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Viral genomic surveillance has been a critical source of
information during the COVID-19 pandemic, but publicly
available data can be sparse, concentrated in wealthy
countries, and often made public weeks or months after
collection. We used publicly available viral genomic sur-
veillance data submitted to GISAID and GenBank to ex-
amine sequencing coverage and lag time to submission
during 2020-2021. We compared publicly submitted
sequences by country with reported infection rates and
population and also examined data based on country-
level World Bank income status and World Health Orga-
nization region. We found that as global capacity for viral
genomic surveillance increased, international disparities
in sequencing capacity and timeliness persisted along
economic lines. Our analysis suggests that increasing
viral genomic surveillance coverage worldwide and de-
creasing turnaround times could improve timely avail-
ability of sequencing data to inform public health action.

Viral genomic surveillance is a critical source of
information for understanding and responding
to the COVID-19 pandemic. Continued high levels
of transmission of SARS-CoV-2 worldwide afford
myriad opportunities for natural selection; selec-
tion pressures favor viral strains with such traits as
faster transmission and increased immune escape
(1). Emerging strains are designated variants of in-
terest and variants of concern (VOCs) by the World
Health Organization (WHO) if they have heightened
public health or clinical importance because of in-
creased transmissibility, immune escape, increased
clinical severity, or other factors (2). Efforts are need-
ed to monitor emerging strains of the SARS-CoV-2
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virus and identify and classify variants to guide pub-
lic health response and to aid in the development of
diagnostic tests, therapeutics, and vaccines (3). As of
March 21, 2022, more than 9.4 million SARS-CoV-2
sequences had been uploaded to the GISAID data-
base (https://www.gisaid.org), the leading public
online repository for viral genomic data; nearly 4 mil-
lion SARS-CoV-2 sequences were uploaded to Gen-
Bank (https://www.ncbi.nlm.nih.gov/genbank) by
that date. The importance of improving viral genomic
surveillance capacity around the world is recognized
through many initiatives aiming to do so, including
through the WHO (4) and other international partner-
ships (5). Despite this continued effort, previous anal-
yses have found heterogeneity in publicly available
sequencing coverage across regions and countries,
with substantial disparities between high-income and
low- and middle-income countries (6-8; A.F. Brito et
al., unpub. data, https://doi.org/10.1101/2021.08.2
1.21262393). Highlighting and understanding these
disparities is important because VOCs can emerge
from any part of the world, including places where
sequencing capacity is low.

A recent case study illustrated the benefits to local
and global communities that occurred after publica-
tion of South Africa viral genomic surveillance data
(9). Those benefits included more opportunities for
South Africa researchers to collaborate on an interna-
tional level, better international collaboration around
COVID-19 prevention and vaccination in Africa, and
improved insights into SARS-CoV-2 transmission in
South Africa, which informed public health policy. We
present an analysis that aims to update the progress
of sequencing capacity up through the emergence of
Omicron as a VOC, including the number of sequenc-
es and timely sharing of the results, to better under-
stand where further support is needed. Our analysis
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of publicly available viral genomic surveillance data
considers the impact of the timeliness of such data to
inform major international public health actions dur-
ing early variant emergence. To expand findings from
previous analyses of publicly available viral genomic
sequencing data that demonstrated socioeconomic
inequalities in viral genomic surveillance coverage
(7; A.F. Brito et al., unpub. data), we examined the
rapid expansion of viral genomic surveillance from
the emergence of Omicron and included time-to-sub-
mission of collected sequences to assess timeliness.
Our analysis further supports the conclusion that
addressing these inequalities would improve global
pandemic response and preparedness.

Methods

Data

The GISAID database and GenBank are public da-
tabases containing genomic sequencing data vol-
untarily submitted by laboratories worldwide. All
available SARS-CoV-2 sequence metadata associ-
ated with human infections were downloaded from
the GISAID and GenBank Web sites. We obtained
reported data on SARS-CoV-2 infections by week
from Our World in Data (https://ourworldindata.
org) (10) and by population from the World Bank
(https:/ /databank.worldbank.org/home.aspx) (11)
for countries and territories.

