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The Right Kind of Pooled Testing for
the Novel Coronavirus: First, Do No
Harm
As with so much else in the
COVID-19 pandemic, the
United States is so far losing the
SARS-CoV-2 testing race. In a
growing number of areas of the
country, as well as at educational
and work sites, testing and
obtaining timely results cannot
keep pace with demand. Because
the effort and cost of so much
testing is considerable, and because some testing supplies are
still scarce, it’s important to
conduct tests as efﬁciently and
cost-effectively as possible.
If the nation is to overcome its
testing challenges, it may have to
turn to more pooled testing, in
which a number of samples are
combined and processed as if they
were a single specimen. Some
pooling of tests is already under
way in other countries; the US
Department of Health and Human Services (HHS) is reportedly
considering it, and in mid-July
2020, the US Food and Drug
Administration (FDA) gave the
commercial laboratory company
Quest Diagnostics the green light
to pool samples of its diagnostic
test for the virus.1 But pooling
tests in any fashion will not be a
solution; in fact, there are right
ways and wrong ways to undertake pooling.
The protocol currently being
evaluated by the HHS, and to be
used by Quest, is the so-called

Dorfman protocol,2 a highly
touted procedure initially designed to test the urine of Army
recruits for syphilis during World
War II. Under this approach,
for example, 10 samples may
be pooled together; if the pool
tests negative, all samples within
the pool will be declared negative. If the pool tests positive, that
will suggest that at least one
sample in the pool is positive, so
each sample will be tested individually to identify the positive
samples.
Pooling tests this way may
produce some greater testing efﬁciency and some savings as a
result. But employing the Dorfman approach would be extremely dangerous, because it
would produce high rates of false
negative results—which means
that potentially thousands of
people who were in fact infected
with the virus would test negative
instead. With that false assurance,
they might continue to behave as
though they were uninfected,
probably contributing to the
even greater community spread
of COVID-19. False negative test
results are thus far more dangerous than false positives, which
may simply make people distraught until they are retested and
learn that they are actually negative (as occurred recently in
Manchester, Vermont).3
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There is a far better way to
conduct pooled testing: use an
approach known as “split pooling,”4 which is almost the obverse of the Dorfman protocol.
Under this approach, if a pool
of samples tests negative, a new
pool consisting of the same individual samples is assembled and
tested to conﬁrm the initial result.
(For extra assurance, a different
testing kit, with different levels of
sensitivity and speciﬁcity, could
also be used to perform this
second test.) If the pool tests
negative this second time, all the
tests in the pooled sample are
declared negative and none
are tested again. However, if
the pool tests positive, it is
then split up into two pools of
half the size and retested. This
process of splitting all pools that
test positive, and retesting them,
is repeated as many times as
necessary, even to the point
where a single sample is retested
if needed.

Now consider a scenario in
which 5 million individuals are
tested daily for SARS-CoV-2
virus in the United States, as some
experts have recommended.5
We will pose two different circumstances—one in which the
prevalence of the virus is very low,
at 0.04% of the population to be
tested, and another in which it is
much higher, at 2.4%. This range is
broad, but realistic and allows us to
contrast the effects of testing protocols. Because no test is perfect,
and all have varying degrees of
sensitivity and speciﬁcity,6 greater
prevalence will, in general, produce more false negatives.
Next, predicate the testing
scenarios outlined on two assumptions, which are the same
whether the Dorfman protocol or
split pooling is employed. The ﬁrst
assumption is that pooling does not
result in any diminution of speciﬁcity or sensitivity for pools of 16
samples or fewer, as Yelin et al.
have veriﬁed.7 The second assumption is that the results of the
second round of testing under the
split pooling protocol are independent from the ﬁrst round (and
here again, for further assurance,
using a different testing kit from
the one used in the ﬁrst round
would reinforce the independence assumption). Results are
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TABLE 1—SARS-CoV-2 Testing Protocol Results at Two Testing
Prevalence Rates: United States
SARS-CoV-2
Prevalence

No. Tests

False Positives,
No.

False Negatives,
No.

Individual
Dorfman

5 000 000
700 000

99 960
54 978

40
236

Split pool

500 000

5 998

24

Individual

5 000 000

97 600

2 400

Dorfman

2 800 000

53 680

14 160

Split pool

2 050 000

5 856

1 440

4 per 10 000

240 per 10 000

Note. Results are summarized for 5 million tests and initial pools of size 32.

summarized in Table 1 for 5 million tests and initial pools of size 32.
As Litvak and Pagano have
previously demonstrated, split
pooling produces signiﬁcantly
lower numbers of both false
positives and false negatives.4 The
sensitivity and speciﬁcity used in
our calculations for the example is
0.98 for all pools of size 16 or less,
including for an individual test.
For pool sizes of 32, the calculations decrease the sensitivity and
speciﬁcity to 0.90. Both these
values for pools of 32 and fewer
are conservative when it comes to
the tests used today in screening
for COVID-19. Indeed, according to the FDA, sensitivity and
speciﬁcity of several testing kits
currently in use are much higher.
Under a prevalence rate of
0.04% or 2.40%, then, split
pooling requires fewer tests than
individual testing—just 10% of
the individual test number at the
lower prevalence and 41% at the
higher prevalence. Still, even
with this many fewer tests at the
lower prevalence rate, fewer than
6000 false positives will occur by
contrast to individual testing,
which produces 99 960 false
positives. The contrast at the
higher prevalence is similar.
What’s more, the split pool
generates 60% of the false negatives produced by individual
testing at both prevalence rates.
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The Dorfman protocol falls
between the split pooling protocol
and the individual test protocol at
the low and high prevalence rates
in the number of tests required and
the number of false positives. But
when it comes to false negatives,
the Dorfman protocol produces far
worse results than split pooling—
almost 10 times (9.8) as many as
the split pooling method delivers
in both prevalence situations.
With modern automated laboratory equipment, it is easy to
carry out split pool testing. Furthermore, to lower the number
of tests that must be carried out,
the size of the pools can also be
adjusted depending on how
widespread the virus is in the
community. Given the rapidly
rising number of infections now
emerging in a number of states, it
is surely time to try new strategies
such as pooled testing. But by no
means should pooled testing
follow the Dorfman protocol.
We can’t afford to adopt strategies, such as individual testing and
Dorfman pooling, that could run
the risk of giving false assurances
to large numbers of infected
people, potentially making the
toll of this terrible pandemic
worse than it already is.
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