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Informationn on long-term survival after infection with human immunodeficiency virus type 1 (HIV-1) is limited. 
Inn hepatitis B vaccine trials in Amsterdam, New York City, and San Francisco, 362 gay men were followed up to 
188 years (1978-1995). The median survival time from seroconversion was 12.1 years (95% confidence interval: 
11.4,, 12.9). The annual risk of dying increased at a constant rate until 8 years after seroconversion and then 
leveledd off, suggesting a group that is relatively resistant to progression. These data provide a picture of the 
naturall history of HIV-1 infection, especially in the era prior to widespread use of highly effective treatments. Am 
JJ Epidemiol 1999; 150:1026-30. 
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Informationn on long-term survival after infection 
withh human immunodeficiency virus type 1 (HIV-1) is 
limited,, particularly estimates of survival before 
highlyy effective drug therapies, such as protease 
inhibitors,, were introduced. Most cohorts of HIV-1-
infectedd individuals were recruited in the early 1980s 
andd thus have limited periods of follow-up before the 
introductionn of highly effective treatments. Cohort 
studiess of individuals with well-documented dates of 
seroconversionn that occurred early in the epidemic are 
importantt for understanding the natural history of 
HIV-11 infection, providing baseline estimates for 
assessingg changes in survival after introduction of 
highlyy effective treatments, and providing data for 
modelingg the epidemic. 

Studiess of gay men who participated in hepatitis B 
vaccinee trial cohorts in Amsterdam, New York City, 
andd San Francisco have provided valuable information 
aboutt the natural history of HIV-1 infection (1). These 
studiess included men who donated samples early in the 

Receivedd for publication June 26, 1998, and accepted for publi-
cationn March 17, 1999. 

Abbreviations:: AIDS, acquired immunodeficiency syndrome; CI, 
confidencee interval; HIV-1, human immunodeficiency virus type 1. 

11 The Wolf Szmuness Laboratory of Epidemiology, The New York 
Bloodd Center, New York, NY. 

22 Municipal Health Service, Department of Public Health, 
Amsterdam,, Netherlands. 

33 AIDS Office, Department of Public Health, San Francisco, CA. 
Reprintt requests to Dr. Beryl Koblin, Laboratory of Epidemiology, 

Thee New York Blood Center, 310 E. 67th Street, New York, NY 
10021. . 

HIV-11 epidemic (1977-1980) in three different geo-
graphicc areas with substantial HIV-1 epidemics. Thus, 
diseasee progression can be evaluated over an extended 
periodd of time and before the widespread use of new 
highlyy effective drug therapies. Previously, we 
reportedd on progression of HIV-1 infection and sur-
vivall  up to 13 years after seroconversion. The median 
timee from seroconversion to death was 12.3 years,, and 
olderr age at seroconversion was associated with 
shorterr survival time. Although we observed a signifi-
cantt increase in survival time after an acquired immun-
odeficiencyy syndrome (AIDS) diagnosis in more 
recentt time periods, we did not find an increase in sur-
vivall  time from seroconversion in more recent years 

(1). . 
Inn this paper, we describe the long-term survival and 

annuall  risk of dying, up to 18 years and before the 
widespreadd use of highly effective drug therapies, 
amongg men who participated in the hepatitis B vaccine 
trialss in Amsterdam. New York City, and San 
Francisco.. Death was chosen as the endpoint because 
off  a variety of changes over time that may have 
affectedd the time of AIDS diagnoses. These changes 
includee improvements in AIDS-diagnosing practices 
andd the addition of CD4 T-lymphocyte counts under 
2000 as an AIDS diagnosis in 1993 in the United States 
(2)) that may result in earlier diagnosing and thus 
shortenn the time from seroconversion to AIDS. 
Conversely,, some treatment improvements, particu-
larlyy prophylaxis for opportunistic infections, may 
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servee to delay progression to AIDS and thus lengthen 
thee incubation period to disease. 

MATERIAL SS AND METHODS 

Thee study population comprised participants in the 
hepatitiss B vaccine trials in Amsterdam, New York 
City,, and San Francisco. Detailed descriptions of these 
threee studies and of the combined cohort have been 
reportedd previously (1,3, 4). 

Briefly,, the Amsterdam cohort comprised 714 men 
whoo were first screened for a hepatitis B vaccine effi-
cacyy trial between 1978 and 1980. The New York City 
cohortt comprised 326 men initially screened between 
19777 and 1978. The San Francisco cohort included 336 
menn first screened between 1978 and 1980. Men from 
thee three cohorts were invited to participate in follow-
upp studies of HIV-1 infection and AIDS beginning in 
19833 and 1984 (1). The men included in this analysis 
weree either already infected with HIV-1 at entry into 
thee hepatitis B studies or were documented to have 
seroconvertedd during follow-up (n = 362; Amsterdam, 
nn = 74; New York City, n = 120; San Francisco, n = 
168). . 

