of 
the disease, WHO, in collaboration with its Mem­
ber States and various governmental and non-gov­
ernmental agencies, has developed a sustainable 
plan of action for preparedness and control of 
meningococcal disease in the region. 

Endemic disease 
Meningococcal disease is a contagious disease 
caused by the meningococcus (N. meningi,tidis), a 
gram-negative bacterium. Thirteen serogroups 
based on the specificity of the capsular polysaccha-
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rides are currently recognized (A, B, C, D, H, I, K, 
L, Wl35, X, Y, Zand Z'). Meningitis is the most 
common clinical expression of the infection, par­
ticularly during epidemics, while meningococcal 
septicaemia (meningococcaemia), is less common 
but highly fatal. 

In its endemic form, meningococcal disease 
causes sporadic cases or small dusters. The rates of 
endemic meningococcal disease range from 1 to 5 
per 100 OOO population in Europe and North 
America. In developing countries, particularly in 
the sub-Saharan arid area, the incidence rate be­
tween epidemics varies from <10 to >20 per 
100 OOO ( 1). In many countries, endemic meningo­
coccal disease cannot be distinguished from other 
causes of purulent meningitis because laboratory 
facilities are lacking, and meningococcal meningi­
tis is thus reported as part of bacterial meningitis. 
Over 80% of cases of bacterial meningitis are 
caused by three bacteria: Neisseria meningi,tidis, 
Streptococcus pneumoniae and Haemophilus influenzae 
type b. Meningococcal meningitis or cerebrospinal 
meningitis ( CSM), caused by N. meningi,tidis, is the 
only one which occurs in epidemic form. Apart 
from epidemics, at least 1.2 million cases of bac­
terial meningitis are estimated to occur every year; 
135 OOO of them are fatal (Tabl.e 1). Approximately 
500 OOO of these cases and 50 OOO of deaths are due 
to meningococcus. 

During non-epidemic conditions in developed 
countries, 50-60% of the cases occur in children 
3 months to 5 years of age, but cases are also seen in 
teenagers and young adults under 25-30 years of 
age. In countries within the meningitis belt the 
maximum incidence is usually found among chil­
dren aged 5-10 years. Household contacts of pa­
tients with meningococcal disease have a risk of 
acquiring infection equal to approximately 600-
1 OOO times the age-specific incidence in the gener­
al population. Meningococcal infection affects 
both sexes but males have a higher incidence. 
Young people living in closed communities, such 
as boarding schools, are affected more than other 
individuals. Meningococcal disease is also consid­
ered a military disease, as its incidence among non­
vaccinated recruits is at least 4-10 times higher than 
in the general population. In the northern hemi­
sphere, including subtropical countries, a seasonal 
upsurge in meningococcal disease occurs in winter 
and spring, beginning in December:January and 
culminating in March-April ( 1 ). 
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Table 1 
Estimated global number of cases and deaths from bacterial meningitis by WHO Region, 1997 

Tableau 1 
Nombre mondial estime de cas de meningite bacterienne et nombre de deces, par Region OMS, 1997 

WHO Region- Bacterial meningitis -
Region OMS Meningite bacterienne 

All- Disabled-
Nombre Nombre 

total d · incapacites 

Africa - Afrique 500 OOO 75 OOO 

America - Les Ameriques 80 OOO 9 OOO 

Eastern Mediterranean -
Mediterranee orientale 150 OOO 20 OOO 

Europe 100 OOO 10 OOO 

South-East Asia -
Asie du Sud-Est 160 OOO 20 500 

Western Pacific -

Pacifiq ue occidental 210 OOO 25 500 

Total 1 200 OOO 160 OOO 

Of the 13 serogroups of N. meningitidis, sero­
group B is a predominant agent causing systemic 
disease, followed in frequency by serogroup C both 
in Europe and in the Americas (Map ]). Sero­
group A meningococcus, historically the main 
cause of epidemic meningococcal disease all over 
the world, still dominates in Africa and Asia during 
both endemic and epidemic periods. Although re­
porting is incomplete, available information clear-

Meningococcal meningitis -
Meningite a meningocoque 

Fata - All- Disabled- Fatal-
Nombre Nombre Nombre Nombre 
de deces total d'incapacites de deces 

60 OOO 250 OOO 31 OOO 27 OOO 

9 OOO 30 OOO 5 OOO 2 500 

16 OOO 50 OOO 6 OOO 5 OOO 

10 OOO 40 OOO 2 OOO 3 OOO 

17 OOO 55 OOO 7 500 5 500 

23 OOO 75 OOO 8 500 7 OOO 

135 OOO 500 OOO 60 OOO 50 OOO 

ly indicates a global increase of meningococcal 
disease. In industrialized countries, where statistics 
are available, both overall increased incidence and 
series of local outbreaks were associated with sero­
group C meningococci, e.g. in the Czech Republic, 
England and Wales, Finland, France, Israel, Spain 
and the United States since the early 1990s. An 
upsurge of meningococcal serogroup C disease was 
due to the emergence and spread of particular 

Map 1. Distribution of predominant N. meningitidis serogroups (A, B & C), 1996--1997 

Carte 1. Repartition des serogroupes de N. meningitidis predominants (A, Bet C), 1996-1997 
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strains (phenotypes) such as C:2a:Pl.2,5 and 
C:2b:Pl.2,5. 

Epidemic disease 
In the 1960s, meningococcal infection was no 
longer considered to be a serious problem in Eu­
rope and North America. It was still a permanent 
public health problem in countries situated in the 
African meningitis belt where large outbreaks used 
to occur every 8-12 years. The intervals between 
epidemics have now become shorter and more 
irregular, particularly in regions ·with extensive 
mixing and communication bet\veen populations. 
Outside the meningitis belt, no evident periodicity 
has been observed. 

The increasing trend noted in a number of 
countries of the Americas, Asia and Europe since 
the early 1970s, shows a characteristic pattern of 
recurrent epidemics and persistent sporadic cases. 
Although the epidemics are far less severe outside 
the African meningitis belt, it is evident that epi­
demic meningococcal disease in the past two 
decades has become a worldwide problem which 
can affect any country regardless of climate 
(Map 2). 

Several countries in Europe (Belgium, France, 
Italy, Portugal, Spain, United Kingdom and the 
former Yugoslavia) reported significant increases 
or outbreaks (Finland, Norway, Russia) in the 
1970s. Increased activity was also reported in 
Argentina, and outbreaks in Algeria, Brazil, Chile, 
Mongolia, and Vietnam. In the 1980s, an epidemic 

wave of meningococcal disease spread over vast 
territories in Asia (India, Nepal) and in Africa 
(Map 2). Approximately 1 500 cases of meningo­
coccal meningitis occurred in the Kathmandu Val­
ley, Nepal, in 1982-1984 with an annual attack rate 
of 103 cases per 100 OOO population. In 1985, New 
Delhi experienced an outbreak after a lapse of 
almost 20 years; 6 133 cases were reported, and the 
overall case-fatality rate was 13%, the highest occur­
ring in children under 1 year of age (25.5%). An 
epidemic of group B meningococcal disease oc­
curred in Cuba in 1982-1984, and in Chile in 1986 
and 1993. An epidemic of group A meningococcal 
disease occurred in Mongolia in 1994-1995 and 
local outbreaks due to group C meningococcus 
were reported in Canada and the United States in 
1992-1993 (J)and in Spain in 1995-1997. 

Meningococcal disease is particularly severe 
across sub-Saharan Africa where large epidemics 
occur periodically with attack rates that may ex­
ceed 500 per 100 OOO population. Tahl.e 2 presents 
the reported and estimated number of CSM cases 
(per decade) in this hyperendemic area, during 
the period 1970 to September 1997. These num­
bers are not far from the 340 OOO cases with 53 OOO 
deaths reported in the 10-year period, 1951-1960 
(2). 

In the 1980s epidemics of meningococcal dis­
ease occurred throughout the meningitis belt in 
Benin, Burkina Faso, Chad, the Gambia, Ghana, 
Mali, Niger, Nigeria, Senegal and Togo, culminat­
ing in severe epidemics in Ethiopia and Sudan in 

Map 2. Major outbreaks of meningococcal meningitis, 1971-1997 
Carte 2. Principales epidemies de meningite a meningocoques, 1971-1997 
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Table 2 
Number of cases of cerebrospinal meningitis reported in the African meningitis belt, 1970-1997 

Tableau 2 
Nombre de cas de meningite cerebrospinale signales dans la ceinture africaine de la meningite, 1970-1997 

Year- Annee 

1970-1979 
1980-1989 
1990-1997 

Number of cases -
Nombre de cas 

236 608 
388 762 
379 992a 

• Reported up to 1 October 1997. - Notifies au 1er octobre 1997. 
b By 31 December 1999. - Au 31 decembre 1999. 

Table 3 

Adjusted for incomplete reporting -
Apres ajustement pour tenir compte des donnees incompletes 

298 850 
389 540 

> 500 OOOb 

Cases (and deaths) of cerebrospinal meningitis reported in selected African countries, 1996 and 1997 

Tableau 3 
Nombre de cas de meningite cerebrospinale (et nombre de deces) signales par differents pays africains en 1996 et 1997 

Benin - Benin 

Burkina Faso 
Burundi 

Country - Pays 

Cameroon - Cameroun 

Central African Republic -
Republique centrafricaine 
Chad-Tchad 

Cote d'Ivoire 
Democratic Republic of the Congo -
Republique democratique du Congo 
Eritrea - Erythree 
Ethiopia - Ethiopia 
Gambia - Gambie 

Ghana 
Guinea - Guinee 
Malawi 

Mali 

Mauritania - Mauritania 

Mozambique 
Niger 

Nigeria - Nigeria 

Senegal - Senegal 

Sudan - Soudan 
Togo 
United Republic of Tanzania -
Republique-Unie de Tanzania 

Zambia - Zambie 

Total 

1996 
Gases-Cas 

699 

42129 
138 

178 

155 

1 079 

86 

771 

479 

89 

269 

7 254 

2 132 
16 145 

77 089 

301 

517 

1 286 

1 897 

152 693 

1987-1989 (Map 2). More than 30 OOO cases were 
reported in Sudan in 1988, the year of peak inci­
dence, and over 40 OOO cases in Ethiopia in 1989. 

Since the mid-1990s epidemics in the African 
meningitis belt have been on an unprecedented 
scale (Table 3). Over 150 OOO cases were reported to 
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1997 
Deaths - Deces 

84 

4 226 

32 

30 

22 

109 

11 

11 

41 

15 

29 

10 960 

121 
1 502 

8 651 

100 

204 

194 

16 213 

Cases-Cas 

360 
21 504 

10 
158 

1 210 

7 

913 

18 551 

51 

10 960 

11 

101 

3 922 

13 

176 

2 845 

69 
60 861 

Deaths - Deces 

54 

2 426 

3 
17 

120 

1 403 

4 

1 106 

2 

18 

442 

4 

427 

6 027 

\\'HO during the 1996 season, of which about 
16 OOO were fatal. Nearly 95% of all cases and 
deaths in Africa in 1996 occurred in 4 countries: 
Burkina Faso, Mali, Niger and Nigeria. The antici­
pated continuation of CSM epidemics during the 
1997 season materialized, with large outbreaks in 
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Burkina Faso, the Gambia, Ghana, Mali, Niger and 
Togo (Tab/,e 3). 

The epidemics that occurred towards the end 
of the 1980s through the 1990s in Burundi, Central 
African Republic, Democratic Republic of the 
Congo (formerly Zaire), Kenya, Rwanda, United 
Republic of Tanzania, Uganda and Zambia are 
examples of the spread of the disease outside its 
usual boundaries. If this is truly a new characteristic 
of the epidemiology of meningococcal disease, it 
could be due to climate change with subsequent 
extension of drought areas, or increased mobility 
of the population whether by voluntary travel, or 
because of massive migration of internally dis­
placed and refugee populations. The outbreaks 
may also reflect the introduction of a new menin­
gococcal strain into susceptible populations. 

Epidemics in Africa spread rapidly and reach 
their peak within weeks, but can last for several 
months in the absence of vaccination. Often the 
epidemic recurs for 2-3 years starting with a local 
outbreak in a city or a rural region in the first year 
followed by a more widespread and intense epi­
demic the next year. Incidence rates then often 
remain elevated during the subsequent 1-2 years 
with successive seasonal outbreaks separated by 
periods of remission. This pattern seen at the pro­
vincial or national level may result from the combi­
nation of a number of local outbreaks, spreading 
from place to place throughout the country, in 
particular along the transport axes. In regions 
without marked seasons, epidemics can last for 
6 months or more in the absence of vaccination. 
While sporadic cases generally occur among young 
children, the epidemics often result in broader age 
distribution involving older children, teenagers 
and young adults. 

Conditions favouring epidemics 
Epidemics are favoured by multiple factors related 
to the microorganism, the host and the environ­
ment. Interactions between these factors may ex­
plain the periodicity and seasonal patterns of epi­
demics, as well as the unusual age distribution 
among individuals who contract meningitis during 
an epidemic ( 4 ). 

Microorganism 
The risk of epidemic meningococcal disease differs 
between serogroups. The most explosive epide­
mics have been almost exclusively associated with 
serogroup A, but B and C serogroups can also 
cause outbreaks. Certain strains of meningococci 
are more virulent and more likely to cause out­
breaks. The spread of a single clone of serogroup A 
N meningitidis designated as an epidemic clone 
111.1 has been associated with the current pande­
mic. This particular strain may be linked to the 
epidemic which started in China and, after passing 
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through Nepal and Northern India, caused a large 
outbreak in Mecca in 1987 (5). It subsequently 
caused a CSM pandemic in Africa and has been 
identified in Burundi, Central African Republic, 
Chad, Democratic Republic of the Congo, 
Ethiopia, the Gambia, Guinea, Kenya, Mali, Niger, 
Nigeria, Rwanda, Sudan, South Africa, United 
Republic of Tanzania and Zambia (5, 6, 7). Particu­
lar clones of N meningitidis serogroups B and C 
have been responsible for clusters and local out­
breaks in Australia, Canada, New Zealand, United 
Kingdom and the United States (3, 8). 

Host 
Nasopharyngeal carriage permits the infection to 
persist in the community. Although an increasing 
carrier rate could raise the risk of infection among 
non-immune individuals there is no constant and 
close relationship between the carrier rate and the 
incidence of disease (9). Humoral immunity is an 
essential factor in the prevention of meningococ­
cal disease. Waning herd immunity to a particular 
strain in a population may be necessary for an 
outbreak to occur and could contribute to the 
regularity of epidemic cycles in sub-Saharan Africa 
( 4 ). Concurrent infections may predispose to me­
ningococcal infection. During a group A meningo­
coccal epidemic in Chad in 1988, patients with 
meningococcal meningitis were about 23 times 
more likely than matched control patients to have 
nasopharyngeal shedding of respiratory patho­
gens, including Mycoplasma hominis, adenoviruses, 
parainfluenza viruses, rhinoviruses and respiratory 
syncytial virus (4). In temperate countries, an in­
crease in the incidence of meningococcal disease 
has been observed to follow outbreaks of influenza. 

Environment 
Climate factors play an important role in the 
seasonal upsurge of meningococcal disease. Peak 
activity is in general in periods of low absolute 
humidity, such as the winter in temperate climate 
zones and the dry season in Africa. Drought and 
dust storms in sub-Saharan Africa can help the 
spread of infection while the onset of the rainy 
season often leads to the end of the epidemic. Poor 
living conditions and overcrowded housing are 
linked with a higher incidence of meningococcal 
disease. During a recent epidemic in Nairobi, the 
highest attack rates occurred in two districts, 
Kasarani and Kibera, where the city's largest slums 
are located (10). Travel and migration facilitate the 
circulation of virulent strains within a country or 
between countries. Imported cases of group A me­
ningococcal disease in Moscow in 1996 (WHO 
data), in Canada in 1997 ( 11) and a cluster of cases 
of meningococcal disease during an international 
youth football tournament in Belgium (12) are re­
cent examples. Large population movements such 
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Map 3. Meningococcal meningitis associated with Haj, 1987 

Carte 3. Meningite a meningocoques associee au Hadj, 1987 

Europe/North America 
Europe/Amerique du Nord 

35/100 OOO 
> 7 x endemic rate 

> 7 x le taux d'endemicite 

Africa/Afrique 
14/100 OOO 

Total = endemic - taux d'endemicite WH097507 

960 OOO pilgrims - pelerins 
735 cases - cas 

77/100 OOO 

as a pilgrimage play a major role in the spread of 
infection and disease. The outbreak which oc­
curred in Mecca in 1987, at the end of the pilgrim­
age period, caused more cases among pilgrims 
than among the Saudi population. The incidence 
rates of meningococcal disease among pilgrims 
originating from Asia, North America, Europe, 
and the Eastern Mediterranean far exceeded the 
endemic rates in these areas (see Map 3). Other 
large population displacements, e.g. refugees, may 
pose similar risks ( 13 ). 