Inclusion Criteria and Data Management

As of March 21, 2022, there were 9,409,674 sequences
(7,280,739 with complete collection and submission
dates) from 209 countries and territories in GISAID
and 3,967,425 sequences (2,289,627 with complete col-
lection and submission dates) from 111 countries in
GenBank; the earliest available sequence collection
date was January 1, 2020. For our analysis, we re-
moved duplicate sequences (those with identical se-
quence and metadata that were uploaded to both da-
tabases). We extracted variables from metadata that
included specimen collection date, submission date,
and country or territory of collection (hereafter coun-
try); we excluded sequences lacking that information
from our analysis, including any sequence containing
incomplete information for month, day, or year of
collection. We used a local instance of the computa-
tional tool PANGOLIN version 3.1.20 to obtain vari-
ant information (Pango lineage) from sequences. We
also excluded sequences designated as Omicron with
collection dates before the internationally recognized
first detection of the Omicron variant (12) (10 were
collected before November 8, 2021). We included
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all sequences designated Alpha or Delta if they met
other inclusion criteria; <100 Alpha sequences ap-
peared in the dataset before October 2020 and <100
Delta sequences appeared in the dataset before De-
cember 2020. We excluded sequences from countries
lacking a WHO region designation (listed at http://
www.who.int/countries) or lacking a World Bank in-
come designation (available at https:/ /datahelpdesk.
worldbank.org).

We assumed the sequence submission date to
reflect the first date a sequence was made publicly
available, and we then calculated the lag time elapsed
between the collection date and submission date. We
analyzed the proportion of sequences that featured
an elapsed time between collection and submission
of <14 days because this threshold represents the 99th
percentile of the duration of wild-type SARS-CoV-2
incubation time (13), an important metric to inform
public health case investigations.

We selected different periods of time during the
pandemic to highlight important differences between
countries. To compare sequencing capacity over a
time period when most countries had sustained com-
munity transmission and had established testing pro-
grams, the 2021 subset includes sequences from spec-
imens collected during the year 2021. To avoid lag
time artifact, we included only sequences collected
before January 1, 2022, in this subset because, based
on median lag times, most samples collected during
2021 would have been submitted by the date of data
retrieval in March 2022.

We chose three 8-week time periods that approxi-
mately correspond to the first global waves of the Al-
pha (December 6, 2020-January 30, 2021), Delta (June
6-July 31, 2021), and Omicron (December 6, 2021-Jan-
uary 30, 2022) VOCs. We used the dates of major in-
ternational public health actions, such as recognition
of VOCs or implementation of international travel re-
strictions, to contextualize the number of sequences
submitted and the number of sequences collected by
these dates.

Analysis

We used descriptive statistics to analyze the number
of sequences submitted to GISAID and GenBank by
country, WHO region, and World Bank income des-
ignation; sequences submitted within 14 days of col-
lection were analyzed also. We report results by total
sequences, by sequences per million population, and
by sequences per 100,000 reported SARS-CoV-2 infec-
tions. We compared per capita and per infection met-
rics to identify differences that could be influenced by
varying test availability in different countries.
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We performed additional similar descriptive
analysis on the 2021 subset and the 3 time periods of
VOC global emergence. We used y? tests of homo-
geneity to test the null hypothesis that the distribu-
tion of sequences was similar by World Bank income
category and WHO region, and we used Kruskal-
Wallis tests to evaluate the null hypothesis that the
median number of uploaded sequences were similar
by World Bank income category across the 3 selected
8-week periods; we considered p values <0.05 signifi-
cant. We reported the number of VOC sequences col-
lected and the number of VOC sequences submitted
around the time of international public health actions
introduced to mitigate the spread of that VOC in con-
text of those dates.

Ethics Considerations

This activity was reviewed by Centers for Disease
Control and Prevention (CDC). The analysis was con-
ducted according to applicable federal law and CDC
policy (45 C.F.R. part 46.102(1)(2), 21 C. F.R. part 56; 42
U.S.C. Sect.241(d); 5 U.S.C.0 Sect.552a; 44 U.S.C. Sect.
3501 et seq).

Results

Descriptive Statistics

After removing duplicate sequences (433,703), se-
quences with incomplete dates (3,806,733), and se-
quences without both a World Bank income designa-
tion and a WHO region designation (21,593), a total of
9,115,070 sequences were available for analysis. The
mean number of sequences per country/ territory was
48,744 (median 1,006, interquartile range 218-10,570).

Gaps in SARS-CoV-2 Genomic Surveillance Data

Of the total sequences analyzed, 6,533,870 (71.7%)
were collected during January 1-December 31, 2021,
and are included in the 2021 subset (Table 1).

