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INTRODUCTION search question, at least several hypotheses have been pro-

It has been generally accepted that outbreaks of two severe
dengue syndromes often causing a high rate of mortality, den-
gue hemorrhagic fever DHF) and dengue shock syndrome,
emerged in Southeast Asia after 1950 (56), although hemor-
rhagic manifestations had been reported as early as in the late
18th century (159). The four major topics of dengue research
since then have been elucidation of the mechanism(s) leading
to the development of the severe syndromes, discovery of ef-
fective methods of medical intervention, disease control, and
prevention, including vaccine development. For the first re-
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posed, and highly valuable data were accumulated to corrob-
orate some of them. However, one area of research that has
received much less attention thus far but which may shed light
to improve our understanding of the evolution of these dan-
gerous syndromes is examination of the transitional process
prior to 1950 in the context of the epidemiologic conditions in
the background.

Analyses of historical documents of most infectious diseases
(including dengue), however, suffer from severe limitations
due to the absence of absolute etiologic certainty given the
unavailability of specific confirmation techniques in the earlier
period. Furthermore, for documentation of a severe dengue
syndrome, a unique set of data that were identified to be
essential only after the 1950s, such as a physical condition
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meeting any of the criteria for grading disease severity, the
immunologic status of patients, and the virus strain or serotype
involved, must be obtained. Other additional supplemental
data that are highly desirable include pathophysiologic condi-
tions in fatal cases, genetic factors, and other miscellaneous
host factors. None of them are found in the old medical liter-
ature. Furthermore, historic data contain a variety of prob-
lems, such as ambiguities of records, puzzling observations,
contradictions, and other uncertainties.

Nevertheless, more reliable pre-1950 epidemiologic condi-
tions and other background information can be obtained by
navigating through historic data with the application of a set of
stringent criteria as a tool and by interpreting the filtered data
more conservatively. This approach of critical evaluation facil-
itates a better understanding of the shared epidemiologic at-
tributes and other useful information recorded in the out-
breaks of the period prior to the emergence of DHF in the
1950s.

Accordingly, the major objectives of this review are to ana-
lyze the occurrence of severe dengue syndrome resulting in
death before the emergence of DHF outbreaks in the 1950s, to
examine the epidemiologic background (including virologic
history) and shared features among these outbreaks, and to
analyze the sources contributing to inaccuracy in documenting
or reporting severe dengue syndrome or death. For topics that
are controversial due to conflicting reports or variation in
interpretation, samples of the views or reports representing
each are cited to aid readers in evaluating the issues by them-
selves.

As a by-product of these analyses, selected relevant data or
observations are drawn from the early medical literature, not
to evaluate their quality but to examine their compatibility with
some of the current hypotheses proposed for the mechanism of
DHF pathogenesis.

METHODS USED IN THE REVIEW PROCESS

Terms

Throughout this review, the word “dengue” is used to de-
note “dengue or dengue-like illness” because of the absence of
confirmatory laboratory tests in much of the early period.
“Confirmed dengue” is used exclusively to refer to the cases or
outbreaks for which authentic dengue etiology was definitely
established with specific laboratory tests, as in the latter half of
the covered period. For the sake of simplicity, throughout this
review only the term DHF (as defined by the World Health
Organization [WHO] [166]) is applied to the post-1950 syn-
drome whether or not dengue shock syndrome developed.

Covered Period

Because interpretation of the dengue outbreak records be-
fore 1860s was generally considered more difficult (61) and
that of the 1870s similarly was problematic, as described below,
the 60-year period between 1890 and 1950 was selected, for the
following reasons. First, reliable clinical records of dengue
syndrome most compatible with DHF began to appear in the
medical literature in the last decade of the 19th century, as
described below. Second, at around the turn of the 20th cen-
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tury, the concept of vector-borne transmission of dengue began
to crystallize for the first time, at least in the minds of a very
small number of physicians investigating dengue. This reflected
the strong influence of earlier discoveries of mosquito-borne
transmission of filaria, malaria, and yellow fever (YF) begin-
ning in the 1870s (by Patrick Manson, Ronald Ross, and Carlos
Finlay, respectively). Third, more data on the biology of den-
gue vectors became available toward the end of the 19th cen-
tury, and entomologic surveys of the geographic distribution of
dengue vectors in tropical, semitropical, and temperate regions
of the world were conducted frequently by multiple groups in
this period. Fourth, the etiologic uncertainty and confusion
over the definition of dengue, which were very intense before
1890s, diminished considerably toward the end of the 19th
century, although problems still persisted thereafter. Fifth, af-
ter the 1920s, etiologies of some outbreaks were on more solid
ground because they were serologically or virologically con-
firmed. However, in this review a small number of relevant
articles published before or after the study period are refer-
enced to evaluate whether the data obtained or observations
made during the 60-year period represented a transition or
something unique to that period. Conversely, the situation and
the problems of dengue today are better understood by com-
paring them with the conditions in the two earlier periods.

Source of References

The original documents of the early references that had
been published before 1950 and that are listed in the dengue
database (77) were the major source of the documents ana-
lyzed.

Indicator of Severity

Although dengue severity has been graded since the 1970s
according to the criteria established and subsequently revised
by the WHO (166), the criteria did not exist in the early period.
Furthermore, a consensus regarding the adequacy of the WHO
criteria has not yet been obtained (52, 116, 124). Accordingly,
death was arbitrarily selected as the indicator of severity in the
early period.

Stringent Criteria for Selecting Etiologically
More Reliable Records

A set of six stringent criteria was used in the first of two
stages of the selection process to exclude as much as possible
poorly documented reports of infections or outbreaks of ques-
tionable etiology. (i) The clinical syndrome of acute febrile
illness recorded was generally compatible with classic dengue
fever as defined by the WHO (166), allowing a range of vari-
ation in frequency of such symptoms as biphasic pyrexia and
myalgia and of such signs as rash. (ii) The etiology of the
outbreak was identified independently by multiple physicians.
Thus, determination by consensus, relying on collective wis-
dom rather than the judgment of single or a few physicians, was
considered to be more reliable. (iii) The clinical syndrome of
representative fatal cases, as well as the number of deaths, was
described. (iv) Epidemiologically, the outbreak occurred typi-
cally in human population centers with a sizable population
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TABLE 1. Laboratory confirmation of DENV serotypes involved in the outbreaks in the early period
Year Location Isolated virus Identlh_catlon by s Reference(s)
retrospective serology"
1924-1925 Philippines DENV-4 54
1925-1926 Australia DENV-1 36
1927 South Africa DENV-1 72
1927-1928 Greece DENV-1 (DENV-2)" 113
1929-1930 Philippines DENV-1 54
1929-1933 Greece DENV-2¢ 128
1941-1942 Panama DENV-2 129
1942-1944 Australia DENV-2 (DENV-1) 36
1942-1944 Japan (Nagasaki/Osaka) DENV-1 (DENV-2)" 40, 152
1943 Singapore DENV-1 132
1943 Japan (Nagasaki) DENV-1 68
1943-1944 Hawaii DENV-1 DENV-1 65, 132
1944 French Polynesia DENV-1 129
1944 New Guinea DENV-1, DENV-2 132
1944 Guam DENV-1 (DENV-2) 65, 132
1945 India DENV-1 132

“ Only the serotypes that were laboratory confirmed are listed. The list does not necessarily indicate that these were the only serotypes involved in particular

outbreaks.

