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ABSTRACT 

The role of sequential infection as a risk factor , for 

the development of Hemorrhagic Dengue is discused con-

sidering the data obtained during the epidemic 9f 

DHF/DSS that occure~ -in Cuba in 1981. 

The re~ults of the stu~y of 3 groups of patients, with 

DHF/DSS, are presented. The percentage of secondary 

infection in these was between 95 and 98,5%. It is 

concluded that secondary infection is a necessary. pre-

quisite but other factors are necessary for the develop-

ment of the disease. 

INTRODUCTION 

In 1954 <Hammond et al, 1957>, an epidemic of "an appa-

rently new disease" was reported in the Philippines. 
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rhis . disease involved mainly children in whom a febrile 

_Clinical pit;'.f:;Uref! With flUmE!r'"_QlJS he_ll)Oi""rhagic manife$t\1l- I 

17ions.,~as pr-odl.u;ed. Shock did not necessarily accompany 

the dise~5e. 

Hammon et al <1957> stated in 1957 that Dengue virus was 

the etiological agent of the disease • 

Halstead <1965), analysed different epidemics that occu-

rred during the XIX and XX centuries. Th'is retrospective 

analysis showed that Dengue Hemorrhagic Fever <DHF>, far 

from being a new disease, had already been observed 

during the epidemics in Australia <1827), ·southern 

United States <1922>, So~th Africa C1927>, and Greece 

( 1928) <Ehrenkranz et al, 1971; Papaevangelov et 

Halstead, 1977; Schlesinger, 1977). 

However, DHF/DSS acquired an epidemic character after 

the 19SO's although it was limited to the South East 

Asia and the Western Pacific Islands regions, where it 

became one cf the ieading causes of infantile morbidity 

and mortality CHalstead,1980>. 

The etiopathogenesi~ of the disease has been widely 

discussed. Two main hypothesis have been proposed to 

explain the development cf the severe tlinical picture 
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-of the disease. The first suggests that the viral viru-

lence may vary in the different strains of the 4 Dengue 

virus serotypes and that DHF/·DSS cases may be exceptions 

of Dengue infection <Rosen,1977). 

Rosen <1977> considers that DHF/DSS appearance in· South 

East Asia after 1953, is related with the increase of-

urban populations, the high density of the mosquito 

vector and the. permanent circulation of the four sero~ 

-types" of Dengue virus. All these factors, increased: 

after World War II, would produce a rise in infection 

rat.es by dengue virus, thus favourir.ag the appearance of 

sever~ cases. 

It has been suggested that repeated passage of the virus 

between jun~le monkeys and the Aedes albopictus. mosq~i-

toes leads to the selection of diferent strains of 

dengue viruses which might have a significant variation 

~n their pathoge~icity to man and which may be potentia~ 

lly hemorrhagic <Hammond, 1973). 

Hammond <1973> stated the possibility of double in.faction 

.of mosquitoes with 2 dengue virus serotypes leading to 

recombination or phenotypic mi'xture giving_rise to·more 
I 

virulent viral strains. 
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The second hypothesis was proposed by Halstead (1970, 

1981>, who stated that the double dengue infection, or 

sequential infection, explains the etiopathogenesis cf 
- - / 

the diseasea This hypothesis is based on the fact that 

DHF/DSS occurs in persons with antibodies <actively or 

passively acquired) to a dengue serotype, which in pre-

sence of a second infective serotype are capable of 

forming infectious virus-a.ntibodies immunecomplexes. 

It ha~ been established that non-neutralizing concentra-

tions of dengue antibodies are capable of forming immune 

complexes which attach to the monocyte by .Fe receptor, • activating phagocytosis and facilitating the entrance 

and replication of the virus into the cell. Since pro-

ducts from activated mcnocytes are capable of interac-

ting with the complement and coagulation systems, and 

these cell,s generate a vascular permeability factor,· 

then DHF/DSS can be related to the above mentioned 

phenomena <Halstead, 1979, 1982>. 

Prospective studies in Bangkok in 1962-1964 <Nimmannitya 

et al. 1969; Halstead et al, 1969 a,b,c,d,> and Ko 

Samul in 1966-67 <Winter et al, 1968) provided the first 

epidemiological data for such a hypothesis. The first 

study of DHF/DSS attack rates showed 1,8 cases of DHF • and 0.07 cases of DSS in 1000 primary infection cases 
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and 20.1 cases of DHF and 11,4 of DSS per 1000 secondary 

infection cases. 

Nevertheless, there have been scarce reports of DHF/DSS 

outbreaks, in which secondary infection was not documen-

ted. <e.g. the outbreak in Niue Isle in 1972) (Barnes et 

Ros~n, 1974>. During this outbreak, produced by ·dengue 

2 virus, there were reports of cases with hemorrhagic 

manifestations and shock, including some fatal cases. 