Activee follow-up and matches with the US 
Nationall  Death Index registry determined the occur-
rencee of death in the New York and San Francisco 
cohorts,, and copies of death certificates were 
obtained.. The cause of death was obtained from 
revieww of death certificates. In Amsterdam, informa-
tionn on death was obtained through active follow-up 
andd matching with local population registries. The 
causee of death was obtained from local AIDS surveil-
lancee registries, hospital records, and next-of-kin. 
Follow-upp was through the end of 1995 and, thus, all 
menn not known to be deceased were censored as of 
Decemberr 31, 1995. 

Thee date of seroconversion was imputed for each 
participantt as the expected month and year of serocon-
versionn conditional on the participant's last HIV-1-
negativee and first HIV-1 -positive antibody tests and on 
estimatedd HIV-1 infection density curves for each 
cohortt (1, 5). 

Thee time from seroconversion to death was calcu-
latedd using the Kaplan-Meier product-limit approach 
withh pointwise 95 percent confidence intervals. 
Survivall  times for participants in the New York City 
cohortt were calculated using left-truncation as of June 
1984,, since the men were required to be alive and 
AIDSS free when entering the New York City natural 
historyy study. For all other men, survival times were 
truncatedd at the date of their first positive test. Hazard 
ratess with a bandwidth of 1 year of time since sero-
conversionn were calculated using person-time meth-
ods,, incorporating left-truncation. Parametric models 

off  survival time were used to help determine the shape 
off  the hazard curve. The log-normal model that 
allowedd for the hazard to decrease after an initial 
increasee was compared with the Weibull model that 
doess not allow for such change (6, 7). Proportional 
hazardss modeling was used to examine the effects of 
covariatess on survival time (8). 

RESULTS S 

Thee San Francisco cohort was the youngest at the 
timee of seroconversion, and the US cohorts included 
moree minority men compared with the Amsterdam 
cohortt (table 1). The percentage of deaths in the three 
cohortss did not significantly differ nor did the percent-
agee of deaths attributable to AIDS or HIV-1 infection. 

Thee median survival time from seroconversion to 
deathh was 12.1 years (95 percent confidence interval 
(CI):: 11.4, 12.9), with 37.2 percent surviving at 15 
yearss after seroconversion (95 percent CI: 31.4, 42.9). 
Mediann survival times were not significantly different 
amongg the three cohorts: Amsterdam, 11.7 years (95 
percentt CI: 9.6, 12.3); New York, 12.1 years (95 per-
centt CI: 10.9, 13.6); San Francisco, 12.4 years (95 per-
centt CI: 11.4, 14.4) (log-rank statistic p value = 0.47) 
(figuree 1). 

Thee risk of dying per year given survival to that year 
iss presented in figure 2. The risk of dying increased at 
aa relatively constant rate until 8 years after serocon-
version.. Parametric analysis of survival time indicated 
thatt the log-normal model fit  the data better than the 
Weibulll  model (log-normal -2 log likelihood = 
1,359.75;; Weibull = 1,445.2), suggesting that the 
annuall  risk of dying leveled off in later years (figure 
2).. The risk of dying did not significantly differ by city 
(p(p value = 0.22). 

Inn univariate analyses, older age at seroconversion 
andd the most recent calendar time period (January 
19922 to December 1995) were associated with an 

TABLEE 1. Characteristic s of human immunodeficienc y viru s 
typ ee 1 antibody-positiv e homosexua l men in hepatiti s B 
vaccin ee tria l cohorts , Amsterdam , New York City , and San 
Francisco ,, 1978-1995 

Characteristics s 

Mean n 
agee at 
sero--

conversion n 
(years) ) 

33 3 
32 2 
29 9 

<0.01 1 

White e 
race e 

(%) ) 
100 0 
90 0 
93 3 

0.02 2 

Deceased d 

<%) ) 

55 5 
58 8 
57 7 

0.92 2 

Died d 
of f 

AIDS* * 
<%)t t 

97 7 
93 3 
97 7 

0.62 2 

** AIDS, acquired immunodeficiency syndrome, 
tt Among those who died. 
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FIGUREE 1. Percent surviving by year since seroconversion for 362 homosexual men in hepatitis B vaccine cohorts, Amsterdam, New York, 
andd San Francisco, 1978-1995. 
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FIGUREE 2. Annual hazard rates by year since seroconversion tor homosexual men in hepatitis B vaccine cohorts, Amsterdam, New York, and 
Sann Francisco, 1978-1995. Dots represent hazard estimates with upper and lower 95 percent confidence limits based on person-time methods. 
Dottedd line represents log-normal model of hazard rates. 
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increasedd risk of death (table 2). However, in multi-
variatee analysis, only older age at seroconversion was 
significantlyy associated with more rapid progression 
fromm seroconversion to death. When calendar year was 
replacedd by year of seroconversion in the multivariate 
analysis,, the relative hazard for those seroconverting 
inn the most recent time period was elevated but not sta-
tisticallyy significant (relative hazard for 1982-1985 vs. 
<< 1982 = 1.11; 95 percent CI: 0.81, 1.52; relative haz-
ardd for >1985 vs. <1982 = 1.57; 95 percent CI: 0.69, 
3.60).. No significant interactions were found between 
thee calendar time period and age or city. 

