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We report an epidemiologic analysis of 4,210 cases of
infection with severe acute respiratory syndrome corona-
virus 2 and genetic analysis of 313 new near-complete
virus genomes in Panama during March 9—April 16, 2020.
Although containment measures reduced R and R, they
did not interrupt virus spread in the country.

Coronavirus disease (COVID-19), caused by se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first reported in December 2019
in Wuhan, China (1,2). Of 223 million confirmed cases
worldwide, as of October 20, 2020, a total of 28% (>6
million) had been reported in Latin America. SARS-
CoV-2 was first reported in this region in Sao Paulo,
Brazil, on February 25, 2020 (3).

In Panama, the first confirmed COVID-19 case
was reported on March 9, 2020. Although Panama
rapidly implemented disease control strategies, it is
among the countries in Latin America with the high-
est cumulative rates of incidence and death (4). To
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elucidate the transmission and spread of SARS-CoV-2
in the region, we analyzed epidemiologic surveillance
data and newly generated genetic data from Panama.

The Study

To perform molecular detection of SARS-CoV-2, the
Panama Ministry of Health implemented a surveil-
lance program on January 20, 2020. The National
Committee on Bioethics of Research of Panama ap-
proved protocol EC-CNBI-202-04-46.

We evaluated the early transmission dynamics of
COVID-19in Panama for the first 62 days of the epidem-
ic (February 15-April 16, 2020) based on reported dates
of symptom onset. We estimated the daily growth rate,
doubling time, and basic (R ) and time-varying (R)) ef-
fective reproduction numbers. We performed genome
amplification and sequencing according to ARTIC Net-
work protocol (https://artic.network) for Illumina Se-
quencing (https://www.illumina.com) (5). Details of
epidemic parameters, sequencing, and genome analy-
sis are described in Appendix 2 (https://wwwnc.cdc.
gov/EID/article/27/2/20-3767-App2.pdf).

A total of 18,559 suspected cases of COVID-19 had
been investigated in Panama by April 16. Of these,
4,210 (22.7%) patients tested positive for SARS-CoV-2
infection by qualitative reverse transcription PCR.
The first confirmed case, on March 9, corresponded
to a patient who had arrived in Panama from Spain
on March 8 and had exhibited symptoms beginning
on March 6. The first case not related to travel was
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confirmed after the death on March 7 of a patient in
whom symptoms first appeared on February 22. Epi-
demiologic investigation showed that the date of on-
set of symptoms for the earliest local case related to
that fatal case dates back to February 15, 2020 (Figure
1). In most locally detected cases, patients had mild
disease symptoms (Appendix 2 Figure 1, panel A).

By April 16, a total of 341 patients had been hos-
pitalized (77 at time of diagnosis confirmation) and
116 had died (31 by time of diagnosis confirmation)
(Appendix 2 Figure 1, panels B, C). The highest pro-
portion of confirmed cases was observed in the 20-59
year age group (Appendix 2 Figure 2, panel A). A
higher proportion (55.3%) of patients tested were
female, but among those with positive results, 1.45
times more were male (Appendix 2 Figure 2, panel
B). A rapid growth rate of 0.13 cases/day (Appendix
2 Figure 3, panel A) and a short doubling time were
observed during the early stages of the epidemic;
doubling time increased over the study period (Ap-
pendix 2 Figure 3, panel B). We estimated an R for
SARS-CoV-2 in Panama of 2.22 (95% CI 2.08-2.37).

Panama was the 11th country in Latin America to
report SARS-CoV-2 and implemented epidemic control
strategies rapidly compared with other countries in the
region (Appendix 2 Figure 4). After the first confirmed
case (March 9), school closures were implemented
within 1 day, social distancing measures within 6 days,
and 24-hour stay-at-home curfew within 14 days. Over
the course of the next 17 days, R, dropped to 1.08 (95%
Cl 1.00-1.17) (Appendix 2 Table 1, Figure 3, panel C).
However, until April 16, Panama remained the country
in Central America with the highest proportional num-
ber of cases and fatalities (Appendix 2 Figure 5).

