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We estimated the probability of undetected emergence of the SARS-CoV-2 Omicron variant in 25 low and middle-
income countries (LMICs) prior to December 5, 2021. In nine countries, the risk exceeds 50 %; in Turkey,
Pakistan and the Philippines, it exceeds 99 %. Risks are generally lower in the Americas than Europe or Asia.

1. Main text

The B.1.1.529 SARS-COV-2 variant was first detected and reported in
South Africa on November 26th, 2021 (WHO, 2021). By December 5th,
2021, more than 40 countries reported Omicron variant cases. Most of
these countries are developed and high-income countries, including the
United Kingdom, the United States, and Netherlands (GISAID, 2021,).
However, low and middle income countries (LMICs) may be less likely to
detect a new variant (Sisa et al., 2021) and more vulnerable to cata-
strophic public health outcomes than high-income countries, because of
lower capacity for COVID-19 testing, vaccination, and medical treat-
ment (Helmy et al., 2016; Siow et al., 2020). Only a few LMICs have
direct flights from the countries in Southern Africa where Omicron was
initially detected (Flightradar24, 2021) and many enacted border pol-
icies to reduce Omicron importation risks from these countries (Malla-
paty, 2021). However, LMICs were at risk for Omicron importations
from large international destinations outside of Southern Africa in which
Omicron emerged in late 2021.

We analyzed the risks of the Omicron variant importation in 25
LMICs in which Omicron was not reported as of December 5, 2021:

* Corresponding author.

Bangladesh, Nepal, Philippines, Colombia, Egypt, Pakistan, Paraguay,
Turkey, Serbia, Bolivia, Argentina, Uruguay, Bhutan, Indonesia,
Albania, Jordan, Panama, Dominican Republic, Ecuador, Peru, Jamaica,
Honduras, Guatemala, Costa Rica, and El Salvador. We first estimated
the daily travel volume to each country from 13 large countries in which
Omicron had already been detected, based on data from Facebook Data
for Good (Fig. A) (Data for Good Tools and Data., 2021). We estimated
the prevalence of Omicron in each of the 13 Omicron detected countries
(ODCs) assuming that only 2.5 % of early cases were identified and re-
ported (GISAID, 2021; Davis et al., 2021), and then estimated the
probability of travel-based introductions into each LMIC by December 5,
2021 (see Supporting Information). The European LMICs (Serbia and
Turkey), which are highly connected to Western European countries that
reported Omicron cases by November 2021, have the highest estimated
risks, followed by the Asian LMICs (Pakistan, Bangladesh, and Nepal),
with high inflows of travelers from South Africa (via connecting flights),
the UK, and India. LMICs in the Americas (Colombia, Dominican Re-
public, and Paraguay) are primarily at risk for importations from the US
and Brazil. We estimate that 6 of the 25 studied LMICs had over a 50 %
chance of having received at least one travel-based Omicron importation
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Fig. 1.

: Risks of Omicron emergence in 25 low- and middle-income countries by December 5, 2021. A. Cumulative number of travelers to each of the 25 LMICs

reported by Facebook Data for Good from November 16 to December 5, 2021 from 13 countries in which Omicron had already been detected by December 5 (ODCs):
Belgium, Italy, United Kingdom, Germany, Canada, Austria, Japan, Brazil, United State, United Arab Emirates, Saudi Arabia, France, India (Data for Good Tools and
Data., 2021). B. The probability of receiving at least one Omicron importation via travelers from the 13 ODCs between November 16 and December 5, 2021. C.
Estimated vaccination and prior infection rates for each LMIC, assuming a 40 % infection reporting rate for all countries (Irons and Raftery, 2021). D. Estimated
effective reproduction number for the Omicron variant in each LMIC, assuming that Omicron is twice as transmissible as the Delta variant and that vaccines have 50%
lower efficacy against Omicron in comparison to Delta. E. Comparisons of the estimated risks of the undetected Omicron transmission in LMICs with and without

intervention that reduces transmission by 80%.

from ODCs by December 5, 2021 (Figure B).

To assess the risk of Omicron transmission following importation, we
estimate the immunity-based effective reproduction number (R,) in each
LMIC as of December 5, 2021, based on reported vaccination levels
(Mathieu et al., 2021), estimates of infection-acquired immunity (World
Health Organization, 2021) (Figure C), and recent estimates for the
transmissibility and immune-evasiveness of the Omicron variant (Miller
et al., 2012) (see Supporting Information). Recent studies have esti-
mated that Omicron has double the reproduction number of the Delta
variant, suggesting a basic reproduction number (R,) of 11.88 (95%CI:
9.16-14.61) (Figure SI.3) (Chen et al., 2021). The same study also
suggests that SARS-CoV-2 vaccines are 50 % less effective (VE) against
Omicron compared to Delta (Figure SI.5) (Chen et al., 2021). Given the
low vaccination coverage and high infectivity of Omicron, we estimate
that the immunity-based R, of Omicron on December 5, 2021 ranges
from 7.0 to 9.4 across the 25 studied LMICs, without additional public
health interventions (Figure D).

Combining our estimates of Omicron importation and transmission
risks, we estimate the probability of undetected Omicron transmission in
LMICs by early December (Figure E- details see Supporting Information).
Among the studied LMICs, Turkey (99.99 %), Pakistan (99.95 %), and
Serbia (99.81 %) have the highest estimated risk, followed by Nepal
(87.98 %), Bangladesh (84.86 %), and the Dominican Republic (82.21
%). If these countries implement non-pharmaceutical interventions that
reduce transmission by 80 %, the probability of undetected emergence

declines by 12.02-80.77 % across the 25 LMICs (Figure E). Given the
high socioeconomic costs of travel restrictions and some non-
pharmaceutical interventions, many of these LMICs did not take mea-
sures to prevent introductions or slow spread (Torres-Rueda et al.,
2021). Our analyses suggest that SARS-CoV-2 variants like Omicron can
rapidly emerge in LMICs and spread for weeks before detection.(Fig. 1).

In November 2022, we retrospectively compared our early estimates
of Omicron importation and transmission risks with reported data and
found a significant correlation between our estimated risks of importa-
tion and the timing the first case was detected (p < 0.05) and a non-
significant but positive correlation between our estimates of trans-
mission risks and the time at which incidence reached 25 % of the winter
Omicron peak (Fig. 2 and Table SI.10). Across all 25 LMICs, the average
time between the first detection and incidence reaching the 25 % mark
was 19.88 days, with a standard deviation of 1.51 days. Given the short
window between detection and wide transmission, LMIC countries with
limited surveillance capabilities should consider initiating control
measures when threatening variants are first identified in other
countries.
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Fig. 2. Retrospective comparison of estimated to observed Omicron importation and transmission events. (A) The probability of receiving at least one Omicron
importation by December 5, 2021 compared to the first Omicron detection dates in LMICs. (B) Estimated risks of undetected Omicron transmission compared to the
date on which reported incidence reached 25% of the eventual peak incidence in LMICs (Ritchie et al., 2020). Solid lines and shading represent the fitted regression

lines and 95% confidence intervals, respectively.
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