During the 25 years prior to this outbreak, no dengue 

virus was reported in the island and consequently the ' 

• deaths with secondary infection were unlikely • 

In spite of th~ wide circulation of dengue virus types 

1, 2 and 3 in the Caribbean region, DHF/DSS was net 

known in the area, though there were reports of isolated 

cases with hemorrhagic manifestations in Puerto Rico and 

Jamaica CL6pez-Correa et al, 1978; Fraser et al, 1978>. 

An epidemic of Dengue 1 ocurred in Cuba <Mas, 1979) in 

1977. , It was characterized by a mild clinical picture, 

and over 400 000 persons were affected. It appeared 

after more than 30 years without apparent viral circula-

ti on.· 

• 
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In 1981, an epidemic of DHF/DSS caused by dengue 2 virus 

occurred in the country affecting over 300 000 persons; 

causing 10 000 reports of severe cases and 158 deaths 

<Kour~ et al, 1983>. The epidemic was eradicated by .the 

10th of October of that same year, after an i_ntensi ve 

vector control campaing which is still mantained. 

The epidemiological si~uation in the country is unique 

since a population almost totality susceptible to dengue 

virus has suffered 2 large epidemics by dengue virus 

types 1 and 2 in 4 years. The second epidemic was cha-

racterized by the hemorrhagic and shock clinical pi~

tures.-. 

The vector control ca111paign and the very low mosquito 

index makes unlikely circulation of dengue viruses at· 

·present. In this context retrospective seroepidemiologi·-

cal studies can be extremely valuable to determine such 

factors as the percentage of primary and secondary in-

fections, -the frequency of DHF/DSS attack rates per type 

of infection, the DHF cases frequency per each case of 

classical or subcl~nical dengue, etc. 

MATERIALS AND METHODS 

The objective of the present study was to determine if 

sequential infection by the two dengue serotypes was a 
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risk factor· for the development of the severe clinical 

pictur~~ To this end we studied the frequency of haema-

gglutination inhibition <HI> ahd neutralizing <NT> anti-

bodies to dengue virus types 1 and 2 in three groups of 

patients clinically diagnosed as DHF/DSS cases. 

RESULTS AND DISCUSSION 

The first group <Guzm~n et al, 1984) was composed of 103 

patients (ch~ldren and adults> admitted to hospital with 

a clin~cal diagnosis of DHF, grades II and III, <accor-
.. 

d~ng to the Technical Advisory Committee for DHF/DSS> 

<Wor)d Health Organization, 1980>, which was serologica-

lly confirmed by the study of paired sera( using the 

haemagglutination inhibition technique • Of these pa-

tients, 5 <5%> were primary infections and 98 (95%) were 

secondary infections <Table I>. In this group, 9i~ of 

these cases of secondary infection had some hemorrhagic 

manifestation; 20 patients presented shock_ and among 

these only one suffered a primary infection • 

The second group consisted of 124 children under 14 

years of age admitted to hospital with DSS (grades III 

and IV>, and the third of 104 adult patients, with DHF 

<grades II and III>; neutralizing antibodies were deter-

mined, in all these patients • 
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As demonstrated in Table I only 2 <2X> children with DSS 

were primary infections and 122 were secondary infec-

tions. 2 out of the 104 adult patients were primary 

infections and 102 (981.) secondary infectionsa 

Woodall et al (1981) in an analysis of the inappearance 

of epidemics of ~HF/DSS on the American region stated, 

as a possible explanationL the low virulence of circula-

ting dengue strains or the inadequate serotype sequence· 

or time span between.both infections. They concluded 

that,. should Halstead's hypothesis be true, an epidemic 

of Dengue 2 in a 5-years period might be a disaster.for 

the region, , considering that in Puerto Rico, alone over 

half a million children under age 15 were immune to 

Dengue virus type 1. 

This epidemiological sitoation was present in Cuba, in 

which 44,46% of th.e urban population had HI antibodies 

to dengue virus in 1978 <Cantelar et al, 1981>. This 

shows high circulation of dengue virus type 1 during the 

1977 epidemic. Four years later, a second major epidemic 

by Dengue 2 occurred <this virus has frequently been 

associated to1 DHF/DSS outbreaks> <Halstead, 1970>; so 

the disaster predicted by Woodall et al (1981>, occurred 

in Cuba. 
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In a study in Thailand, Sangkawibha et al <1984) pointed 

out that the sequence Dengue 1-Dengue 2 was the most 

virulent. This was the sequence that occurred in Cuba. 
) 

Rosen <1982> stated that the 1981 epidemic of DHF in 

' 

Cuba, offers a unique opportunity to solve the problem 

of the.risk of sequential infection. He pointed out that 

"it should be relatively simple, even in retrospect, to 

compare the prevalence of primary and secondary antibody 

response in the surviving DSS patients, with what would 

have been expected on the basis cf the proportion of the 

population previously known to have been infected with 

dengue type 1 in 1977 11
• 

Considering that in 1978, 44.46% of the urban population 

was i mn:iune to Dengue .1 <Cant el ar et al , 1981 > it should 

expected that in the studied groups no more than this 

percentage, were cases of secondary infection, if se-

quential infection were not a risk factor for DHF. In 

the three groups of seriously ill patients (both chil-

dren and adults>, the percentages of cases of secondary 

infection were between 95 and 98,57., which are highly 

significant figures in relation to the percent~ge of 

possible cases of secondary infection expected in the 

population. 

