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Summary 
We have studied the prevalence of anti-human herpesvirus 6 (HHV-6) antibodies in differ- 
ent population groups from Spain. Serum samples from 271 children between 0 and 15 
years old, 512 intravenous drug addicts (IVDA) (262 seropositive for human immuno- 
deficiency virus (HIV)) and 254 healthy individuals (100 pregnant women). The indirect 
immunofluorescence technique was used for antibody investigation from initial dilutions 
of 1 : 40. Seroprevalence studies showed antibody presence in 37.6%. The highest positiv- 
ity was found in the group of children (49.4%, PcO.OOl), followed by the pregnant women 
(39%), the IVDAs (34%) and healthy subjects (28%). When the IVDA group was split into 
HIV positive and HIV negative, no significant difference was found between them (P= 
0.45). Antibody titres oscillated between 1 : 40 and 1 : 2560, with the greatest frequency 
at 1 : 40 in both male and female patients. A statistically significant difference (P ~0.05) 
was only found between sexes in the control group. 
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Introduction 

Since the discovery of human herpesvirus 6 (HHV-6) 
by Salahuddin et al.‘, many studies have been under- 
taken to analyse its molecular structure, pathogenesis, 
epidemiology and diagnosis. Likewise, its associated 
pathology remained unknown until Yamanashi’s 
studies were published*. At the present time it is 
considered to be the agent responsible for exanthema 
subitum in newborns, and in its acute stage to be 
associated with hepatitis and related to chronic asthe- 
nia and proliferative syndromes. It has also been 
related to human immunodeficiency virus (HIV) in 
that it could shorten the interval time between infec- 
tion and illness developmentrg. 

In view of the ubiquitous nature of this virus, we 
propose four main objectives for this study: to investigate 
the prevalence of antibodies in different healthy popula- 
tion groups, to study the evolution of antibodies in a 
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group of children from birth to adolescence, to evaluate 
the possibility of percutaneous transmission as a mecha- 
nism of spread and to investigate whether infection by 
HIV is associated with a greater incidence of HHV-6. 

Materials and methods 

Serum from 1037 individuals belonging to four differ- 
ent population groups was collected and analysed. 
Group 1 consisted of 271 children between 0 and 15 yr 
old, in order to determine the period of time in which 
seroconversion took place and when the primary infec- 
tion appeared. This group was divided into different 
age subgroups: O-3 months, 4-6 months, 7-9 months, 
10-12 months, 2-5 yr, 6-10 yr and 11-15 yr. Group 2 
consisted of 512 intravenous drug addicts (IVDAs) 
between 17 and 32 yr old. The aim was to compare this 
group with another group of healthy individuals so as 
to evaluate the significance of percutaneous transmis- 
sion. Individuals in group 2 were divided into two 
subgroups: 250 who were seronegative for HIV and 262 
who were seropositive, in order to elucidate whether 
seropositivity was associated with a greater prevalence 
of anti-HHV-6 antibodies. Group 3 consisted of 154 
healthy individuals between 29 and 50 yr old. Group 4 
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was made up of 100 healthy pregnant women between 
20 and 35 yr old, so as to compare seropositivity in this 
group with that shown by children between 0 and 3 
months old, and so complete the evolution curve of 
seropositivity levels in the infant population. 

IgG antibody to HHV-6 was determined by an 
indirect immunofluorescent antibody (IFA) assay 
described elsewhere, that used twofold dilutions (start- 
ing at 1 : 40) of serum and HSB-2 cells infected with 
an HHV-6 isolate containing both the HHV-6A and 
HHV-6B genomess. x2 and Mann’s U statistical analy- 
ses were applied to the results. 

Results Figure 1. Distribution of the titres according to sex. P 
= 0.16; x*; 0, female; EC!, male; ES, total. 

Seroprevalence studies showed anti-HI/IV-6 antibody 
presence in 390 individuals (37.6%) (Table 1). The highest 
positivity was found in the group of children (49.4%, 
P<O.OOl), followed by the pregnant women (39%) the 
IVDAs (34%) and group 3 (28%). When the IVDA 
group was split into HIV positive and HIV negative no 
significant difference was found between them (P = 0.45). 

The general distribution of the titres according to 
sex is given in Figure 1. Antibody titres oscillated 
between 1 : 40 and 1 : 2560, with the greatest frequency 
at 1 : 40 in both male and female patients. No statisti- 
cally significant difference was found between sexes 
(P = 0.16). Table 2 shows the different percentages of 
seropositivity according to sex in the children, IVDAs 
and group 3. A statistically significant difference 
(P ~0.05) was only found between sexes in group 3. 

Figure 2 shows the seroprevalence of anti-HHV-6 in 
children (divided into subgroups according to age), 
pregnant women and healthy adults. Seropositivity in 
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Figure 2. Seroprevalence of anti-HHV-6 antibodies 
according to age. m, Month; y, year. 
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Table 1. Seroprevalence of anti-HHV-6 antibodies according to groups 

Group 7 Group 2 Group 3 
No. % No. % No. % 

Group 4 Total 
No. % No. % 

Seropositives 134 49.45 174 33.98 43 27.92 39 39 390 37.6 
Seronegatives 137 50.55 338 66.02 111 72.08 61 61 647 62.4 
Total 271 100 512 100 154 100 100 100 1037 100 
Statistics P <O.OOl NS NS NS - 

NS, Not significant. 