® A monotypic reaction to the serotype in parentheses was less often detected but indicates a strong possibility of concurrent activity of two serotypes.
¢ No other document corroborating a dengue outbreak in this period was found in the early literature.

size, where the initial foci of clustered cases diffused exten-
sively and quickly into many other areas later. (v) The outbreak
occurred during the warm season (when mosquitoes were ac-
tive) and affected a large number of individuals in a relatively
short period (3 to 8 months) rather than sporadically in a small
number of people over a longer period. (vi) There was no
obvious evidence of involvement of the following vector-borne
arboviral diseases manifesting similar syndromes: chikungunya
(CHIK), Rift Valley fever, Ross River fever, sandfly fever,
West Nile fever, and mild YF. The kinds of data in the reports
used for exclusion were as follows: outbreaks of equivocal or
questionable etiology including mention of wrong vectors
(such as sandflies as in sandfly fever); symptoms, signs, and/or
syndromes rare in dengue but more frequent in other diseases
(such as persistent arthralgia long after the acute phase, as in
CHIK and Ross River fever); and reports of concurrent epi-
demics in unusual hosts (such as sheep, cattle, and/or birds, as
in Rift Valley fever or West Nile fever). For exclusion of YF
involvement, the theoretical possibility of YF in Asia and the
Pacific and more serious concern about equivocal etiology in
the history of outbreaks of dengue-like illness in North Amer-
ica were two important considerations. In fact, outbreaks of
YF occurred more frequently than outbreaks of dengue in
North America in the 19th century, and “black vomit” associ-
ated with gastrointestinal bleeding in dengue was not uncom-
mon in the 1920s (121, 138). The retrospective YF-specific
neutralization test conducted by Sawyer et al. conclusively
demonstrated a total absence of antibody to YF virus in trop-
ical Asia, the Pacific, Oceania, and the Middle East as well as
in the patients involved in the aforementioned dengue out-
breaks of the 1920s that occurred in southern states of the
United States (136). The exclusion of other infectious diseases
presenting similar syndromes, such as measles, influenza, ty-
phoid fever, leptospirosis, scarlet fever, and malaria, was solely
by the judgment of the original authors reporting the out-
breaks. The outbreaks with mortality that fulfilled the above six
stringent criteria or those meeting five of these criteria but

which were serologically confirmed were classified as “proba-
ble dengue.”

In the second stage, the following two criteria were added to
the requirement: (vii) minimal sets of entomologic data during
the outbreak were provided, including vector distribution and
biting activity during the outbreak, and (viii) retrospective se-
rologic confirmation by a specific neutralization test or virus
isolation. When these two additional criteria were also met, the
outbreak was classified as “confirmed dengue.”

ANALYSES OF VIROLOGIC DATA
Virus Serotypes in the Early Period

No virologic information is available for the first half of this
early period, but the data confirming the involvement of three
serotypes (dengue virus serotype 1 [DENV-1], DENV-2, and
DENV-4) in the confirmed outbreaks in the second half of the
covered period are arranged chronologically in Table 1. The
data in Table 1 may be interpreted to suggest either that
DENV-1 was more active than the other serotypes or that, in
the absence of systematic and comprehensive virus surveys
during the early period, DENV-1 merely was more often de-
tected or isolated than DENV-2 and DENV-4 in that period
(Table 1).

Multiple Infections, Existence of Four Serotypes,
and Endemicity

Although long-term immunity conferred after dengue infec-
tion was reported by many physicians, multiple episodes of
dengue per person at intervals of longer than a few months
between episodes were also documented in numerous reports.
Not only was this contrast the source of controversy over the
length of dengue immunity, but multiple infection was some-
times used to argue against the development of a dengue
vaccine. Significantly, some of the patients with multiple epi-
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sodes were examined by the same physicians at each episode.
In a smaller number of the cases in locations such as Indonesia,
interestingly, the highest number of such episodes was ei-
ther three or four (94, 145). More convincingly, in the most
meticulously documented study of serologically confirmed
dengue among U.S. military servicemen in the Philippines,
where medical histories of all servicemen regarding dengue
infection were carefully maintained, it was determined
mathematically that 0.315% of the servicemen would be
likely to experience dengue infection as many as four times
during a 2-year assignment (142). Thus, although DENV-3
was not isolated or detected in the early period (Table 1),
the existence of four serotypes could be retrospectively sus-
pected. This eventually led to the emergence of the concept
of multiple immunologic types (91), which are roughly
equivalent to the present-day serotypes. Accordingly, the
theory that assumes that dengue outbreaks were caused by
only one serotype per tropical location in the early period
and that the coexistence of multiple serotypes per location
emerged only after World War II (WWII) (146) does not
accurately reflect the historical data.

In many of the early documents in the covered period, little
was known about dengue endemicity in urban areas. According
to a theory proposed by Gordon Smith, dengue had existed for
years in Asia and had been transmitted in rural areas by the
indigenous Aedes mosquitoes, which did not include A. aegypti,
and endemicity in urban areas was established only after the
latter vector was introduced later to the rapidly growing human
population centers in the 19th century (47). Thus, by the early
20th century, repeated epidemics were already explained on
the basis of endemicity in urban areas (98). Also, in semitrop-
ical locations, where the seasonality of dengue was clearer
(such as parts of Queensland, Australia), an interepidemic
period (or lack of endemicity) was recognized (105). Possible
evidence of endemicity, rather than repeated introductions of
virus, was revealed in the Philippines, where dengue cases
among indigenous Filipino soldiers without a history of travel
outside the country were recorded every year between 1902
and 1925 (142). Elsewhere in tropical regions of the world, due
to the absence of published documents, early historical records
of dengue activity in several countries where dengue is cur-
rently endemic appear “blank” for considerable lengths of
time. However, a more comprehensive literature search reveals
signs of dengue activity during those “blank” periods. While it
was sometimes mentioned in short paragraphs in articles on
dengue (47), most often the data suggesting endemicity were
included in types of publications normally considered atypical
and hence were difficult to retrieve (45, 94, 141, 167). Collec-
tively, these observations support a strong probability of den-
gue endemicity established in multiple urban centers with a
sufficiently large human population.

Table 2 lists outbreaks recording mortality that were iden-
tified in the literature without the application of stringent cri-
teria designed for selecting more reliable dengue etiology. The
data reveal that mortality was reported not just from particular
locations but widely from many geographic areas (Fig. 1).
Furthermore, the numbers of deaths in several outbreaks (Ta-
ble 2) were not negligible and even exceeded the annual mor-
tality figures registered in some tropical countries after the
1950s.
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ANALYSES OF THE OUTBREAKS
DOCUMENTING FATALITY

Clinical Characterization and Disease Nomenclature

The major interest in examining the clinical definition (or
characterization), colloquial disease nomenclature practice,
and position of dengue in disease classification is to find out if
any of these factors, either alone or in combination, could have
adversely affected recognition of atypical severe dengue syn-
drome and its fatal outcome in the early period.