9 



t, 

,. 

. ' 
' 

• 

\' 

These data s~pport the fact that sequential infection 

acts a~ a r~sk factor for the· deveHopment of DHF/DSS. 

In most of our p'atients, secondary infection explained 

the development of the hemorrhagic episode. Neverthe-

less, there was a limited number of patients who only 

had antibodies to Dengue virus type 2. Thus, it i.s 

likely ,•that some other host-rel.ated .factors may act as 

risk factors for the develqpment of ·the disease. In this 

respect, it should be .stressed that genetically contro-

lled diseases such as Asthma, Diabetes mellitus and 

Sickle Cell Anemia were significantly more frequent in 

QHF/DSS fat·al cases than in the rest of the population 

<Bravo et al in this journal>. 

It is interesting to, note that no seriously ill or fatal 

cases were observed in children aged 1 and 2, not yet 

born during the Dengue 1 outbreak, in which it was very 

much unlikely to document a previous infection. In graph 

I and II, we show, the age of a group of fatal cases and 

a ·group of children (from two big hospitals> who 

·suffered DSS but did not die .We couldn't found a 

single case in the 1 and 2 year age group. 

' ·The .abs~mc::e of fat al and severe caees in the 1 and 2 

year_ ·age group is an important epidemiological observa-

tion, so far not reported in other epidemics. It is an 
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extraordinarily valuable observation that supports 

Halstead's hypothesis of secondary-type infection, which 

is the only one that allows·us to explain the above-

menti'oned fact. It is precisely the 1 and 2 year age 

group which, having the possibility of getting infected 

during the 1981 epidemic, was not yet born during by the 

19j7 epidemic. Thus, the possibilities of secondary-type 
,. 

i.nfection could be considered. almost null .• 

Children less than 1 year of age, who evidently were n"ot 

born in i977,· could, however, have maternal antibodies f , 

whieh played the role of primary-type infection • 

The data reported in the literature, and our findings, 

indicate th~t sequential infection plays an important 

role·in the development of DHF, acting as a risk factor. 

However while it is a necessary prerequisite, it is not 

the only factor necessary for the development of the 

disease, given the great number of persons who, having 

suffer'ed a secondary infection, did not present the 

severe clinical picture. This implies that there should 

be some other host-related factors which determine whe-. 

ther an individual suffers or not DHF/DSS • 
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TABLE I:TVPE OF iNFECTION IN THE3 GROUPS STUDIED OF PATIENTS WITH 

DHF/DSS. ' 

GROUP I* GROUP II** GROUP III** 
<Patients; with DHF/DSS> <Children with DSS> <Adults with DHF/DSS> 

No. x No. x No. x 

Primary 
Infection 5 (5) 2 2 2 <2> 

Secondary / 

Infection 98 (95) 122 (98) 102 (98) 

TOTAL= 103 124 104 

*Detection of hemagglutination inhibiting antibodies. 

**Detection of neutralizing antibodies. 
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WHY DENGUE HEMORRHAGIC FEVER IN CUBA? 
II.INDIVIDUAL RISK FACTORS FOR DENGUE HEMORRHAGl.C FE-

VER/DENGUE SHOCK SYNDROME <DHF/DSS>. 

Jes~ R. Bravo; G.P.Kouri; Maria G. Guzm~n 
"Pedro Kouri" Institute of Tropical Medicine, Havana, 
Cuba. -
ABSTRACT 

Dµring the Dengue Hemorrhagi~ Fever, Dengue S~ock Syn-

drome <DHF/DSS> epidemic that occurred in Cuba in the 

summertime of 1981,. we could identifique some individual 

risk factors for the development of the severe clinical 

picturE! or for the fatal outcome of the disease • 

Several chronic diseases such as Bronchial Asthma, Dia--
' / betes Mel 1 itus and Sickle Cel 1 ,Anemia were si gni f i cant.l y 

present iri the studied groups~ as compared with the-

prevalence rates previously reported in the Cuban popu-

lation., 

The· results presented here, also reveal a significant 

marked predilection for the white race in DHF/DSS pa-

tients when these figures are compared to the data of 

race structure of the Cuban population o~tained from the 

1981 National Population Census. 
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• INTRODUCTION 

During the Dengue Hemorrhagic Fever <DHF> epidemic that 

occurred in Cuba in 1981, certain conditions were iden-

tified w.hich appeared to influence the severity of the 

clinical picture, or its further evolution. The retros-, 

pective studies conducted in patients, children and 

adults, i'n whom DHF/DSS was serologically confirmed in 

19~1, as well-as the detailed analysis of the clinical 

charts of fatal cases, resulted in the identification of 

some individual risk factors, which so far are not well 

characterized. In our opinion the presence of these • factors in an individual host may increase the pos~bili-

ties of an individual to develop the severe clinical 

picture, or to determine its fatal outcome. In this 

paper we present the individual risk factors identified, 

well as the epidemiological basis supporting our report. 

