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Characterizing the role of mutation activities associated with
the clinical severity of disease is of public health importance
for informing healthcare and treatment strategies. In December
2020, the SARS-CoV-2 strains carrying several novel genetic
mutations including K417T, E484K and N501Y were detected
in Brazil, then classified as P.1 lineage, which is a descendant of
previous B.1.1.28 lineage, and circulating or dominant in some
Brazilian regions (e.g. Manaus) since 2021. The rapid spread
of P.1 variants coincided with increased incidence of hospital-
ization,1 which suspects possible links to more severe clinical
outcomes. In this work, we adopted a statistical framework to
infer the association between COVID-19 case fatality risk (CFR)
and P.1 SARS-CoV-2 lineage in Brazil.

Using the national-wide COVID-19 surveillance (Figure 1A
and B) and SARS-CoV-2 sequencing data in Brazil (Supplemen-
tary Information S1), we reconstructed the variant-specified case
fatality ratio on a real time basis by adopting the statistical frame-
work in previous study2 (Supplementary Information S2). The
risk ratio (ζ ) between the fatality risks of P.1 lineage against non-
P.1 lineages are defined as the ratio between variant-specified
CFR. In other words, the CFR of P.1 is ζ -fold of the CFR of
non-P.1. Thus, if ζ > 1, the P.1 lineage may be more fatal than
the non-P.1 lineages and vice versa.

We observe that the proportion of P.1 variants increased
rapidly since December 2020 and trended to dominance (>50%)

after February 2021 in Brazil (Figure 1C). For the CFR recon-
struction, we find that the CFR gradually decreased before
October 2020 and stabilized at 1.3% [95% confidence interval
(CI): 1.1, 1.5], see Figure 1D. We estimate that CFR of P.1
variants appear higher than that of non-P.1 variants by a factor
of ζ = 1.54 (95%CI: 1.13, 2.02), which indicates an increased
mortality risks among the COVID-19 cases. The increase in CFR
associated with P.1 lineage appears in line with the evidence
from recent literature.3 For validation, we repeat the estimating
process of ζ with alternative setting and modelling schemes
(Supplementary Information S3) and find that the ζ estimates
are consistently and significantly larger than 1 in similar scales
(data not shown). Some strengths and limitations, mainly due
to lack of data or information, about this study are discussed in
Supplementary Information S4, some of which is pointed out in.4

Besides the transmission advantage of P.1 variants found in
existing literature,3 P.1 variants may also escape the neutraliz-
ing antibodies induced by vaccination or previous infection.5

A higher mortality risk will reaffirm the growing volumes of
COVID-19 patients with critical status, which suggests increasing
burdens to the local healthcare system and medical supply in
Brazil. As such, we recommend to re-enforce the disease control
measures to flatten the epidemic curve, e.g. nonpharmaceutical
interventions and vaccination campaigns, and to optimize the
planning and allocation of medical resources. Concerning the
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Figure 1. The daily number of COVID-19 cases (A) and deaths (B), proportion of the P.1 SARS-CoV-2 variants (C), and the reconstructed CFR (D)

in Brazil. Panel (A) and (B) show the daily number of COVID-19 cases and deaths time series in Brazil, respectively. Panel (C) shows the observed

proportion of P.1 variants among all samples of SARS-CoV-2 strains. In the legend, the size of the dot indicates the weekly sample size of the observed

SARS-CoV-2 strains. Panel (D) shows the reconstructed CFR of P.1 (in green) and CFR of non-P.1 (in orange)

challenges in controlling the spatial spreading of COVID-19, we
highlight the potential risks of P.1 variants when it invades other
places having population with vulnerability.
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Supplementary data are available at JTM online.
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