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We suggest madliymg the

Suppose you need a blood transfu-

- sion and are concerned abo\1t the -
risk of contractlng HIV from

donated blood. Suppose also that
you are given a ‘choice between

receiving donated blood froma = .
" female or male donor. ,Whose ‘

_ blood would you choose? Intuition . k
. says that a female donor’s blood is

_preferable, because both current
~ . levels of infection and rates of new

mfectlonr are lower in ‘wemerl.

and describe the role of the stage of -
the AIDS epidemic on the accuracy
of negat1ve test results for first-time

: rdonors

 ELISATEST AND FALSE NEGATIVEV 5
 ERRORS | >

The commonly used test for blood .

c bank-screening is. an antibody test
called the enzyme- -linked

immunoabsorbent assay (ELISA)
This test does not detect HIV. -

" defitition of a “high-risk" _Blood banks in the U S. have fol- ;Rather it detects the presence of
blood donor groupte - " lowed such logic in recruxtmg 1 antibodies to HIV, which the
include populations with a PR
high ratio of HIV-t0-AIDS - donors from segments of the popu: ‘human body creates as a reaction to

- incidence; even though the
- population may have Iaw
i HIVprevaIence . ‘

lation beheved to be “low risk.”

However the truth is riot that sim- -
ple. In 1992, researchers from the
"Centers for Drsease Control and"
Prevention (CDC) noted in‘a study -
C conversron (developlng ant1bod1es

pubhshed in the New England

s ]ournal of Medicine that “data do

- 'In this issue of RISK.IN PERSPEC- .
_ TIVE, we explain this ‘observatlon

" not support the con]ecture that HIV
. infection from screened- blood is

more likely in areas with high i 1nc1— ﬂ

.dences rather than low ones; that is,

“ the risk of HIV infection from

* screened blood ‘may not be dlrectly
- proportlonal to the prevalence of -

AIDS in a geographrc area.’

© the HIV infection. However, this
- reaction is not immediate and may - .
. occur any time from three weeks to

a few months after infection. The
perlod between infection and sero- ..

to HIV) is called the seronegatlve

- window or 51mply “the window.”
“ELISA tests performed on an HIV
infected person in the wmdow wrll
produce a negative result (com- -

- monly.referred to as'a “false- rega- h

- tive™). '

~ The rate of false- negatrve errors 6f |

the ELISA test is extremely low.
According to a CDC report by

'Lackritz"et',al‘. published in the New :



' England ]ournal of Medzczne in .-

© 17 1996, for first-time donors in the
* U.S., rates vary- from 1 per 210, OOO

" to 1 per 1,140, 000

_ .There are two sources of false- nega— -
" tive errors associated w1th the

: ELISA test. . The first is. random
- measurement error, which occurs -
. when someone has detectable HIV

. antibodies, but- the ELISA testis =
L _1nterpreted as negatwe Random
measuremerit error can occur from

-several 'SOurces;. mcludmg human

error-in recordmg or reportmg, and”

" errors due to 1nstrurnentat10n and -

'-measurement This error — =~ which

“ increases with the prevalence of -
~ "HIV.in a given population (explam—

" ing the tendency of blood banks to -

_sohc1t more’ donataons from'the -

. low-prevalence populatlons) —can:

" The next period is a stage when’ _

either the individual develops overt S

" AIDS, or leaves the pool of poten- .

-~ tial donors for other reasons €gi .

- havinga positive HIV test or dymg :

" from other causes) prior to develop- .
~ing AIDS. "The average duratlon B

from infection to AIDS is conserva-

' »be reduced by repeated testing, and.

" canbe estrmated easrly

- The second type of error is the win-
" dow error, which occurs when HIV

 antibodies are not:present despite’

- the presence of HIV. Repeated -

.. testing cannot eliminate. this type of
~‘erfor. As the accuracy of the ELISA . -

. test has improved, the window. has - -
s become the major cause of false- o

- negatlve error. '

" We developed a model whlch for -
" any populatlon permits an estrma-
"+ tion of the separate or overall

" effects of both of these errors.
These est1mates can be-used to- eval- :

uate the risks and, beneflts of col-

S lecting and screening: blood in vari- -

ous populat1on sub-segments. The

* . -parameters of the model are: sensi- -

~ tivity of the ELISA test, the preva- -
- lence (the proportion of infected . -

" individuals int population) of HIV,
__incidence rate of HIV (the number

of newly infected persons pet

100,000 people), and incidence rate - -

of AIDS {(the number of new AIDS

f_‘ cases pef. 100 000 people)

.,""SERONEGATIVE WINDOW ERROR "; -

.. .: ; Con31der the pool of potentlally
" infected blood donars, persons. T not
o known to be infected with HIV at ™

the time of the current screening.
(see.three scenarios on diagram). "

- An infected donor could be at one "

of the following two stages: 1)in .
the w1ndow when the infection can- '. .