MATERIAL AND METHODS 

In order to know the possible risk factors for DHF/DSS, 

we studied the clinical charts of 98 fatal cases (72 

children and 26 adults) clinically and anatomopathologi-

cally diagnosed as DHF/DSS patients; 103 patients of 

DHF/DSS grades II and III as classified by WHO's Expert •• 
2 



• Committee for the study of Dengue Hemorrhagic Fever; 75 

' 
children with DSS <grades III and IV> and 104 adults 

r 
with DHF <grade II> who had a favourable evolution. In 

the last 3 groups, the diagnosis of the disease was 

serologically confirmed. 

The Chi Square test with Vates· correction was used in 

all comparison tests. 

RESULTS 

The individual risk factors identified in our ~tudies 

• are as follows: 

Secondary character of the infection 

'"'" Chronj.c diseases 

Bronchial Asthma 

Diabetes Mellitus 

• Sickle Cell Anemia 

White Race 

SECONDARY CHARACTER OF.THE INFECTION: 

It was analysed in the previous paper <Guzman et 

al,1985> in this same number of the Journal • 

• 
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RDSSil;lle·. - , f actars in ·-south~ast 

tead,s.e. 1979>. In our' studies, we have been a~le to 

identify Bronchial Asthma, Diabete~ Mellitus and Sickle 

Cell Anemia as individual risk factors for the occurren-. . -

ce of the severe clinical picture of the disease. 
; ; 

t"--. Bronchial Asthma was frequently found as a personal 

and/or family antecedent in DHF/DSS cases. The disease 

had a markedly higher incidence rate both in ~hildren 

•• and adults, as compared to the pre.valence rates in the 

Cuban population. <Tab.1.e I>. 

The figures in infant and adult fatal cases are double 

the frequency rate reported in the Cuban population, 

according to the 1983 National Survey on Bronchial As-

thma Prevalence Rate <Rodriguez de la Vega et al,.1983>. 

Non-fatal adult cases of DHF developed a mild clinical 

disease, and no difference was seen between the percen-

tage of Bronchial Asthma in this group and the one 

exlsting in the population. Asthma was also observed in 

non_:fatal infant cases of DSS, at a rate double the 

,per1;ent.age reported in the Cuban infi9nt population. All 

,:these· dfffer_emces were statistically significant 
- , -- "-

Cp.<;Q. 01>. 
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• Diabetes Mellitus was frequently observed in DHF/DSS 

cases as a personal antecedent in adult patients. <Table 

I I> • 

Four per cent <4X> of DHF/DSS adult fatal cases suffered 

from Diabetes Mellitus and 2X of adults who evolved 

satisfactorily. Since the prevalence rate. is 1'1. for th'e 

population <Mateo de Acosta et al,1973 >, the observed 

frequency rate was double in those cases of favourable 

evolution, and fourfold in adult fatal cases. 

• No personal antecedents of Diabetes Mellitus was repor-

ted in DHF/DSS fatal or-severe ~nfant cases. 

Sickle Cell Anemia was frequently observed in DHF/DSS 

cases. <Table III>. 

It can be seen that tbe percenta_ge of infant and adul 1:. 

fataL cases ~ith Sickle Cell Anemia are much higher 

than the prevalence rate in the Cuban population <Mar-

tinez Antu~a,B. 1985). All these differences were sta-

tistically significant <p<0,01). No Sickle Cell Anemia 

I; cases were identified among children with DSS or adults 

that had a favourable clinical evolution. 

s 
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fl'i°~~·; 'i ;,c;·~.d~~cre· ;.ate of the 1,Sever-~ !!Ii ~~a$e i 11 white~ 
.: , ,_ J'_ ,..Q . 

. ~·. ~~on~t~lit QbSt;!r"V.~tion d1,Aring the 1981 _epidemi'C. ~ .. 
T~is observation was confirmed in all research work 

conducted by our Institute in relation to the epidemic. 

cauzman, et al 1984>. 

Table -IV shows the different figures found in our stu-

dies. 

The percentage of white people in all the groups stu-
/ 

d'ied is near or higher than 807.. All differences in 

relation to the racial structure of the Cuban population 

a~cording to the 1981 census were statistically signifi-

cant Cp<0,05>, with the sole exception of adult fatal 

cases which is ~imilar to that observed in the popula-

· t·ion. 

DISCUSSION 

Chronic diseases have been pointed out as possible risk 

factors for the development of DHF/DSS, but the findings 

of Sronchial Asthma, Diabetes Mellitus and Sickle Cell 

Anemia with a high frequency rate in severe or fatal 
•>!' 

~a~es bf DHF/DSS have not been reported before. -'-111 

4 -~ 
·.1 
-; 
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The mechanism by which these diseases ·influence the 

se¥erity of the clinical picture is, so far, unknown. 