Although establishing a clinical definition is an integral com-
ponent of case definition in most epidemiologic investigations
today, currently, the WHO does not recommend adoption of a
detailed clinical definition (166). The early dengue history re-
veals ample reasons why the current recommendation has be-
come necessary.

In much of the early dengue history, in particular before the
1870s, physicians relied on the characterization of dengue de-
scribed earlier by authoritative figures of their choice. Varia-
tion in characterization by those authors was a frequent source
of confusion or disagreement among practicing physicians over
the exact clinical definition of dengue. Some of the critics came
to conclude that dengue was a collection of multiple diseases,
each with a different etiology but sharing many clinical mani-
festations of dengue (29). The definition of dengue by the Joint
Committee of the Royal College of Physicians (London) in
1869 was the first attempt to standardize the clinical charac-
terization of dengue. However, it was based primarily on clin-
ical observations in the 1820s in the West Indies and India,
where the severe syndrome was then rare and mortality almost
nil (144, 147). The subsequent criticism of this definition was
partially valid because the outbreaks, at least in India (1824 to
1825) and the West Indies (1827 to 1828) were later inter-
preted to be misidentification of CHIK (21). Carey’s examina-
tion of old outbreak records revealed a significant shift in
dengue characterization in the early period. In fact, the char-
acterizations of dengue by such respected figures in medicine
as T. Edmonston Charles and Leonard Rogers, whom many
physicians in India relied on throughout much of the 19th
century, could be, in retrospect, interpreted to be most likely
those of CHIK for the description of its uniquely persistent
arthralgia long after recovery from acute illness (21). On the
other hand, the “seven-day fever” described by L. Rogers was
most likely authentic dengue, according to Megaw (97). By the
end of the 1940s, because of so much variation in dengue
manifestation, it was clear to some that clinical diagnosis alone
was inadequate to diagnose dengue (35).

In the early part of the 20th century, clinical characteriza-
tions based on human experiments (29, 142, 143) were often
used as reliable guides in clinical diagnosis of dengue. The
syndromes described in these studies fell within the typical
classic dengue syndrome, and the occasional signs of hemor-
rhage included were mostly limited to mild epistaxis and pe-
techiae. However, it is noted that the volunteers in those hu-
man experiments were all adults, and none died. This is an
important point regarding the adequacy of using these charac-
terizations for children in the early period, because, as is well
known, most of the victims of post-1950 DHF have been chil-
dren. Because of the prevailing characterization of dengue as



TABLE 2. List of outbreaks of dengue or dengue-like illness resulting in mortality, prepared without application of the stringent criteria for

improved etiology

Total no. of

Country (subdivision) Period Yr deaths Reference(s)
Australia (Queensland) 1895-1926“ 816 105
1895 26
1897 97
1898 87
1905 201
1906 24
1907 18
1910 19
1911 85
1916 65
1925-1926 147 1
1926 116 96
Australia (Western Australia) 1913-1930 105
1913 81
1914 26
1920 38
1921 21
1923 30
1927 29
Australia (New South Wales) 1926 31 96
China 1942 1 34
Egypt 1928 70 162
1937 50 162
Greece 1927-1928 1,061-1,559° 20, 30
India 1913 1 33
Japan (Okinawa) 1904 16 38
1923-1931 38
1923 5
1924 5
1931 468-508> 69, 101
Japan (Nagasaki/Okinawa) 1943-1944 4 66, 69, 171
Japan (Bonin Islands) 1936 3 169
Lebanon 1945 Unspecified 62
Northern Mariana 1927-1929 3 100
Philippines 1943 9 153
South Africa 1927 60 37,83
Taiwan 1927 1 60
1931 20-26° 70, 111
1942-1944
1942 1 85
1943 3 4,41
1944 5 134
United States (Texas) 1897 1 140
1922-1923 1 140
United States (Florida) 1934 3 48
Vietnam 1895-1909 4 23, 160

“ Excluding 1922 to 1924, and the data for 1926 are incomplete. Only the individual years in which 15 or more deaths were recorded are listed.
® The number of deaths varied among multiple reports. The values shown indicate the range.
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FIG. 1. Geographic locations of outbreaks of dengue and/or dengue-like illness, clustered in three 5-year periods. The fatal outbreak data used
for this figure are based on Table 2, while the outbreaks without a fatality were derived from four sources (21, 49, 78, 137). Clustered outbreaks
are shown in panels A (1897 to 1902), B (1926 to 1931), and C (1940 to 1944). The pattern of dengue spread and magnitude of morbidity/mortality
in cluster C are most likely “unnatural” because of WWII and disrupted epidemiologic surveillance/reporting in many locations. Between clusters,
dengue outbreaks occurred, but the numbers of fatal outbreaks were small in these intercluster periods. Red circles, outbreaks with mortality; green
circles, outbreaks without a fatality. One circle (red or green) represents one or more than one outbreak superimposed, but the number of circles
per location is not an indicator of the magnitude of outbreaks.
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nonfatal illness, fatal cases were sometimes dismissed as not
dengue (61). Accordingly, confusion over the variation in dis-
ease characterization and the shift in definition over time were
thought to have contributed to inaccurate reporting of dengue
severity (91). Unfortunately, the extent of the problems of
dengue characterization in morbidity and mortality statistics is
not measurable due to the absence of reliable quantitative data
or to the inadequate quality of epidemiologic surveys and re-
cording in most locations in this period.

In regard to the problems associated with disease nomen-
clature and classification, the colloquial name “break-bone
disease,” with its origin in the Caribbean in the 18th century
(123), was criticized because it was considered an exaggeration
of the symptom, as the proportions of patients complaining of
such intensity of pain in the lumbar region, joints, and/or limbs
were found to be rather small (12). Changes in disease classi-
fication also had an adverse effect. For example, in Australia,
dengue-associated death records for a few years in the 1920s
were lost, when those fatal cases were lumped together with of
other infectious diseases (105).

Recognition of Atypical Severe Dengue Syndrome and
Associated Death

Recognition of an atypical syndrome, in terms of sensitivity
and rapidity of disseminating information on severe dengue,
varied greatly from place to place and changed over time. It
also depended on many other variables, including the level of
medical practice, density and geographic distribution of physi-
cians (affecting efficacy of detection), economic conditions, and
a variety of cultural and societal traditions unique to the loca-
tion. Another variables were interest in studying “atypical”
syndrome and prevalent medical practice or tradition related
to segregating “atypical” from “typical.” They were both influ-
enced by the degree of freedom to debate or to challenge
established medical dogma or authorities among medical pro-
fessions. In Kolkata, India, a large number of physicians in the
1910s were vigilant in regard to the emergence of a new den-
gue-related syndrome, even though etiology of dengue was still
debated and differential diagnosis problematic (6). However,
this level of epidemiologic vigilance and liberal debate was
rather exceptional in the tropics at that time.