Group A epidemics have almost disappeared 
from memory of both the medical community and 
the general public in industrialized countries dur­
ing a quiescent phase which has lasted half a centu­
ry. The tremendous increase in international travel 
resulting in people moving further and quicker 
across the globe has accelerated the speed with 
which bacteria move from population to popula­
tion and the potential for epidemic meningitis in 
industrialized countries is becoming alarmingly 
real as well. 

From epidemic response to epidemic 
preparedness 
The recent epidemics of meningococcal disease 
were exceptionally severe and few of the affected 
countries in Africa were adequately prepared to 
cope with these emergencies. The need to rein­
force national capacity for preparedness, detection 
and control of epidemic meningitis, particularly in 
the African meningitis belt, recognized as a public 
health priority by governments and the interna-

Wld hlth statist. quart., 50 (1997) 

tional community, has been addressed in an inter­
national initiative led by WHO together with its 
Member States, collaborating centres and various 
governmental and non-governmental institutions. 

This initiative focuses on strengthening na­
tional and regional health systems in key areas, 
such as: 
• surveillance to monitor communicable diseases 

in the community and de tect outbreaks early; 
• laboratory capacity to diagnose communicable 

diseases and confirm outbreaks and their cause 
promptly; 

• policy guidelines for the use of vaccine; the 
creation of a contingency stock of vaccine and 
injection material to ensure the timely protec­
tion of the population at risk; and 

• protocols for the appropriate management of 
cases, particularly in remote areas deprived of 
adequate health services. 
Governments of 16 African countrks commit­

ted to the initiative meet in Burkina Faso in Octo­
ber 1996 to develop national plans of action. These 
plans include a national estimate of needs of vac­
cine and drugs based on criteria of population at 
risk, the epidemiological pattern of the disease, 
and available stocks of vaccine and other supplies 
at the country level. Similar steps were taken in 
countries at risk in the WHO Region for the East­
ern Mediterranean. The plans mark a shift from 
the epidemic response of the past to epidemic 
preparedness. 

In December 1996, an ad hoe working group 
further developed the WHO strategy for provision 
of vaccine while the two principal manufacturers of 
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CSM vaccine assigned to WHO the responsibility 
for assuring the best use of the vaccine available for 
epidemic control in 1997, some 14 million doses. 
An international coordinating group was estab­
lished in mid:January 1997 with representatives of 
the Federation of the International Red Cross and 
Red Crescent Societies, Medecins sans Frontieres, 
UNICEF, Association pour !'Aide a la Medecine 
preventive, and technical partners including WHO 
collaborating centres in France, Norway and the 
United States, as well as manufacturers of vaccine 
and autodestruct injection material. The coordi­
nating group started with an assessment of the 
anticipated need for meningococcal vaccine, treat­
ment drugs, injection and other material for the 
control of epidemic meningitis in Africa in the 
1997 season. The assessment, presented to the in­
ternational donor community in March 1997, re­
ceived a response which made it possible to imple­
ment epidemic control activities in Africa in 1997 
with an adequate and timely supply of vaccine and 
drugs along with autodestruct injection material. 

Although this international initiative was trig­
gered by the emergency resulting from the severe 
epidemics of meningococcal meningitis in Africa, 
it is sufficiently broad in scope to include other 
communicable diseases of public health impor­
tance at the local and national levels. 

Summary 

Meningococcal disease which is increasing globally is 
still associated with a high mortality and persistent 
neurological defects, particularly among infants and 
young children. Sporadic meningococcal meningitis 
occurs throughout the world, with seasonal variations, 
and accounts for 10-40% of endemic bacterial meningi­
tis. Epidemic meningitis occurs in any part of the world 
but the largest and most frequently recurring epidemics 
have been in the semi-arid area of sub-Saharan Africa 
where the current pandemic is associated with attack 
rates exceeding 500 per 100 OOO population and thou­
sands of deaths. In the Americas and Europe sero­
group B is the predominant agent causing systemic 
disease, followed in frequency by serogroup C. Sero­
group A meningococcus was historically the main 
cause of epidemic meningococcal disease globally and 
still predominates in Africa and Asia. A range of internal 
and external factors predispose for epidemics such as 
strain virulence, carriers, humoral immunity, co-infec­
tions, low humidity and drought, population movements 
and crowding. To respond to the current situation and 
the expected spread of the disease, WHO, in collabo­
ration with its Member States and various governmental 
and non-governmental agencies, has developed a 
sustainable plan of action for preparedness and control 
of meningitis. 

176 

Resume 

Affections meningococciques: importance pour 
la sante publique et efforts de Jutte 

Les affections meningococciques dont la frequence 
augmente dans le monde sont toujours associees a une 
forte mortalite et a des troubles neurologiques persis­
tants, surtout chez le nourrisson et le jeune enfant. La 
meningite a meningocoque est observee sporadique­
ment dans le monde entier avec des variations saison­
nieres et represente 10 a 40% de la meningite bacte­
rienne endemique. La meningite epidemique est obser­
vee dans toutes les parties du monde, mais les epide­
mies recurrentes les plus importantes et les plus fre­
quentes touchent la zone semi-aride de l'Afrique sub­
saharienne ou la pandemie actuelle avec des taux 
d'atteinte depassant 500 pour 100 OOO habitants, pro­
voque des milliers de deces. Dans les Ameriques et en 
Europe, le principal agent etiologique de la maladie 
generalisee est le serogroupe B suivi du serogroupe C. 
Le meningocoque du serogroupe A etait auparavant 
!'agent principal des epidemies a meningocoque dans 
le rnonde entier et l'est encore en Afrique et en Asie. II 
existe toute une serie de facteurs internes et externes de 
predisposition aux epidemies, par exemple la virulence 
des souches, la presence de porteurs, le deficit de 
l'immunite humorale, les co-infections, une faible humi­
dite et la secheresse, les mouvements de population et 
le surpeuplement. Pour faire face a la situation actuelle 
et a !'extension prevue de la maladie, !'Organisation 
mondiale de la Sante, en collaboration avec ses Etats 
Membres et differents organismes gouvernementaux et 
non gouvernementaux, a mis au point un plan d'action 
durable pour se preparer aux epidemies et les com­
battre. 
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Yellow fever in Kenya: the need for a country-wide 
surveillance programme 
Lee M. Dunstera, Eduard J. Sandersb, Peter Borusc & Peter M. Tukei d 

The emergence of yellow fever (YF) as a public 
health concern in 1992 took Kenya by surprise. 
Between 1966 and the 1992-1993 YF epidemic in 
Kenya, no human cases ofYF had been recorded in 
East Africa. In September 1992, 3 cases of haemor­
rhagic fever were reported to the Kenya Ministry of 
Health from the the southern part of the Kerio 
Valley, Keiyo District, and from Baringo and 
Koibatek Districts (formely Elgeyo-Marakwet and 
Baringo Districts) of the Rift Valley Province. Early 
in 1993 the disease was confirmed as YF (1). The 
official number of patients reported was 54, includ­
ing 29 fatalities (2). Medical record review and 
hospital-based disease surveillance identified per­
sons with haemorrhagic illness from three districts 
of the Rift Valley Province in the period between 
10 September 1992 and 11 March 1993. Twenty-six 
persons had serological and/ or virological evi­
dence of recent YF infection, and 5 confirmed YF 
cases died, resulting in a case-fatality rate of 19% 
(EJ. Sanders - personal communication, 1997). 
All patients with confirmed YF lived in rural areas. 
The potential risk for an urban outbreak was un­
derscored by the recognition of YF cases outside 
the area affected by the 1992-93 outbreak (3, 4, 5). 
Sur,eillance through 1995 identified 4 persons 
with confirmed YF infection who lived south of 
Eldama Ravine along the borders with the Kericho 
and Nakuru Districts, districts that were not target­
ed by the 1993 YF vaccination effort. These find­
ings highlighted the value of a sentinel surveillance 
system in detecting continued low-level transmis­
sion ofYF in Kenya and also increased awareness to 
the threat ofYF. Continued YF surveillance, includ­
ing expansion of the surveillance network, will pro­
vide vital information regarding the "wandering 
epizootics" that are believed to maintain YF trans­
mission (6). 

a Virologist, Virus Research Centre, WHO Collaborating Centre 
for Arbovirus and Haemorrhagic Fever Reference and 
Research, Kenya Medical Research Institute, Nairobi, Kenya. 

b Epidemic Intelligence Officer, Epidemic Intelligence Service, 
Division of Vector-Borne Infectious Diseases, Centers for 
Disease Control and Prevention, San Juan, Puerto Rico and 
Epidemiology Program Office, Centers for Disease Control 
and Prevention, Atlanta, GA. 

c Director, Virus Research Centre, Vl'HO Collaborating Centre 
for Arbovirus and Haemorrhagic Fever Reference and 
Research, Kenya Medical Research Institute, Nairobi, Kenya. 

d Research Officer, Virus Research Centre, Vl'HO Collaborating 
Centre for Arbovirus and Haemorrhagic Fever Reference and 
Research, Kenya Medical Research Institute, Nairobi, Kenya. 
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Yellow fever 
Yellow fever, as the type species of the Flaviviridae, 
is a mosquito-borne illness that exists in two dis­
tinct cycles, the sylvatic or jungle cycle and the 
urban cycle, the latter of which is often character­
ized by explosive epidemics usually transmitted by 
the mosquito vector Aedes aegypti. The mainte­
nance cycle ofYF virus relies on mosquito-monkey­
mosquito transmission (the sylvatic cycle) whereby 
a non-immune monkey is fed on by a YF infected 
mosquito and the monkey becomes viraemic. Dur­
ing the viraemic phase, mosquitoes feeding on the 
primate may, in turn, become infected and after an 
extrinsic incubation period of about 10-12 days, 
that mosquito too will become an effective vector 
of YF. This cycle is maintained largely in the tree 
canopies of forested areas and man becomes acci­
dentally infected when venturing into the forested 
area. Once a mosquito is infected, it remains so for 
life. Moreover, there is evidence of vertical trans­
mission ofYF in mosquitoes, albeit it at a low level; 
hence it is impossible to eradicate YF from a coun­
try once it has become established, i.e. the virus 
becomes endemic. 

The history of yellow fever in Kenya 
Periodic outbreaks of YF have been reported in 
East Africa since 1940 (Fig. 1), but none occurred 
in Kenya until 1992 (7-11). Comparison of nucleo­
tide sequences indicate that the virus isolated in 
the Kenya outbreak was closely related to previous 
isolates from the Sudan (1940), Ethiopia (1961) 
and Uganda (1964) (12). Another interesting ob­
servation is that all YF epidemics in East Africa 
occurred within the endemic transmission zone 
that was delimited by sero-surveys conducted 
between 1933 and 1943. Uganda and Eritrea lie 
within the transmission zone but have not docu­
mented epidemic YlF transmission (Fig. 1) ( 13, 14 ). 

Serosurveys conducted between 1940 and 1970 
identified four areas in Kenya where YF transmis­
sion had been active prior to the 1992-1993 epi­
demic, but only one human case was documented 
in 1943 (14-17). These areas were: Nairobi (1943), 
Coastal (1952), Marsabit and Kenya's border with 
Ethiopia (1967) (Fig: 2). No YF isolate was obtained 
from mosquito collections from any of these loca­
tions (18). 

It is dear from these surveys that YF activity was 
occurring at a very low level and that human infec­
tion was a rare occurrence. It has to be kept in 
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Fig. 1 
Yellow fever epidemic and endemic areas in East Africa 
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mind that isolated cases of YF can be difficult to 
diagnose and cases of clinical YF may have been 
occurring and simply gone unnoticed. This does 
not itself explain the apparent lack of clinical YF in 
Kenya prior to 1992. People may not have put 
themselves at risk of infection by encroaching into 
areas where the sylvatic cycle of YF is active, a 
situation that has changed today with increasing 
needs placed on the land for farming, housing and 
road construction. What happened in 1992 to pro­
duce an outbreak of YF in Kenya? Studies con­
ducted following the YF epidemic pointed to a 
n um her of factors that may have been important in 
the emergence of YF virus in the human popula­
tion (P. Reiter - personal communication, 1993). 
There was an exceptionally severe drought during 
the period 1991-1992 which would have led to a 
concentration of both primates and vectors at wa­
tering holes, coupled with the extensive rainfalls 
following the end of the drought which would 
favour increased mosquito populations. In addi­
tion, road construction and agricultural expansion 
into previously forested areas and cattle movement 
into the YF endemic area, potentially introducing 
Amblyomma ticks (implicated as potential reservoir 
vectors of YF in Central Africa) may have been 
determining factors ( 19). Entomological surveys in 
the affected areas of the Rift Valley were successful 
in isolating YF virus from Aedes africanus and Aedes 
keniensis, and blood samples from primates showed 
37% (13 of 35) seropositivity against YF although 
no virus was isolated. 

To prevent infection with YF, vaccination is the 
only effective public health intervention. In west 
African countries experiencing multiple YF epi­
demics, consideration has been given to include YF 
vaccination in the Expanded Programme oflmmu­
nizations (EPI). A cost-effectiveness model devel­
oped with data from Nigeria defined the age­
specific prevalence of immunity resulting from vac­
cination of infants and from natural endemic in­
fection. The data were used to predict the number 
of cases and deaths during hypothetical epidemics 
in 2006 and 2026, representing the historic period­
icity of epidemics. It was found that routine immu­
nization, as part of the EPI, would be 7 times more 
efficient in terms of yellow fever cases and deaths 
prevented, compared to the emergency mass vac­
cination campaigns (20). Conversely, the cost­
effectiveness of emergency control is significantly 
greater in the case of an epidemic oflimited scope. 
Despite these considerations, health planners have 
often concluded that the infrequent occurrence of 
YF epidemics does not justify annual assignment of 
scarce resources to a prevention programme. Since 
country-wide vaccination of the Kenyan popula­
tion may be unlikely in the immediate future, sur­
veillance for suspect cases of YF remains the only 
approach to identify unknown areas with YF trans­
mission for which a selective vaccination pro­
gramme should be put into action (21). 
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Yellow fever surveillance in Kenya 
The country-wide surveillance programme for YF 
has five components: active surveillance, diagnos­
tic services, research, training, and prevention. 

Active surveillance 
The Kenya Ministry of Health supports YF surveil­
lance at the national level and recognizes the im­
portant role of the Virus Research Centre of the 
Kenya Medical Research Institute (VRC-KEMRI) in 
monitoring disease activity. The surveillance activi­
ty itself is undertaken at the district level with close 
liaison with the Provincial Medical Officer (PMO) 
and the Provincial Public Health Officer (PPHO). 
The health care system in Kenya at the district level 
consists of: government hospitals, health centres 
and dispensaries. In addition there are a number 
of mission hospitals and private hospitals offering 
an independent service throughout the country. A 
unique feature of the active YF surveillance system 
in Kenya is the involvement of government health 
facilities, mission and private hospitals. Perhaps 
the single most important element of surveillance 
is the recognition of cases ofYF by front-line health 
care workers. Here, however, lies a significant 
problem as the differential diagnosis of early or 
mild cases ofYF is often difficult, especially where 
malaria, typhoid, leptospirosis, and viral hepatitis 
(hepatitis A and hepatitis B) are common. In addi­
tion, many health care workers are simply not 
aware that YF is a problem in Kenya, and some 
believe that because the people of Keiyo, Baringo 
and Koibatek districts have been vaccinated, the 
problem has gone away. 

To assist front-line health care workers in mak­
ing a clinical diagnosis, a YF case definition form 
has been produced by VRC-KEMRI to help identify 
suspected cases ofYF. The case investigation form 
has been in use since the inception of the YF sur­
veillance programme in 1993. A suspected case of 
YF is any patient with a complex of any two of the 
following symptoms: fever of >38 °C, jaundice, 
haemorrhage, signs of encephalitis or renal in­
volvement (5). A simplified version of the case 
investigation form is now in use. The original 
18 sentinel surveillance sites have been increased 
to 43, and the areas under surveillance include 
districts in west Kenya that border the YF endemic 
area (Fig. 3). Each new surveillance site has to be 
developed into an effective reporting centre by 
promoting awareness of YF and the surveillance 
programme ofVRC-KEMRI. Each surveillance site 
is given visual presentations on YF, its endemicity 
in Kenya, the modes of transmission, diagnosis, 
VRC-KEMRI, the need for surveillance and the 
positive benefits of the programme for the local 
community in the way of vaccination against YF if 
cases are discovered. This programme of educa­
tion is targeted at clinical officers, nursing and 
laboratory staff. The laboratory staff also get 
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Fig. 3 
Yellow fever/haemorrhagic fever surveillance health facilities, 
Kenya, 1996 -

Services de sante charges de la surveillance de la fievre jaune 
et des fievres hemorragiques, Kenya, 1996 
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training in how to process and store specimens for 
analysis by VRC-KEMRI. Due to the very high staff 
turnover, a problem common to all health care 
facilities, training and education is a continuing 
feature of the work. 

