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Abstract

In early-to-mid March 2020, 20 of 46 (43%) COVID-19 cases at a tertiary care hospital
in San Francisco, California were travel-related. Cases were significantly associated
with travel to Europe or New York (odds ratio 32.9). Viral genomes recovered from 9 of
12 (75%) cases co-clustered with lineages circulating in Europe.
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Main Text

As of April 4™, 2020, the COVID-19 pandemic, caused by the novel SARS-CoV-2
coronavirus?!, has infected more than 1.2 million people worldwide and the rise in cases
has been exponential. In particular, New York cases in the United States quickly surged
from 22 to >10,000 between March 10 and 222. By April 4™ there are >150,000 cases in
New York and nearby New Jersey, threatening to overwhelm hospitals and other
regional health care systems in the city.

In San Francisco, we validated a qRT-PCR test to detect SARS-CoV-2 infection
from nasopharyngeal swab samples based on the EUA (Emergency Use Authorization)-
approved US CDC assay3. During the first 10 days since launch, we performed SARS-
CoV-2 testing on 947 samples collected from March 10 through March 20 from patients
with suspected SARS-CoV-2 infection at University of California, San Francisco. We
reviewed the electronic medical records from the first 46 consecutive SARS-CoV-2
positive cases admitted to University of California, San Francisco hospitals or seen in
outpatient clinics from March 10 through March 20. Data from these COVID-19 patients
were matched with 102 randomly selected negative controls who were patients who
tested negative for SARS-CoV-2 over the same time period. Documented history was
recorded by a physician or nurse practitioner and included sick contacts, health care
worker status, and travel history. Among the 46 COVID-19 positive patients, the median
age was 44 years, 46% were female, and 65% were outpatients (Table S1).

We noted that a travel history within 2 weeks of symptom onset (median date

Mar 11, 2020) was significantly associated with COVID-19 infection (OR 3.8 [1.8-8.4]),
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comprising 43% (20/46) of newly diagnosed cases (Figure 1a). Out of the 20 travelers
with COVID-19 infection, there were significant associations for prior travel to Europe (5
travelers, OR 6.1 [1.1-32.7]), USA (14 travelers, OR 4.0 [1.6-10.0]), and specifically
New York (6 travelers, OR 32.9 [1.8-598]) as compared to 17 travelers without infection
(Figure 1b and Table S2, S3). The association with travel may be due to direct
exposure to SARS-CoV-2 while in high prevalence regions (e.g. NY) or exposure while
traveling (close contact with fellow travelers or airport personnel). One cluster of 3
positive cases associated with COVID-19 infection in an airport worker was categorized
as a case of community rather than travel-associated transmission. No significant
associations were found with regards to close contacts with known COVID-19 infected
persons or frontline healthcare workers. Those who did not have a recent travel history,
a close contact who was COVID-19 positive, or were not a frontline healthcare worker
were categorized as community transmission with an unknown source of infection and
comprised 39% of cases.

We conducted viral genomic sequencing and phylogenetic analysis of SARS-
CoV-2 viruses from 12 of 20 travelers for whom the breadth of coverage of the viral
genome was >90%%-°. These viral genomes were aligned using MAFFT v7.4277 with
762 high-coverage viral genomes deposited in the GISAID database®® as of March 20,
2020, in addition to the most recent viral genomes sequenced in California as of May 3,
2020%, for a total of 983 sequences. A maximum likelihood phylogenetic tree was
constructed using IQTREE (version 2) using an HKY substitution model° (Figure 2).

We defined genomic clades through the GISAID nomenclature found at that point

in time on March 20, 20208°. The majority (9 of 12) of all travel cases clustered in the G
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clade as defined by the spike protein D614G variant marker (Figure 2, S1, S2),
including 3 cases from Europe (UC40, UC45, UC46), 4 cases from New York (UC27,
UC36, UC44, UCA47), 1 case from Los Angeles (UC26), and 1 case from Chicago
(UC48). Viruses in the G clade comprise most of the genomes sequenced from patients
in Europe®®, but notably have also been identified in the vast majority of cases
associated with the New York SARS-CoV-2 outbreak in March to April of 2020, which
occurred after the timeline of this study*'*?. The detection of G clade viral genomes in
travelers to Los Angeles and Chicago suggests the possibility of dissemination of this
clade to other states, either indirectly via New York or directly from Europe. Another
case involving travel to Denver (UC42) was part of the WAL lineage, which is
associated with the first reported case of SARS-CoV-2 infection in the United States
and is currently circulating in local communities in Washington State*'3 and California®.
Viruses from two additional travel-associated cases from Europe (UC43) and New York
(UC41) were mapped to other clades circulating in Europe (Figure 2). The additional
case from Europe was found to be part of the V clade, defined by a G251V mutation in
the NS3 protein®°.