Table 2. Distribution of seropositivity according to sex in groups 

Group Sex Seropositives 
No. % 

Seronegatives 
No. % 

Total 

Group 1 Female 61 
Male 73 

Group 2 Female 34 
Male 140 

Group 3 Female 30 
Male 13 

Group 4 Female 39 
Total 390 

48.41 65 51.59 126 
50.34 72 49.66 > NS 145 
45.33 41 54.67 75 
32.04 297 67.96 1 NS { 437 

38.96 47 61.04 16.89 64 83.11 } PCO.05 { ;; 

39 61 61 - 100 
37.6 647 62.4 - 1037 

Group 1 VS. group 2, group 3 and group 4 : P<O.OOl : p; NS, not significant. 
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children decreased in time from 31.4% in the first 3 
months to 25% in the 4-6 month period. It subse- 
quently increased to 75% between 6 and 9 months to 
decrease again and level out at about 50%. This value 
was lower for healthy adults (27.9%), with women 
showing a significantly higher (P ~0.05) seropositivity 
(38.9%) than men (16.8%). Seropositivity was 39% in 
the group of pregnant women. 

Discussion 

Although indirect enzyme-linked immunosorbent 
assay (ELISA) methods to determine anti-HHV-6 
antibodies exist, they have not become universally 
established and immunofluorescence continues to be 
widely used. In this study and previously9, sample 
dilutions were started at 1 : 40, to avoid false positives 
and to decrease non-specific immunofluorescence. 

Different studies from the USA, Japan and Europe 
reported levels of HHV-6 infection in the whole 
population of between 60 and 90%x.“. However, 
Civeira et al.10 and Lozano et al.11 found only 35% of 
the population infected, which agrees with our figure 
of 37.6%. Positivity and antibody titres change with 
age and socioeconomic conditions of the populationl*,l-’ 
and with the initial dilutions of the sera used. 

In our series 49% of the children reached antibody 
titres between 1 : 40 and 1 : 640, with a slightly, 
although not significantly higher prevalence in males. 
Brown et al.11 obtained a seroprevalence of 81.6% 
using similar dilutions. Okuno et al.14 reported 70% 
with a dilution of 1 : 40 and Levy et al.15 found 80.2% 
positivity with a 1 : 10 dilution, in a similar population 
group. These prevalences are all higher than that 
obtained by us for a population with similar charac- 
teristics. This could be due to geographical differences, 
or to the higher dilution used in our study. 

The antibody titres observed in the sera from infants 
were almost uniformly distributed between 1 : 40 and 
1 : 640. A greater frequency of the 1 : 40 titre was 
observed in males. Focusing on the results from infants 
up to 1 yr, antibodies were detected in 40.3%. A higher 
incidence was seen between 0 and 3 months, decreas- 
ing to a minimum in the group between 4 and 6 months 
and increasing again in children between 7 and 9 
months old. This could be explained by the progressive 
loss of specific maternal antibodies until 6 months and 
the beginning of primary infection in the older popula- 
tion subgroup. These specific antibodies seem to follow 
the classic pattern of IgG evolution. In children 
between 1 and 15 yr seroprevalence decreased with age, 
but this difference was only significant when the 1 yr 
and 15 yr groups were compared. This may be due to 
a first stage of primary infection, occurring in the later 
half of the first year, followed by a decrease in antibody 
level in later age groups with stabilization at a lower 
antibody level. On comparing these results with others 
a similar pattern was observed by Knowles et al.16 and 
Bagg et a1.17, whereas in the studies by Fox et a1.18, 
Okuno et al.14 and Levy et al.15 the evolution curve was 

displaced with the primary infection taking place 
between 5 and 10 yr. The fact that these studies were 
carried out in different geographical areas (Anglosaxon 
regions in the former and the USA and Japan in the 
latter) may account for these divergent observations. 

In the epidemiological study of HHV-6, intravenous 
or sexual transmission has been considered as a possi- 
ble factor affecting virus distributionl5.18. However, in 
the present study, no difference between seropreva- 
lence in the IVDA group and group 3 was found. The 
HIV positives showed a slightly higher (although this 
was not statistically significant) positivity than HIV 
negatives, in agreement with other reports’*. On the 
other hand, Lozano et al.11 and Fox et al.18 observed a 
greater number of seropositive individuals in the HIV- 
positive homosexuals. 

No difference in seropositivity between pregnant 
and group 3 women was observed, although the former 
presented a higher frequency of the 1 : 80 titre. These 
results agree with those of another study recently 
carried out in a close geographical area”. A higher 
seroprevalence in pregnant women was described, but 
1 : 20 dilutions were usedIg. 