The delivery of specimens from the field loca­
tion to VRC-KEMRI in Nairobi produces its own set 
of problems. Most sites do not have the funding 
capacity to send specimens by courier so it is the 
job ofVRC-KEMRI to collect the samples from the 
reporting station. This is no easy task as a number 
of the sites are in remote locations and the cost­
effectiveness of driving to collect a single specimen 
is way too high. Therefore, in most cases the 
specimen(s) are collected during the monthly visit 
that is made to each surveillance site, which creates 
problems with the sensitivity of the the system to 
detect early transmission. 

The surveillance programme in Kenya is com­
plicated, as the influx of people from surrounding 
countries could tip the balance at anytime by intro­
ducing YF at an unsuspected point. In this respect, 
the northern regions of Kenya are home to thou­
sands of refugees who are housed in large encamp­
ments. Refugee camps have often been the sites of 
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numerous communicable diseases and because of 
overcrowding and remoteness, an outbreak can 
often take hold before the proper authorities can 
be informed. YF is a threat also in these situations 
because many refugees come from countries with 
documented YF activity, e.g. Sudan and Ethiopia. 
Therefore, the nenvork of surveillance centres in 
Kenya must take into account the whole country to 
build up greater knowledge of disease potential. 

Diagnostic services 
One of the goals of the Division of Emerging and 
other Communicable Diseases Surveillance and 
Control of the World Health Organization 
(WHO/EMC) is to establish a global nework of 
surveillance and reporting centres to monitor com­
municable diseases and to avail national and inter­
national response to contain epidemics. Global 
surveillance is based on a network of (WHO) Col­
laborating Centres of which VRC-KEMRI is desig­
nated a WHO Collaborating Center for Arbovirus 
and Haemorrhagic Fever Reference and Research. 
As part of the WHO/EMC directive to establish 
enhanced viral diagnostics in Kenya, the virology 
laboratory of VRC-KEMRI is being strengthened 
with the help of the US Centers for Disease Control 
and Prevention (CDC) by the addition of modern 
diagnostic techniques (including polymerase 
chain reaction [PCR]) to supplement the tech­
niques already available, and modernization of the 
diagnostic facility. In order to promote self-suffi­
ciency, this also includes the production of re­
agents used in the serological tests. Reagents such 
as virus antigens and immune serum can be pro­
duced with relative ease, but their quality must be 

Table 1 
Arbovirus diagnostic test capabilities at VRC-KEMRI 

Tableau 1 

carefully controlled and standardized. The VRC­
KEMRI laboratory will call on another WHO Col­
laborating Centre at the Division for Vector Borne 
Infectious Diseases of CDC located in Fort Collins, 
Colorado to independently test the reagents pro­
duced in Kenya. Reagents produced at VRC-KEM­
RI will be made available to reference laboratories 
in neighbouring countries to promote collabora­
tion and surveillance for arboviral diseases such as 
YF. Virus isolation from patient serum or from 
field-caught mosquitoes is possible at VRC-KEMRI 
because of a reliable tissue culture facility. With 
respect to the diagnosis of flavivirus disease ( of 
which YF is just one of many present in Africa) 
which is notoriously difficult because of cross-reac­
tivities within the group, the definitive diagnosis is 
by virus isolation. These isolates are then forward­
ed to CDC for further characterization. The labora­
tory, whilst being able to diagnose YF, is also in a 
position to develop diagnostic capability to screen 
serum samples against a range of other arboviral 
diseases that are common to East Africa (Tab/,e 1). 
Importantly, any suspect positive serum identified 
by VRC-KEMRI must be confirmed before the rele­
vant authorities are contacted. Again, the expertise 
of CDC is called upon to provide confirmation. 
This acts as an effective quality control of the diag­
nostic activities in Kenya and VRC-KEMRI will be­
come part of a quality control programme to be 
initiated by CDC to routinely check the perfor­
mance of VRC-KEMRI. VRC-KEMRI will also, in 
the near future, make itself available as a reference 
laboratory for neighbouring countries to enhance 
the speed at which the diagnosis of diseases, such 
as YF, can be made. This will promote links be-

Moyens de diagnostic des arbovirus au Centre de recherche sur les virus de l'lnstitut de la Recherche medicale du Kenya 
(VRC-KEMRI) 

Alphaviruses 

Chikungunya 
Middelburga 
O'nyong-nyong 
Semliki Forest - Foret de Semliki 
Sindbis 

Flaviviruses 

Banzi 
Dengue 1-4 
llheus 
Spondwenia 
Uganda S - Ouganda S 
Usutua 
West Nile 
Yellow fever - Fievre jaune 
Zika 

Bunyamweraa 
Bwambaa 

Bunyaviruses 

Crimean-Congo HF - FH de Crimee-Congo 
Dugbea 
Germiston 
lies ha 
Matariyaa 
Nairobi sheep diseasea - Maladie du mouton de Nairobia 
Nyandoa 
Rift Valley fever- Fievre de la vallee du Rift 
Sandfly fever-Naplesa - Fievre a phlebotomes-Naplesa 
Sandfly fever-Siciliana - Fievre a phlebotomes-Sicilea 
Shokwea 
Tahynaa 
Tataguinea 

• Viruses for which diagnostic capability will soon be available. - Virus pour lesquels des moyens de diagnostic seront rapidement disponibles. 
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tween countries within East Africa and foster possi­
ble research collaborations and the transfer of 
techniques. The main focus is to make a reliable 
and rapid diagnosis of YF (and other arboviral 
diseases) and to report the findings to the appro­
priate authorities for direct action. 

Research 
Information on YF in Kenya has remained frag­
mentary 5 years following the emergence of the 
first recorded YF epidemic. Are there other areas in 
Kenya experiencing YF transmission not yet cov­
ered in the active surveillance? What is the public 
health threat of an urban epidemic in areas rela­
tively near the endemic area (Fig. 3)? The key ele­
ment to address these questions is the implementa­
tion of a country-wide, laboratory-based, active sur­
veillance system. Surveillance for clinical YF cases 
should be expanded with focussed studies of fever 
of unknown origin to include mild presentations of 
YF in selected geographical areas. Based on human 
case finding, additional important research 
projects will be conducted in Kenya to analyse YF 
enzootic/endemic cycles. West Kenya is the most 
densely populated area of Kenya and an earlier 
entomological survey showed that the concentra­
tion of the urban YF mosquito vector, Aedes aegypti 
exceeds the threshold limits for effective human 
transmission (Reiter - personal communication, 
1993). Needless to say, ifYF virus became estab­
lished in the Lake Victoria basin, the potential for a 
large YF epidemic exists. In conjunction with the 
above study, Ae. aegypti mosquitoes that are caught 
and mosquito larvae that are hatched will be ana­
lysed for YF virus by virus isolation and PCR. In 
collaboration with the Primate Research Institute 
in Kenya, sero-surveys of the monkey populations 
in areas that have been targeted for mosquito isola­
tions will also be made. It is interesting to note here 
that migrations of large numbers of primates from 
the YF endemic areas of the Kerio Valley, Baringo 
and Koibatek districts are known to have taken 
place. During the YF outbreak of 1992-1993, the 
inhabitants of the afore mentioned districts be­
came aware of the relationship between monkeys, 
mosquitoes, YF virus and its transmission to man. 
The result was an active culling of primates by locals 
who drove the primates in large groups to other 
areas. The arrival of numerous primates in new 
locations may be one reason for the expansion of 
the YF endemic area in Kenya as the sylvatic cycle of 
YF virus became established in these new districts. 
Any virus isolates made by VRC-KEMRI will be ana­
lysed by CDC to provide information on the virus 
strain (East African YF and West African isolates of 
YF are genetically distinguishable). CDC will play a 
major role in the provision of reagents that cannot 
be produced locally in Kenya ( e.g. primers for 
PCR) and in the confirmation of serological and 
virological data generated by VRC-KEMRI. 
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VRC-KEMRI has recently hosted students from 
the London School of Hygiene and Tropical Medi­
cine (LSHTM) for a period of study in fulfilling the 
"Control of Infectious Diseases" course offered at 
the LSHTM. The surveillance programme was ana­
lysed in detail in discussions with each clinical and 
nursing staff at each of the surveillance locations 
and a number of constructive alterations are being 
implemented to improve the functioning of the 
operation. Collaboration with the LSHTM will be 
strengthened by the enrolment of Kenyans in a 
Ph.D. programme, to be based at VRC-KEMRI. The 
Ph.D. programme will focus on aspects ofYF epide­
miology in Kenya and also on the effects of YF 
vaccination in immunocompromized individuals. 

Training 
The training of staff at VRC-KEMRI, and in neigh­
bouring countries, in the diagnosis of YF is an 
important part of the programme. To reliably diag­
nose YF by using standard serological techniques, 
to interpret the results accurately, and to 'trouble­
shoot' when problems arise, requires a high degree 
of competency in the staff running the test systems. 
Two staff members at VRC-KEMRI have received 
training from CDC in YF virology and serology 
systems and VRC-KEMRI has hosted a CDC/WHO­
sponsored workshop for East Africa in 1995 to 
transfer YF diagnostic serology to neighbouring 
countries. However, some of the countries that 
attended the workshop have had difficulties in es­
tablishing the techniques as a routine procedure 
due to shortcomings of laboratory facilities. It is 
here that VRC-KEMRI can play a role in helping to 
overcome the problems experienced by laborato­
ries in other East African countries by providing for 
an expert to visit the laboratory and to spend time 
training staff in the environment in which the tests 
will be performed. It would also be possible for 
members of other laboratories to visit and to spend 
time at VRC-KEMRI to learn the techniques in 
question and to be provided ,vith reagents, pro­
duced at VRC-KEMRI, for use in their own labora­
tories. Quality control of each laboratory's activi­
ties is essential and this could be provided by being 
incorporated into the performance analysis net­
work of CDC. 

Prevention 
The ultimate goal of the surveillance programme is 
to prevent YF infection in the Kenyan population. 
At present, the incorporation of YF vaccination 
into the Kenya EPI is not expected in the imme­
diate future, hence active surveillance to monitor 
YF activity becomes imperative for the population 
of Kenya. Surveillance has already shown that the 
YF-endemic area apparently expanded in Kenya as 
cases have been occurring in districts to the south­
west of the vaccinated zone (5). Sanders et al. (5) 
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raised the point that the surveillance programme 
should be incorporated into one of the existing 
Kenya's EPI target disease surveillance pro­
grammes, for example, the polio eradication cam­
paign. The polio eradication programme has a 
high profile in Kenya as part of the programme to 
free Kenya of the disease by the year 2000. How­
ever, inclusion of YF in the surveillance would be 
seen by some as confusing a concentrated effort to 
tackle a disease which can be eradicated. Further 
discussions and more active collaboration with the 
Kenya Ministry of Health are planned to ensure co­
operation of all the provinces included within the 
YF surveillance programme. Plans are also being 
formulated to establish a YF outbreak response 
team within Kenya that could mobilize available 
vaccine stocks within the country at a moment's 
notice of the diagnosis being made and indepen­
dently confirmed. 

A recent review of the YF surveillance pro­
gramme in Kenya questioned whether the system 
could exist as anything more than a research pro­
gramme, based on the fact that YF surveillance has 
not been integrated into one of Kenya's existing 
disease control programmes (5). To be effective in 
the long term, the programme of surveillance must 
be integrated as it cannot exist as a research con­
cern alone. How this could be effectively imple­
mented is a difficult question. There exists in 
Kenya a disease reporting system which comprises 
37 infectious diseases. Incorporation of a case defi­
nition for YF should be included in this list of 
notifiable diseases and clinical staff made aware of 
the importance of recognizing signs and symptoms 
of YF. A case definition based on jaundice and 
haemorrhages will effectively detect 3% of the YF 
cases (20). Expanding the case definition to viral 
syndrome will enable to detect mild cases ofYF, in 
addition to cases of dengue fever and other arbovi­
ral syndromes for which laboratory diagnosis can 
be provided at VRC-KEMRI. Detailed discussions 
with the Ministry of Health of Kenya will be neces­
sary to produce a workable case definition to detect 
as many suspect cases of YF as possible without 
putting too great a burden on the clinical staff and 
the diagnostic facility. A further possibility would 
be to follow the anticipated eradication of polio 
from Kenya in the year 2000 by transferring re­
sources to promote a Kenya-wide awareness of YF 
targeted at the recognition of disease, diagnosis 
and reporting. The manpower currently directed 
to the polio eradication programme would have a 
great impact on YF surveillance in Kenya, given the 
expertise gained during the polio campaign, and 
could also function as a response team to out­
breaks of YF and be responsible for coordinated 
vaccination programmes. 

The support and funding by international con­
cerns such as WHO and CDC are crucial to the 
success of the programme of YF surveillance in 
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Kenya and it is not only the people of Kenya who 
benefit from such information provided by surveil­
lance, but East Africa as a whole, since the surveil­
lance programme for YF can be used as a model for 
neighbouring countries. The ultimate goal of the 
programme is to generate sufficient data on YF 
transmission in Kenya to justify YF vaccination of 
the entire population. In the immediate future, the 
usefulness of the surveillance programme will be 
monitored by the timely provision ofYF vaccine for 
areas with confirmed YF cases and the protection 
of populations known to live within areas that are 
endemic to YF. 
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Summary 

Since the emergence of yellow fever (YF) as a public 
health threat in Kenya in 1992-1993, low level transmis­
sion of the virus to humans has continued to occur. A 
programme of YF surveillance has been instrumental in 
the monitoring of YF activity and has clearly demon­
strated an expansion of the zone of virus activity into 
regions that were not affected in the 1992-1993 epi­
demic. This is of major concern for the approximately 
29 million Kenyans who are unvaccinated and therefore 
at risk of infection. A revision of the surveillance pro­
gramme is underway to create a more efficient system 
of recognition of suspect YF cases, laboratory diagnosis 
and reporting to the appropriate authorities for action. In 
addition, a research programme to study YF ecology in 
Kenya will benefit the surveillance programme, enabling 
it to target potential 'hotspots' of YF activity. As it may not 
be possible, for financial reasons, to incorporate YF 
vaccination into the Kenya Expanded Programme of 
Immunization in the immediate future, the need for 
continued surveillance to monitor the emergence of YF 
in Kenya is vital. 
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Resume 

La fievre jaune au Kenya: importance d'un 
programme de surveillance a l'echelle du pays 

Depuis I 'emergence de la fievre jaune comme probleme 
de sante publique au Kenya en 1992-1993, de faibles 
niveaux de transmission du virus a l'homme persistent. 
Un programme de surveillance de la fievre jaune a 
perm is de suivre l'activite du virus et a clairement mis en 
evidence une extension de la zone d'activite virale dans 
des regions qui n'avaient pas ete touchees par l'epide­
mie de 1992-1993. Cela est un sujet de preoccupation 
majeur pour les quelque 29 millions de Kenyans qui ne 
sent pas vaccines et sent done exposes a !'infection. 
Une revision du programme de surveillance est en 
cours afin de mettre en place un systeme plus efficace 
de reconnaissance des cas suspects, de diagnostic au 
laboratoire et de notification aux autorites habilitees a 
prendre les mesures qui s'imposent. En outre, le pro­
gramme de surveillance pourra se prevaloir d'un pro­
gramme de recherche sur l'ecologie de la fievre jaune 
au Kenya, ce qui lui permettra de viser les «points 
chauds» eventuels de l'activite virale. Etant donne qu'il 
ne sera peuH~tre pas possible, pour des raisons finan­
cieres, d'introduire la vaccination antiamarile dans le 
programme elargi de vaccination du Kenya dans un 
avenir proche, ii est essentiel de poursuivre la sur­
veillance afin de contrOler !'emergence de la fievre jaune 
au Kenya. 
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Disease eradication as a public health strategy: 
is measles next? 
Jean-Marc 0/ivea, R. Bruce Aylwardb & Bjorn Melgaardc 

Disease eradication as a public health strategy 
Since the turn of the 20th century, 6 major initia­
tives have been launched to eradicate infectious 
diseases, targeting yellow fever, yaws, malaria, 
smallpox, poliomyelitis and dracunculiasis. Follow­
ing the ultimately unsuccessful conclusion of the 
first 3 efforts, support for eradication programmes 
waned, particularly as attention shifted to improv­
ing basic health services worldwide, a pursuit felt by 
many to be incompatible with the 'vertical' nature 
of eradication ( 1 ). The successful smallpox eradica­
tion programme, however, and the progress of the 
ongoing initiatives against poliomyelitis and dra­
cunculiasis have somewhat rehabilitated the con­
cept of disease eradication ( 1 ). There is increasing 
evidence that, in addition to eliminating an infec­
tious disease and its related costs, such pro­
grammes can substantially benefit health services 
in general (2, 3). 

The prominence of recent eradication initia­
tives has led some to promote the concept as a 
public health strategy, calling for similar initiatives to 
be launched against other diseases of public health 
importance. In a number of countries, political 
leaders, health authorities and the general public 
are increasingly suggesting that measles, the lead­
ing cause of vaccine-preventable childhood mor­
bidity and mortality, should be the next organism 
targeted for eradication. 