For many years, dengue had been characterized essentially
as a self-limiting, nonfatal acute febrile illness (13, 61). When
investigations of the transmission mechanisms and etiologic
agents of YF and dengue were launched by the U.S. govern-
ment at the turn of the 20th century, for the investigation of
deadly YF in Havana, Cuba, informed consent was required
and a monetary reward ($100 per volunteer and an additional
$100 if the volunteer developed YF) was offered. On the other
hand, for the dengue investigation in Manila in the Philippines,
no consent was required and the monetary reward was far
smaller (84). As late as 1935, it was felt that public health
officials in the government would not fund measures for den-
gue control, because dengue, unlike YF, was perceived as a
nonfatal illness (141). Hare (58) criticized this prevalent notion
among medical professionals, because he believed that the
mortality rate (<0.1%) recognized for dengue at that time
should not have been used to dismiss the importance of fatal
cases. His feeling was shared by others elsewhere (48, 63, 97).
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It was thought that the excessive emphasis only on classic
benign signs and symptoms deemed “typical” allowed severe
forms of dengue and death to be overlooked (63, 97). The 1897
outbreak in Queensland, Australia, most likely marked the first
organized recognition of the seriousness of dengue by many
physicians because of a large number of severe cases resulting
in mortality, which hardly resembled typical cases beyond the
development of a rash (29).

Recognition of the importance of atypical symptoms and
death, however, varied geographically. In the areas where the
significance of Hare’s report was recognized early (70), eluci-
dation of the mechanism of extensive hemorrhage in animal
models (38a) and in-depth studies of the hemorrhagic man-
ifestation in dengue were conducted. In the latter studies,
quantitative changes in vascular permeability and in the
concentrations of coagulation factors were the subjects of
interest (41, 59).

When a new syndrome evolves in an infectious disease, at
first the new manifestation may occur only sporadically for a
period, rendering its early recognition difficult, until a large
number of the cases manifesting the new syndrome erupt in the
form of an outbreak. The pre-1950 documentation of extensive
dengue hemorrhagic manifestations with subsequent develop-
ment of “heart failure” and coma before death is of interest.
An extensive search of the past records documenting evidence
of DHF-like syndrome in the Philippines before 1954 at first
failed to uncover any precedent except for questionable cases
of acute idiopathic thrombocytopenic purpura (18). However,
another study suggested that before the outbreak in 1954,
sporadic cases of fever with hemorrhagic manifestation had
been recognized there under the name of “hemorrhagic influ-
enza with circulatory failure” (154). In Thailand, although
cases compatible with DHF were not discovered in hospital
autopsy records prior to 1958 (17), compatible hospital records
beginning in 1950 were indeed discovered (56). Interestingly, a
local physician had a recollection of “fever with rash and col-
lapse” or “influenza with circulatory failure” observed since
1935 (139). Although the exact etiologies of these puzzling
earlier cases in the Philippines and Thailand remain unknown,
they are nonetheless intriguing, because dengue had been also
known in Europe as “tropical influenza” in the early period.

Reporting of Severe Syndrome and Death

The quality of reporting in health statistics and demographic
registries in each location and of dissemination of medical
information affects the level of recognition of the importance
attached to severe dengue and mortality among physicians
nationally and internationally. Historically, dengue was classi-
fied for the first time as a notifiable disease in Western Aus-
tralia in 1912. However, because dengue cases were filed under
multiple colloquial names, the value and accuracy of notifica-
tion were seriously questioned (15). Even in a location with a
far-advanced public health reporting system, such as the
United States in 1934, it was estimated that only one in five
dengue cases was officially reported at best (48). Another dis-
turbing problem in the recorded mortality data in Australia in
the first two decades of the 20th century was that some of the
data most likely represented either an overreporting or an
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TABLE 3. List of etiologically more reliable “dengue” outbreaks

Country (subdivision) Yr No. of deaths® CFR/1,000 Age group(s) Reference(s)
Australia (Queensland) 1897 60” 1.0 Children, 50%; adults, 50% 58
Australia (Brisbane) 1905 201 1.0-1.5 <5 yr, 37.6%; >60 yr, 11

35.5%
Egypt 1937 50 19.3 ? 162
Greece 1927-1928 1,210, 1,061 1.6, 1.6 <16 yr, 6.62%°; >59 yr, 30, 113
59.8%¢
Japan (Okinawa) 1931 468 43 ? 112, 170
South Africa 1927 60 1.2 ? 37, 64, 83
Taiwan 1931 26 ? Unknown, but 9 of 11 dead 3, 111
were children
United States 1934 3 1.8 Adults, 100% 48

“ The total numbers of patients correspond to the numbers in the references cited but are not necessarily the highest reported numbers shown in Table 2.

® Number of patients personally examined out of a total of 97 deaths.
¢ Mortality figures are for 2 months (August and September 1928).

underreporting problem, because not all cases reported were
examined by physicians (96).

When the cause of death was not immediately known, it is
probable that the death certificate was used in some locations
for preparing mortality statistics. However, very little was de-
scribed in most publications regarding the criteria used in
death certificates. Thus, it is not possible to assess the impact
on the quality of reporting and recording practices or systems
with regard to occurrence of severe dengue and death. In the
International List of Causes of Death based on the Bertillon
Classification (Third Decennial Revision of 1920), death due
to dengue was not listed in an independent clause unless an
epidemic reached the level of prevalence set by the List. In
Australia, this problem was reflected in inaccuracies of cause-
of-death classification in parts of the early period (96). Even
when cause of death was filed in sufficient detail in such coun-
tries as Australia, generally it was found difficult to improve the
sensitivity based on postmortem studies alone without the as-
sistance of virus-specific laboratory tests which were not avail-
able before 1950 (96, 126, 130).

In the wake of the tragic 1928 outbreak in Greece, the 1935
International Convention (International Sanitary Convention)
of the League of Nations required notification of dengue and
quarantine of imported cases, but this was totally ineffective, as
few countries in the tropics where dengue was endemic were
invited to ratify, and some countries with strong interests in
dengue (such as the United States) were not even members of
the League (8, 105, 158).

Dissemination of Epidemiologic Information

Dissemination of information on the occurrence of severe
dengue syndrome and death through regular channels of pub-
lication was also problematic, given the limited opportunities
for publication for many physicians unaffiliated with presti-
gious institutions and the fewer number of medical periodicals
then available. It has been recognized that inefficient dissem-
ination often facilitates perpetuation of the lack of awareness
regarding atypical syndrome among medical professions, re-
sulting in fewer reports. In early dengue history, with the ex-
ception of the 1928 outbreak in Greece, most outbreaks of
dengue-like illness resulting in hemorrhagic manifestation and
a considerable number of fatalities (Tables 2 and 3) were

generally not communicated sufficiently and rapidly enough to
draw attention in many countries. Thus, when DHF outbreaks
with high mortality occurred beginning in 1954 in the Philip-
pines and thereafter in other Southeast Asian countries, the
etiology was first sought among a list of viral hemorrhagic
fevers that did not then include dengue (87a, 118).
International information dissemination regarding the oc-
currence of severe dengue syndrome and death was most likely
hampered not only by the less advanced communication tech-
nology then available but also by the difficulty of accessing
publications in many tropical locations and by language barri-
ers, because publications in non-European languages (Table 2)
were rarely translated. Even when epidemiologic news of high
mortality in Asia was translated, the very brief and anonymous
news items hardly caught the attention of most dengue spe-
cialists (9). The interruption of international communication
due to WWII did not help to improve dissemination either.