It had been said that 11 the more immunocompetent the 
\ 

individual, the more severe the shock syndrome" <Hals-

tead, · S.B., 1979). _ In _asthmatic patie~ts with their· 

component of hyperrea~tivity arid frequent cardi~-pulmo-

nary lesicms, a disease l·ike DHF/DSS, that has a known 
' 

inimunologica~ 'basis, must ex:press a more.severe clini-.· 

cal picture. 

In: our studies, t'he iAcidence rate. of Diabetes MellH:us 

ln adult~ with disease·~as higher than in the Cubah 
. . 

population. This situation was not observed in ~hildren-

which is logical,. if we consider that this disease 

usually has ,its expression.later in life. In Cuba, 

according to the·census of diabetic children, a preva-

lence rate of only 0.14 per 1000 was. confirmed <Diaz, et 

al 1983). This low pre~alence r~te should influence the 

non-identification of Diabetes Mellitus as a risk factor 

in childhood. 

In studies conducted by our group, we obtained a histo-

ry of diabetes in 24% of the families of child fatal 

cases. If we take into account the genetic character of 

this disease, we can analyze the figures of family 

7 
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-history f.ound and consider that in this group there 

should be a certain number of children who in the 

future would probably have been.confirmed as diabetic 

patients. 

In adults, the frequency rate of diabetic patients both 

in cases of favourable evolution and in fatal cases was 

higher than that observed in the population, although 

the sample analyzed was not big. Also the mechanism by 
-

which this disease influences the severity of the clini-

cal picture is, so far, unknown. 

Sickle Cell Anemia was f·ound to have a high frequency 

rate in severe cases of Dengue Hemorrhagic Fever. It is 

logical if we consider that this disease is characte-

rized by . its hemorrhagic manifest.ations and that the 

patients, weakened by their chronic disease, had a tor-

pid evolution. 

When analizing Sickle Cell Anemia patients who died of 

DHF/DSS, we observed that the disease had a shorter 

evolution than in the rest of the fatal case~~ Fifty 

percent of Sickle Cell in which Anemia cases expired in 

less than 24 hours. Of the B Sickle Cell Anemia fatal 

cases, S <63;.) presented a preponderance of hemorrhagic 

manifestations and 3 (37;.) shock. It should be painted 

8 
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out that 4 of them presented a Sickle Cel) trait. The 

clinical picture in these patients was characterized by 

a rapid fatal outcome after the sudden increase in the 

severity of the disease. 

In fatal and severe cases of DHF/DSS, the prevalence 

rate of these diseases (genetically controlled> is 

higher than t·hat observed in the population. The chronic 

diseases mentioned above as risk factors support the 

criteria that some genetic factors might play a part in 

the developme~t of the most severe clinical pictures of 

Dengue Hemorrhagic.Fever. Other diseases are likely to 

a~t as risk factors in other countries. 

In th~ g~oups studied, the white race presented_ a higher 

. f'requeAcy rate of DHF/DS.S <p<0.05), with the exception 

of adult fatal cases. This might be explained by the 

existence Within this group of 4 Sickle Cell Anemia 

patients associated to the black race and which is an 

individual risk facto·r. If we take out these 4 patients, 

the percentages of white fatal cases (74X> is higher 

than the Cuban population and is similar to data from 

the-other white groups <Table IV>. 

So far,· we do not have an explanation for the high 

frequency rate of DHF/DSS in whites. More research is 

9 



needed to determine whether the high frequency rate of 

DHF/DSS in whites is due to the white race behaving as 

an individual risk factor or if it is because the black 

race has a certain degree of resistence to DHF/DSS. 

It will be necessary to validate under any circumstan-
. ' 

ces, the above-mentioned risk factors and to search for 

new individual risk factors, in other countries. 
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TABLE I 

.. .,PEBS'ONAL ANTECEDENTS OF BRONCHI AL ASTHMA IN THE GROUPS 
,, ':S·l'·l!:'..l'IHED, AS COMPARED TO THE PREVALENCE RATE IN THE CUBAN 

<POPULATION. 

·Group Studied Sample*** Population 
- ---~------------------~------,----------------~----------

Children with DSS 19/76 (25> 11 'Y. 

Children fatal cases 16/71 (23)* 11'1. 

Adults with favourable 
evol u.t ion. 7/104 (7) 7'X 

Adult fatal cases 3/23 ( 13) ** 7'X 
------~--------~~-----~-~~------~--------~~--~-----------

* In one case risk factor data was not available. 

** In 3 cases risk factor data was not available. 

*~* Patients with risk factor/total of. patients (i. with 

risk factor>. 
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TABLE II 

I 

PERSONAL ANTECEDENTS OF DIABETES MELLITUS IN THE GROUPS 
STUDIED, AS COMPARED TO THE PREVALENCE RATE IN THE CUBAN 
POPULATION. 