Comparisons by Income Category

During 2020 and 2021, high-income countries had the
greatest number of submissions per capita and in-
creased average daily submissions by >10 times any
other income category (Figure 1). Sequences submit-
ted within 14 days of collection increased in all World
Bank income categories for this period but remained
a minority of sequences submitted during that time in
each category (Figure 2).

In the 2021 subset, high-income countries sub-
mitted 456 times more SARS-CoV-2 sequences than
low-income countries when adjusting for popula-
tion (5,040 sequences/1 million population versus
11 sequences/1 million population; p<0.001) and
36 times more than upper-middle-income countries
(5,040 sequences/1 million population versus 137
sequences/1 million population; p<0.001) (Table 1).
Low-income countries had a higher proportion of se-
quences submitted per reported SARS-CoV-2 infec-
tion than lower-middle-income countries (Table 1)
but a lower proportion than upper-middle-income
or high-income countries. High-income countries
had the shortest median lag time in sequence sub-
mission, 20 days, whereas low-income countries had
the longest median lag time, 98 days.

Comparisons by WHO Region

In the 2021 subset, the WHO Regional Offices for
the Americas and Europe had the most sequences
per capita and per infection and had the shortest

Table 1. Sequencing volume by population and detected SARS-CoV-2 infections and submission lag, World Bank income category,

and WHO regions based on data from GISAID and GenBank, 2021*

Sequences/ Sequences/100,000
No. Total no. (%) 1 million SARS-CoV-2 Median lag
Category countries sequences population reported infections  time, d (IQR)
World Bank income category
Low 24 6,612 (0.1) 11 524 98 (61-148)
Lower middle 43 172,582 (2.6) 52 352 71 (41-115)
Upper middle 50 350,309 (5.4) 137 556 34 (19-65)
High 68 6,004,367 (91.9) 5,040 5,547 20 (11-35)
WHO Regional Office
Africa 41 54,115 (0.8) 47 987 55 (32-101)
The Americas 42 2,617,580 (40.1) 2,611 3,512 27 (18-47)
United States 1 2,161,680 (82.6) 6,493 5,477 24 (17-39)
Non-United States 41 455,900 (17.4) 154 1,302 42 (28-84)
Eastern Mediterranean 20 12,264 (0.2) 17 101 56 (21-135)
Europe 54 3,433,142 (52.5) 3,767 4,066 14 (9-25)
United Kingdom 1 1,542,137 (45.9) 25,200 14,505 10 (8—14)
Non-United Kingdom 53 1,891,005 (55.1) 1,767 2,362 20 (13-34)
South-East Asia 9 139,846 (2.1) 138 818 63 (37-108)
Western Pacific 19 276,923 (4.2) 72 1,259 49 (29-72)

*A total of 6,533,870 sequences were collected in 2021. Bold indicates significance (p<0.001 by 2 test). GISAID, https://www.gisaid.org; IQR, interquartile

range; WHO, World Health Organization.
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Figure 1. Weekly volume of SARS-CoV-2 sequences collected
per 1 million population by income category of country,
GISAID (https://www.gisaid.org) and GenBank, 2020-2021.
Data include only populations of countries submitting >1
sequences. Data are truncated at the end of 2021 to avoid

lag time artifact impacting comparison of sequencing volume
nearer to the date of data access on March 21, 2022, because
only collected samples that were also submitted by March 21,
2022, appear in these data.

lag times; the Eastern Mediterranean region had the
lowest sequences per capita and per infection and
had the longest lag times (Table 1). A substantial
number of submissions from the Americas and Euro-
pean regions were from the United States (82%) and
the United Kingdom (50%) (Table 1). By region, the
Eastern Mediterranean region had the least sequenc-
ing relative to both population and reported infec-
tions; differences among regions were significant
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after accounting for population (p<0.001). The Re-
gional Office for Africa had more reported sequenc-
es relative to infections detected than the South-East
Asia region, but the South-East Asia region had
somewhat higher sequencing coverage per capita.
Lag times decreased as per capita sequencing vol-
ume increased by region (Table 1).

Sequencing volume from some countries and ter-
ritories was low; for 29 countries and territories, <100
total sequences were submitted. Across these coun-
tries and regions with a relatively low submission of
sequences, each World Bank income category was
represented, including 10% of high-income countries
(7/69),14% of upper-middle-income countries (7/51),
14% of lower-middle-income countries (6/43), and
38% of low-income countries (9/24). By WHO region,
17% of countries or territories from the Africa region
(7/41) submitted <100 sequences in total, as did 21%
from the region of the Americas (9/43), 20% from the
Eastern Mediterranean region (4/20), 7% from the
Europe region (4/54), and none from the South-East
Asia region (0/9). Of countries or territories from the
Western Pacific region, 25% (5/20) submitted <100
sequences in total (data not shown).

