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The time course of the epidemic of acquired immunodeficiency syndrome
(AIDS) as it has occurred in the US hemophilia population is examined using
surveillance data collected by the Centers for Disease Control (CDC). These data
indicate that the epidemic course in hemophiliacs is distinguishable from that In
the homosexual/bisexual and intravenous drug-using populations in at least one
respect—the epidemic in the hemophilia population is characterized by a lack of
consistent increase in the number of new AIDS cases in successive time intervals.
This difference is interpreted as being attributable to the mechanisms by which
AIDS virus is spread among hemophiliacs. In addition, the short survival following
diagnosis of AIDS in hemophiliacs and the magnitude of yearly incidence rates
for this group in 1984 and 1985 show the hemophilia population to have been

severely affected by the epidemic.

acquired immunodeficiency syndrome; hemophilia

Since the recognition of acquired immu-
nodeficiency syndrome (AIDS) in 1981, the
number of confirmed cases reported to the
Centers for Disease Control has increased
steadily (1). Through the end of 1985 each
group at high risk for AIDS—except for
hemophiliacs—showed the same pattern of
increasing numbers of cases in successive
three-month intervals. The pattern ap-
peared different for hemophiliacs. In par-
ticular, for a period of several months in
1984 and early 1985 there appeared to be a
peak of cases of hemophilia-associated
AIDS diagnosed in the first three months
of 1984 with fewer cases diagnosed subse-
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quently. This difference raised the specific
question of whether the epidemic in he-
mophiliacs was leveling off—a question an-
swered in the negative by reporting after
March 1985—and the more general ques-
tion of whether the temporal course of the
epidemic might be different for the US
hemophilia population compared with
other groups at high risk for AIDS.

METHODS

Surveillance data on cases of AIDS oc-
curring in the United States have been
collected by the Centers for Disease Con-
trol since 1981 (2). Presently, reporting of
newly diagnosed AIDS cases is mandatory
in 46 states.

The size of the US hemophilia popula-
tion in the period 1981-1985 was estimated
from US census data (3) using results and
assumptions from a national survey of the
hemophilia population completed in 1975
(4).
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Kaplan-Meier estimates of survival (5)
following diagnosis of AIDS were calcu-
lated using data on 173 hemophilia-associ-
ated AIDS cases reported by March 30,
1986. For each case, survival was calculated
from the exact or earliest possible date of
diagnosis to the date of death (uncensored
endpoint) or the date of the last contact
with the case as indicated by the reporting
source (censored endpoint). The exact di-
agnosis date was ascertainable in 52 of 173
cases; the earliest possible date was ascer-
tainable in all cases. The endpoint of sur-
vival was incompletely specified for 22 of
173 cases—the month and year but not the
day being reported. For these 22 cases the
15th day was assigned in performing the
calculations.

Surveillance data for AIDS are incom-
plete in the sense that current data are
subject to change due to reporting delays—
the time from diagnosis to reporting. For
example, the number and time-distribution
of AIDS cases diagnosed in 1985 are subject
to change with reporting in 1986. This in-
completeness was analyzed by computer
simulation of future reporting under a va-
riety of assumptions, and using an empiri-
cal distribution of reporting delays (delays
from all cases reported by November 30,
1985). The simulation computed report
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dates, diagnosis dates, and the frequencies
with which cases reported in 1986 would
have diagnosis dates in each quarter of
1985. Details of the simulation are not pre-
sented.

REsuULTS
Epidemic course

The number of AIDS cases occurring in
the US hemophilia population in successive
three-month intervals, beginning in 1981,
defines a variable pattern with marked in-
creases, plateaus, and definite declines (fig-
ure 1). No prolonged periods of constant
increase or decrease of cases have occurred.
Considered by year of diagnosis, the num-
ber of hemophilia-associated AIDS cases
has increased constantly and this is re-
flected in yearly incidence rates (table 1);
the marked increases in 1982, 1984, and
1985 are to be noted.

