
Age and Human Immunodeficiency Virus Infection in
Persons with Hemophilia in California

ROBERT C. HOLMAN, MS, EDWARD D. GOMPERTS, MD, JANINE M. JASON, MD, CHARLES F. ABILDGAARD, MD,
MICHAEL T. ZELASKY, BS, AND BRUCE L. EVArr, MD

Abstract: Thirteen hemophilia centers provide comprehensive
care to approximately 90 percent of persons with hemophilia in
California. For 1987, these centers reported patient human immu-
nodeficiency virus (HIV) antibody status, age group, level of clotting
factor deficiency, and hemophilia type on 1,438 persons with hemo-
philiaA and B; HIV serologic status was known for 860 persons (59.8
percent) of whom 537 (62.4 percent) were HIV-antibody-positive.
The HIV positivity rate increased with age after taking into account
hemophilia type, clotting factor level and treatment center type. The
three-year cumulative incidence of reported AIDS (acquired immu-

Introduction
Acquired immunodeficiency syndrome (AIDS) was first

documented in persons with hemophilia early in the course of
the AIDS epidemic in the United States.' Studies of stored
serum specimens showed that a high percentage of hemo-
philic persons became infected with human immunodefi-
ciency virus (HIV) over a relatively short time. Most patients
became infected between 1981 and 1984; the peak incidence
of infection occurred in 1982 and 1983.2,3 The reasons for the
quick spread of infection in this population were the wide-
spread use of commercial clotting factor concentrates pre-
pared from pools of sera collected from between 2,000 to
20,000 donors4 and the widening prevalence of this infection
in the United States, and therefore in the donor population,
before HIV blood screening practices were in effect.

The Centers for Disease Control (CDC) collects data
characterizing AIDS in the United States hemophilic popu-
lation through state health departments.56 This reporting
mechanism has been exceptionally efficient, with at least 97
percent of the cases reported.5

The duration of HIV infection before the onset of AIDS
varies from as short as a few months to an as yet indetermi-
nate number of years, with a median of nearly 10 years.7
However, the duration or latency period to AIDS in persons
with hemophilia may differ from that of other AIDS risk
groups.8-'0 The most important factor in disease progression
is time from primary infection, but factors as diverse as
geographic location"I and HLA (human lymphocyte antigen)
typel2 may play a role. In this study, the HIV seroprevalence
and incidence of AIDS in hemophilic persons in California
were estimated to assess associations with age, hemophilia
type, and clotting factor level.

Methods
Five federally funded California hemophilia centers

(FFC) provide comprehensive care to approximately 65
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nodeficiency syndrome) cases based on the number of HIV positive
patients, was 11.6 percent. The cumulative incidence rate was 14.6
percent (54 of 370) for those patients over 20 years of age and 4.8
percent (8 of 167) for those under 21 years of age. Although a
comparable distribution of the date of diagnoses of AIDS was seen
by age group, there appeared to be a bimodal distribution in the rate
of AIDS among the age groups, with the 6-12-year-olds and the 21
and older age groups showing higher incidence rates. (Am J Public
Health 1990; 80:967-969.)

percent of the persons with hemophilia A and B in
California'3 and report activities annually to the federally
funded agency. An additional 25 percent of the patients
receive care through eight other centers (SSC) and report
voluntarily. It is estimated that the remaining 10 percent of
the patients receive care through health maintenance pro-
grams, the military, or private practitioners. As part of their
1987 annual report, both groups of centers were asked to
include additional information for all hemophilia patients on
HIV antibody test result (positive, negative, or not tested);
age group of patient (<5 years, 6 to 12 years, 13 to 16 years,
17 to 20 years, or above 20 years); level of clotting factor
deficiency (<5 percent or 5 percent-40 percent); and type of
hemophilia (Factor VIII or Factor IX deficiency). The HIV
antibody testing of hemophilia persons is voluntary, with
encouragement to all patients. Mild hemophilia persons were
usually followed less actively at the centers, and centers were
less aggressive about testing younger children since they
were much less likely to be infected because viral-activated
products had usually been used.

For this study, AIDS cases were those reported to CDC
as of 9/2/88 by any center, physician, and local department of
health within California, that were diagnosed between 1/1/85
and 12/31/87, and were verified by the reporting official to
have received their care from one of the 13 reporting centers.
The inclusive time period of 1985-87 was used because use of
viral inactivated products was instituted in 1984, and sero-
conversion had virtually ceased by 1985. 14 Thus the number
of seropositive persons was stable for this period and the
cumulative incidence of AIDS is the number of reported
AIDS cases divided by the number of known HIV seropos-
itive patients during the inclusive three-year period of 1985-
87. The age group of AIDS cases is based on age as of 1987,
the year of the annual report. Similar analyses were repeated
when California hemophilia-associated AIDS cases included
those not reported by FFCs or SSCs.