To determine the diversity of SARS-CoV-2 in Pan-
ama and Latin America, we generated SARS-CoV-2
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genomes from 313 patients, representing 7.4% of the
total confirmed cases by April 16, 2020 (Appendix 2
Figure 6, panel A). We obtained complete genome cov-
erage for samples using reverse transcription PCR cy-
cle threshold values <25 (Appendix 2 Figure 6, panel B)
and found circulation of >10 virus lineages (Figure 2,
panel A; Appendix 2 Figure 7) (6). The most frequently
identified was A.2 (71.2%), followed by B.1 (16.7%) and
A.1 (3.5%), in contrast to other studies in Latin Amer-
ica, where B-like lineages largely predominate (7,8).
Lineages A.3, B, and B.1.5 were identified in 79 cases
detected early on in the epidemic, 11 (13.9%) of the
cases imported (Figure 2, panel A; Appendix 2 Figure
7). Lineage A.2 was found in 51 patients; 4 (7.8%) be-
longed to a cluster (Appendix 2 Table 2) from a school
outbreak associated with the first detected local case
and 9 (17.6%) were police officers (Figure 2, panel C).

Phylogenetic analysis identified 3 main virus lin-
eages (Figure 2). Lineage A.2.1/19B (n = 60; posterior
support = 0.69; C12815T) comprised 54.3% of the se-
quenced cases in the study (Appendix 2 Figure 8, panel
A); lineage B.1/20A (n = 15; posterior support = 0.97;
G26143A) and lineage A.3/19B (n = 12; posterior sup-
port = 1.00; C3177T, T26729C) was third. Molecular
clock estimates of the time to most recent common an-
cestor calculated from lineage A.2.1, made up just of
cases with local transmission, placed the median time
of mutation during February 19-March 9, 2020, just 2
weeks before the first COVID-19 case was confirmed,
and in line with the time of onset of symptoms of the
first case of local transmission (Figures 1, 2).

Central and western Panama had more diverse
lineage distributions (Figure 2, panel B). Those regions
encompass the capital and its surroundings, where
more than 50% of the national population lives and
the main international airport is located. Lineage A.2.1
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was found in all regions across the country with no
obvious spatial pattern; according to a global analysis
of SARS-CoV-2 lineages (https://cov-lineages.org),
this lineage is composed of sequences predominantly
from Panama. We also found that the spike glycopro-
tein variants D614 and G614 (9,10) were cocirculating
early in the epidemic among all the regions analyzed
and were comprised of multiple lineages (Appendix 2
Figure 8, panel B), but the G614 variant potentially as-
sociated with infectivity (9) was detected in only 18.8%
of the sequenced cases (Appendix 2 Figure 8, panel C).

Conclusions

Epidemiologic evidence suggested cryptic circulation
of SARS-CoV-2 in Panama with a probable introduc-
tion during early February. A high median trans-
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mission potential of SARS-CoV-2 was estimated at
R, =222 (2.08-2.37), similar to estimates from China,
Brazil, and Europe (11-13). R, rapidly dropped to 1.08
after implementation of control strategies.

Phylogenetic analysis detected circulation of >10
virus lineages, although the number of detected lin-
eages could be underestimated because we did not se-
quence each positive case and there is a possibility of
uncommon undetected lineages due to sample bias.
Most of the lineages associated with imported cases
(A1, A3, B, B.1, B.2.1) were detected and transmis-
sion controlled through active contact tracing. How-
ever, we detected early transmission of the lineage
A.2.1/19B, which was introduced into the country >3
weeks before the first detected case. This lineage rap-
idly became widespread in Panama.
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We conjecture that efforts to identify early suspect-
ed cases, which focused mainly in symptomatic travel-
ers returning from China, precluded the opportunity
to detect earlier cases imported from Europe and the
United States, where the virus was already circulat-
ing at that time (11,14,15). Moreover, undetected early
transmission occurring before control measures were
implemented could help to explain the widespread
distribution of SARS-CoV-2 across Panama.

Our findings on growth rates and R, show that
mitigation measures undertaken shortly after the
first reported case in March helped to reduce virus
transmission. Measures such as active contact tracing
and isolation, social distancing, and quarantine tar-
geted to regions where active transmission clusters
are found will help to effectively control the spread of
SARS-CoV-2 in Panama.
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