-------------------------~---~-~-~~~---~-~---~~--~-------
Group Studied Sample*** Population _________________________________ ...., __ .._ ..... ____________________ _ 
Adults with favourable 
evolution 

Adult fatal cases 

2/104 <2> 
1/2::S (4)* 

1 'Y. 

1Y. 
---------~-----~---~~~-~~~--~-~---------~---~-----~--------

* In 3 cases r~sk factor data was not availabie. 

** Patients with ·risk factor/total of patients~ ('Y. ~ith 

risk factor>. 
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TABLE III 

PERSONAL ANTECEDENTS OF SICKLE CELL ANEMIA IN THE GROUPS 
STUDIED, AS COMPARED TO THE PREVALENCE RATE IN .THE CUBAN 
POPULATION a 

Group Studied Sample*** Population 
~ - :: - . - - - -

----------------------------------------~--~-------------

Children with DSS 0 O.OBY. 

Children fatal cases 4171 <6>* 0.08Y. 

Adults favourable evolution O 0.087. 

Adul.t fatal i:ases 4/23- < 17> ** O.OBY. -------------.-------, _____ ..., _______ .._ ____________ ..... __ ~-----------------
*In 1 case risk factor data was not available. 

**In 3 cases r.isk factor
1

data was not available. 

*** Patients with risk factor/total of patients. <Y. with 

risk'factc;>r). 
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TABLE IV 

DHF/DSS PERCENTAGES PER RACE, IN D.IFFERENT GROUPS STUD'IED, AS COMPARED TO RAC'IAL 
STRUCTURE OF CUBA'S POPULATION ACCORDING TO THE 1981 CENSUS .• 

---------------------------~--~----~-~---~--~~---~--~-------------~----------~----------
G~OUP c. STUDIED 

" -- ·-- -- . ------------------------------------------------.. - - - - . ~ . 

DSS cases..,. Children DHF adult 
studied . Chi ldr~n' · · Adul·t if.1th ·DSS patients 

during the fatal fatal retr.ospec retrcspec 
epidemi.c cases e;as~s · tl.ve study tive study Cuban 

RACE ( 103) .. (72)' (26> <75) (104) population* 
' . 

-----~~~---------"!':~-_,;--.~~-----.-..-...-....:.·----~-----~---------:--------------

<X> (Y.,) <X> (Y.,) (Y.,) <X> 
----------------~---------------------~-----~---------------------~~---------~------------

White 

Mulatto 

Black 

78 

18 

4 

'" 
86 65 81 66 

11 12 7 1.3 21.9 

3 7 6 12 
• - L ' 

---------------.:...~---~--~-~~---.~--~--------...... --------~----.--~--__: _________________________ _ 
* 0.1X Asians. 

** 4 <15'7.> ·of ttie black adult fatal cases had Sic::;'kle Cell Anemia • 

. ·,·' 

· .. 

'.· 

I . 

I 

:·ii~ 
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WHY DENGUE HEMORRHAGIC FEVER IN CUBA? 
III. AN INTEGRAL ANALYSIS. 

Gustavo Kouri 1, Maria 0. Guzman 1 and Jose Bravo 1 
Dep't of Arbovirus, "Pedro Kouri" Tropical Medicine 
Research Institute, apto. 601. Zona Postal, Marianao 13, 
La Habana, Cuba. 

ABSTRACT 

The epidemiological · factors present in Cuba .in· 1981, 

when the Dengue Hemorrhagic Fever/Dengue Shock Syndrome 

<DHF/DSS> epidemic occurred, were really exceptional 
1 when compared to that of other countries in the region • 

Epidemiological evidence is reported, which demonstrates 

that the virulence of the circulating strain is an 

important element_to be taken into consideration when 

analyzing an epidemic. 

The two current hypothesis to explain the occurrence of 

DHF/DSS epidemics are validated in a well defined epi-

demiological situation. The conclusion is reached that 

neither Halstead's hypothesis on secondary-type infec-

tion nor Rosen's hypothesis emphazising the role played 
... ---

by the virulence of the circulating strain can explain 

all cases. Both authors have made valid observations in 

different epidemiological conditions • 

··--:~~~ 
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An integrated, multifactorial and unifying hypothesis is 

submitted, which may be useful in interpreting all 'si-

tuations. It is based, mainly, upon a deep analysis cf 

literature and the Cuban experience. 

INTRODUCTION 

Up to now, the determining factors for the occurrence of 

DHF/DSS · epidemics have been widely· discussed. The r~le 

of the sequential infection, or the virulence of circu-

lating viral strains, as the decisive factors for the 

appearanc~ of the severe·~icture of the disease; are 

current.ly d1.scussed' and two hypothesis have been 

stated. <Halstead, 1 ?79, 1980, 1981; Rosen, 1977, 1982>. 

I.n 1981, Cuba suffered an extensive outbreak of Dengue 

Hemorrhagic - Fever/Dengue Shock Syndrome <DHF/DSS> by-

dengue virus_ type 2 <Kouri ei,:. al, 1982>. It was charac-

terized by a high morbidity rate and the occurrence of 

severe and fatal cases <Kouri et al, 1982a a, 1982b, 

<Guzman et al, 1984>. 