Logistic regression analysis was used for both the
univariate and multivariate analyses to calculate odds ratios
(OR) and 95 percent confidence intervals (CI).15,16 Univariate
analyses were performed on each of the four categorical
variables (age group, hemophilia type, clotting factor level,
and treatment center type). Next, for HIV-tested patients, a
multivariate analysis was used to analyze the four variables
in a full model to adjust for the effects of potential confound-
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ing variables. Logistic regression analysis was also used to
compare between the HIV-positive patients in relation to
outcome of AIDS. For this analysis, the three categorical
variables were age group (-20 and -21 years of age),
hemophilia type, and clotting factor level.

Results

Most patients (72.0 percent) were reported from the five
major centers which also tested proportionally more patients
(Table 1). Clotting factor levels <5 percent and age were also
associated with testing, but factor deficiency was not asso-
ciated.

Of the 860 tested patients, 537 (62.4 percent) were
HIV-antibody-positive and 323 (37.6 percent) were antibody-
negative. The odds ratio ofHIV seropositivity increased with

TABLE 1-HIV Testing Status of Hemophilia Patients by Patient Charac-
teristics

Number of Percent
Characteristics Patients Tested OR (95% Cl*)

Age Group (year)
---5 155 45.8 1.0**
6-12 222 57.2 1.6 (1.0, 2.4)
13-16 98 57.1 1.6 (0.9, 2.6)
17-20 127 62.2 1.9 (1.2,3.1)
-21 836 63.0 2.0 (1.4, 2.9)

Factor Deficiency
iX 306 55.2 1.0**
Vil 1132 61.0 1.3 (1.0,1.6)

Clotting Factor Level
_5% 404 44.8 1.0**
<5% 1034 65.7 2.4 (1.9,3.0)

Treatment Center Type
SSC 402 49.8 1.0**
FFC 1036 63.7 1.8 (1.4,2.2)

*95% confidence interval.
**Reference group.

age group (Table 2). The odds ofHIV seropositivity may have
stabilized beginning with the 13-16-year age group: ORs of
the 13-16 and 17-20 year-old age groups did not differ from
those 21 years of age or older (OR = 1.3, CI = [0.7-2.4]; OR

= 1.5, CI = [0.9-2.7], respectively). Factor VIII deficient
patients were more likely to be HIV positive than factor IX
deficient patients, and patients with clotting factor levels <5
percent were more likely to be HIV positive than patients
with clotting factor levels .5 percent. Using a full logistic
model, there were no differences in HIV positive rates in
patients from the two groups of centers; the differences in
HIV positive rates by age, hemophilia type, and clotting level
remained.

Sixty-two patients from the hemophilia reporting centers
were reported with an AIDS diagnosis made in 1985-87 in
California. This represented 11.6 percent of known seropos-
itive patients in the centers. Age was the only factor asso-
ciated with AIDS diagnosis (Table 3). Eight of 167 of those
less than 21 years old developed AIDS, six persons 6-12 and
2 persons 17-20. Distribution of the date of diagnosis for the
eight persons <21 years of age was similar to that of the older
population. However, a difference in the rate of AIDS was
seen between age groups. This distribution was bimodal with
the 6-12-year-old group showing higher rate (10.0 percent)
than those in the 13-16 and 17-20 age groups (0.0 percent and
3.2 percent, respectively), although not as high as the -21 age
group. Results similar to those described above were also
seen in the analysis of all 72 patients who were reported by
the centers as developing AIDS through 1987.

Discussion

Most persons with hemophilia became infected with
HIV in 1981 to 1984.2.3 After 1984, viral-attenuated clotting
factor concentrates became widely used resulting in only rare
seroconversions in uninfected persons.'7 Therefore, a low
seroprevalence in hemophilic children under 6 years of age
and an increasingly higher prevalence in older persons with
hemophilia was to be expected.'8 In addition, we found this
association to remain when taking into account the hemo-
philia type, clotting factor level, and treatment center type.
We also found that older persons with hemophilia were at a
higher risk of AIDS, as was shown in a recent study.'9
Although patients between 6 and 12 years had a higher rate
than those of other age groups <21 years, there was a small
number of cases in each of those age groups.