Comparisons across Alpha, Delta, and

Omicron Emergence

Submitted sequences per 1 million population more
than doubled between the selected months that
marked the global emergence of the Alpha variant (49
sequences/1 million population) and those months
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Figure 2. Total SARS-CoV-2 sequences and sequences submitted within 14 days of collection, by population and income category,
GISAID (https://www.gisaid.org) and GenBank, 2020-2021. A) Low-income countries; B) lower-middle-income countries; C) upper-
middle-income countries; D) high-income countries. Dates indicate sequence collection dates. Data include only populations of countries

submitting >1 sequence.
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that distinguished the emergence of the Delta vari-
ant (100 sequences/1 million population). Submit-
ted sequences per 1 million population again more
than doubled between the months distinguishing the
Delta variant and those that marked the emergence
of Omicron (243 sequences/1 million population)
(Table 2). When reported infections are accounted
for, a similar increase is seen between Alpha (981
sequences submitted/100,000 reported infections),
Delta (2,017/100,000 reported infections), and Omi-
cron (4,890/100,000 reported infections) (Table 2).
Sequences submitted within 14 days of collection
doubled between Alpha and Delta periods, from 10.5
to 21.5/1 million population, and doubled again be-
tween Delta and Omicron, to 46.7/1 million popula-
tion, illustrating a global growth in viral genomic sur-
veillance capacity with later variants (Table 2).

When examined by World Bank income cat-
egory, high-income countries had both the highest
growth and the highest overall sequencing total, by
population and by reported infections. Other income
categories displayed diminished or even no growth
in these measures between the Delta and Omicron
periods (Table 2). For sequences submitted within
14 days of collection, high-income countries nearly
doubled sequencing submissions between each pe-
riod: 65/1 million population during Alpha, 124/1
million population during Delta, and 292/1 million

Gaps in SARS-CoV-2 Genomic Surveillance Data

population during Omicron. During the same time,
low-, lower-middle-, and upper-middle-income
countries doubled sequences submitted within 14
days of collection between the Alpha and Delta pe-
riods but had fewer during Omicron than Delta. For
example, lower-middle-income countries submitted
0.7 sequences/1 million population within 14 days
of collection during Alpha and 1.6/1 million popula-
tion during Delta but just 1.1/1 million population
during Omicron (Table 2).

Availability of Surveillance Data to Inform

Public Health Action

On December 18, 2020, WHO designated the Alpha
variant a VOC (2), and on December 19, 2020, at least
7 countries implemented specific travel restrictions
aimed to slow transmission of Alpha (14). Based on
data pulled from the 2 public databases, 11,586 Alpha
sequences were collected before December 19, but
only 1,872 (16%) of those had been submitted by De-
cember 19 (Table 3). On May 10, 2021, the date WHO
designated Delta a VOC (2), 25,433 Delta sequences
from 104 countries on 6 continents had been collected
but, of those, just 1,910 sequences (8%) had been pub-
licly submitted. Similarly, on November 26, 2021, the
date when WHO designated Omicron a VOC (2) and
at least 23 countries implemented travel restrictions
(16), 1043 Omicron samples had been collected from

Table 2. SARS-CoV-2 sequences submitted to GISAID and GenBank with collection dates during 8-week periods of initial global
transmission waves of Alpha, Delta, and Omicron variants of concern*

Alpha, 2020 Dec 6—

Delta, 2021 June 6—

Omicron, 2021 Dec 6—

Category 2021 Jan 30 Jul 31 2022 Jan 30 p valuet
Sequences collected 376,637 774,534 1,877,225
Countries submitting sequences 168 164 151
Median lag time, d 39 23 17
Mean sequences submitted/1 million population 48.8 100.4 243.3 <0.001
Low income 21 3.2 11
Lower-middle income 3.4 8.7 13.6
Upper-middle income 4.7 23.7 28.3
High income 295.6 573.2 1,476.1
Mean sequences/100,000 SARS-CoV-2 reported 981.0 2,017.4 4,889.6 <0.001
infections
Low income 795.8 655.1 170.4
Lower-middle income 302.1 319.2 378.3
Upper-middle income 115.8 493.2 3514
High income 1,457.2 8,899.4 2,074.2
Sequences collected within 14 d lag time (% total as 81,358 (21.6) 165,758 (21.4) 360,022 (19.2)
of 2022 Mar 20)
Countries submitting sequences within 14 d of 118 115 94
sample collection
Mean sequences submitted/1 million population 10.5 21.5 46.7 <0.001
within 14 d of collection
Low income 0.4 0.8 0.08
Lower-middle income 0.7 1.6 1.1
Upper-middle income 0.6 4.9 3.5
High income 64.7 123.5 291.6