Limitations of our study include the use of epidemiological data from only the first
10 days of testing at a single institution. Nevertheless, in the setting of an emergent
pandemic with shifting epidemiology, the results of our study reached statistical
significance over 4 categories of travel (all travel, New York, USA, and Europe), and
yielded data that may have presaged the exponential rise of New York cases and

subsequent large-scale outbreak in the New York metropolitan area'!*?,
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Real-time dissemination of epidemiological survey data from positive COVID-19
cases is critical to support efforts to contain or reduce spread of viral infection in the
community. Our evaluation of diagnosed COVID-19 cases in San Francisco in early
March 2020 associates with travelers from New York prior to the recognized spike in
New York cases in late March (Figure 1c). Travel from New York was underrecognized
as a risk factor for COVID-19 infection in the United States in early March. Guidelines
for COVID-19 testing have not included screening for domestic travel. Our findings in
San Francisco here can be extrapolated across America as there are over 100 direct
domestic destinations and more than 6 million domestic flights a month from JFK,
Newark, and LaGuardia airports in the New York metropolitan area#. Similarly, travel by
motor vehicle or train is also a plausible means of spread, especially if there are
disproportionate numbers of cases between closely situated major population centers.
Cryptogenic transmission of COVID-19 by individuals with mild illness or asymptomatic
infection is a tremendous challenge to the containment of COVID-191%16, As
demonstrated here, stratifying the general population by their exposure risks such as
travel to specific hotspot regions is one containment strategy that can be informed by

real-time epidemiological and phylogenetic surveillance.
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NOTES
Data Availability

Assembled SARS-CoV-2 genomes in this study were uploaded to GISAID®® as
FASTA files and were also submitted to the National Center for Biotechnology
Information (NCBI) GenBank database (accession numbers pending). Raw sequence
data were submitted to the NCBI Sequence Read Archive (SRA) database (BioProject
accession number PRINA629889 and umbrella BioProject accession number
PRJINA171119). De-identified data from UCSF patients is available upon request.

The institutional review board at University of California, San Francisco approved
the clinical and epidemiological association study (IRB #20-30538) and the phylogenetic
study (IRB #10-01116, 11-05519). Non-identifying clinical, demographic, and laboratory
data were extracted from clinical testing results and the electronic medical board by

retrospective chart review. Informed consent was waived for this minimal risk study.
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FIGURES

Figure 1. (A) Associations with Positive COVID-19 RT-PCR Testing. The odds ratios
(OR) with 95% confidence intervals (ClI) are displayed. Positives (n=46) were
consecutive cases from March 10 to 20, 2020. Negatives (n=102) were randomized
from the same time period. Significant risk factors (p <0.05) are designated with *’ and
were recent travel, including Europe, USA (domestic), and/or New York (p-values are
found in Table S2). Abbreviations: Pos, positive; Neg, negative; OR, odds ratio; ClI,

confidence interval.

(B) Venn diagram of risk factors in positive SARS-CoV-2 cases. All positive cases
and their associations are shown here categorized as those with a recent travel history,
had a close contact who was COVID-19 positive, a frontline healthcare worker, or a
combination of the previous categories (left). Those who did not match one of those
categories were uniformly categorized as a community case. The most common
association with a positive case was a travel history immediately prior to symptoms.
Travelers (n=20) are subdivided by travel region: New York (NY), non-NY USA, Europe,

or Asia (right).

(C) Timeline of cumulative COVID-19 cases diagnosed in New York (top), and
UCSF positive cases found in San Francisco who recently traveled to New York

or Europe over time (bottom). Each colored block represents a single patient.
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Figure 2: Phylogenetic Analysis of SARS-CoV-2 Viral Genomes from Domestic
and International Travelers. The 12 cases with sufficient viral genome coverage for
phylogenetic analysis (>90%) are highlighted by colored circle overlaying a global
phylogenetic tree of 983 viruses, including 762 viruses in GISAID as of March 20, 2020
and most recent viral genomes sequenced from California patients. The G, S, and V

clades and the lineages dominated by genomes in Europe are highlighted.
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