Problems Associated with Exclusion of Nondengue
Diseases Sharing Dengue Syndrome

No specific laboratory confirmation tests were performed in
dengue diagnosis in the early period to exclude involvement of
other viral diseases presenting similar disease syndromes, and
the tests performed to exclude parasitic and bacterial infec-
tions were primarily blood smear examination and a limited
number of bacteriologic tests (including agglutination tests) for
excluding malaria and bacterial infections, respectively. In the
absence of reliable laboratory techniques in much of the early
period, exclusion of the involvement of other viral diseases
depended heavily on a combination of differential diagnosis,
epidemiologic data, vector data, and accumulated knowledge
obtained through experience.

Among many infectious diseases that manifest dengue-like
syndrome, possible misidentification of CHIK in the early den-
gue records, which was raised by Carey (21), presented the
most serious etiologic question. Indeed, many “dengue” out-
breaks identified as probable cases of misidentification in his
study fit the clinical characterization of CHIK. However, it is
important to recognize the limitation of differential diagnosis
of dengue and CHIK. The most important differential clinical
feature used by Carey was persistent arthralgia long after the
acute phase of illness, which is rare in dengue but highly prev-
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alent in CHIK. Although persistent arthralgia unquestionably
is a characteristic of CHIK, strictly speaking it is not an abso-
lute criterion for differentiation from dengue. For example, in
one of the few such studies of adult DHF patients confirmed
serologically, nearly 10% of the former patients still com-
plained persistent arthralgia 6 months after the acute phase
(46). In another laboratory-confirmed dengue case, arthralgia
persisted for over a year (159). Also, in the 1905 outbreak in
Australia and in the 1912 outbreak in India, which were both
classified as true dengue by Carey (21), patients with persistent
synovitis were documented in the former outbreak and persis-
tent arthralgia 5 months after the attack was described in the
latter outbreak (11, 12, 63).

The other possible source of confusion is concurrent out-
breaks of CHIK and dengue. Concurrent outbreaks of these
two viruses have occurred more than several times in tropical
Asia and Africa after the 1950s alone, and sometimes both
viruses could be isolated from the same patient (21, 24, 106,
107, 109, 120). It is noted that all these epidemics occurred in
locations in the tropics where dengue was endemic and CHIK
virus was introduced temporarily. This is based on the fact that
the latter virus, unlike DENV, is not known to establish per-
petual endemicity year after year in a fixed urban area (80). It
is uncertain whether concurrent outbreaks of those two viruses
similarly occurred in North America in the past, but temporal
overlap of CHIK and dengue outbreaks in 1827 in Charleston,
South Carolina (according to the interpretation by Carey [21]),
is intriguing.

If the reclassification of many early “dengue outbreaks” as
“CHIK outbreaks” by Carey (21) was entirely correct, the
negative impact would be felt even in etymology, since it must
be assumed that the word “dengue” was adopted in Cuba (123)
during a CHIK outbreak in 1827 to 1828. Based on the afore-
mentioned problematic issues, however, caution should be ex-
ercised in generalizing the conclusion made by Carey to all
outbreaks covered in his report. The significance of the con-
cern by Carey for differential diagnosis between these two
viruses is considerable in tropical countries, because both dis-
eases are hemorrhagic and because concurrent outbreaks of
the two viruses occasionally occur. Under such an epidemio-
logic condition, a careful examination of hemorrhagic hospi-
talized patients was necessary (109). This concern is no less
significant even in the United States because the numbers of
imported cases of the two viral infections increased recently.
Furthermore, in Europe, where the number of imported cases
of dengue has also been rising similarly, autochthonous trans-
mission of CHIK was reported recently for the first time in
modern history.

Short List of Etiologically More Reliable Outbreaks

When the aforementioned set of stringent criteria was ap-
plied to exclude the outbreaks of questionable etiology, a short
list of “probable dengue” or “confirmed dengue” was obtained
(Table 3). According to the criteria set forth, however, only the
1928 outbreak in Greece is classified as confirmed dengue,
while the others are classified as probable dengue. Among the
notable outbreaks that were not selected in Table 3 are the
1926 outbreak in Australia with a large number of fatalities,
the 1945 outbreak in Lebanon, and numerous and almost
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yearly mortality figures registered in health statistics in Aus-
tralia between 1906 and 1926, all because of lack of informa-
tion in regard to one or more stringent criteria.

CFR. Evaluation of case fatality rate (CFR) data in the early
period for studying a variety of research questions in infectious
disease investigations, such as effectiveness of medical care and
variation of or temporal change in virulence of a virus, is
difficult because of the aforementioned inaccuracy of epidemi-
ologic reporting. Even today, there are many kinds of variables
that affect the computation and significance of dengue CRFs,
including the location, age group, choice of denominator (all
dengue infections versus DHF cases only), year of sampling,
virus serotype/genotype involved, level of medical care pro-
vided, economic level of the community, and others.

The issue debated in the early period was at what level of
mortality a CFR for dengue would be considered truly negli-
gible. Hare (58) criticized the insufficient recognition of severe
dengue just because the generally accepted CFR (per 1,000),
which had been estimated by Patrick Manson, was less than
1.0. The highest estimate was 5.0 (86). Table 3 shows that
although all CFRs were greater than 1.0, except for the out-
break in Egypt in 1937 (at 19.3), all other CFRs among the
outbreaks in the short list (Table 3) fell within the pre-1950
range. As far as the importance of the CFR (per 1,000) in
recognizing the seriousness of dengue-associated death is con-
cerned, the post-1950 data also provide interesting informa-
tion, even though the impact of improved medical care in the
post-1950 outbreaks needs to be considered in such a compar-
ative study. Available data based on total dengue infections
(sum of DHF and classic dengue fever cases) in locations
experiencing various degrees of established occurrence of
DHF were selected for comparison. The results show that
CFRs (per 1,000) in Malaysia in 1987 to 1992, in Puerto Rico
in 1992 to 1996, and in Rio de Janeiro (Brazil) in 2001 to 1002
were 4.3, 0.73, and 0.73, all falling within the pre-1950 range
(22, 117, 126).

Age group. Table 3 shows that fatalities occurred in all age
groups. However, in much of the early period, occurrences of
severe cases of dengue and mortality in children and the aged
were notable (11, 61). This pattern was consistently observed in
the outbreaks not selected for Table 3 (such as the 1926 out-
break in Australia, where children and elderly patients repre-
sented 22.4 and 41.5% of fatal cases, respectively [96]). In
contrast, in the post-1950 outbreaks, DHF-associated death
occurred predominantly in children, although death in adult
patients was also recognized (108, 154). However, in the 1990s
and thereafter, the median age of DHF patients and the pro-
portion of fatality in certain age groups (>15 years) both rose
in many countries where the disease is endemic (43, 155).

Symptoms or syndromes in severe dengue. The major symp-
toms in the outbreaks with fatal cases listed in Table 3 were a
variety of hemorrhagic manifestations, ranging from milder
epistaxis to extensive gastrointestinal bleeding. They were
sometimes (but not always) followed by rapid “heart failure”
and/or irreversible collapse. Convulsion associated with hyper-
pyrexia was observed more often in children than in adults, and
some of the patients subsequently fell into a state of somno-
lence or coma (4, 7, 10-12, 111).