When the time course of the AIDS epi-
demic among hemophiliacs is compared
with that in homosexual/bisexual men and
intravenous drug-users (figure 2), one dif-
ference is apparent. For the latter two
groups, diagnosed AIDS cases have in-
creased each quarter, except for the second
quarter of 1982 and the final quarter of
1985. Cases diagnosed in the second quarter

P Revised criterls (June 1985)

By quarter: |1 2 3 4|1 2 3 4
1981 1982

FiGURE 1. Hemophilia-associated AIDS cases, United States, October 1981-March 1986.
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approximately equaled those diagnosed in
the previous quarter for both groups. The
decline in cases diagnosed in the final
quarter of 1985 is a manifestation of the
reporting delay problem. Thus, consistently
increasing numbers of cases characterize
the epidemic in these groups, but not in
hemophiliacs.

Survival of hemophilia patients following
AIDS diagnosis is discouraging. Median
survival for the 173 hemophilia-associated
AIDS cases reported by March 30, 1986 is
167 days. The estimated one-year survival
is 34.6 per cent; survival at 720 days is 7.9
per cent (figure 3).

Simulation
Of all hemophilia-associated AIDS cases

reported by December 31, 1985, 27.4 per
cent were reported within one week of di-

TasBLE 1
Incidence rates of acquired immunodeficiency
syndrome, US hemophilia population, 1981-1985

B e e

disgnossd population (per 10,000)
1981 1 13,989 0.72
1982 8 14,121 5.67
1983 13 14,151 9.19
1984 46 14,181 32.44
1985 83* 14,211 58.41

* Based on reporting as of March 30, 1986.

agnosis, and 66.4 per cent were reported
within four weeks; delays as long as 31-38
weeks did occur, however (table 2).

Results of the computer simulation of
reporting of hemophilia-associated AIDS
cases for 1986 indicate that the probability
that the number of cases diagnosed in 1985
will be increased by nine or more after the
reporting for 1986 is complete (making the
number of cases double that of 1984) is less
than 0.003. Recent quarters of 1985 are
more likely to be affected than more remote
quarters. Thus, with high probability, the
temporal course of hemophilia-associated
AIDS as depicted (figure 1) is more than 90
per cent complete and undistorted.

Di1SCUSSION

The course of the AIDS epidemic in the
hemophilia population is distinguishable
from that in other high risk groups in that
uninterrupted increase in the number of
new cases in successive time intervals is
not characteristic of the epidemic in this
population. Thus, the experience in hemo-
philia-associated AIDS is not well de-
scribed by epidemic models which predict
increasing numbers of cases in successive
time intervals through the peak of the epi-
demic—exponentially increasing when the
population is large relative to the number

<47 T T T T I T T T T T 1T T T T T 1T
By quartes 1 2 3 4,1 2 3 4,1 2 3 4,1 2 3 4,1 2 3 4,1 2 3 4
1981 1982 | I 1984 | 1985 | 1986

FIGURE 2. Acquired immunodeficiency syndrome, United States, January 1981-March 1986.
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FIGURE 3. Survival time of hemophilia-associated AIDS cases following diagnosis, United States, October

1981-March 1986.

TABLE 2
Frequency of delay times (diagnasis to reporting),
hemophilia-associated AIDS, October 1981-
December 1985

No. of
cases

Delay times
(days)

7 31
8-14 15
15-21 14
22-28 15
29-35
3642
4349
50-56
57-63
64-70
71-140
141-210
211-266