DISCUSSION N 

Analysiss of data from the three hepatitis B vaccine 
cohortss with well-documented seroconverters and 
long-termm follow-up continues to provide important 
informationn about survival after HIV-1 infection, espe-
ciallyy for the right-hand tail of the distribution of sur-
vivalvival times. In particular, these data have provided 
informationn on long-term survival prior to the wide-
spreadd use of highly effective antiretroviral treatments, 
suchh as protease inhibitors. 

Inn this study, the annual risk of dying increased at a 
fairlyy steady rate until about 8 years after seroconver-
sion.. Parametric modeling of the data suggested that 
thee risk of dying leveled off in later years, although the 
samplee size then was small. Studies of other cohorts 
havee found that the log-normal model is an appropri-
atee distribution for the incubation period from sero-
conversionn to AIDS but with only limited data on mod-
elss of seroconversion to death (6, 7, 9; 10). The 
potentiall  leveling of the hazard prior to the widespread 

usee of highly effective treatments suggests that there is 
aa group of individuals who are relatively resistant to 
diseasee progression. Alternatively, this leveling of the 
hazardd could reflect some treatment improvements, 
particularlyy prophylaxis for opportunistic infections. 

AA limited, rather than strong, treatment effect on 
long-termm survival is most consistent with our finding 
thatt survival in the most recent calendar time period 
waswas not significantly different from that in earlier peri-
ods.. These findings do not necessarily mean that some 
earlyy antiretroviral drugs and use of primary prophy-
laxiss for Pneumocystis carinii pneumonia have not 
beenn effective for the individual. Theoretically, benefi-
ciall  treatment effects could also be counterbalanced by 
otherr factors, such as lack of access to treatment or 
variationn in HIV virulence. Evidence for infection with 
strainss of different virulence has not been observed in 
aa number of cohort studies that used year of serocon-
versionn as a surrogate measure (11-14), although this 
phenomenonn has been suggested by a few other epi-
demiologicc studies (15, 16). Studies of viral isolates 
fromm individuals infected in early and later years of the 
epidemicc might provide additional insight into this 
question. . 

Finally,, a remarkable decline in mortality among 
AIDSS cases has been observed in some of the epicen-
terss and in the United States beginning in 1996. Most 
likelyy this decline was a result of the success and more 
widespreadd use of new treatments, including protease 
inhibitorss and triple-drug therapy approaches (17, 18). 
Ass a result, estimates of survival time among HIV-1-
infectedd individuals in the absence of or with limited 
treatmentt will no longer be available. The long-term 
follow-upp of the hepatitis B vaccine cohorts, as pre-

TABLEE 2. Cox proportiona l hazard analysi s of progressio n from human immunodeficienc y viru s type 1 
seroconversio nn to death among homosexua l men in hepatiti s B cohorts , Amsterdam , New York City , and 
Sann Francisco , 1978-1995 

Variable e 

Agee at seroconversion per 10 years 

Calendarr time 
Junee 1987 and before 
Julyy 1987 to June 1988 
Julyy 1988 to June 1989 
Julyy 1989 to December 1991 
Januaryy 1992 to December 1995 

City y 
Amsterdam m 
Neww York City 
Sann Francisco 

No.. for 
each h 

category* * 

321 1 
297 7 
289 9 
303 3 
249 9 

Unadjusted d 
relative e 
hazard d 

1.511 (1.18, 1.93)t 

1.00 0 
1.18(0.62,2.24) ) 
0.77(0.36,, 1.62) 
1.42(0.79,2.56) ) 
2.04(1.09,3.82) ) 

1.00 0 
0.877 (0.59, 1.28) 
0.79(0.55,, 1.15) 

Adjusted d 
relative e 
hazard d 

1.411 (1.07, 1.84) 

1.00 0 
1.099 (0.58, 2.08) 
0.69(0.33,, 1.46) 
1.18(0.65,, 2.16) 
1.50(0.76,2.96) ) 

1.00 0 
0.96(0.64,, 1.44) 
0.97(0.66,, 1.44) 

** One person can contribute to different calendar periods and, thus, the categories are not mutually exclusive, 
tt  Numbers in parentheses, 95% confidence interval. 
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sentedd here, provides one of the most complete pic-
turess of the natural history of HIV-1 infection that is 
currentlyy available. Further follow-up and characteri-
zationn of the group that appears to be relatively resis-
tantt are warranted. 
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