Measles as a public health problem 
Despite the widespread opinion that measles con­
stitutes a 'normal' disease of childhood, nearly 
10% of the mortality among children aged less 
than 5 years worldwide is due to this disease (Fig. 1) 
( 4 ). In 1996 alone, it was estimated that over 
1 million children died of measles or one of its 
complications (5). The majority of this mortality is 
taking place in the world's poorest countries, par­
ticularly in sub-Saharan Africa where a combina­
tion of factors such as crowding, a lower age at 
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Fig. 1 
Distribution of 12.2 million deaths among children aged 
less than 5 years in all developing countries, 1993 

Repartition des 12,2 millions de deces parmi les enfants de 
mains de 5 ans dans les pays en developpement, 1993 
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exposure and, possibly, malnutrition contribute to 
substantially higher case-fatality rates than seen in 
industrialized countries (6). In some developing 
countries, measles case-fatality rates still reach over 
10%, especially during outbreaks (7). 

Even in industrialized nations, measles con­
tinues to cause considerable morbidity, the eco­
nomic consequences of which can be substantial 
(8). In many of these countries, the financial costs 
of measles-related treatment and lost productivity 
alone have been a major factor in decisions to 
pursue a very high degree of control of the disease. 
In the mid-l 990s, cost-effectiveness studies in the 
United Kingdom and Canada demonstrated the 
fiscal advantage of undertaking supplementary 
immunization activities to prevent nationwide 
measles epidemics (9, 10). 

A new direction: measles outbreak prevention 
and elimination 
The decision to target a disease for global eradica­
tion is based on a number of biological, epidemio­
logical, social, political and economic factors (]). 
Of particular importance is the demonstration that 
control strategies can eliminate the organism over 
a wide geographical area for a sustained period of 
time. Although several industrialized countries 
adopted measles elimination goals in the 1970s, 
few managed to interrupt transmission for pro­
longed periods due to either the strategies chosen 
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or the operational constraints in their implemen­
tation. 

Much of the recent interest in measles eradica­
tion is the result of the progress toward regional 
elimination of the disease in the Americas. Build­
ing on the success of the regional polio eradication 
initiative and experience with measles elimination 
in Cuba, Chile and the English-speaking Carib­
bean, the 1994 Pan American Sanitary Conference 
adopted a goal of regional measles elimination by 
the year 2000. The strategy combined a one-time 
mass campaign for all children aged 9 months to 
14 years with high routine immunization coverage 
and regular catch-up campaigns ( 11). Following 
the widespread implementation of this strategy, 
the number of reported measles cases fell from 
49 OOO in 1993 to less than 2 200 in 1996, the lowest 
number ever reported in the Region. This decline 
occurred despite marked improvements in surveil­
lance, including the introduction of IgM testing of 
all suspected measles cases. 

Outside the Americas, an increasing number of 
industralized and developing countries have 
adopted aggressive measles control goals ranging 
from outbreak prediction and prevention to na­
tionwide interruption of transmission (5, 12). In 
the United Kingdom, for example, a nationwide 
measles-rubella campaign was conducted in 1994 
to prevent an outbreak that was predicted for the 
following year. Similar strategies have been em­
ployed in countries of southern Africa, the Eastern 
Mediterranean, South-East Asia and the Western 
Pacific. 

Global eradication at measles: unanswered 
questions 
Despite the interest in a global measles eradication 
initiative, a number of issues remain to be resolved. 
Additional observation is needed to determine 
whether the successful interruption of transmis­
sion in many countries of the Americas can be 
sustained despite the regular reintroduction of the 
virus from other regions and the gradual but inevi­
table increase in susceptible individuals. The oc­
currence of a large urban outbreak in both the 
child and adult populations of Brazil in 1997 dem­
onstrated that widespread circulation can be quick­
ly re-established if the virus is reintroduced into a 
population whose level of susceptibility has been 
allowed to exceed the epidemic threshold of the 
disease ( 13). High quality surveillance is needed 
not only to identify rapidly and investigate infected 
areas, but to determine the accumulation and dis­
tribution of measles-susceptible individuals in a 
population in order to guide routine and supple­
mentary immunization activities. 

A concerted effort will be needed to demon­
strate the benefits that a global eradication initia­
tive holds for countries where there has been a very 
low burden of measles-related disease for many 
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years. High level commitment within the political, 
medical and general communities of industrialized 
countries in particular would be essential to ensur­
ing that the appropriate strategies were fully imple­
mented and that sufficient resources are available. 
At least US$1 billion would be needed in external 
support over a 5-10 year period to facilitate measles 
eradication in developing nations. 

Of particular importance to the future of a 
measles eradication effort is the successful conclu­
sion of the ongoing polio eradication initiative. 
Not only will such an achievement ensure the man­
agement, immunization and surveillance infra­
structure needed to eradicate measles, but it will 
further strengthen the political support required 
at all levels for a new eradication initiative. As dem­
onstrated in the Americas, the introduction of 
measles elimination activities soon after polio 
transmission has been interrupted may play an im­
portant role in sustaining high quality poliovirus 
surveillance after the disease has disappeared ( 11 ). 
Regardless of the target disease, robust mecha­
nisms must be established to ensure that the im­
pact of such initiatives on health services in general 
can be monitored and optimized. 

Conclusion 
There is increasing evidence that the sustained 
interruption of measles transmission is possible 
with existing vaccines (12). However, questions 
concerning the optimal immunization strategies 
for countries with differing levels of measles con­
trol and economic development must continue to 
be addressed. Immunization and surveillance pro­
grammes worldwide must be strengthened to en­
sure that there will be a minimal accumulation of 
susceptibles between mass campaigns. The politi­
cal commitment and both human and financial 
resources that are needed to launch a globally co­
ordinated effort must be identified. 

The eradication of measles offers an oppor­
tunity to achieve a substantial and permanent im­
pact on worldwide childhood morbidity and mor­
tality. Although this goal now appears biologically 
and epidemiologically feasible, before launching a 
global initiative, further attention must be given to 
the remaining social, political and financial ob­
stacles to ensure that the benefits of such an initia­
tive would ultimately be realized. 

Summary 

Following the failure of disease eradication efforts in the 
first half of this century, the success of smallpox eradi­
cation and the ongoing initiatives against poliomyelitis 
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and dracunculiasis are re-establishing eradication as a 
viable disease control strategy. The perpetual benefits 
of eradication, together with the positive impact that 
such initiatives can have on health services in general, 
are changing the world's perception of these endeav­
ours. Among the most obvious examples of this chang­
ing trend is the recent enthusiasm in both industrialized 
and developing countries for re-exploring the eradica­
bility of measles. Increasingly, it appears that measles, 
the single leading cause of vaccine-preventable child­
hood morbidity and mortality worldwide, may be the next 
major organism targeted for global eradication. 

Resume 

L 'eradication en tant que strategie de sante 
publique: bientot la rougeole ? 

Apres l'echec des efforts d'eradication de la maladie au 
cours de la premiere moitie de ce siecle, le succes de 
!'eradication de la variole et des initiatives en cours 
contre la poliomyelite et la dracunculose fait a nouveau 
de !'eradication une strategie viable de lutte contre la 
maladie. Le caractere definitif de !'eradication et ses 
avantages, et !'impact positif que ces initiatives peuvent 
avoir sur les services de sante en general, sont en train 
de modifier la fa9on dont ces efforts sont per9us dans le 
monde. Parmi les exemples les plus flagrants de cette 
evolution, on denote l'enthousiasme manifeste recem­
ment par les pays industrialises comme les pays en 
developpement desireux de reconsiderer «l'eradicabi­
lite» de la rougeole. De plus en plus, ii semble que la 
rougeole, principale cause de morbidite et de mortalite 
evitable par la vaccination de l'enfant, pourrait bien etre 
la prochaine cible d'une campagne mondiale d'eradi­
cation. 

Wld hlth statist. quart., 50 (1997) 

References/References 
I. Centers for Disease Control and Prevention. Recom­

mendations of the International Task Force for Disease 
Eradication. Marbidity and mortality weekly repart, 42 (RR-16): 
1-38 (1993). 

2. Fenner, F. et al. Smallpox and its eradication. Geneva, World 
Health Organization, 1993. 

3. Taylor Commission. The impact of the Expanded Programme on 
Immunization and the Polio Eradication Initiative on health 
systems in the Americas. Washington, Pan American Health 
Organization, 1993. 

4. World Health Organization. The warld health report 1995: 
bridging the gaps. Geneva, World Health Organization, 1993. 
Organisation mondiale de la Sante. Rapport sur {,a sante dans 
/,e monde 1995: reduire l.es ecarts. Geneve, Organisation 
mondiale de la Sante, 1993. 

3. Centers for Disease Control and Prevention. Progress 
towards global measles control and elimination, 1990-1996. 
Marbidity and mortality weekly report (in press), 1997. 

6. Clements, CJ. et al. The epidemiology of measles. Warld 
health statistics quanerly, 45: 283-291 ( 1992). 
Clements, C.J. etal. Epidcmiologie de la rougeole [resume). 
Rapport trimestriel de statistiques sanitaires mondial.es, 45: 290 
(1992). 

7. Aylward, R.B. et al. The impact of immunization control 
activities on measles outbreaks in middle and low income 
countries. International journal of epidemiology, 26 ( 3): 662-669 
(1997). 

8. Robertson, S.E. et al. A million dollar measles outbreak: 
epidemiology, risk factors, and a selective revaccination 
strategy. Public health reports, 107: 24-31 (1992). 

9. Salisbury, D. Mass campaigns to eliminate measles from the 
United Kingdom. Measl.es update: Laboratory Center far Disease 
Control (Canada), 3: 3-6 (1993). 

10. Duclos, P. Progress towards measles elimination in Canada. 
Measl.es update: Labaratory Center for Disease Control (Canada), 
4(4): 1-3 (1996). 

11. de Quadros, C.A. et al. Measles elimination in the Americas: 
evolving strategies.JAMA, 275(3): 224-229 (1996). 

12. Centers for Disease Control and Prevention. Measles eradi­
cation: recommendations from a meeting cosponsored by 
the World Health Organization, the Pan American Health 
Organization, and CDC. Morbidity and mortality weekly report, 
46 (RR-II): 1-20 (1997). 

13. Pan American Health Organization. Update: Sao Paulo State 
measles outbreak. In: EPI Newsl.etter: Expanded Program on 
ImmunizationintheAmericas, 19(3): 1-2 (1997). 

187 



Current status of the global eradication of poliomyelitis 
Rudolf H. Tangermanna, Bruce Aylwarda, Maureen Birminghama, Rachel Hornerb, Jean-Marc 0/ivea, 
Benjamin M. Nkowanea, Harry F. Hui/a & Anthony Burtonc 

Substantial progress towards the global eradication 
of poliomyelitis by the year 2000 has been achieved 
since May 1988 when WHO Member States adopt­
ed this goal at the Forty-first World Health Assem­
bly. Virtually all polio-endemic countries have now 
begun to implement the WHO-recommended 
strategies to eradicate polio ( 1 ). This article de­
scribes the scientific basis of the strategies used, the 
current degree of strategy implementation, and 
the status of polio eradication in the world. 

Polio eradication strategies and their 
implementation 
The WHO-recommended strategics for polio erad­
ication are as follows: ( a) high routine immuniza­
tion coverage with at least 3 doses of oral polio 
vaccine(> 80% OPV3); (b) annual National Immu­
nization Days (NIDs), during which 2 supplemen­
tal OPV doses are given to all children < 5 years; 
(c) laboratory-based surveillance for all cases of 
acute flaccid paralysis (AFP) in children under 15 
years of age, with the collection and virological 
examination of stool specimens from every case, 
and (d) 'mopping-up' immunization campaigns to 
administer supplemental OPV doses through 
house-to-house campaigns in areas with persisting 
transmission of wild poliovirus. 

Routine immunization coverage 
Reaching and maintaining the highest routine im­
munization coverage with OPV at all administrative 
levels remains the foundation on which the polio 
eradication initiative is built. In temperate, indus­
trialized countries, high levels of seroconversion 
and interruption of poliovirus transmission have 
been attained with 3 doses of OPV in the routine 
immunization programme (2). Although high rou­
tine OPV3 coverage has resulted in high levels of 
control in many tropical developing countries, 
wild virus transmission has often persisted owing to 
a number of factors which affect both the intensity 
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of transmission (low sanitation levels, high popula­
tion density) and seroconversion rates (high ma­
ternal antibody, competing enterovirus infections, 
diarrhoea) (3). For these reasons, high routine cov­
erage often only reduces transmission to low levels, 
requiring supplemental doses of OPV to interrupt 
transmission. 

At the start of the polio eradication initiative in 
1988, global coverage with 3 doses ofOPV (OPV3) 
was 67% (Table ]), as compared to less than 10% in 
1974. OPV3 coverage peaked in 1990 at 85%, stabi­
lized near 80% in the first half of the 1990s and was 
81 % in 1996. OPV3 coverage in 1996 was lowest in 
the African Region, but doubled in that Region 
from 32% in 1988 to 60% in 1996. 

National Immunization Days (N/Ds) 
Immunization strategies for global polio eradica­
tion in endemic countries are based on the work of 
Chumakov (4) and others who first used mass im­
munization campaig;ns to control polio epidemics 
in Hungary (5) and the former USSR. Based on 
refinements of this strategy in Cuba and Brazil (6), 
the Pan American Health Organization recom­
mended National Immunization Days (NIDs) for 
polio eradication in endemic countries in the 

Fig.1 
Cumulative number of countries conducting NIDs 
Nombre cumulatif de pays ayant organise des journees 
nationales de vaccination (JNV) 
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Table 1 
Reported poliomyelitis cases and oral polio vaccine (OPV) coverage 1988 and 1996, and acute flaccid paralysis (AFP) 
surveillance performance indicators 1996, by WHO Region 

Tableau 1 
Cas de poliomyelite notifies et couverture par le vaccin antipoliomyelitique buccal (VPO), 1988 et 1996, et indicateurs 
d'efficacite de la surveillance de la paralysie flasque aigue (PFA), 1996, par Region OMS 

WHO Region- No. of reported % OPV3 coverage - AFP surveillance quality 1996 -
Region OMS polio cases - reduction Couverture VP03 Oualite de la surveillance de la PFA 1996 

Nombre de cas 1988-1996 
de poliomyelite 

notifies 

1988 1996 1988 1996 Non-polio AFP rate• - % AFP with 2 stool 
Taux de PFA specimens - % de cas 

non poliomyelitique• de PFA pour lesquels 
l'on dispose de 

2 echantillons de selles 

Africa - Afrique 4 563 2 071 55% 32% 60% <0.1 NA 

America - Les Ameriques 308 0 100% 85% 88% 1.2 76% 

South-East Asia -
Asie du Sud-Est 25 741 1125 96% 66% 84% < 0.1 39%b 

Eastern Mediterranean -
Mediterranee orientale 2 339 528 77% 67% 78% 0.7 65% 

Europe 204 193 5% 60% 92% 0.7 63% 

Western Pacific -
Pacifique occidental 2126 194 91% 85% 88% 1.2 80% 

Global - Niveau mondial 35 251 4 111 88% 67% 81% 0.6 

a Number of AFP cases (not attributed to polio) per 100 OOO children aged <15 years. -Nombre de cas de PFA (non attribues a la poliomyelite) pour 100 OOO enfants 
ages de mains de 15 ans. 

b Percentage excludes India, for which these data are not available. - Ce pourcentage exclut l'lnde, pays pour lequel ces donnees ne sont pas disponibles. 

Americas. The effectiveness and global applicabil­
ity of the NIDs strategy was further established 
through experience in China and other countries 
(7, 8). 

NIDs are conducted during the season of low 
poliovirus transmission in 2 rounds, 4 to 6 weeks 
apart. During each round, OPV is administered to 
all children <5 years of age, regardless of prior 
immunization status. NIDs interrupt poliovirus cir­
culation by rapidly increasing systemic and intesti­
nal immunity in the population, thereby limiting 
spread of the virus (1, 9, JO). 

The number of countries conducting NIDs 
worldwide has risen since the early 1990s, as the 
polio eradication initiative became operational in 
WHO regions (11). By the end of 1996, a cumula­
tive total of 97 countries had conducted NIDs or 
Sub-NIDs (see Fig. 1), including all polio-endemic 
countries in the Americas, Asia and Europe, and 25 
of 42 endemic countries in the African Region 
(14). Globally, 419 million children< 5 years were 
immunized during NIDs in 1996, approximately 
two-thirds of the world's children in that age 
group. In India, 127 million children< 5 years were 
immunized during the second round of 1996 
NIDs, making this the largest single immunization 
campaign in history (12). 

Increasingly, NIDs are being coordinated be­
tween countries and WHO regions to rapidly inter­
rupt poliovirus transmission and ensure coverage of 
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migrant populations in border areas. Between De­
cember 1996 and January 1997, 257 million chil­
dren were immunized during NIDs in 11 countries 
of the Eastern Mediterranean, South-East Asian and 
Western Pacific regions of WHO. "Operation 
MECACAR" (13), conducted in 1995, 1996 and 
1997, synchronized NIDs among 18 countries of the 
European and the Eastern Mediterranean regions, 
achieving immunization coverage of95%. 