3
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of individuals capable of transmitting dis-
ease. Mathematical models of epidemics
assume new cases arise from contact with
infected individuals capable of transmitting
disease, and additionally that the number
of new cases occurring in an interval of
time will be proportional to the number of
such contacts. The course of the AIDS ep-
idemic is consistent with predictions from

such models for all high risk groups except
hemophiliacs. This difference is probably a
result of the route of transmission of AIDS
virus in hemophiliacs—use of commercially
prepared factor concentrates rather than
some mode of person-to-person spread
(6-12). Difference in mode of transmission
may not completely explain the disparate
characteristics of the AIDS epidemic in
hemophiliacs since transfusion-associated
AIDS cases also arise outside of person-to-
person spread. Still, transmission of human
immunodeficiency virus (HIV) by concen-
trates does allow a more uneven pattern of
exposure and development of AIDS than
person-to-person transmission. In particu-
lar, large increases in new cases is possible,
as in 1984,

Surveillance data are limited in describ-
ing the epidemic process, and it is impor-
tant to examine these limitations of the
data.

One description of the epidemic process
divides a population into three classes—
susceptibles (persons without immunity or
infection), infectives (infected persons ca-
pable of transmitting the infectious agent),
and removed (persons who have passed
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through the first two classes). The manner
in which these three classes change with
time constitutes a description of the epi-
demic process. Since person-to-person
spread is not characteristic of hemophilia-
associated AIDS (15), only susceptibles and
removed individuals need be considered in
describing the epidemic.

Consider susceptibles. Evidence from
several studies indicates that exposure to
HIV began in 1978 for the US hemophilia
population, and that 70-85 per cent of this
population had been infected with the virus
by the end of 1984 (13-15); susceptible
hemophiliacs, as categorized by absence of
antibody to HIV, decreased from 100 per
cent to approximately 21 per cent of the
total US hemophilia population over six
years. This change, relatively rapid with
respect to estimated changes in other high
risk groups (8, 16, 17), is not apparent in
the surveillance data since neither suscep-
tibles nor the total number in the removed
class are available from surveillance data.

The removed class is represented in sur-
veillance data by confirmed cases, but con-
firmed cases constitute only a small pro-
portion of all those infected (1.5 per cent,
approximately). Characteristics of this
class are important from a public health
perspective. In March of 1985, mass screen-
ing of donated blood and plasma was made
possible with the marketing of commercial
kits for detecting antibody to HIV (18). In
October 1984, heat-treated factor concen-
trates were officially recommended as prod-
ucts of choice for most hemophilia patients
requiring therapy (19). These measures are
expected to reduce and possibly eliminate
the risk of exposure to AIDS virus for he-
mophiliacs. If effective, the remainder of
the epidemic process in this population will
be defined by the natural history of HIV
infection among those already infected, the
removed class. What will be the cost of the
epidemic in morbidity and mortality from
AIDS? This is an extremely important
question, and while surveillance data can
provide a look at the costs, it may be a
biased one.

The problem lies with the estimated long
incubation period of AIDS. Estimation of
the incubation period for AIDS in hemo-
philiacs has not been possible because, with
few exceptions, hemophiliacs have had
multiple possibilities for infection over
many years. However, if we assume that
the pathogenesis of HIV infection is similar
across all high risk groups, then the esti-
mates of incubation period made from
transfusion-associated AIDS cases can be
applied to hemophiliacs. The mean time
from exposure to diagnosis of AIDS for
transfusion-associated AIDS cases was es-
timated to be 4.5 years; the range seen was
one to 65 months (20). Confirmed hemo-
philia-associated AIDS cases are likely,
then, to be more representative of those in
the removed class for whom the time to
development of AIDS is short compared
with all those infected and destined to de-
velop AIDS. This is an unavoidable, sys-
tematic bias in the data that may distort
our view of the epidemic’s cost in terms of
full-blown AIDS cases.

Thus, because surveillance data describe
only a portion of one of the two classes
necessary for a full description, information
is limited; the rapid spread of the AIDS
virus through the US hemophilia popula-
tion is not evidenced in surveillance infor-
mation since changes in the susceptible
population are not measured or deducible,
and for the reason noted, the long-term
costs of the epidemic among hemophiliacs
are not apparent.
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