The report of the 1897 outbreak in Charters Towers,
Queensland (58), has often been credited as the first documen-
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tation of severe dengue syndrome most compatible with the
currently recognized DHF (1, 51), except that a few measure-
ments (such as platelet count and narrowing of pulse pressure)
required in the current WHO definition of DHF (166) were
never obtained in this period. A similar syndrome was also
described elsewhere (37, 111, 134). Deaths associated with
hemorrhagic manifestation and heart failure were also docu-
mented in other outbreaks that were not selected for the Table
3 due to the absence of documentation of a few stringent
criteria required (31, 62). Heart problems, often characterized
as irregular and/or slow heartbeat, were also reported in severe
hemorrhagic (but nonfatal) cases as well (31). In other cases,
extensive blood loss necessitated blood transfusion to save lives
(67, 135, 170). Upon autopsy, an enlarged liver, extensive hem-
orrhage in the cardiovascular system, and degeneration of the
myocardium were observed (66, 99, 115).

Like DHF, pathologies and dysfunctions of the central ner-
vous system (CNS), such as cerebral hemorrhage and parapa-
resis, were documented in some of the severe cases listed in
Table 3 (7, 11, 12, 92, 96, 101) as well as in the outbreaks not
selected for the short list (153). Pulmonary complications in
fatal cases were recognized particularly in children and elderly
patients (11). In the outbreak in Egypt, 11 of the 50 fatal cases
presented a “pneumonia-like” syndrome (162).

Comorbidity. Development of a severe syndrome in elderly
patients suffering from chronic illness was recognized early in
dengue history (61). During the 1897 outbreak in Australia,
Hare (58) observed that many fatal cases in elderly patients
were associated with underlying illness or addiction, such as
diabetes, chronic bronchitis, and alcoholism. Elsewhere, man-
ifestations of the deleterious effects of dengue was thought to
develop more frequently in elderly patients with such chronic
illnesses as cardiac conditions, tuberculosis, or nephritis (71,
86, 140). This is interesting because, as mentioned earlier,
higher mortality in elderly patients was considerable in the
early period. In the post-1950 period, too, chronic illnesses
(such as diabetes and asthma) were found to be associated with
dengue-associated deaths (73, 82, 126). The major uncertainty
regarding the importance of comorbidity, however, has always
been whether dengue was the primary or secondary cause of
death.

Human population size, demographic shift, and heavy hu-
man traffic. Historically, dengue outbreaks in the early period
occurred in human populations of considerable size that were
located along coastal areas served by ships, the primary means
of long-distance travel at that time. A large population size, a
rapid increase in the human population in tropical countries
(47, 164), and heavy human traffic with tropical countries
where dengue was endemic are three important demographic
factors useful for analyzing the epidemiologic background be-
hind the more frequent occurrence of a large number of fatal
cases associated with severe dengue outbreaks in the early
dengue history (Tables 2 and 3).

The numerous outbreaks that occurred in Queensland, Aus-
tralia, beginning in the 1890s were preceded by a few decades
of rapid increase in population, as large numbers of settlers
began to move in during the second half of the 19th century,
stimulated by the discoveries of mineral deposits and other
new economic opportunities. The population of Brisbane, of-
ten the epicenter of repeated outbreaks, increased sharply
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from 28,000 around 1860 to over 126,000 by 1905, when a huge
outbreak with many deaths occurred (Table 3). The population
of Queensland similarly increased from 213,000 around 1880
to far more than 425,000 in 1926, when another severe out-
break claimed 116 casualties (Table 2). In Greece, beginning in
1923, major cities (such as Athens and Piraeus, in particular)
experienced an influx of more than one million (out of a few
million) repatriates immigrating from Turkey in the aftermath
of the loss in the Greco-Turkish War, which ended an year
earlier. This influx severely taxed the drinking water supply and
sanitation capacity of the Greek cities. Within only 5 years the
tragic outbreak with more than 1,000 fatalities struck the re-
gion (Table 3). Large population size was a shared condition in
other major outbreaks with significant fatalities as well. Cairo,
Egypt, already had more than 1.4 million inhabitants during
the major outbreak in 1937, and the population in Okinawa,
Japan, during the 1931 outbreak was 482,000. The southern
region of Taiwan, which was hit repeatedly by dengue out-
breaks, had a population of only 170,000 in 1931 but was a busy
trading center with heavy human traffic with tropical countries.
It is also emphasized that the DHF outbreaks in the 1950s were
separated by only about a decade from WWII, in which a very
complicated human movement of enormous size (including
military personnel and displaced civilians) and in many direc-
tions took place in the tropical and semitropical regions of Asia
and the Pacific, facilitating virus dispersal, as reviewed earlier
(78).

This strong association between heavy human traffic and
occurrence of dengue pandemics had been recorded even be-
fore the 60-year period of this study. The 1870 to 1873 pan-
demic is a good example. This pandemic began in east Africa
and swept through the Indian Ocean islands, tropical Asia, and
even Oceania. Some of the outbreaks during this pandemic are
now strongly suspected to be CHIK, as described elsewhere in
this review. Regardless, it is important to note that both dis-
eases are hemorrhagic and transmitted by the same mosquito
vector (A. aegypti) and that the completion of the Suez Canal
in 1869 immediately opened the floodgate of human migration
from Europe to tropical Asia in the days of colonialism. This
event was followed by the establishment of dengue endemicity
in the colonized Asian tropics, as revealed by Gordon Smith
(47). Regarding the conspicuous absence of dengue outbreaks
during this pandemic in Thailand, which was surrounded by the
countries ravaged by the outbreak, one of the possible expla-
nations is that Thailand was one of the very few countries in
the tropics not colonized by the Western powers (and which
hence had much less trade and human traffic with the neigh-
boring countries), because of the strong resistance to Western
domination by King Chulalongkorn (Rama V).

When the outbreak records in Table 2 are examined chro-
nologically, another important set of information is obtained.
In Fig. 1, for the purpose of clear understanding of dengue
spread, the geographic locations of the fatal outbreaks are
grouped (clustered) in three 5-year periods (A, B, and C) and
are superimposed on the maps of the locations of nonfatal
outbreaks that occurred in the corresponding period. Group-
ing of fatal outbreaks in three cluster periods is possible be-
cause most (if not all) such outbreaks (Table 2) occurred
within a short span of time (within about 5 years) over a vast
geographic area in a pattern resembling a pandemic, disap-
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peared, and again occurred in clusters in another short time
frame. Figure 1 reveals that the geographic locations of fatal
outbreaks in tropical areas varied from cluster to cluster and
showed a lack of persistent occurrence in any fixed location.
Also, the intervals between clusters became shorter over time,
since there was approximately 24 years between periods A and
B and 9 years between periods B and C (Fig. 1). In the post-
1950 outbreaks, this interval became even shorter. Also, in
contrast to the pre-1950 outbreaks, fatal outbreaks after 1950
began to occur more regularly in fixed tropical locations, indi-
cating established persistence in urban centers.