Surveillance for acute flaccid paralysis (AFP) 
The goals of the surveillance strategy for polio 
eradication are to monitor progress, identify re­
maining areas of wild virus transmission for 'mop­
ping-up' immunization, and eventually provide the 
basis for certification of eradication. 

To achieve these goals, two stool specimens are 
collected from all AFP cases in children< 15 years 
and examined for the presence of wild poliovirus. 
Sun:eillance for cases of AFP, instead of clinical 
polio, increases the sensitivity of the surveillance 
system to detect polio cases, because clinical crite­
ria alone are not sufficient to diagnose polio reli­
ably. Atypical presentations of paralytic polio may 
be mistaken clinically for Guillain-Barre syndrome, 
transverse myelitis, or other paralytic conditions 
(15), and vice versa. For reporting purposes, the 
following AFP case definition is used: "All children 
< 15 years of age with acute flaccid paralysis, includ-
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ing those considered to have Guillain-Barre syn­
drome, and persons of any age in whom polio is 
suspected". 

The most important indicators for the quality of 
AFP surveillance are the annual rate of non-polio 
AFP cases in children< 15 years, and the percent­
age of AFP cases from whom 2 specimens were 
collected within 2 weeks of paralysis onset ('ade­
quate specimens'), since viral shedding is most 
intense during the first 2 weeks after onset. For 
effective AFP surveillance, the non-polio AFP rate 
should be at least 1 case per 100 OOO children< 15 
( 16) and at least 80% of AFP cases should have 
adequate specimens taken. 

A global network of polio laboratories has been 
developed, which is capable of detecting wild po­
liovirus when and where it occurs. The laboratory 
network currently consists of 67 national laborato­
ries, 16 regional reference laboratories, and 6 spe­
cialized reference laboratories ( 17). National labo­
ratories perform primary virus isolation, referring 
any polioviruses detected to regional reference lab­
oratories where tests are performed to differentiate 
vaccine strains from wild virus strains. Specialized 
laboratories perform genomic sequencing studies 
on poliovirus isolates to determine the exact geo­
graphical and temporal origin of a particular virus. 
A process of formal accreditation of national labo­
ratories began in 1996 to ensure quality and facili­
tate the use of standardized procedures and re­
agents. 

By the end of 1996, AFP surveillance was being 
conducted in 126 (86%) of 146 countries where 
polio is or recently was endemic (11). In 1996, the 
global rate for non-polio AFP was at 0.6/ 100 OOO, 
although rates varied substantially by WHO region 
(see Tab/,e 1). Rates of non-polio AFP were still< 0.1 
in the South-East Asian and African Regions, 
where AFP surveillance is just being established. 
The proportion of AFP cases with adequate speci­
mens shows similar variation (see Tab/,e 1). 

Mopping-up immunization 
Despite NIDs, small foci of circulation of wild 
polioviruses often continue to persist. Continued 
transmission in these areas is often facilitated by 
high population density, poor sanitation levels 
and the presence of children missed by both rou­
tine and supplementary immunization. Good sur­
veillance is essential to identify these final reser­
voirs of wild virus infection. Intensive, localized 
immunization campaigns, also known as 'mop­
ping-up' campaigns, are required in these areas. 
In contrast to the strategy of immunizing at fixed 
posts as in NIDs, mopping-up must be done on a 
house-to-house basis to ensure that every single 
child in the area is found and immunized ( 1 ). 
Mopping-up immunization was first used during 
polio eradication in the Americas to target the last 
remaining foci of wild-virus transmission (18). 
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Experience has shown that mopping-up opera­
tions are most effective if planned well ahead of 
time and conducted during the low-transmission 
phase. Large mopping-up immunization cam­
paigns targeted the last remaining foci of trans­
mission in 199 coastal counties of Colombia (19) 
in 1991 (850 OOO children immunized), and in 
13 coastal departments of Peru in 1992 (20) 
(1.9 million children immunized). 

Mopping-up campaigns have also been con­
ducted in the Western Pacific Region of WHO. 
During 1995-1996, approximately 3 million chil­
dren < 5 years were immunized in border counties 
ofYunnan province, China, where 4 paralytic polio 
cases imported from Myanmar had been identi­
fied. Another large mopping-up campaign was 
conducted in May:June 1997 in the Mekong river 
areas of Viet Nam and Cambodia, targeting mainly 
the migrant population living on boats. A total of 
2 million children were immunized. 

Mopping-up campaigns are more intense and 
require even more resources than NIDs on a per­
capita basis. Immunizing about one-third of 
Cambodia's target population< 5 years during the 
recent mopping-up was as costly as the full NID 
earlier in the year. 

Certification of polio eradication 
The process for certification of polio eradication 
has been established in each WHO region and at 
the global level. In 1994, the International Com­
mission for Certification of Poliomyelitis Eradica­
tion (ICCPE) certified that indigenous wild polio­
viruses had been eradicated from the Region of 
the Americas (21). Despite continuing high quality 
AFP surveillance, indigenous wild poliovirus has 
not been isolated in the Region since September 
1991. The Global Commission for the Certifica­
tion of the Eradication of Poliomyelitis was set up 
in 1995 and has met twice since (1995, 1997). The 
Global Commission stated that WHO regions will 
only be certified as poliomyelitis-free after all 
countries and areas of the region have met the 
following criteria<l: (a) absence of circulation of 
indigenous wild polioviruses for at least a 3-year 
period in which surveillance activities have been 
maintained at the levels of performance needed 
for certification; (b) a national certification com­
mittee in each country has validated and submit­
ted the documentation required by the regional 
commission; and (i:) appropriate measures are in 
place to detect and respond to any importations of 
wild poliovirus. Regional commissions have now 
been appointed in all 5 other WHO regions where 
they ,vill oversee the certification process, aided by 

d Report of the first meeting of the Global Commifsion f &r the urtification 
of the Eradication of Poliomyelitis, WHO, Geneva, 1995 (Document 
\VHO/EPI/GEN/93.6). 
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national certification committees in all countries. 
Regional certification will be based on detailed 
documentation of surveillance and immunization 
activities to be submitted by each country. 

The polio eradication coalition 
To achieve polio eradication, a global partnership 
was formed involving, among others, Rotary Inter­
national, the United Nations Children's Fund 
(UNICEF), WHO, the Centers for Disease Control 
and Prevention (CDC), other donor governments, 
non-governmental organizations, and ministries of 
health in the polio-endemic countries. AUSAID, 
DANIDA, JICA and USAID have made significant 
contributions. Over the past decade, these partner 
agencies have provided funding as well as technical 
expertise, advocacy support and volunteers. Sup­
port from Rotary International has been crucial for 
the initiative. Rotary continues to play an impor­
tant advocacy role, it has funded the procurement 
of large quantities of oral polio vaccine and in­
creasingly supports surveillance activities. In many 
countries, Rotary volunteers are directly involved 
in planning and implementing NIDs and surveil­
lance activities. UNICEF facilitated the procure­
ment of more than 700 million doses of OPV for 
NIDs in 1996, and also played a key role in negoti­
ating a series of cease-fires in conflict zones to allow 
the immunization of children. The CDC provides 
funds for vaccine as well as a wide range of techni-

ea! expertise, particularly to develop surveillance 
systems for AFP and wild poliovirus. 

Although substantial funding for polio eradica­
tion has been provided by donor governments and 
other agencies, many polio-endemic countries 
underwrite most of the cost of polio eradication 
activities themselves: for example, it was estimated 
that over 80% of polio eradication costs in the 
Americas were met by individual countries, and in 
China, outside funding was used for less than 10% 
of NID costs. In the poorest countries (i.e., sub­
Saharan Africa), however, external support is 
needed for more than 80% of polio eradication 
costs. Significant external funding, as well as inter­
national and interregional cooperation, need to 
continue to achieve success. Projected resource 
requirements include approximately US$ 175 mil­
lion in external support to sustain polio eradica­
tion activities globally during 1997, and US$ 1 bil­
lion for the period 1997-2005 ( 11 ). 

Impact on polio incidence 
Polio has been eradicated from the western hemi­
sphere (WHO Region of the Americas) for more 
than 5 years (22). The last case of polio caused by 
wild poliovirus in South America was in a 2-year old 
Peruvian boy paralyzed in August 1991. The West­
ern Pacific Region is close to eradication (23), with 
only one known remaining reservoir of wild virus 
circulation in the Mekong area of Cambodia and 

Map 1 Global reported incidence of indigenous poliomyelitis, 1995a 

Carte 1 Incidence de la poliomyelite autochtone notifiee au niveau mondial, 1995a 
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a 4 111 polio cases reported as of 25 August 1997. - 4 111 cas de poliomyelite notifies au 25 aout 1997. 
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the Southern Region of Viet Nam. Global polio 
incidence has decreased in recent years due to 
the implementation of NIDs. In 1996, a total of 
4 111 polio cases were reported globally ( data as of 
4 August 1997), a decrease of 88 % from the 35 251 
cases reported in 1988 (Tab!.IJ I, Map I). 

In the African Region, 1996 was the first year in 
which a significant number of NIDs were con­
ducted as part of the "Kick Polio out of Africa" 
campaign. The impact of these NIDs on polio inci­
dence should be evident in 1997. 

Despite improvements in surveillance, the 
number of polio cases reported from the Eastern 
Mediterranean Region declined 77% from 1988 to 
1996 (2 339 to 528). However, wild poliovirus con­
tinues to circulate in Pakistan and Egypt. A recent 
polio outbreak, after the 1997 NIDs, was reported 
from the North-West Frontier Province in Pakistan 
in May/June 1997. 

In 1988, 204 polio cases were reported from 
5 countries of the European Region; this included 
reported polio cases from 11 of 15 Republics of the 
former USSR. Several polio outbreaks occurred 
during the early 1990s following the break-up of 
the USSR, mainly in the Caucasus area and the 
Central Asian Republics. Of the 193 cases reported 
in the European Region in 1996, 167 were associ­
ated with a large outbreak which resulted from a 
wild poliovirus importation into Albania (24). The 
outbreak primarily affected Albania, but also 
spread into Greece and the neighbouring Kosovo 
Region. The number of cases reported from coun­
tries in the European Region participating in Op­
eration ME CA CAR ( 13) decreased from 53 in 1995 
to 19 in 1996. 

In the South-East Asia Region, the number of 
reported cases declined from 25 711 in 1988 to 
1 125 in 1996, a 96% decrease. The rapid improve­
ment of AFP surveillance now has highest priority 
for polio eradication in this region, particularly in 
those 6 countries in which AFP surveillance has 
recently been initiated. 

In the Western Pacific Region, confirmed polio 
cases declined by 91 % between 1988 (2 126) and 
1996 ( 194). Of the 194 cases reported in 1996, only 
21 ( 11 % ) were confirmed, based on wild poliovirus 
isolation, and no indigenous wild poliovirus was 
isolated in China during 1996. 

Conclusions 
There has been remarkable progress since the 
polio eradication goal was established in 1988, with 
an 88% decrease in the number of reported cases 
globally. By the end of 1997 it is expected that 
virtually all endemic countries in the world will 
have conducted full National Immunization Days, 
providing supplemental OPV to almost two-thirds 
of all children < 5 years globally. An increasing 
number of countries participate in multinational, 
synchronized NIDs to target the remaining foci of 
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transmission most effectively. As a result of in­
creased supplementary immunization activities, 
the number of reported polio cases rapidly de­
creased in many countries. Surveillance data indi­
cate that the first NIDs in India, which until recent­
ly contributed the largest number of reported cases 
annually, had a significant impact on polio inci­
dence. 

By comparison, efforts to develop AFP surveil­
lance have lagged behind. The rapid development 
of complete and timely AFP surveillance and con­
tinuation of effective NIDs, particularly in the re­
maining countries with endemic polio in the Afri­
can, South-East Asian and Eastern Mediterranean 
regions, is an urgent priority for the global eradica­
tion initiative. 

The countries which now remain endemic for 
polio include countries affected by civil unrest or 
military conflict, or politically isolated countries 
(e.g., Democratic People's Republic of Korea, 
Somalia, Sudan, the Democratic Republic of 
Congo), which serve as important remaining reser­
voirs from where wild poliovirus continues to 
spread into bordering or even distant polio-free 
countries. Expansion of the eradication initiative 
into these countries is critical to achieve global 
eradication. 

External support will continue to be required 
by those countries and regions where the inci­
dence of polio has reached low levels, to ensure 
that final chains of poliovirus transmission are in­
terrupted and to permit the eventual certification 
of eradication. Sufficient external support will en­
sure continued implementation and improve­
ments of the recommended strategies. The year-
2000 objective for achieving poliomyelitis eradica­
tion remains a feasible target. 

Summary 

Substantial progress towards the global eradication of 
poliomyelitis by the year 2000 has been achieved since 
May 1988 when WHO Member States adopted this goal 
at the Forty-first World Health Assembly. Virtually all 
polio-endemic countries have begun to implement the 
WHO-recommended strategies to eradicate polio and it 
is expected that, by the end of 1997, all endemic 
countries in the world will have conducted full National 
Immunization Days (NID), providing supplemental oral 
polio vaccine (OPV) to nearly two-thirds of all children 
< 5 years. In contrast, although globally acute flaccid 
paralysis (AFP) surveillance was being conducted in 
126 (86%) of 146 countries where polio is or recently was 
endemic, surveillance remains incomplete and un­
timely. A global network of polio laboratories, capable of 
detecting wild poliovirus when and where it occurs, has 
been developed. Furthermore, in countries where polio 
virus circulation has been limited to focal areas, and 
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surveillance is adequate, mopping-up campaigns are 
being conducted to eliminate the final chains of trans­
mission. The process for certification of polio eradica­
tion has been established in each WHO region as well as 
atthe global level. The impact of the eradication initiative 
is evident, with an 88% decrease in the number of 
reported cases globally since 1988. In order to achieve 
the goal of eradication, the rapid development of com­
plete and timely AFP surveillance and the continuation of 
effective NIDs constitute an urgent priority. This is of 
particular relevance in the remaining polio-endemic 
countries, especially in those that are affected by war or 
politically isolated and are important remaining reser­
voirs from where wild poliovirus continues to spread into 
bordering or even distant polio-free countries. External 
support will continue to be required by those countries 
and regions where the incidence of polio has reached 
low levels to ensure that final chains of poliovirus trans­
mission are interrupted and to permit the eventual cer­
tification of eradication. The year 2000 objective for 
achieving poliomyelitis eradication remains a feasible 
target. 

Resume 

Situation actuelle de /'eradication de la 
poliomyelite dans le monde 

Des progres importants en vue de !'eradication mondia­
le de la poliomyelite d'ici l'an 2000 ant ete realises 
depuis mai 1988, date a laquelle les Etats Membres de 
l'OMS ant adopte ce but lors de la Quarante et Unieme 
Assemblee mondiale de la Sante. Pratiquement tousles 
pays d'endemie ant commence a mettre en reuvre les 
strategies recommandees par l'OMS afin d'eradiquer la 
poliomyelite et l'on espere que, d'ici la fin de 1997, tous 
les pays d'endemie auront organise des journees natio­
nales de vaccination (JNV), administrant des doses 
supplementaires de vaccin antipoliomyelite buccal 
(VPO) a pres des deux tiers des enfants ages de mains 
de 5 ans. En revanche, meme si, au niveau mondial, une 
surveillance de la paralysie flasque aigue (PFA) est en 
vigueur dans 126 pays (86%) sur les 146 ou la polio­
myelite sevit ou sevissait encore recemment a l'etat 
endemique, la surveillance demeure incomplete et n'est 
paseffectueeen tempsopportun. Un reseau mondial de 
laboratoires de la poliomyelite capable de deceler le 
poliovirus sauvage quand et la ou ii sevit a ete mis en 
place. Par ailleurs, dans les pays ou la circulation du. 
virus a ete limitee a des zones localisees, et ou la 
surveillance est suffisante, des campagnes de vaccina­
tion de rattrapage sont organisees pour eliminer les 
dernieres chaines de transmission. Le processus de 
certification de !'eradication de la poliomyelite a ete 
etabli dans chacune des regions de l'OMS aussi bien 
qu'au niveau mondial. L'impact de !'initiative en faveur 
de !'eradication est evident, puisqu'une diminution de 
88% du nombre de cas notifies dans le monde a deja ete 
observee depuis 1988. Pour atteindre le but de !'eradi­
cation, la mise en place rapide d'une surveillance corn-
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plete en temps opportun de la PFA et la poursuite des 
JNV constituent une priorite urgente. Cela est particulie­
rement important dans les pays d'endemie restants, en 
particulier dans les pays touches par la guerre ou isoles 
politiquement et qui constituent des reservoirs impor­
tants, d'ou le poliovirus sauvage continue de se propa­
ger dans des pays indemnes de poliomyelite voisins ou 
plus eloignes. Une aide exterieure continuera d'etre 
necessaire dans les pays et les regions ou !'incidence 
de la poliomyelite est tombee a des niveaux peu eleves 
pour s'assurer que les dernieres chaines de transmis­
sion du poliovirus sont interrompues et permettre la 
certification de !'eradication. L'objectif de !'eradication 
de la poliomyelite en l'an 2000 reste une cible realisable. 
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Progress towards the elimination of transmission of Chagas 
disease in Latin America 
Alvaro Moncayoa 

Chagas disease, named after the Brazilian physician 
Carlos Chagas who first described it in 1909, exists 
only on the American Continent. It is caused by a 
flagellate protozoan parasite, Trypanosoma cruzi, 
transmitted to humans by triatomine insects known 
popularly in the different countries as "vinchuca", 
"barbeiro", "chipo" etc. The geographical distribu­
tion of the human T. cruzi infection extends from 
Mexico to the south of Argentina. The disease 
affects 16-18 million people and some 100 million, 
i.e. about 25% of the population of Latin America, 
is at risk of acquiring Chagas disease. 