*Mean time during Omicron cannot be accurately compared to mean lag time during Alpha or Delta because data from GISAID and GenBank were
retrieved <2 months after the end of the Omicron period examined in this analysis. GISAID, https://www.gisaid.org.

1By Kruskal-Wallis test.
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Table 3. Geographic distribution of Alpha, Delta, and Omicron SARS-CoV-2 sequences before dates of selected international public
health actions, based on data from GISAID and GenBank, 2020—2021*

Sequences Geographic Sequences submitted Geographic
collected before  diversity of before that date (% of diversity of
Variant International action (date implemented) that date origin total collected) origin
Alpha International travel restrictions (74) (2020 11,586 48 countries (5 1,872 (16) 4 countries (2
Dec 19)t continents) continents)
Delta WHO-designated VOC (2) (2021 May 11) 28,257 116 countries 2,257 (8.0) 39 countries (5
(6 continents) continents)
Delta CDC-designated VOC (15) (2021 Jun 15)% 121,071 137 countries 46,946 (39) 66 countries (6
(6 continents) continents)
Omicron WHO-designated VOC (2); international 1,365 48 countries (6 76 (5.6) 3 countries (2

travel restrictions (76) (2021 Nov 26)

continents) continents)

*CDC, United States Centers for Disease Control and Prevention; GISAID, https://www.gisaid.org; VOC, variant of concern. WHO, World Health

Organization.
TWHO designated Alpha a variant of concern on December 18, 2020 (2).

ISeveral countries implemented (Germany, Hong Kong, Lithuania, Slovakia, Belgium) or extended (United States) travel restrictions due to Delta during

June or July 2021.

38 countries on 5 continents, but only 76 sequences
(5.6%) from 3 countries on 2 continents were submit-
ted to GISAID or GenBank before that date (Table 3).

Discussion
The bank of global, publicly available SARS-CoV-2 ge-
nomic sequence data increased substantially during the
COVID-19 pandemic. The number of sequences sub-
mitted to public databases more than doubled overall
(and increased in all income categories) between the
Alpha period and the Delta period, doubling again
between the Delta and Omicron periods. This increase
in sequence submissions might reflect the impact of
technological advancements, the continued high util-
ity of genomic sequencing data, and increased priori-
tization of genomic surveillance between these periods.
Continuing to strengthen laboratory and data sharing
infrastructure and international partnerships for viral
genomic surveillance could improve monitoring and
early detection of SARS-CoV-2 variants and might con-
tribute to monitoring and detection of other pathogens.
Despite the general trend of increased sequenc-
ing during the pandemic, disparities between World
Bank income categories and WHO regions increased
during the Omicron wave. Similarly, the number of
sequences submitted within 14 days of collection
increased between the emergence of 3 major SARS-
CoV-2 variants, but disparities persisted in the vol-
ume of sequences submitted within 14 days of collec-
tion along economic lines. The only exception to this
trend was the finding that the lowest income category
of countries had higher sequences submitted per
100,000 reported infections detected than did the low-
er-middle category. This difference is likely related to
lower testing and case detection in the lowest income
category; when examined by population, per capita
sequencing was substantially lower in the lowest
income category than the lower-middle category. A
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greater proportion of low-income countries were as-
sociated with <100 sequences compared with other
income categories, which might be the result of part-
nerships with other countries for sequencing. Overall
median lag times between sample collection and pub-
lic sequence submission exceeded 14 days, reflecting
a need to improve sequencing turnaround time to
inform timely global public health decision-making.

Our analysis cannot distinguish between the time
from sample collection to sequence result and the time
from sequence result to submission to a public database
because these variables are not included in GISAID or
GenBank metadata. However, using viral genomic
surveillance data to inform rapid international public
health action depends on both rapid sequencing and
the timely sharing of data. For example, global knowl-
edge of Omicron began with timely identification of
an unusual SARS-CoV-2 lineage identified by a team
of researchers in Botswana, who shared their findings
with colleagues in South Africa and on public servers
within days (17). Sequences made available long after
collection can still contribute to knowledge on a patho-
gen’s transmission dynamics and other characteristics,
so reducing the time to sequencing and encouraging
prompt sharing of data could improve the quality and
usefulness of information for public health action.