Historically, outbreaks of dengue-like illness occurred re-
peatedly in the pattern of a pandemic and spread over a wide
geographic area, sometimes in two continents or over the Old
and New Worlds in a short span of time. The basically nonfatal
pandemics were recorded in 1779 to 1784, 1823 to 1829, 1844
to 1856, and 1870 to 1875 (27, 49). When an urban outbreak
pattern is closely examined, even within one large population
center (such as Bangkok, Thailand), the spread of a DHF
outbreak can be captured mathematically as waves spreading
at much shorter intervals from a presumed epicenter (32).

COMPATIBILITY OF INFORMATION FOUND IN THE OLD
DENGUE LITERATURE WITH CURRENT THEORIES ON
MECHANISMS INVOLVED IN EMERGENCE OF SEVERE

DENGUE SYNDROME BEGINING IN THE 1950s

For elucidating the mechanisms involved in the occurrence
of DHF outbreaks, two groups of interacting mechanisms have
been proposed. The first group includes all intrinsic mecha-
nisms that occur in humans after viral infection. The second
group includes extrinsic mechanisms entailing epidemiologic
predisposition and/or eco-virologic modifications. They facili-
tate dynamic qualitative changes in the composition of the viral
population, frequency of human exposure to virus, host factors,
and perpetual occurrence of DHF outbreaks in urban areas.
The lack of relevant data in the early dengue documents pre-
cludes discussion of most intrinsic mechanisms, in particular
those that require isolated viruses and knowledge of the im-
munologic status of the patients. Other missing data are in-
duction of pathophysiologic modulators, a variety of host fac-
tors (including genetic traits), and interactions between virus
and host, including antibody-dependent enhancement. Never-
theless, the following data that have been extracted from early
documents are quite useful for evaluating the compatibility of
some intrinsic and extrinsic mechanisms.

Broad Spectrum of the Clinical Manifestation of Dengue

One of the questions immediately raised after the sudden
emergence of fatal outbreaks in the 1950s was whether it was
absolutely a new disease. Once the dengue etiology was estab-
lished, the second question raised was whether emergence of
the severe syndrome was a consequence of a change in viral
virulence or a manifestation of a previously poorly recognized
syndrome which had always existed within a broad spectrum of
the clinical characteristics but which had not been conspicuous
before the 1950s (a comment by Albert B. Sabin, quoted by
Hammon et al. [57]). If this theory is valid, then our natural
curiosity is to identify what changes facilitated the dramatic
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increase in the expression of this previously infrequently rec-
ognized viral trait.

In flavivirus research, two contrasting sets of close correla-
tions among virus group, vector group, and disease syndrome
were recognized. In one set, comprising YFV and DENV,
which present hemorrhagic manifestations, the viruses are
transmitted by Aedes mosquitoes. In the other set, comprising
the Japanese encephalitis virus group of viruses, which cause a
CNS syndrome, the viruses are transmitted by Culex mosqui-
toes (95, 133). This early impression was more recently con-
firmed phylogenetically (42).

Although this conventional virus grouping based on a shared
disease syndrome for a particular flavivirus group (hemor-
rhagic versus neurotropic viruses) proved to be generally use-
ful, a close examination of the relationship revealed that the
distinction between the two sets was not absolute. For exam-
ple, hemorrhagic manifestations have been reported in a small
number of patients with “neurotropic” viruses, such as Japa-
nese encephalitis virus, St. Louis encephalitis virus, tick-borne
encephalitis virus, and West Nile virus (WNV) (5, 39, 75, 103,
156). When the clinical spectrum is focused on just one virus,
such as WNV, the broad spectrum becomes even more evident,
since laboratory-confirmed WNYV infections with additional
atypical symptoms (such as hepatitis and pancreatitis) have
been reported.

Conversely, among the “hemorrhagic viruses,” neurologic
manifestation of YF virus has been long known, as demon-
strated in cerebral pathologies and isolation of virus from the
CNS (102, 114, 148, 168). The current classification of Kyasa-
nur Forest disease virus as only a hemorrhagic virus is prob-
lematic because of high proportions (as many as 45%) of
patients additionally experiencing a neurologic syndrome (2).
Thus, in a recent publication, Kyasanur Forest disease virus
was listed in lists of both hemorrhagic and neurotropic viruses
(165). The number of publications reporting neurologic disor-
ders, including CNS dysfunctions, in dengue patients now ex-
ceeds 200, even though no definitive evidence of viral replica-
tion in the CNS has ever been found (90, 119).

Other Viral Factors

A change in viral virulence as a cause of a shift in disease
severity has been proposed for dengue. The recent dramatic
increase in mortality and development of neurologic, cardiac,
and other unusual syndromes in CHIK since 2005 may follow
the example set by DENVs. In more recent publications, the
importance of virulence variation among DENV strains was
supported at least under laboratory conditions (87, 122, 163).
However, early documents on dengue are basically unsuitable
for locating data relevant for the discussion of this hypothesis
due to a near total absence of virus isolation. Nevertheless,
other related observations were subjects of interest among the
early investigators.

An intraepidemic shift in the severity of dengue was recog-
nized by physicians at multiple locations during this period.
One of the reasons that led them to this suspicion was the
observation that for much of the early part of an epidemic, only
nonnatives (mostly temporary residents such as foreigners)
became ill, but in the late stage of the epidemic, even the
natives, who were thought to be immune to dengue through
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exposure to the virus in the early years of life, became infected
(12). It should be noted that little was then known about
immunity conferred by dengue or the virus serotype involved.
Hossack (63) conceived the possibility that a more virulent
pandemic form of dengue would suddenly emerge from the
existing sporadic and endemic form. Clayton (28) also specu-
lated about transformation from a benign to a more virulent
form of the dengue pathogen through passages in humans.
Interestingly, even after the 1950s, similar suspicious intraepi-
demic shifts in virulence were reported (25, 74, 127, 150),
although the conclusion obtained in one report was negative
(125). The possibility that virulence differences among sero-
types may explain the differences in dengue severity observed
in the early period was raised recently. According to this re-
analysis of the classic human experiments conducted in the
Philippines in 1924 and 1930, the severity of infection by
DENV-1 was significantly greater than that of infection by
DENV-4 in that period (110).

Multiple Outbreaks Preceding the Emergence of Fatal Cases

As DENV is the only arbovirus totally adapted to an urban
environment for perpetual transmission between mosquito and
human and which does not depend on any other hosts as
reservoirs for the source of virus (80), the occurrence of severe
dengue has been inseparable from demographic changes. With
the exception of the 1927 outbreak in South Africa, an epide-
miologic condition shared among the major outbreaks with
extensive fatalities listed in Table 3 is multiple preceding
outbreaks of dengue or dengue-like illness. The data in a
bibliographic database (77) reveal that in Queensland, Aus-
tralia, before the outbreak of 1897 at least four outbreaks
had been recorded. In the 1897 outbreak in Queensland and
Thursday Islands, in some patients who had experienced
dengue-like illness 2 years earlier, symptoms were far more
severe than in the first episode (58). In Greece, the number
of outbreaks prior to the 1927 to 1928 outbreak was 4, and
the corresponding numbers in Egypt before the 1937 out-
break and in Japan (Okinawa) and Taiwan before the 1931
outbreaks were at least 3, 9, and 15, respectively. Among the
majority of physicians in Okinawa who had attended dengue
patients in many earlier outbreaks over years, the strong
consensus was that the disease severity suddenly turned
worse in the 1931 outbreak (101).