Regarding our control group (group 3), there was a 
significant difference (P ~0.01) between females and 
males. This higher index of seropositivity in females 
was also observed by Briggs et al.13 who found that 
females older than 15 yr showed a greater frequency 
of positivity than males of the same age. 

It can be concluded that seroprevalence against 
HHV-6 is not excessively high in our study area, with a 
higher seroprevalence in female members of the popula- 
tion. A greater, although not significantly different 
percentage of seroprevalence was found in IVDAs 
when compared with group 3. Despite the increasing 
seroprevalence observed in the HIV-positive group, it 
cannot be stated that infection by HIV increases suscep- 
tibility to HHV-6 infection. The seroprevalence in 
newborn infants was similar to that observed in 
pregnant women, followed by a decrease in the first few 
months with an increase between 7 and 9 months, point- 
ing to this date as the moment of primary infection. 

References 

Salahuddin SA, Ablashi DV, Markham PD. Josephs SF, 
Sturzenegger S, Kaplan M et al. Isolation of a new 
virus, HBLV, in patients with lymphoproliferative 
disorders. Science 1986; 234: 596601 
Yamanishi K, Okuno T, Shiraki K. Takahashi M, 
Kondo T. Asano Y, Kurata T. Identification of human 
herpesvirus 6 as a causal agent for exanthem subitum. 
Lancet 1988: 1: 1065-7 
Lusso P. Ensoli B. Markham PD, Ablashi DV, 
Salahuddin SZ, Tschachler E et al. Productive dual 
infection of human CD4+ T lymphocytes by HIV-l and 
HHV-6. Nature 1989; 337: 370-3 
Levy JA, Landay A, Lennette ET. Human herpesvirus 6 
inhibits human immunodeficiency virus type 1 replication 
in cell culture. J Clin Microbial 1990: 28: 2362-4 
Hall CB, Long CE. Schnabel KC, Caserta MT, 
McIntyre KM, Costanzo MA et al. Human herpesvirus- 
6 infection in children. N Engl J Med 1994: 331: 432-8 



160 Serodiagn. Immunother. Infect. Disease 1995; 7: No 4 

6 Okada K. Ueda K, Kusuhara K. Exanthema subitum 
and human herpesvirus 6 infection: clinical observations 
in fifty-seven cases. Pediatr Infect Dis J 1993; 12: 204-8 

7 Chou S. Human herpesvirus 6 infection and associated 
disease. J Lab Clin Med 1993: 121: 388-93 

8 Dewhurst S, McIntyre K, Schnabel K, Hall CB. Human 
herpesvirus 6 (HHV-6) variant B accounts for the 
majority of symptomatic primary HHV-6 infections in a 
population of US infants. J C/in Microbial 1993; 31: 
416-18 

9 Lopez C, Honess RW. Human herpesvirus 6. In: Fields 
BN, Knipe DM eds. Virology, 2nd edn. New York: 
Raven Press, 1991; 2055563 

10 Civeira MP, Cuende I, Castillo A. Prieto J. Prevalencia 
de anticuerpos frente al virus herpes human0 tipo 6 
(VHH-6 o HBLV) en la poblacion general. Med Clin 
(Bare) 1989; 92: 199 

11 Lozano F, Iglesias C, Lucia ME, Lozano MC, Corzo 
JE, Martin E. Garcia F. Estudio seroepidemiologico de1 
virus herpes human0 6 en adictos a drogas por via 
intravenosa, con y sin infection por el virus de la 
inmunodeficiencia humana tipo 1. Med Clin (Bare) 
1992; 99: 21@12 

12 Brown NA, Sumaya CV, Liu CR, Ench Y, Kovacs A, 
Cordesi M, Kaplan MH. Fall in human herpesvirus 6 
seropositivity with age. Lancet 1988; 2: 396 

13 Briggs M. Fox J, Tedder RS. Age prevalence of 
antibody to human herpesvirus 6. Lancer 1988; 1: 1058 

14 Okuno T. Takahashi K. Balachandra K, Shiraki K, 
Yamanishi K, Takahashi M, Baba K. Seroepidemiology 
of human herpesvirus 6 infection in normal children and 
adults. J Clin Microbial 1989; 27: 651-3 

15 Levy JA. Ferro F. Greenspan D. Lenette ET. Frequent 
isolation of HHV-6 from saliva and high seroprevalence 
of the virus in the population. Lancer 1990; 3: 1047-50 

16 Knowles WA. Gardner S. High prevalence of antibody 
to human herpesvirus 6 and seroconversion associated 
with rash in two infants. Lancet 1988; 1: 912-13 

17 Bagg J. Human herpesvirus 6: the last human 
herpesvirus. J Oral Path01 Med 1991: 20: 465-8 

18 Fox JD. Briggs M. Ward PA, Tedder RS. Human 
herpesvirus 6 in salivary glands. Lancet 1990; 3: 590-3 

19 Ranger S, Patillaud S. Denis F. Himmich A, Sangare A, 
M’Boup S et al. Seroepidemiology of human 
herpesvirus 6 in pregnant women from different parts of 
the world. J Med Virol 1990; 34: 194-8 