There are two stages of the human disease: the 
acute stage which appears shortly after the infec­
tion and the chronic stage which appears after a 
silent period that may last several years. The lesions 
of the chronic phase irreversibly affect internal 
organs namely the heart, oesophagus and colon 
and the peripheral nervous system. After several 
years of an asymptomatic period, 27% of those 
infected develop cardiac symptoms which may lead 
to sudden death, 6% develop digestive damage -
mainly megaviscera, and 3% will present peripher­
al nervous involvement. 

The risk of infection with Chagas disease is 
directly related to poverty: the blood-sucking tri­
atomine bug which transmits the parasite finds a 
favourable habitat in crevices in the walls and roofs 
of poor houses in rural areas and in the peripheral 
urban slums. The rural/urban migration move­
ments that occurred in Latin America in the 1970s 
and 1980s changed the traditional epidemiological 
pattern of Chagas disease, transforming it into an 
urban infection that can be transmitted by blood 
transfusion. The rates of infection of blood in 
blood banks in some selected cities of the conti­
nent vary between 3% and 53% thus showing that 
the prevalence of T. cruzi-infected blood is higher 
than that of HIV infection and hepatitis B and C. 

From a global perspective, Chagas disease rep­
resents the third largest tropical disease burden 
after malaria and schistosomiasis. According to the 
UNDP Human Development Report (1), the esti­
mated average annual per capita gross domestic 
product in Latin America, is US$ 2 966. Thus, the 
economic loss for the continent due to early mor­
tality and disability by this disease in economically 

a Chief, Trypanosomiasis and Leishmaniasis control, Division of 
Control of Tropical Diseases, World Health Organization, 
Geneva. 
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most productive young adults currently amounts to 
US$ 8 156 millions which is equivalent to 2.5% of 
the external debt of the whole continent in 1995. 

Southern Cone Initiative 
In 1991, the Ministers of Health of Argentina, 
Bolivia, Brazil, Chile, Paraguay and Uruguay, 
launched the "Southern Cone Initiative for elimina­
tion of transmission of Chagas disease". The 
progress towards elimination of vectorial and 
transfusional transmission ofChagas disease in U ru­
guay, Chile, Argentina and Brazil has been exten­
sively documented ( 2-5). Current data on disinfect­
ing of houses, coverage of screening in blood banks 
and serology in children and young adults indicate 
that the interruption of the vectorial and transfu­
sional transmission of Chagas disease will be 
achieved in these countries as follows: Uruguay and 
Chile in 1999, Brazil and Argentina in 2003. By 
eliminating the transmission of Chagas disease in 
the above countries, the incidence of the disease in 
the whole of Latin America will be reduced by more 
than 70% (see Figs. 1 & 2). 

Fig.1 
Southern Cone Initiative for the elimination of 
transmission of Chagas disease: house infestation by 
triatomines, 1982-1996 
Initiative du cone Sud pour !'elimination de la 
transmission de la maladie de Chagas : infestation des 
habitations par des triatomes, 1982-1996 
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Fig. 2 
Southern Cone Initiative for the elimination of 
transmission of Chagas disease: incidence of infections 
1980-1996 
Initiative du cone Sud pour 1'61imination de la 
transmission de la maladie de Chagas : incidence des 
infections, 1980-1996 
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Control activities are progressing as scheduled 
in Bolivia and Paraguay, but at this stage there are 
no entomological or epidemiological data avail­
able to assess the impact of the control pro­
grammes in these two countries and to estimate a 
date for achievement of interruption of transmis­
sion. These data should be available in 1999, after 
4-5 years of continued control activities and com­
pletion of cross-sectional entomological and sero­
logical surveys. Peru joined in March 1997 as the 
southern area of this country is also infested by 
T. infestans. The detailed epidemiological situa­
tion, country by country is as follows: 

Argentina 
The area of transm1ss10n of Chagas disease in 
Argentina includes the zones north of latitude 
44° 45', covering about 60% of the territory of the 
country. The main vector is Triatoma infestans 
which is a domiciliated species. 

The cumulative number of houses sprayed be­
tween 1992 and 1996 completed the attack phase 
of the control strategy. This has led to important 

196 

reductions in the house infestation rates from 24% 
in 1983 to 4% in 1996- equivalent to 84% decrease 
in the period. As a consequence, there was a reduc­
tion of80% in the incidence of human infection in 
the group of 18 year old males between 1983 and 
1996. 

To prevent the transfusional transmission of 
Chagas disease, the screening of T. cruzi-infected 
blood is compulsory since 1983 and the coverage 
of the screening in the blood banks of the country 
was 98% in 1996. 

Brazil 
In 1970, the endemic area included over 36% of 
the country, with 2 493 municipalities being in­
fested by T. infestans, the main vector of the dis­
ease. A total of 49 million persons lived in the 
endemic zone, 53% of whom in rural areas. T. 
infestans, the most important species responsible 
for the vectorial transmission of the disease, is ex­
clusively domestic. 

In 1983, there were 711 municipalities infested 
by T. infestans in the endemic states, while in 1995 
only 75 municipalities were infested, representing 
a 90% reduction. In 8 of the 11 endemic states, a 
reduction of house infestation rates of 71 % is ob­
served. Focal areas still infested with T. infestans 
remain only in the states of Bahia, Tocantins and 
Rio Grande do Sul, which gives a house infestation 
rate of 2. 7% for the whole country. 

Seroepidemiologi,cal surveys carried out be­
tween 1994 and 1996 in 10 endemic states among 
population samples of individuals 7-14 years old 
showed that the incidence of infections in this age 
group is 0.23% in the country as a whole, indicat­
ing a reduction of 95% as compared to the 1981 
rates. 

Similar trends are observed in relation with the 
decreasing proportion of T. cruzi-infected blood in 
blood banks between 1982 and 1995. A proportion 
of 6.5% of infected blood was found in the whole 
country in 1982, whereas in 1995 this proportion 
was only 0. 7%. The coverage of screening in blood 
banks reached 98% in 1995. 

Chile 
Chile has a population of 13 380 OOO, including 
1 654 OOO who live in the endemic rural area from 
parallel 18° 30' to parallel 34° 35' and hence are at 
risk of contracting the infection and further evolve 
to chronic myocardiopathy or megaviscera. The 
main species of triatomines responsible for the 
vectorial transmission of Chagas disease in Chile is 
T. infestans, a domestic insect. 

In 1981, the proportion of infected persons 
in all age groups in the country was 17% and 
the average house infestation rate was 29%. The 
countrywide prevalence of infected subjects 
among blood donors in 1984 was 3.6%. 
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The vector control operations with residual ac­
tivity insecticides carried out between 1982 and 
1996 have reduced the house infestation rates by 
T. infestans to 1.6%, which is equivalent to a de­
crease of95%. Transmission through blood trans­
fusion is under control due to the 100% coverage 
since compulsory blood screening in the endemic 
regions was introduced in 1995. 

A countrywide seroepidemiological study, com­
pleted in 1996, showed a prevalence rate of 1.4% in 
the age group <10 years as compared to 5.4% in the 
same age group in 1990, indicating the advanced 
degree of control and imminent interruption of 
vectorial transmission in Chile (6). 

Uruguay 
Chagas disease is endemic in Uruguay where vecto­
rial domiciliary transmission is effected through 
the triatomine insect T. infestans. In 1983, this in­
sect infested human dwellings and their perido­
mestic annexes in 80% of the national territory. 
Sustained spraying helped eliminate the infesta­
tion by T. infestans in Artigas, Colonia, Durazno 
and Soriano, and markedly decreased the rate of 
house infestation in the remaining areas to the 
current figure of0.3% for the entire country. 

In 1985, a countrywide serological survey to 
detect human T. cruzi infection, showed a preva­
lence rate of 3.4% for the total population, and of 
2.4% for the school-age group of <~2 years old. 

A seroepidemiological survey carried out in 
1995 in different rural areas of the endemic depart­
ments in children <12 years old showed 0-0.1 % 
infection rates in this age group. This could be 
interpreted as the confim1ation of the interruption 
of the vectorial transmission of Chagas disease in 
Uruguay. In addition, there is 100% coverage of 
compulsory blood screening in the country. 

Summary 

From a global perspective, Chagas disease represents 
the third largest tropical disease burden after malaria 
and schistosomiasis. The estimated average annual 
per-capita gross domestic product in Latin America is 
US$ 2 966. The economic loss for the continent due to 
early mortality and disability by this disease in econom­
ically most productive young adults currently amounts 
to US$ 8 156 million which is equivalent to 2.5% of the 
external debt of the whole continent in 1995. 

In 1991, the Ministers of Health of Argentina. Bolivia, 
Brazil, Chile, Paraguay and Uruguay, launched the 
Southern Cone Initiative for elimination of transmission 
of Chagas disease. The progress towards elimination of 
vectorial and transfusional transmission of Chagas dis­
ease in Uruguay, Chile, Argentina and Brazil has been 
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documented by reports from the national control pro­
grammes of the above countries. Current data on disin­
festation of houses, coverage of screening in blood 
banks and serology in children and young adults indi­
cate that the interruption of the vectorial and transfusion­
al transmission of Chagas disease will be achieved in 
these countries as follows: Uruguay and Chile in 1999, 
Brazil and Argentina in 2003. By eliminating the trans­
mission of Chagas disease in the above countries, the 
incidence of the disease in the whole of Latin America 
will be reduced by more than 70%. 

Resume 

Progres sur la voie de /'elimination 
de la transmission de la maladie de Chagas 
en Amerique latine 

O'un point de vue mondial, la maladie de Chagas est la 
troisieme maladie tropicale par son importance, apres 
le paludisme et la schistosomiase. Le produit national 
brut moyen par habitant et par an de l'Amerique latine 
est estime a US $2 966. Les pertes economiques pour 
le continent dues a la mortalite precoce et aux incapa­
cites provoquees par cette maladie chez des jeunes 
adultes economiquement les plus productifs s'elevent a 
l'heure actuelle a US $8 156 millions, soit !'equivalent de 
2,5% du montant de la dette exterieure de !'ensemble du 
continent en 1995. 

En 1991, les Ministres de la Sante de !'Argentine, de la 
Bolivie, du Bresil, du Chili, du Paraguay et de !'Uruguay 
ant lance !'initiative du Cane Sud pour !'elimination de la 
transmission de la maladie de Chagas. Les progres 
accomplis sur la voie de !'elimination de la transmission 
vectorielle et transfusionnelle de la maladie de Chagas 
en Uruguay, au Chili, en Argentine et au Bresil ant ete 
attestes dans des rapports publies par les programmes 
nationaux de lutte des pays concernes. Les donnees 
actuelles concernant la desinsectisation des habita­
tions. le depistage par les banques de sang et la 
serologie chez l'enfant et le jeune adulte indiquent que 
la transmission vectorielle et transfusionnelle de la ma­
ladie de Chagas sera interrompue en Uruguay et au 
Chili d'ici 1999, et au Bresil et en Argentine en 2003. 
L'elimination de la transmission de la maladie de Cha­
gas dans les pays susmentionnes permettra de reduire 
!'incidence de la maladie dans !'ensemble de l'Ameri­
que latine de plus de 70%. 
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The lot quality technique: a global review of applications 
in the assessment of health services and disease surveillance 
Susan E. Robertsona, Martha Ankerb, Alain J. Roisinc, Nejma Macklaic, Kristina Engstromc 
& F. Marc Laforce d 

Introduction 
Health programme managers need up-to-date in­
formation to enable health systems to work effec­
tively. Today, with increasing decentralization of 
health services, the need for information at the 
local level is growing. In particular, health pro­
gramme managers need to know which communi­
ties are meeting particular targets and goals, and 
which are not. In this paper, the potential of the lot 
quality (LQ) sampling technique to provide useful, 
inexpensive programmatic information at the 
community level is explored. The paper begins 
with a brief description of the LQ method, reviews 
34 health surveys which have used the LQ method, 
and discusses future applications of the LQ meth­
od for health assessments. 

The LQ method (also called Lot Quality Assur­
ance Sampling or Lot Quality Assessment) was de­
veloped in the 1920s as a quality control tech­
nique for goods produced on a factory assembly 
line ( 1 ). The idea was to examine a small number 
of units randomly selected from each lot. If the 
number of defective items in that small sample 
exceeded a predetermined number, the lot was 
discarded. Otherwise, the lot was accepted. The 
number of units tested and the maximum allow­
able number of defects were determined statisti­
cally to ensure that there was a high probability 
that the lots accepted contained relatively few 
defective goods, if any, and that the lots rejected 
contained a relatively high proportion of defec­
tive goods. 

Interest in applying the LQ method to health 
assessment has been growing since the mid-1980s 
(1-5). In 1991, an international meeting on epide­
miological and statistical methods for rapid health 
assessment concluded that LQ was one of the 
more practical methods, and encouraged further 
studies (6-8). General guidelines on use of the LQ 
method were published by WHO in 1991 (9). In 
1995, special guidelines on LQ surveys for salt 
iodization programmes were released ( JO) and in 
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b Statistician, Division of Emerging and other Communicable 
Diseases Surveillance and Control, World Health Organi­
zation, Geneva. 

c Consultant, Global Programme for Vaccines and Immu­
nization, World Health Organization, Geneva. 

d Professor, University of Rochester, Rochester, New York, USA. 

Wld hlth statist. quart., 50 (1997) 

1996 a WHO manual on using the LQ technique 
to monitor immunization programmese became 
available. 

For the evaluation of health care services, lots 
can take many forms, including villages and com­
munities, catchment areas of hospitals or health 
centres, groups of health care workers, or even 
batches of health records. In factories, manufac­
tured goods are classified as "defective" or "not 
defective". In health services studies, individuals 
may be classified as "failed to receive appropriate 
treatment" or "received appropriate treatment". In 
immunization studies, individuals are classified as 
"unimmunized" or "immunized". 

Description of the lot quality method 
The LQ method combines two standard statistical 
techniques: ( a) stratified random sampling for data 
collection, and (b) one-sided hypothesis testing for 
data analysis. The hypothesis testing technique 
provides a minimal amount of information from 
each lot or stratum, namely whether the level of 
defective goods is likely to be above or below a 
given threshold. Because of this, the size of the 
sample selected from each lot can be relatively 
small. 

Defining the lots 
The first step in the LQ method is to divide the 
population under study into lots which may consist 
of villages, urban zones, or health facility catch­
ment areas. Performance across lots should differ 
since the purpose of the survey is to identify poorly 
performing lots. However, within a single lot the 
population should have the same exposure to dis­
ease and the same health care opportunity. The 
more homogeneous the population within each 
lot, the more likely it is that the results from only a 
few persons will be indicative of the entire lot. After 
selecting the lots, a random sample of size "n" is 
selected from each lot for inspection. The lot is 
either "accepted" or "rejected" depending upon 
whether the number of "defects" found in the 
sample exceeds a preset limit, "d". 

c Monitoring immunization programmes using the Lot Quality 
technique. Global Programme for Vaccines and Immunization, 
Geneva, World Health Organization (Document VRD/ 
TRAM/96.1). 
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The role of threshold levels 
In LQ, the procedure for determining whether to 
accept or reject a lot is equivalent to performing 
a one-sided hypothesis test for the null hypothesis, 
H0, that the proportion of defects in the lot is 
greater than or equal to a predetermined upper 
threshold, PO (PO can be thought of as the maxi­
mum proportion of defects allowed). Rejecting 
the null hypothesis means accepting the lot and 
accepting the null hypothesis means rejecting the 
lot. 

To have a hypothesis testing system that rejects 
almost all lots which have many defects, it is neces­
sary to set an upper threshold, P 0, for the propor­
tion of allowable defects within a lot, and to define 
a, the risk of misclassifying a lot as below P 0 . In 
statistical terms, a refers to the risk of a type 
1 error. The LQ method will reject all lots for 
which the probability is greater than a that the 
proportion of defects is greater than or equal to P 0. 

