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A recent modeling analysis by the Institute for
Health Metrics and Evaluation (IHME) (1) project-

ing deaths due to coronavirus disease 2019 (COVID-
19) has attracted considerable attention, including from
the U.S. government (2). The model used COVID-19
mortality projections to estimate hospital bed require-
ments and deaths. We agree with qualitative conclu-
sions that demand for hospital beds may exceed ca-
pacity and efforts to enhance mitigation policies and
surge planning are essential. Data endorse shelter-in-
place orders and suggest that these measures must re-
main while awaiting advances in surveillance, treat-
ment, and vaccines.

The IHME projections are based not on transmis-
sion dynamics but on a statistical model with no epide-
miologic basis. Specifically, the model used reported
worldwide COVID-19 deaths and extrapolated similar
patterns in mortality growth curves to forecast expected
deaths. The technique uses mortality data, which are gen-
erally more reliable than testing-dependent confirmed
case counts. Outputs suggest precise estimates (albeit
with uncertainty bounds) for all regions until the epidemic
ends. This appearance of certainty is seductive when the
world is desperate to know what lies ahead. However, the
underlying data and statistical model must be interpreted
cautiously. Here, we raise concerns about the validity and
usefulness of the projections for policymakers.

First, the statistical model assumes that systematic
variation in mortality curves across regions is captured
by timing of social distancing decisions and that other
differences are explained by random effects. The model
rests on the likely incorrect assumption that effects of so-
cial distancing policies are the same everywhere and that
suppression policies will be implemented in all regions
and will remain effective throughout.

These projections may suffer from the fallacy of
Farr's law, a similar nonmechanistic method in which
epidemics are assumed to follow a normal distribution
shifted and scaled to fit data. However, epidemic curves
fit early data in multiple ways that affect expected dura-
tions or maximum numbers of deaths observed (3, 4). This
is important as epidemics progress and deviations from
normal distributions are expected—for example, due to
“second waves” after interventions are eased.

Second, the approach models mortality curves for
every region with parameters for the final total, the
pace of mortality growth, and timing of when the
growth curve inflects. We have observed few entire
curves; Hubei province's is the most complete, and
curves in regions of Italy and in South Korea have sub-
sequently passed their peaks. After age and subtle dif-
ferences in policy timings are accounted for, all curves

are assumed to follow these general patterns. This is
optimistic: China enacted more stringent restrictions
than elsewhere after observing only 17 deaths (5), and
South Korea benefited from widespread testing to iso-
late cases early. Updating results may diminish the ex-
tent to which inference depends on a few settings, but
countries that have flattened death curves earliest may
not provide a basis for extrapolating trends in areas
where similar control could prove elusive. Moreover,
recrudescence of transmission remains possible be-
tween transient intervention periods.

Third, death counts can be unreliable and report-
ing differences occur even within regions. Although
Hubei province data represent the most complete mor-
tality curve available, these numbers are suspect (6).
Italy and other countries only report hospital deaths,
thus neglecting deaths elsewhere (7). Lack of testing
may impede deaths from being attributed to COVID-
19, particularly initially. For example, in Bergamo, Italy,
the number of anomalous deaths is several times larger
than the official COVID-19 numbers (8). Reporting de-
lays understate the growth of mortality curves initially,
which is particularly concerning because the model
uses early patterns for future projections. The recent
addition of aggregate hospitalizations is also problem-
atic due to inconsistent and poor reporting.

Although undercounting of deaths affects the final
epidemic size, it may not affect shapes of mortality
curves. However, this assumes that undercounting and
reporting delays are similar across time and geogra-
phy, with variations captured by posited random ef-
fects. Such reporting issues resemble those arising
commonly in infectious disease surveillance analyses
and should be accounted for statistically.

Fourth, despite not accounting for data and model
structure flaws, uncertainty bands are broad. If all
sources of uncertainty were accommodated, confi-
dence intervals would necessarily be wider, making
projections less proscriptive for policy decisions. Unac-
counted sources of uncertainty arise from inaccurate
temporal data on mortality and hospitalization counts;
model misspecification, including parametrization choic-
es; and inaccuracies in assumptions regarding the timing
and effect of social distancing policies across regions.
Graphical representation of uncertainty in curves is also
not conducive to understanding uncertainty in peak daily
death or hospital admission dates. This uncertainty would
be more evident if only the “envelope” of uncertainty was
shown without the central curve, which currently suggests
greater precision than the model is able to offer.

Fifth, updated projections already reveal substantial
volatility. For New York, the model predicted 10 243
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deaths (range, 5167 to 26 444) on 27 March and 15 546
(range, 8016 to 22 255) on 30 March. Given the opaque-
ness of the model and underlying source data, it is chal-
lenging to understand why other regions' projections also
change dramatically. The alignment of past predictions
with reality and current predictions should also be re-
ported transparently.

Finally, the projections are being interpreted mis-
leadingly in formal and social media, without sufficient
caveats, and outcomes differ substantially from those of
other models (9, 10). Upper uncertainty bounds are be-
ing interpreted as “worst-case” when, at best, they re-
flect only one scenario. The model yields an attack rate
less than 5%; higher rates will lead to greater mortality
than upper bounds.

Ultimately, IHME's model may be reliable only for
short-term projections. For hospital demand projec-
tions, patient-level clinical outcome data will enable
more accurate conclusions than poorly reported world-
wide aggregate mortality data with point estimates of
how deaths translate into hospital use. Local data are
less likely to be subject to undercounting or reporting
errors, helping hospitals better prepare for the imme-
diate future. It is also unlikely that a “one-size” model
will fit all regions at all times. Policymakers will be best
served when they consider projections from multiple
models, thus increasing the understanding of factors
that influence disparate projections and enhancing
comprehension of unaccounted uncertainty in any one
model. Major policy decisions need model input, but
models are valuable only to the extent that outputs are
transparent, are valid, are based on accurate docu-
mented sources, are rigorously evaluated, and yield ro-
bust and reliable projections.
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