In terms of limitations regarding our analysis, we
examined only sequences uploaded to GISAID and
GenBank. Although those are the largest 2 reposito-
ries of viral genomic surveillance data, they contain
only those reports that laboratories and countries
choose to make public. Also, by choosing a time peri-
od comparison including a relatively recent 2-month
period, the data from the Omicron period reflect only
sequences submitted and available to download as
of March 21, 2022, and do not include sequences that
may have been collected during the Omicron period
but submitted after this date. Because of this, the

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 28, No. 13, Supplement to December 2022



observed differences in the volume of submitted se-
quences between the Omicron period and the earlier
2 periods are likely larger than these data reflect. Fi-
nally, overall average lag times from the more recent
Omicron period cannot be compared with those from
the Alpha or Delta periods because the Omicron pe-
riod was relatively close to the data cutoff and there-
fore more likely to include sequences with short lag
times. The volume of sequences submitted within 14
days of collection can be compared across periods.
For many reasons, including incomplete and
variable vaccination coverage (18), continued viral
transmission is anticipated and the emergence of new
SARS-CoV-2 variants is expected (19). The availability
of samples for sequencing depends on the availability
of testing. Because testing is limited in many settings
(I. Bergeri et al., unpub. data, https://www.medrxiv.
org/content/10.1101/2021.12.14.21267791v2), samples
available for sequencing may not represent the true di-
versity of viral genomes within countries. Testing, viral
genomic surveillance, and sharing of data are critical
to early detection of new variants and accurate assess-
ment of their spread. The unequal viral genomic sur-
veillance highlighted by this analysis suggests a new
variant can circulate widely before detection and pub-
lic sharing of the new variant’s genomic information.
The 3 VOCs we assessed were already present in
many countries at the time travel restrictions were im-
posed. One analysis of Omicron-related travel restric-
tions found that most countries issuing entry bans
did not modify them after widespread community
transmission of Omicron was reported elsewhere,
and most did not add increased testing or quarantine
requirements for travelers (20). Faster sequencing
and more timely public sequencing availability might
contribute to better understanding of how widely
variants have spread at the time of their designa-
tion as VOCs and might also help encourage policies
supporting evidence-based transmission prevention
measures, such as increasing masking (21), rather
than reliance on travel restrictions, which might have
only a modest effect on transmission, particularly af-
ter introduction has already occurred (22).
Supporting the expansion of representative test-
ing across and within countries and regions could
increase the quantity of specimens available for se-
quencing. Addressing the global inequity of viral
genomic surveillance information by supporting
the expansion of representative viral genomic sur-
veillance — particularly in low-, lower-middle-, and
upper-middle-income countries, including through
such efforts as the African Pathogen Genomics “
Initiative (23) —might increase the probability of early
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detection and characterization of new variants and
timely implementation of tailored responses, like non-
pharmaceutical interventions, diagnostic approaches,
and vaccines. Encouraging timely public sharing of vi-
ral genomic surveillance data by supporting countries
that report detection of new variants, new outbreaks,
or new pathogens could help bolster the ability of all
countries to publicly share surveillance information
and to set effective, timely public health policy. To-
gether, these efforts could promote global health secu-
rity during this and future pandemics.
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EID Podcast
People with
COVID-19 in and
out of Hospitals,
Atlanta, Georgia

For many people, coronavirus disease (COVID-19)
causes mild respiratory symptoms. Yet others die of
from complications caused by the infection, and still
others have no symptoms at all. How is this possible?
What are the risk factors, and what role do they play in
the development of disease?

In the pursuit to control this deadly pandemic, CDC
scientists are investigating these questions and more.
COVID-19 emerged less than 2 years ago. Yet in that
short time, scientists have discovered a huge body of
knowledge on COVID-19.

In this EID podcast, Dr. Kristen Pettrone, an Epidemic
Intelligence Service officer at CDC, compares the char-
acteristics of hospitalized and nonhospitalized patients
with COVID-19 in Atlanta, Georgia.

Visit our website to listen:
http://go.usa.gov/xHUME
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INFECTIOUS DISEASES
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