For example, if a health administrator wishes to 
identify lots with less than 75% vaccine coverage, 
the upper threshold (P0 ) would be 25%. a is often 
set at 5%: this means that there would be less than a 
5% chance that a lot which is accepted has not 
attained at least 75% coverage. 

At the same time, it is important that lots with 
high coverage rates are not rejected, since this 
would result in a waste of valuable resources. To 
guard against this happening, a lower threshold for 
the proportion of defects, Pa' is set, along with a 
second critical value, 13. The LQ method has a 
probability of (1-13) of rejecting lots in which the 
proportion of defects (or unimmunized persons) 
is less than Pa· In statistical terms, 13 refers to the 
risk of a type 2 error, and (1-13) is known as the 
power of the test. 13 is often set at a higher level 
than a, because it is usually considered that the 
consequences of accepting a lot with poor cover­
age are more significant than those of rejecting a 
lot with high coverage. 

Thus, the programme manager should choose 
an upper threshold for the proportion of allow­
able defects in accepted lots and a lower thresh­
old for the proportion of defects in rejected lots. 
In the above example, the programme manager 
would set 25% as the maximum proportion of 
allowable unimmunized persons in accepted lots. 
However, suppose that the health administrator 
considers that ~ 90% coverage is excellent and 
consequently would not wish to put resources 
into any community that had such high coverage 
rates. In this case, the lower threshold for the 
proportion of allowable defects in rejected lots 
(13) could be set at 10%. With these threshold 
levels, the lots accepted would include no more 
than 5% of all lots with underlying coverage 
< 75%, and the lots rejected would include at 
most 10% of lots with underlying coverage of 
90% or more. 
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Practical considerations in choosing appropriate 
thresholds 
Selecting appropriate thresholds is a crucial step in 
setting the LQ design. The usual reason for doing 
an LQ survey in health care is to improve target 
resources. To do this, it is necessary to divide the 
lots into two groups - those with "good perfor­
mance" which would not get additional resources, 
and those with "poor performance" which would 
get additional resources. Ideally, the majority of 
lots would be accepted, and a limited number of 
lots would be r~jected. Additional resources could 
then be targeted to the rejected lots to bring them 
up to a more acceptable level of performance. An 
LQ exercise that either accepted all lots or rejected 
all lots would not be particularly helpful to a pro­
gramme manager; therefore, the threshold levels 
should be set somewhere between the perfor­
mance levels expected to be found in the best and 
worst lots. Any information about performance 
levels in the area under study, even informed 
guesses, can be useful in this context. 

Determining sample size and allowable defects 
Based on the upper and lower threshold levels for 
defects, and their associated critical values, the LQ 
method allows for the calculation of pairs of values 
"n" and "d", where "n" is the size of the sample to 
be drawn from each lot and "d" is the maximum 
number of allowable defects. LQ tables, which pro­
vide values of"n" and "d" corresponding to various 
upper and lower threshold levels, and common 
values of a and 13, can be found in a number of 
publications (9). 

A second way to select the sample size and maxi­
mum allowable defects is to use operating charac­
teristic (OC) curves found in books of statistical 
tables (11). These curves plot the probability of 
accepting a lot, against the underlying proportion 
of defects in the population. Each pair of values "n" 
and "d" has its own OC curve. Therefore, by select­
ing a particular OC curve, one is also selecting 
upper and lower thresholds, and their associated a 
and 13 values. OC curves are somewhat more diffi­
cult for the non-statistician to use and interpret 
than LQ tables, but they have the advantage of 
allowing the researcher to more easily examine the 
effects of different thresholds and confidence 
levels on sample size. 

Once the "n" and "d" values are set, a random 
sample of size "n" is taken from each lot. The lot is 
rejected if the number of defects exceeds "d"; 
otherwise, the lot is accepted. It is possible to stop 
the survey as soon as the number of defects exceeds 
"d", since at this point the lot is automatically reject­
ed. However, in most surveys, the programme man­
ager not only wants to identify poorly performing 
lots, but also to obtain an overall estimate of perfor­
mance for the entire study area. In this situation, it 
is necessary to sample "n" subjects in every lot. 

Rapp. trimest. sflltist. sanit. mond., 50 (1997) 



Estimating coverage levels with the LQ method 
If "n" subjects are selected from every lot, the re­
sults from the individual lots can be combined into 
an estimate of coverage for the study area as a 
whole by weighting the results from each lot by the 
size of the target population in the lot and then 
taking the mean. Provided that the estimates of the 
size of the target population in each lot are reliable 
( this should be the case, since an assessment of the 
target population size is needed to set the size of 
the survey), the estimate of coverage obtained 
from the LQ method will usually have greater pre­
cision than that obtained with the 30-cluster 
method (12). This is because stratified random 
samples generally have narrower limits than cluster 
samples of the same size. In fact, stratified samples 
often have narrower confidence intervals than sim­
ple random samples. This is because some subjects 
are selected from each and every strata, making it 
impossible to miss some strata completely. 

Terminology of the LQ method 
The terminology of the LQ method has several 
problems. First it is confusing, since accepting a lot 
is synonymous with rejecting the null hypothesis. 
Second, the LQ method uses the words "accept" 
and "reject" in different ways than they are used in 
everyday language. It is important to keep in mind 
that no value judgment is being made about the 
absolute level of performance when a lot is ac­
cepted or rejected. 

Global review at LQ surveys 
This section reviews the global experience with 
surveys which used the LQ method to evaluate 
preventive services or to estimate disease inci­
dence. These studies are either published in the 
scientific literature or had reports forwarded to 
WHO as of February 1997. 

Number of surveys, location, sample size 
A total of 34 LQ health surveys, conducted from 
1984 through 1996, were identified (Tab/,e 1). 
Twenty (59%) were conducted between 1992 
and 1996. These surveys provide experience 
from countries in the \.\>'HO African, American, 
European, South-East Asia, and Western Pacific 
Regions; no surveys were reported from countries 
in the WHO Eastern Mediterranean Region. 

Of the 34 LQsurveys, 14 (41 %) were conducted 
in an urban area, 16 ( 4 7%) took place in a predom­
inantly rural province, region or district, and 
4 surveys (12%) covered the entire country. The 
size of the total population in the sampling frame 
ranged from 8 OOO to 1.2 billion persons. Lots were 
defined as: health centre (or subcentre) catch­
ment areas, townships, villages within a single dis­
trict, zones or wards of a city, or districts within a 
province. For 5 surveys, lots were defined as physi-

Wld hlth st.atist. quart., 50 (1997) 

cians or individual community health workers. The 
number of lots per study ranged from 2 to 870. Of 
the 34 surveys, 17 (50%) had~ 15 lots, 8 (24%) had 
16-30 lots, 7 (21 %) had 31-100 lots, and 2 (6%) 
nationwide surveys had> 100 lots. The total sample 
size ranged from 70 to 25 230 (Tab/,e 1). 

Types of health assessments 
Health care parameters assessed in the surveys var­
ied and some surveys assessed more than 1 health 
parameter: 24 surveys assessed immunization cov­
erage, 9 surveys examined women's health issues 
such as family planning and antenatal care, 5 sur­
veys assessed ORT use, 5 surveys estimated disease 
incidence, and 3 surveys evaluated health worker 
performance. 

Use of LQ method to measure immunization cover­
age. Twenty-three surveys examined immunization 
coverage for young children: most assessed the age 
group 12-23 months. Nine surveys examined teta­
nus toxoid coverage for women: most assessed 
mothers of children aged 0-11 months. All LQ 
coverage surveys in this review obtained an overall 
estimate of immunization coverage with confi­
dence intervals narrower than± 10%; 8 surveys had 
confidence intervals of ± 6% or less. In 4 surveys 
(13-16) the overall level of immunization coverage 
determined by the LQ method was less than 10% 
above the lower threshold, indicating that the orig­
inal coverage figures used to set the lower thresh­
old were overestimates. 

Use of LQ for women's health services assess­
ments. Nine surveys explored the LQ method to 
assess women's health services. Four surveys as­
sessed antenatal care: the usual indicators assessed 
were number of antenatal visits and place of delivery 
of the infant. Three LQ surveys assessed family 
planning methods. Two' LQ surveys in Belgium 
determined the proportion of women in several 
private physicians' practices who had been appro­
priately screened for cervical cancer or breast 
cancer. 

Use of LQ for ORT assessments. Five surveys as­
sessed ORT use. For example, an LQ survey in 
Mozambique examined the quantity of liquids 
administered to children with diarrhoea and 
mothers' knowledge and use of ORT (P. Tabard, 
unpublished data, 1993). 

Use of LQ for disease surveillance, including sero­
surveys. The LQ method has been adapted for 
disease surveillance in a variety of settings. The 
WHO Global Programme for Vaccines and Immu­
nization has developed a protocolf which uses the 

f Stroh, G. Guidelines: assessment of neonatal tetanus elimination. 
Global Programme for Vaccines and Immunization, Geneva, 
World Health Organization, 199.'i. 
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LQ method to assess whether the incidence of 
neonatal tetanus is below the "elimination thresh­
old" of 1 death due to neonatal tetanus per 100 OOO 
live births. A field test was conducted in Gazipur 
Zila District, Bangladesh in 1994. This district was 
selected because it had high levels of tetanus tox­
oid coverage of women (about 80%) and had re­
ported no neonatal tetanus cases during the year. 
Some 5 459 households were surveyed to obtain 
information on the survival of 1 OOO live births. 
Sixteen neonatal deaths were detected, 7 of which 
were determined to be due to neonatal tetanus. 
Thus, Gazipur Zila District, with a neonatal tetanus 
mortality rate of 7 /1 OOO live births, had not 
reached neonatal tetanus elimination (G. Stroh, 
unpublished data, 1994). Two surveys conducted 
in 1996 in Indonesia found neonatal tetanus mor­
tality rates below the elimination threshold 
(F. Gasse, unpublished data, 1996). 

A survey in Tete Province, Mozambique ex­
plored the use of the LQ method to obtain preva­
lence of diarrhoeal disease reported by mothers of 
children aged 12-23 months: 8% of children had 
diarrhoea on the day of the survey, 19% had an 
episode in the previous 2 weeks, and every child 
had at least 1 episode in the previous year 
(P. Tabard, unpublished data, 1993). 

LQ sampling is also being used for serosurveys. 
In 1984, a survey in Malawi assessed the response of 
children <5 years of age to a chloroquine treatment 
regimen for prevention of malaria (2). In 1996, a 
trypanosomiasis serosurvey was conducted in 
Uganda (C. Pacquet, personal communication 
1996). Several authors have proposed that the LQ 
method could be readily extended to a sentinel 
serosurveillance system for HIV infection in low­
prevalence areas (8, 17); however, no studies are 
reported to date. 

Use of LQ for health worker supervision. Studies in 
Costa Rica used the LQ method as a supervisory 
tool to assess the quality of health worker perfor­
mance related to nutrition programmes (18) and 
injection safety techniques ( 19). In these studies 
each lot is a health worker and certain aspects of 
the health worker's performance are observed 
multiple times. To examine performance, the 
investigators must define a series of tasks. For 
example, the tasks for injection safety were: identi­
fication of children requiring vaccination; prepara­
tion of the syringe and a sterile work area; educat­
ing mothers on vaccines and their potential side 
effects; delivery of the vaccine and clean-up; and 
maintenance of the cold chain. Health workers 
identified as performing below standard should 
receive training, and subsequent LQstudies can be 
used to monitor improvements in health worker 
performance. 

In Malawi, the LQ method was used to evaluate 
the accuracy of data in health records maintained 
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by community health workers, and thereby identify 
health workers in need offurther supervision (20). 
Poor performance was easy to detect: 9 of 14 health 
workers had failed to acceptably update informa­
tion on ORT, whereas only one health worker had 
failed to properly update immunization data. 

Use of LQ for nutrition programmes. In 1995 guide­
lines were released on use of the LQ method to 
monitor salt iodization programmes (10); studies 
should be forthcoming over the next few years. 
The LQ method has been proposed to assess vita­
min A deficiency; however, no surveys are yet re­
ported. 

Costs 
The LQ method remains relatively inexpensive 
and provides data much more rapidly than stan­
dard surveys: many LQ surveys can be completed 
and analyzed in a few weeks. Information from 
9 LQ surveys indicated that 30 to 150 person-days 
of field work were needed per survey (Tabl,e 2). 

The LQ method provides better precision and 
more detailed information than a standard 30-clus­
ter survey ( 12), but at the cost of randomly select­
ing the individuals in the survey. Two surveys 
directly compared the two methods (Tabl,e 2). In 
Maputo, Mozambique, the per lot cost of an LQ 
survey (US$ 5 400) was higher than for 30-cluster 
survey (US$ 2 600-3 OOO) (21). The manpower re­
quired for the Maputo LQ survey was 144 person­
days, as compared to 60 person-days for the 30-
cluster survey. However, each lot could be judged 
as passing or failing, and the precision achieved by 
the LQ method (confidence interval,± 2-3%) was 
greater than that of the 30-cluster method ( confi­
dence interval, ± 5-8%). In Saharanpur District, 
India, an LQsurvey cost 18 850 Rupees, compared 
with 12 050 Rupees for a 30-cluster survey in the 
same area (13). As with the Maputo survey, the 
increased costs for the Saharanpur LQ survey were 
associated with increased precision in the coverage 
estimate and information about each lot. 

Discussion 
A decade ago, stat1st1c1ans and epidemiologists 
foresaw that the LQ method could be suitable for 
assessing a variety of primary health care services. 
Since 1984, 34 LQ surveys have been carried out; 
59% of these were conducted in 1992-1996, indi­
cating increasing use of this method. 

A majority of LQ surveys have been used to 
measure immunization coverage. This is because 
the LQ method overcomes several limitations of 
the 30-cluster method promoted by the WHO Ex­
panded Programme on Immunization (EPI)g (12). 

g The EPI coverage survey: Training for mid-level managers. 
(Document 'WHO/EPI.MLM 9l.10). 
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Table 2 
Person-days of work required for selected lot quality surveys 

Tableau 2 
Journees-personnes de travail requises pour la realisation de certaines enquetes sur la qualite des lots 

Country- Pays Urban/Rural­
Zone urbaine/ 
Zone rurale 

Year-Annee Lot quality survey -
Enquete sur le contrale 

de qualite des lots 

30-cluster survey­
Enquete dans 30 grappes 

Reference­
Reference 

Person/days 
of field work -

Journeest 
personnes 
de travail 

Sample size­
Taille de 

l'echantillon 

Person/days 
of field work -

Journeest 
personnes 
de travail 

Sample size­
Taille de 

l'echantillon 

sur le terrain sur le terrain 

Democratic Republic 
of the Congo -
Republique democratique 
du Congo 

India (Alwar) - lnde 

Indonesia - lndonesie 

Mozambique 

Bangladesh 

Indonesia - lndonesie 

Indonesia - lndonesie 

Indonesia - lndonesie 

Peru- Perou 

Urban­
Zone urbaine 

Rural­
Zone rurale 

Rural­
Zone rurale 

Urban­
Zone urbainee 

Urban­
Zone urbaine 

Urban/Rural -
Zone urbaine/ 
Zone rurale 

Rural­
Zone rurale 

Urban­
Zone urbaine 

Urban­
Zone urbaine 

a Unpublished data - Donnees non publiees. 

1988 

1992 

1996 

1992 

1992 

1996 

1987 

1987 

1984 

For a given level of precision, an LQ immunization 
coverage survey requires about half the size of an 
EPI 30-cluster coverage survey. This is because of 
the design effect, which is assumed to be 2 for an 
EPI cluster sample, but is no more than 1 for a 
stratified random sample. One of the most attrac­
tive features of the LQ technique is that it provides 
a qualitative result ("pass" or "fail") for each lot, 
whereas a 30-cluster survey does not allow data to 
be interpreted from individual clusters. Thus, the 
LQ survey allows the manager to identify poorly 
performing pockets and to direct supervision to 
areas most in need. The surveys we reviewed pro­
vide information about performance at the level of 
individual health centre catchment areas, single 
villages, or even for individual health workers. 
Moreover, the LQ method can interpret data as 
soon as it is collected from a lot, e.g., data do not 
have to be collected from all lots before action can 
be taken. The fact that LQ assessments can be set 
up to provide information useful at the community 
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50 

150 

150 

144 

120 

100 

36 

33 

20 

423 (28) 

311 90 212 (13) 

1000 F. Gasse, 1996a 

234 60 212 (21) 

406 (22) 

1000 F. Gasse, 1995a 

209 (3) 

209 (3) 

108 (14) 

level is particularly important in an era of increas­
ing decentralization. It is also important for pro­
grammes with high performance, such as many 
immunization programmes (immunization cover­
age is 80% or higher in many countries), where 
attention needs to be focused on identifying 
pockets where the programme is not working well. 