Why patients followed by one set of centers were more
likely to be tested than patients from the other set is not

TABLE 2-HIV Serologic Status of Patients by Patient Characteristics

Univariate Multivariate
Percent

Characteristics No. HIV+ OR (95% Cl*) OR (95% Cl*)

Age Group (year)
- 5 71 4.2 1.0** 1.0**
6-12 127 47.2 20.3 (6.1, 67.9) 22.2 (6.6, 75.0)
13-16 56 75.0 68.0 (18.4, 250.7) 91.2 (23.9, 347.6)
17-20 79 78.5 82.7 (23.1, 295.8) 152.0 (40.8, 566.2)
221 527 70.2 53.4 (16.6,172.3) 103.9 (31.6, 340.9)

Factor Deficiency
IX 169 52.1 1.0** 1.0**
Vil 691 65.0 1.7 (1.2, 2.4) 2.0 (1.3, 3.0)

Clotting Factor Level
>---5% 181 30.4 1.0** 1.0**
<5% 679 71.0 5.6 (3.9, 8.0) 9.7 (6.5,14.6)

Treatment Center Type
FFC 660 60.3 1.0** 1.0**
SSC 200 69.5 1.5 (1.1, 2.1) 1.1 (0.7,1.7)

'95% confidence interval.
"Reference group.
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TABLE 3-AIDS Status of Hemophilia Patients by Patient Characteristics

Number Percent
Characterstics HIV + AIDS OR (95% Cl*)

Age Group (year)
s20 167 4.8 1.0**
-21 370 14.6 3.4 (1.6, 7.3)

Factor Deficiency
IX 88 9.1 1.0**
Vill 449 12.0 0.7 (0.3,1.6)

Clotting Factor Level
.5% 55 10.9 1.0**
<5% 482 11.6 0.9 (0.4, 2.3)

*95% confidence interval.
"*Reference group.

known. The eight hemophilia programs with a lower testing
rate were usually staffed by health care workers providing
care to patients with a variety of hematologic and oncologic
diseases, whereas the five centers with a higher testing rate
were more hemophilia focused.'3

In this retrospective study, the denominator of HIV
seropositive persons shifted over part of this period, with the
prevalence of infection increasing during 1981 through 1984.
Although this might affect our results, the substantial differ-
ences observed suggest that these estimates, which cannot be
better specified, are not likely to account for the observed
differences. Also, as expected, the tested group consisted of
patients that were older and/or with severe hemophilia, both
of these factors would tend to bias the associations with HIV
seropositivity toward nonsignificance. That is, the patients
not tested were younger and probably at a lower risk of
infection; therefore, if tested, the seropositivity rate of
younger patients would be lower and the observed difference
detected in age may be even greater than noted by our
estimates. The analysis of the rate of AIDS was performed
using AIDS cases from the defined centers as the numerator
and patients with a positive HIV antibody status determined
from those tested as the denominator. Thus, the age bias in
HIV testing would only tend to underestimate the denomi-
nator for younger persons. The observed age difference ofthe
rate of AIDS may thus be more dramatic than estimated
herein.

The reason for the discrepancy in AIDS prevalence
between age groups may be that younger hemophilic patients
received less clotting factor than older hemophilic patients,
that is, they were exposed to the HIV virus later than their
older counterparts and have an "earlier" phase of the
infection. Although it cannot be proved or disproved by this
study, because specific dates of seroconversion are not
available on these patients, this hypothesis is unlikely. The
critical variable in hemophilia treatment may be the fre-
quency of infusions and extent of exposure to different
clotting factor concentrate lots, not age. Persons bleeding
more frequently will be exposed to more lots ofcommercially
prepared clotting factor concentrates and therefore be more
likely to receive concentrates from a contaminated lot.
Young, active hemophilic boys ages 3 or 4 years through
adolescence are the most physically active and consequently
have frequent hemorrhages requiring infusion therapy.20
However, the rate of AIDS would be expected to be high
through adolescence, not just for the 6- to 12-year olds age
group. While exceptions certainly occur, the size of the

currently reported population would result in a relatively
homogeneous group. Further, the epidemiologic curves of
AIDS diagnosis over time for those <21 and -21 years are
similar. Consequently, reasons for the differences in the
biological response to HIV infection between the two broad
age groups should be sought among physiologic mechanisms.
In addition, if age differences were representative of the true
differences in the population, and age is an important cofactor
in the development of AIDS, the important scientific and
public health implications merit further investigation.
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