_ not.be detected (all test, results will - L
- be false- neganve) or:2) at the stage - '
- when histher infectious status is -~ -
detectable by ELISA (e, antrbodles o

to HIV have already developed)

tively- estimated to be.ten years. In = "
the diagram, there are twoareas in

- which the infected blood donor can . -
- réside: white or shaded. - The ‘prob-
" ability ‘that an mfected donor isin”
 the window is equal to the ratlo of
.. _the white area to the entire. area on
the graph (whlte plus shaded)

) Consrder the scenanos on the dra- o
- gram. The probabllrty that an™ i
. infected. donor is in the window is | .
. smallér in scenario one, a hypothetl- -
’ cal steady~state epidemic than for -
: scenarlo two, an’ early epldemlc, :



:-and greater in scenano one than B

scenario three, a matured ep1dem1c J
: The main determinant of the risk of
o 'bemg in the wmdow fora potential -
' " _observations: between 1-per -
_ 210, 000 and 1 per 1 140 OOO)
~ The greater this ratio, the higher the" =
risk that an.infected donor is in-the -
- window and cannot-be detected by~
* the ELISA test. This ratio reflects. - -
the stage of the AIDS epidernic in'a. -
- specific populatlon ‘Window érror

donor is the ratio of the 1nc1dence :
of HIV to the 1nc1dence of AIDS.

~ plays a proportionally: greater role -

- during the early stages-of HIV CllS-

semination in a populatlon where

. the 1nc1dence of new HIV infection

s hlgh relat1ve to the madence of
e -AJDS : : '

N 'i_WHOSE BLOOD IS SAFER'?

Measurement error is more 1mp or- " gained from this’ study will contmue.., :

: to apply inpopulations with very = ..’ "
" high HIV incidence and low preva-
‘lence. These principles will continue -~
‘to be: applicable in the developlng
- world and to new epldemlcs of

- blood borne d1seases §

 tant when the epldemrc has -
: matured wh1le window error is .

more imiportant during an early epi--
.~ demic. As the sensitivity of the *

_ELISA test increases by virtue of

~ technical progress or repedted tests, -
- the window error becoines domi- -

* nant; and can more ‘than offset .
e prevalence selection,” the (self—) :

C " referral of donors-based on the _
prevalence of HIV in thelr popula- .
| » _ - false-negative rate. A populatlon

' tlons

‘A roughly sm:ular situation may
~..apply between men and women

" today. The combmed effect of win-.

~-dow and measurement errors can-
" lead to mistakes in evaluatmg the -

- safety of blood ‘donations. The -

""model that we have developed for e

'evaluatlon of the blood contamma-
tion. r1sk takes into account both

. these errors. Forﬁpexample, for frrst— :

f;trme U S. donor populat10n consrd- -
ered in Lackritz et al. our. estlmate .
.of false-negative error was 1 per

'$30,000 (compare to ‘the authors

4These fmdrngs may explam in part '
- the above- cited CDC observatlon :
‘that cases of transfus1on of contam—

1nated blood often take place in

_.areas where the epidemic recently -

" began. They also explain published -
‘reports from the onset of the HIV -

~ epidemic in Tharland whenan -
increase of HIV transmission by -

5 negatlve blood Was observed

Although fiew HIV testing tech- :

N 'nologres, such as the p24 antigen R ‘
7 test, may shorten the duration of -

the window period, the lessons:

3 CONCLUSION

. The criterion- for a: populatlon to be o

definied as “high risk” is its high

with a high HIV_prevalence is cur-

. réntly considered a high-risk popu- S

. lation, since it is likely to have a.
. higher false- negatlve rate due to.
~ measurement error.

 We suggest modtfylng the def1mt1on

of a “high-risk” blood donor group

" to. include populations with a high :
- ratio ' of HIV-to- -AIDS mczdence, A B
even though the p_opula_tron may,
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K have low HIV prevalence ‘The rea- -
son is that the high false-riegative

rate Wlll be due to the wmdow
error. ELISA- negatlve blood

. donated by persons in a long-stand--

ing “high risk” group may actually ‘
be safer than blood donated by per-
sons in a “low-risk™ group in whxch;
the incidence of HIV infectjon is ris- .

ing rapidly. Only by con51der1ng the
effects of the' antlbody -negative -

.. window can we assess how much to
_trust. negatlve results in HIV screen-.

v

Alng, and what donor-selectlon strate-

gies are optimal. In the U.S. the epi-

_ demic is mature now, which reduces o
the. window error regardless of
chariges in the ELISA testing kit’s

inherent sensitivity.. An: extremely

low false-negative rate among US.”
-donors has the.potential to be "

reduced further by more, rigorous

) .’con51derat10n of the relative risks of
'spec1f1c groups. ~and sohcmng dona-
. tions from the safest populatlons

' AIDS Incidence

L L ’ ',HIV‘Im.:jdenc_e
_ Steady-State <
Epidemic o
RN | Negative B
: HIV incidence -
Early Epidemic-
‘ Negé,tivm |
- Window .
L HivV
S A Incidence
_ - Epidemic . T
_(hypothetical . | Negative - .
. 'scenario) . - Window A!D_S
Timeof - Time of Sero- Time of AIDS
* Infection  conversion | Symptoms or HIV -

" Detection.



