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Background

• Screening for HIV in blood donors is done one unit
at a time by ELISA test; costs about $1 per unit

• Seropositive units are re-tested with Western-blot
test (“Gold Standard”); costs about $20 per unit

• Seronegative units are not re-tested

• False negative units are not discovered until HIV
infection based on transfusion

• Prevalence of HIV among negatives and sensitivity
of ELISA test used in the field are difficult to esti-
mate with precision under this protocol cf. Johnson
and Gastwirth (1991, 2000), Gastwirth, Johnson
and Reneau (1991), Gastwirth and Johnson (1994),
Johnson and Pearson (1999)



New Screening Protocol

• Blood is collected at I sites around the

country

• As prevalence of HIV varies from region to

region, the I sites may be broken down into

a few regions

• ni units sampled at site i for i = 1, . . . , I.

• These are pooled into mi pools of size k

• Disease presence (absence)denoted by D(D̄)

• Screening test determines if pools are “re-

active” (+), or not (-)



• If a pool tests (+), a “gold standard” (GS)

test is applied

• If pool is GS negative, units in pool are

considered to be D̄

• If pool is GS (+), individual units are tested

with the GS to determine the true status

• Negative pools may or may not be truly

negative



Quality Control Stage

• Need statistical information about false neg-

ative pools

• Randomly sample units from (-) pools with

probability f

• These selected FS negative units are then

re-pooled into larger pools and re-tested

with GS

• Individual units in positive pools are re-

tested with GS



The Data

• Number of true (+), xitp, false (+), xifp,

and (-), xin, first stage pools

• Number of diseased units in true (+) pools,

xiD, and number that are not, xiD̄.

• Number of units that were re-sampled from

FS negative pools, ril ≥ 0 for pool l at site

i, and out of these, the number that are

actually D, sil.

D
(+) xitp xifp
(–) ∗ ∗ xin

mi

xitp → (xiD, xiD̄), xin → (ril, sil), l = 1, . . . xin



Two-Stage Pooling



• Prevalences may vary from site to site

pr(D|site i) = πi, i = 1, . . . I

• Test accuracies (sensitivity and specificity)

remain constant

pr(+| ≥ 1D) = η, pr(−|no D′s) = θ

• Sensitivity assumed to be the same regard-

less of # D’s in pool

• Prevalence expected to be low

• Pool size selected so that usually either 0

or 1 D’s in pool



Statistical Inference

• Build in “latent” data → “nice” likelihood

• Bayesian inferences via Gibbs sampling

• Sensitivity/Specificity prior: η and θ
⊥∼ beta

• Prevalence prior: ( parametric approach )

πi
iid∼ beta(α, β)

• Prevalence prior: (nonparametric approach)

πi
iid∼ G, G|M,G(α,β) ∼ DP(MG(α,β)), M ∼ Γ

• p(α, β) proper prior cf. Hanson et.al.(2000) or

∝ (α + β)−5/2



Latent Data

• Number of D’s in negative group l from

site i, {zil}

• Total # D’s from (–) gps at site i, zi·

• zfn{il} = I{>0}(zli), indicates whether or

not pool (li) is false negative or not; to-

tal number of false negative pools, zfn· =∑
il zfn{li}

• Augmented data likelihood:

Likaug =
∏

i

π
xi+zi·
i (1− πi)

ni−xiD−zi·

ηxtp·(1− η)zfn·θxn·−zfn·(1− θ)xfp·



Full Conditionals

• Denote Z as the latent data, V as that

observed data, and π as the collection {πi}

• Sensitivity and Specificity:

η|Z, V ∼ beta(aη + xtp·, bη + zfn·),

θ|Z, V ∼ beta(aθ + xn· − zfn·, bθ + xfp·)

• Prevalences:

πi|Z, V, α, β
⊥∼ betaα+xiD+zi·, /beta+ni−xiD−zi·)

• Hyperparameters:

p(α, β|Z, V, π) ∝
(

Γ(α + β)

Γ(α)Γ(β)

)I ∏

i

πα
i (1−πi)

βp(α, β)



Full Conditional for Latent Data

• zil|V, π are ⊥ and depend on uil ≡ (ril, sil)

pair

• Let tui denote the number of pools at site

i which have the same u=(r,s) values

• Then

zui· ≡
∑

l:uli=u

zil ∼ Mult(tui, qui),

• where qui is vector of probabilities

pr(zil = j|u,pool l (–), π, η, θ) =

(1− η)p(j)q(j;u)I{s ≤ j ≤ k − (r − s)}
(1− η)

∑k−(r−s)
j={1∨

s} p(j)q(j;u) + θp(0)I{s = 0}
,



• and

θp(0)I{j = s = 0}
(1− η)

∑k−(r−s)
j={1∨

s} p(j)q(j;u) + θp(0)I{s = 0}

• where

p(j) =
(k

j

)
π

j
i (1−πi)

k−j, q(j;u) =
(j

s

)(k − j

r − s

)
/
(k

r

)

• For the nonparametric (MDP) model, the

full conditionals for π and for (α, β) are re-

placed by those given in Hanson et. al.

(2000)

• (η, θ, π) easily sampled

• (α, β) sampled by Metropolis-Hastings or

sample α|β and β|α via the Gilks and Wild

(1992) adaptive rejection algorithm.



Illustrations



Johnson and Gastwirth (2000) Proposal

• Dual-group screening (frequentist inferences)

• Screening protocol similar to that proposed

here

• Imperfect second stage test is allowed (sen-

sitivity ηg, specificity θg

• They allow for only one site and one preva-

lence

• They argued cost-effectiveness of dual-group

screening

•



•

In this approach, a QC screening test is used

to test pooled samples. This test will have it’s

own sensitivity, ηg, and specificity θg. When

a pool at the second stage tests positive, the

pool is immediately re-tested with a GS test

and is subsequently treated in the same way

as the protocol we previously described in this

paper. This results in similar data to the kind

we obtained earlier. The new wrinkle is that

second-stage pools that test negative are not

re-tested, so it is never known precisely which

units in these pools are truly D̄. We thus have

additional “latent” data to consider before we

can make inferences. The new latent data is

the information about which units in second-

stage negative pools are D’s versus D̄’s.

Cost Considerations In this section, we con-

sider the expected cost of using the suggested



protocols from sections 2 and 4, and we com-

pare with two other protocols, namely, no pool-

ing at all, which is the current method that is

used for HIV testing, and a protocol that was

suggested by Gastwirth and Johnson (1994)

and further considered by Johnson and Pear-

son (1999), where a QC stage is added to the

usual no-pooling protocol.
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