In Indonesia, among the patients who experienced multiple
infections (three or four infections in 4 years), the second
attack was generally milder than the first attack, and, in turn,
the third or fourth attack was milder than the second attack
(71, 94). However, because the number of past dengue infec-
tions could not be determined scientifically in early dengue
history due to lack of serologic techniques coupled with the
absence of the concept of asymptomatic infection, the exact
number of exposures to DENV in “second attacks” in the early
history remains unknown. Nonetheless, it is interesting be-
cause the severity of at least third and fourth dengue infections
was recently found to be less than that in the second attack
(44).
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Combination of Predisposing Demographic and
Virologic-Ecologic Factors

According to a prevalent current hypothesis (50), a combi-
nation of demographic factors (the sharp increase in the num-
ber of large urban centers in the tropics and accelerated hu-
man traffic with tropical countries in the jet age, with a
background of rapid economic recovery after WWII) increased
the probability of the arrival of viremic travelers at vector-
infested destinations. This facilitated the establishment of
multiple serotype coexistence, dynamic change in the viral pop-
ulation, and host immunity changes through repeated intro-
duction of viruses.

If DENVs indeed possessed the potential to induce severe
disease manifestations throughout the early history, as consid-
ered earlier in terms of broad disease spectrum, the low and
infrequent incidence of mortality in the early period is ex-
plained by the very small number of large urban centers, much
less human traffic between areas of endemicity, and slower
human movement by ship. This combination of extrinsic con-
ditions severely limited changes in the composition of the virus
population per given location and the frequency of occurrence
of severe dengue. The dramatic post-WWII changes in demo-
graphic conditions are thought to have facilitated an increase
in the absolute sizes of susceptible host populations, viral se-
rotype/genotype coexistence, and increased exposure of sub-
populations with previous dengue experience to dynamically
changing virus populations. These factors are manifested in the
dramatic increase in the number of huge human population
centers, urbanization of rural communities, and sharply in-
creased frequency of outbreaks in subtropical regions due to
imported cases as a result of more frequent human movement
with tropical countries. The establishment of perpetual out-
breaks in inland communities is explained by improved road
networks and ground transportation systems as well as accel-
erated air travel (in contrast to the outbreaks limited mainly to
coastal port cities in early dengue history). These changes
occurred dramatically after WWII, as previously studied (79,
164). Thus, these demographic changes in urban areas and
accelerated human movement are compatible with and corrob-
orate the current hypothesis. The current hypothesis is based
on the combination of established hyperendemicity of virus
serotypes/genotypes and explosive growth of high-density ur-
ban centers as a predisposing factor to explain the perpetual
occurrence of large DHF outbreaks after 1950 (50, 81, 159).
The historical records in this review further support that these
conditions as predisposing factors had been operating well
before the 1950s, albeit on a limited scale. The analyses of the
early history show the importance of the extrinsic mechanism
far more clearly through a sharper contrast between pre-1950s
and post-1950s conditions than between two (early and later)
periods after the 1950s, as analyzed frequently by many (81).

CONCLUDING REMARKS

Etiologically speaking, dengue history started out on shaky
ground. If the etiologic question raised by Carey (21) was
found to be entirely correct, it would appear that both the first
substantial clinical characterization in 1779 by David Bylon in
Batavia, Indonesia, and subsequent adoption of the word “den-
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gue” for this disease in the 1820s in Cuba were seriously sus-
pected to have been based on the observations of CHIK rather
than on authentic dengue. If so, the dengue history is also
paradoxical, because human experiments had been conducted
without a knowledge of the etiologic agent, using acute-phase
blood samples of patients presenting “dengue” symptoms, and
yet retrospective neutralization tests on the participants in the
earlier human experiments (142, 143) established beyond
doubt that the infectious agents used were authentic DENVs
(54). Similarly, Aedes aegypti was identified as the true urban
vector of dengue nearly 40 years before virus isolation (16),
again using infectious blood samples derived from patients
with “dengue-like illness.” In all these important human ex-
periments, the infectious blood samples used had been derived
from patients presenting “dengue” syndrome, the very source
of etiologic uncertainty and diagnostic controversy throughout
the early period.

The other major puzzle in dengue history is the “sudden”
emergence of the life-threatening syndrome DHF after 1950.
When a disease syndrome changes significantly over time, it is
prudent to study what the disease was like before the change,
which is more or less analogous to scrutinizing the properties
of “controls” in scientific experiments to better understand the
differences recognized after experimentation. Thus far, reviews
of historical documents have been scarce and limited to spe-
cific issues, such as geographic and chronologic information,
the etiologic question, hemorrhagic manifestation similar to
DHEF, viral evolution deduced from phylogenetic study, or the
economic cost of outbreaks (1, 19, 21, 49, 55, 108, 159). How-
ever, with the exception of the etiologic confusion raised by
Carey (21), no critical analysis encompassing multiple back-
ground factors related to dengue severity and death in the
early history has been published.

The importance of examining early dengue history with re-
spect to clinical syndrome was recently raised again when a
large number of observations of maculopathies were reported
as new dengue syndromes that emerged after 1980 (14, 23a, 26,
88, 151). However, maculopathies, including central scotoma
and total blindness, had been documented repeatedly in vari-
ous locations in early dengue history (37, 76, 89, 131, 161, 172).
Also, the reading of old dengue documents for this review
uncovered a record of 25 deaths (including 20 children) during
the outbreak of CHIK-like illness in India in 1872 (93). If the
CHIK etiology of this outbreak was confirmed, this record of
fatality would predate the reports of high rates of death during
the recent (2005 to 2006) CHIK outbreaks.

This review revealed many troubling issues complicating the
analyses of dengue severity and mortality in the early period,
including the problems of clinical definition of dengue, recog-
nition, reporting, and dissemination of medical information.
However, even after discounting the value of the data in old
outbreaks because of a lack of absolute certainty of etiology,
inaccuracy in epidemiologic data, and many other related
problems, collectively it still is highly probable that outbreaks
of dengue causing a severe syndrome occurred in many loca-
tions more frequently than it had been assumed before. Also,
the fatalities in some old outbreaks were not negligible. Fur-
thermore, the clinical syndromes of the severe cases in some
outbreaks, including those in Australia around the turn of the
20th century, in South Africa in 1927, in Greece in 1928, in
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Taiwan in 1931, and elsewhere, were clinically very much com-
patible with the current DHF. These data also generally agree
with a recent conclusion that DHF did not emerge as a new
dengue syndrome around the 1950s (53). Accordingly, miscel-
laneous attributes of the old outbreaks and other background
data examined in this review, ranging from epidemiologic to
virologic, should be valuable sources of information for more
clearly understanding the mechanisms by which DHF emerged
and became the most important vector-borne viral disease,
affecting many millions of people annually.
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