This epidemic proved the poseibili~y for DHF/DSS to 

appear in the Caribbean, and the concern of all coun-

tries of the region has increased,considering the possi-

ble repetition of our bitter experience • 
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~'A ) .d~~t.~j. l e:d~- :~11:~)y.$f ~ -~~--,:the ~pi_cit~miolpgi cal 
. __ _,_· .i,. _·-~'-j -~ ·; .,._,_ r'· 

press'rft · iti' 'QUba..,; at 'tne m·orgen.t. of . 

. '-·\~~f:~l~_ · ~!1d_-hee~:s$~~Y:• >" lt is •i __ sc i:~~~r.t~~t. 1;q ·: e~p-t~i'n: 
- ' ,which in·· our 

opinion, each. c;buntry should consider to evaluate its 

own risk • 

In our two previous papers, in this issue of the Tran-

sections~ we discussed' the individual risk factors for 

the development of DHF/DSS, identified in the Cuban 

experience. In this paper, we go deeper into the expla-

·nation of the epidemiolcg~cal and viral factors that 

were present. in our country during the outbreak and we 

present an integral analysis of the interactions among 

these factors, needed for the ocurrence of an.epidemic. 

The Cuban epidemiological ei·tuat.ion was exceptional when 

compared to that of the other countr.ies in the -region, 

due to the fol16wing aspects: 

1. The Cuban population was almost totally free of 

antibodies to dengue viruses before 1977 < the 

year in which dengue virus type 1 was introduced) 

<Cante;J.ar and Fernandez, 1975; Mas, 1979>, while 

the population of most of the other countries of 

the region n~d- suffered. successive infections by 

d~ngue 2 'and 3 fqr over 25 years <Anderson et al, 
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• 1956; Russell et al, 1966; Spence et al, 1969>. 

This, undoubtedly, determined a certain degree of 

immunity in part of the Caribbean population. 
!~,. -

;_/ 2. There was a high density of Aedes aegypti mos-

.quitces in all urban areas cf the island. 

3. Ih Cuba, sequential infection bi dengue 1 and 2 

occurred over a 3-year-pericd <Mas, 1979; Kcurf 

et al, 1982) while in other Caribbean countries 

the time interval was 10 years be~ween the intro-

duction of dengue 2 and dengue 3 ' and 13 

years between the introduction of dengue 3 •• and dengue 1 (Anderson et al, 1956; Russell et al, 

1966:; Spence et al , 1969; Russell , 1979 > • 

4. In our case, the sequence of infection was Dengue 

1/Dengue ·2. A relationship h~s bee~ reported 

between the appearing of the DHF/DSS epidemics, 

and this sequence (Sangkawibha et al, 1984>. 

In other Caribbean countries, the sequence of in-

troduction of the different dengue virus serotypes, 

<1953, Dengue 2; 1963-64, Dengue 3; 1977, Dengue 1; / 

1981, Dengue 4) has net favoured the occurrence of 

secondary infection with a sequence ending in Den-

• gue 2 since dengue virus type 2 was the first 

4 



serotype introduced in those regions. Nevertheless, 

sporadic cases might have occurred. The time span 

between the introduction of Dengue 1 and 4 in the 

region was 4 years <Centers for Disease Control, 

1981>. Thus,it is ~ikely that part of the Caribbean 

population may have secondary infection with the 

sequence Dengue 1/Dengue 4,in a short period of 

time,. However, until now, no outbreak of DHF/DSS has 

been reported in·the area in which such a sequenc:e 

is involved. 

5. During the 1981 epidemic, over 300 000 cases were· 

• reported with, 10 000 reports of severe cases and 

158 fatal · cases <Kouri._ et al, 1982). This data 

indicates that DHF/DSS appears with a certain fre-

quency in relation to the total amount of cases 

/ reported in an epidemic. Therefore, the existence 

of a wide viral circulation with high attack 

rates and consequently a large number of ill per-

sons, seems to be necessary for the disease to be 

expressed as an epidemic. 

6. Viral virulence apparently increased as the agent 

was successively passed in the human host, and this 

gave rise ta an increase in the case fatality rate 

• by the end of the epidemic • 
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Considering that there was no recent antecedents df 

DHF/DSS either in Cuba or in the region, the case 

f~tality rate was expected to be high at the out-

set, decreasing towards the end of the epidemic. 

The expected beha viour was based on the measures 

taken in Cuba, such as early hospitalization and 

therapy, organization of expert groups to advise 

public health services throughout the country, and 

the experience acquired by our physicians in han-

dling of patients. 

GRAPH I 

Graph I shows the actual behaviour of this index, 

which differs from the one expected. The case fata-

· lity rate increased, above all, during the month of 

August. To plot the curve, 3 moments of high morbi-

dity (June,July and August> were takeR. Extreme 

points in which low morbidity might distort the 

analysis, were excluded. 