The major drawback of the LQ method is the 
requirement of visiting every lot. Depending on 
the number of lots, this could be somewhat more 
costly and time-consuming than a traditional 
30-cluster coverage survey. If it is already known 
that there is very little variation in coverage among 
lots, or if a manager requires no other information 
than a rough estimate of the coverage levels 
achieved over the study area as a whole, a tradi­
tional 30-cluster survey may be more appropriate 
than an LQ survey. However, if more detailed in­
formation on coverage at the community level is 
required, then the LQ method offers a practical 
alternative to the 30-cluster survey. When choosing 

207 



the most appropriate method, the investigators 
must balance the extra cost of carrying out an LQ 
survey with the additional information the LQ sur­
vey will yield. 

The LQ method has been used to examine a 
number of other health care parameters, ranging 
from ORT use to growth monitoring, antenatal 
care, health worker performance, and disease sur­
veillance. The above studies are promising and 
further health assessments based on the LQ 
method would be useful. 
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Summary 

Since the mid-1980s, there has been growing interest in 
adapting the lot quality (LO) technique to monitor the 
quality of health care services, especially in developing 
countries. This global review has identified a total of 
34 LO surveys conducted from 1984 to1996 in Africa, 
the Americas, Europe, South-East Asia, and the Western 
Pacific. Health care parameters assessed in the surveys 
varied and some surveys assessed more than 1 health 
parameter: 24 surveys assessed immunization cover­
age, 9 examined women's health issues such as family 
planning and antenatal care, 5 assessed use of oral 
rehydration therapy, 5 estimated disease incidence, 
and 3 others evaluated health worker performance. 
These studies indicate that LO is a practical, relatively 
low-cost field method which is increasingly being ap­
plied in health programmes. 

Resume 

Elude mondiale des applications de la 
technique du controle de la qualite des lots 
pour /'evaluation des services de sante 
et la surveillance de la maladie 

Depuis le milieu des annees 80, on s'interesse de plus 
en plus a !'adaptation de la technique de controle de la 
qualite des lots pour la surveillance de la qualite des 
services de sante, notamment dans les pays en deve­
loppement. Cette elude mondiale a repertorie au total 
34 enquetes sur le controle de la qualite des lots effec­
tuees de 1984 a 1996 en Afrique, dans les Ameriques, 
en Europe, en Asie du Sud-Est et dans le Pacifique 
occidental. Les parametres relatifs aux soins de sante 
evalues dans les enquetes n'etaient pas Jes memes et 
certaines enquetes ont evalue plusieurs parametres: 
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24 enquetes ont porte sur la couverture vaccinale, 9 sur 
des problemes de sante des femmes, telles que la 
planification familiale et les soins prenatals, 5 enquetes 
sur !'utilisation de la therapie par rehydratation orale, 
5 sur !'incidence de la maladie et trois autres sur la 
qualite du travail des agents de sante. Ces etudes 
montrent que le controle de la qualite des lots est une 
methode de terrain pratique et d'un coot relativement 
bas de plus en plus utilisee dans les programmes de 
sante. 
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Corrigendum 
Vol. 49, No. 3/4, 1996 
Pages 232 and 233 
Replace by: 

Table 2 

Rectiflcatif 
Vol. 49, No. 3/4, 1996 
Pages 232 et 233 
Remplacer par ce qui suit : 

Ratesa of violent death among children <15 years of age. United States and 25 other industrialized countries/areas 

Tableau 2 
Tauxa des deces violents chez les enfants ages de mains de 15 ans, Etats-Unis d'Amerique et 25 autres pays/zones 

Age Homicide Suicide Firearm deaths - D6ces par armes a reu 
(years -annees) Homicide Suicide Unintentional - Unknown Total 

Non intentionnel intention-
Intention 
inconnue 

0-4 
United States - Etats-Unis 4.1 0.0 0.43 0.0 0.15 0.01 0.59 
Non-US -Autres pays/zones 0.95 0.0 0.05 0.0 0.01 0.01 0.07 

Ratio US/Non-US -
Rapport Etats-Unis/autres pays 4.3 8.6 15 8.4 
5-14 

United States - Etats-Unis 1.75 0.84 1.22 0.49 0.46 0.06 2.23 
Non-US - Autres pays 0.30 0.40 0.07 0.05 0.05 0.01 0.18 

Ratio US/Non-US -
Rapport Etats-Unis/autres pays 5.8 2.1 17.4 9.8 9.2 6.0 12.4 

0-14 
United States - Etats-Unis 2.57 0.55 0.94 0.32 0.36 0.04 1.66 
Non-US - Autres pays 0.51 0.27 0.06 0.03 0.04 0.01 0.14 

Ratio US/Non-US -
Rapport Etats-Unis/autres pays 5.0 2.0 15.7 10.7 9.0 4.0 11.9 

a Rates per 100 OOO and for 1 year between 1990 and 1995. - Taux pour 100 OOO et pour un an entre 1990 et 1995. 

Table 3 
Ratesa of non-firearm related violent death for children <15 years of age, United States of America and 25 other industrialized 
countries/areas 

Tableau 3 
Tauxa des deces violents dus a d'autres causes que les armes a feu pour les enfants ages de mains de 15 ans, Etats-Unis 
d'Amerique et 25 autres pays/zones industrialises 

0-4 

Age 
(years -annees) 

United States - Etats-Unis 
Non-US - Autres pays/zones 

Ratio US/Non-US - Rapport Etats-Unis/autres pays 

5-14 
United States - Etats-Unis 
Non-US - Autres pays 

Ratio US/Non-US - Rapport Etats-Unis/autres pays 

0-14 
United States - Etats-Unis 
Non-US - Autres pays 

Ratio US/Non-US - Rapport Etats-Unis/autres pays 

Homicide 
(non·firearm -autres que par armes a feu) 

3.67 
0.9 
4.1 

0.53 
0.24 
2.2 

1.63 
0.45 
3.6 

Suicide 
(non-firearm-autres que par armes a feu) 

0.0 
0.0 

0.35 
0.35 
1.0 

0.23 
0.24 
1.0 

• Rates per 100 OOO and for 1 year between 1990 and 1995. - Taux pour 100 OOO et pour un an entre 1990 et 1995. 
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Publications of the World 
Health Organization 1998 

WORLD HEAL TH FORUM 
An international journal of health development 
(Separate editions in English, French, Spanish, Arabic, Chinese and 
Russian) 

World health forum is a quarterly journal for policy-makers, health 
planners, administrat<,rs, health educators, and public health workerli of 
all kinds. It provides a mcdilun fr)r the presentation and discussi<Hl of new 
concepts in public health and new approaches to health problems, and it 
is devoted to the improvement orhcalth through the promotion of health 
services covcrinf,{ the entire population and the undertaking of a \Viele 
variety of public health measures, ,..,.·hethcr or not they arc supponed by 
WHO. The Fomm is the main organ ofWHO's Member States for the 
international exchange of health iriforrnation and an active instrument in 
technical cooperaticni among deYeloping countries. 

Subscription (4 numbers) 
Prkc per copy ................................................... . 

Sw. fr. 80.­
Sw. fr. 26.-

BULLETIN OF THE WORLD HEALTH ORGANIZATION 

The BullcLin is the principal scientific organ of\.\'HO: its role is to re\ic-w 
progress in medical and related sciences ("update" articles) and hring to 
light new kno\vledge by p,1hlisl1ing original papers on scientific research 
in the laboratory· and field. 

The Rullctin contain,; original articles in either English or French, \vith a 
summary in the other language. 
Rimonthly. 

Subscription (6 numbers) ........................................ . 
Price per copy .................................................. . 

WEEKLY EPIDEMIOLOGICAL RECORD 
(Rilingual: English and French) 

Sw. rr. I !14.­
Sw. fr. 42.-

Prepared for the !(HiclarKe of health administrations and health 
authorities, Lhe \Veekly epidemiological record contains notifications 
made under Lhe International Health, Regulations and information 
concerning their application. The Record also contains epidemiological 
information on communicable diseases of international importance. 

Annual ~ubscription ................................................. . Sw. fr. 230.-

WORLD HEALTH STATISTICS QUARTERLY 

The World health statistics quarterly replaces (since 1978) the World 
health statistics report (published since l 967) and its forerunner the 
Epidemiological and vital statistics report (puhlishcd since 1947). It dcab 
with the deLtiled analysis c,f selected health topics of current interest. The 
Quartt'rly con rains articles in either French or English \Vith a sununary in 
both languages. 

Annual subscription ......................................... . 
Price 1,er CC>(lY .•........•.......................................•............ 

WORLD HEALTH STATISTICS ANNUAL 
(Bilingual: English and French) 

Sw. fr. 121.­
Sw. fr. '.19.-

'['he forerunncrc1f thi.~!-it"ries was the Annual epidetninlogical repc,rt of the 
League of l\'alions. It was followed by the . ..\.nnual epidemiological and 
\ital statistics issued by the \\'orld Health Organizacion. 

Latc<st publication~: 

19~)2. Vital s1...1.tistic'i and life tables, itnpletnent.ation of 
the Global Strategy for Hcalh for All bv the Year 
2000 (single volume), 480 pages....................... Sw. fr. 100.-

19!13. \'ital ,talistics and life tables, health and 
demob11:aphic da1...1, and alternative source~ for the 
collection of causl'-of-death and vital event" data 
in Lhe absence of universal vital registration 
(single volume), 662 pages................................ Sw. fr. 100.-

l 994. Vital statistics and life tables, and worldwide 
health and demographic data (single volume), 
460 pages .......................................... Sw. fr. I 00.-

l!l!J!i. Vital statisLics and life table, (including causes of 
death in lhe newly independent. states of the 
former USSR), and worldwide health and 
dcmogrnphic data (single volume), 880 pages Sw. fr. 150.-

Publications de /'Organisation 
mondiale de la Sante 1998 

FORUM MONDIAL DE LA SANTE 
Revue internationale de developpement sanitaire 
(Edit.ions st·parees en fran<.:ais, anglais, espagnol, arahe, chinois et 
russc) 

Forum rnondial de la ~arue est une rcVUt' lrime,;tridk dcstinee aux 
rcspon~able'i des politiqucs sanitaires, aux planificateurs, administrateurs et 
educatt'llrs sanilaire'i, en£in aux travailleurs de la santC publique de toutes 
categories. Tribune pour la prC.Scntalion et la disn,ssion de nouveaux 
concept'i en santt'. publique et de nou\dle'i approches des problemes de 
sane('. Forum se consacre a l'amelioratio1t de la ~ante par la promotion de 
services de sanle couvrant la population tou ten tit'.rc ctcl' une va'ile gamme de 
mesure'ide santt': publique, qu 'ellcssoicntou non souten,,es par l'OMS.11 est 
le principal organe a la disposition des F.tats Membres de l'O\IS pour 
l'echange inten1ational d'informaticms sanitaires en 1nbnc temps qu'un 
inscnunent de coopl:ration technique entrc pays en developpemcnt. 

Abonnement (4 nnmeros) ........... ............................... Fr. s. 80.-
L.e nttnH·:ro ........................... . .................................. Fr. s. 2fi.-

BULLETIN DE L'ORGANISATION MONDIALE DE LA SANTE 

Le Rullctin est le principal organc sciemifique ck I 'OMS; il a pour role de 
passer en revue lcs progres des sciences mCdicales et apparen tCes (articles 
de la rubrique «Le point>)) et de mettre en lumii.:re lcs connaissanc.es 
nouvdks en prt'scntant da1ts des articles orit,,rinaux les resulrats de 
rec:herches !'lcientifiquc<s au labnraLOire et sur le tcnain. 

Le Rulktin rontient des articles oflginaux en fran(ai~ ou en anglais, 
accompagnCs d'un resume clans l'aurre langue. 
f\imcnsucl. 

Abonncmenl (6 numCros) ............................... . 
l.e nurnf'ro ............................................................... . 

RELEVE EPIDEMIOLOGIQUE HEBDOMADAIRE 
(Rilin!(Ue: fran~ais et anglais) 

Fr. s. 1!14.­
Sw. fr. 42.-

D<'stine aux administrations sanitaires et aux .service~ de santt', le Rd eve 
t'pidl'miologique hebdomadairc contient les notifications exigees par le 
Reglement sanitairc int.ernational, ainsi que d'autres rcnscignernents 
concernant l'a1,plic-aci<m de ce rf'glemcnt. Le Releve contient l:galcment 
des infr1rrnations Cpid<.~tninlog·iques conc:cn1ant les maladies 
tra11srnissibles d 'une importance internationak. 

Prix de l'abonncme1tt annuel ................ Fr. s. 2:\0.-

RAPPORT TRIMESTRIEL DE STATISTIQUES SANITAIRES 
MONDIALES 

Le Rapport trimestriel de statistiquc, mondiales, remplaee (clepuis 1978) k 
Rapport de statistiqucs sanitaires mondiales (publie clepuis 1967) et son 
prfrnrscur le Rapport epirlcmiologique et demo!(t-aphiquc (publie depnis 
1947). ll prcsellle des analvses dctaillccs sur des suiets spcritiq ues cl' interf:t 
couranl. Le Trimcstrid prfsente des artidl's originaux en franc,_:ais ou en 
anglais, accompag·nes d'un r{:surne dan'i les deux langue~. 

Prix de l'ahonncment annuel .. . 
Le nun1e'ro ................................................................ . 

Fr. s. 121.­
Fr. s. ,19.-

ANNUAIRE DE STATISTIQUES SANITAIRES MONDIALES 
(Bilingue: fran~·ais et anglais) 

Cct amwaire remplace ks Stati'itiques (:pid<.'.miologiques et 
df'mographiques annuelles publiCcs par I 'Organisation 11101 idiale de la Santt' 
et qui avaient, ellermCmes, rc1nplace le Rapport Cpicli:miolngique annud 
publit par la Socit"te des Nations. 
Pnhlication.s rCct'nles: 

1992. MoH\etnent de la popHlaLion et tables ck !SUn:it'. 
mi'ie en n:11\Tc de la Strategie monclialc de la sante 
pour tOLts d'ici l'an 2000 (l scul volume), 
480 pages ........................................................... . 

1993. \louverncnt de la population cl tables de sunie, 
donnCcs sanitaires el dt:mographiq ucs, methodes 
permettant ck trcueillir des don1t(-cs sur les 
cau~e'i de cl{Ti:1' et les faits de l'Ctat civil en 
!'absence de systf'me univcrsd d'enregistre1nc11r 
( I scul volume), 662 pages ..................... . 

1994. ~1[ouvement de la population et tables de survie, 
ainsi que donnCes sanitaire!-1 et demographiqu~s 
it I 'frhdle mondiale ( I seul volume), 460 pa!(cs 

I ~195. ~1ouvcmenl de Ja population el table'i de survie (y 
compris cause'i de dCct:s pour le~ nouveaux Etat" 
indepcnclants de l'ex-URSS), ainsi que donnt'es 
sanilaires et dbnoKraphiques ;l l'l'chdlc mon-
dialc ( l ,eul volume), 880 pages ....................... . 

Fr. s. 100.-

Fr. s. 100.-

Fr. s. 100.-

Fr. s. 150.-



Epidemiology and control of infectious diseases 

Despite a half century of progress in science, public health and medicine, 
infectious diseases remain an important public health problem, 
responsible for one-third of all human deaths each year. The last decade 
has seen both the emergence of new disease-causing organisms, such as 
those responsible for AIDS, Ebola haemorrhagic fever and Lyme 
disease, and the re-emergence of a number of diseases, including yellow 
fever in East Africa, dengue haemorrhagic fever and cholera in the 
Americas, and meningococcal meningitis in Africa. Three of these re­
emerging threats are considered in this issue of World Health Statistics 
Quarterly. The global picture is not all bleak however, and this issue also 
reviews progress with regard to poliomyelitis eradication and the 
elimination of transmission of Chagas disease. The potential for measles 
eradication is discussed, and the last article describes how a tool 
developed by industry to survey lot quality can be used to monitor the 
quality of health services. 

Les maladies inf ectieuses : epidemiologie et lutte 

Malgre les progres de la science, de la sante publique et de la medecine 
observes depuis un demi-siecle, les maladies infectieuses demeurent un 
probleme de sante publique important, etant responsables du tiers des 
deces qui surviennent dans le monde chaque annee. On a assiste depuis 
dix ans a la f ois al' emergence de nouveaux organismes pathogenes, tels 
que les agents responsables du SIDA, de la fievre hemorragique a virus 
Ebola et de la maladie de Lyme, et a la reemergence de plusieurs 
maladies, dont la fievre jaune en Afrique orientale, la dengue 
hemorragique et le cholera dans Jes Ameriques, et la meningite 
meningococcique en Afrique. Le present numero du Rapport trimestriel 
de Statistiques sanitaires mondiales s'interesse plus particulierement a 
trois de ces maladies reemergentes. La situation mondiale n' est pas 
entierement sombre, cependant, et ce numero passe egalement en revue 
les progres accomplis en matiere d'eradication de la poliomyelite et 
d'elimination de la transmission de la maladie de Chagas. Y sont 
evoquees aussi les possibilites d'une eradication de la rougeole et le 
dernier article decrit comment un instrument mis au point par l'industrie 
pour evaluer la qualite des lots peut etre utilise pour controler la qualite 
des services de sante. 