During the epidemic, the seriously ill cases were 

reported daily. With this information, it was po-

ssible to calculate an index that we named "SEVERI-

TY", which is the rate of seriously ill cases in 
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relation to the total number of patients reported 

in ttie same period cf time.. The graph clear_ly 

shows that Severity also in·c:reased in July and 

even more in August .. 

On the other hand, 'in an analysis of tbe clinical 

charts of fatal cases, death was encountered in 

spite of the timely therapeutic measures taken to 

prevent or treat, according to the case, hemarr,... 
I 

hages and/or shock. We are convinced that in 

DHF /DSS there are a group of pat.i ents in whom 

homoeostasis disorders are so quick and profound 

that saving them i.s practically i.mpassible ... 

In Cuba, all conditions were created ta offer the 

population an efficient, specialized ·medical care 

and to reduce to a minimun the effects of the 

epidemic. Thus, we can affirm that the! case ·fatali-

ty rate analysed here <0.46 x 1000 patients> 

refers to the 11 unsavable cases 11
• This fact points 

towards an interpretation of the observed ~henome-

nan as derived from the virus-hast interaction. 

An increased viral virulence has been described 

when a virus is successively passed in a competent 

host. This may explain cur observations.. Rosen 
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<1977, 1982> has reported that all strains of den-

gue virus have not the same virulence and bases his 

hypothesis on the pathogenesis o~ DHF/DSS, precise-

ly on viral virulence. We think that our findings 

support the criteria that viral virulence is a 

factor to be considered when analysing DHF/DSS 

outbreaks. 

The time interval between a first infective bite 

and the occurrence of a second case of dengue could 

-be rolighly estimated, considering both the intrin-

si-c and extrinsic incubation periods, as bet~een 15 

and 2o days ..• -· !i:-f the. first. -cases were ,reported at 

the end of May,, then - the ·viral strain may have had 

a second passage in humans during the month cf 

June, which ;gave rise in July to· an increase in the 

number of severe cases <Graph I>. At this level .of 

passage, the case fat al i ty-· rate had not yet demons-

trated an ostensible i~ Subse~uent to the 

third passage in humans, the severity of the di-

sease had a maximum peak and the case fatality 

rate increased rapidly. 

These statements, based on an epidemiological ob-

servation, may be of great importance, and support 

the observations of other authors in relation to 
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Not oniy should we analyze the epidemiological and viral 

factors that influence the occurrence of the DHF/DSS 

epidemic,but also the "individual risk factors" which 

may lead to the appearance of the severe clinical pie-

ture in man. In our case, the following individual risk 

factors were detect·ed: 

1. Pre-existance of antibodies to dengue <Guzman 

et al 1986) .. 

2. Age,. 'hi.gh frequency in children C1Kouri et al, 

1982). 

3. Sex, high frequency in female <adults> <Diaz et 

al, 1984>. 

4. Race, high frequency in whites <Bravo et al, 1986). 

5. Chronic disease, high frequency in Asthmatic, Diabe-

tic and Sickle Cell Anemia patients <Bravo et al, 

1986). 

In South Eaet Aei!S C!ntl' the Westl~rn Pacific Ig;l !l!lnds, 

where the disease is endemic, there may be some other 

"individual,· risk .factor$" present. 
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The Cuban, experience validates the two hypotheses in a 

very well defined epidemiological situation. That is why 

we consider that useful, and perhaps conclusive data and 

information, will be obtained from the analysis of our 

epidemic. 

It is our opinion, that none of th~ two hypotheses, 

separately, can. explain all situations or cases, al 

though both authors .have stated in different epidemiclo-

gical 'conditions real and valid principles fer the in-

terpretaticn cf thee~ e~idemics • 

. we consider that for an outbreak to 4ppear, ther.e ·should 

be coincidence ·of several factQrs: epidemioiogical, 

individual and viraL 

GRAPH II 

Graph II shows the intersection between the subgroups of··-

factors determining the occurrence cf an epidemic.It is 

precisely the concurrence of factors of these. three 

subgroups, which give rise to DHF/DSS· outbreaks. 

Some of the individual risk factors such as race, sex, 

age and chronic diseases, are predisposing factors which 

make the disease more frequent in a certain race, age 

group, etc. The pre-existance of antibodies is the main 
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The occur~ence, of these individual risk factors, in the 

presence of the epidemiological and viral factors, de-· 

termine whether persons with a secondary type infection 

present the clinical picture. Great importance is given 

by us to the intensity. of the hast response on the basis 

that not all human beings respond in the same way and 

intensity to any .stimulus,· i 11cl udi ng the i mmunol agi cal 

ones. 

I 
The epidemiological and viral factors a~e, in our·opi-

nion, the .determinants for the disease to occur in an 

epidemic fashion. 

In the light of current knowledge this integral hypo-

thesis allows an interpretation of all epidemiological 

situations. At the same time, it facilitates the evalua-

tion o~ the· risk of a given population or person, ta· 

suffer the· -disease • 
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