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WHAT ARE THE NEW FINDINGS?

DoDGRPSP data show that B.1.1.7 (Alpha)
lineage was dominant during February 2021
through May 2021. B.1.617.2/AY.x (Delta) was
the predominant lineage from July 2021 through
September 2021. The emergence of SARS-
CoV-2 corresponded with substantial reductions
to the circulation of most other respiratory patho-
gens, including the influenza virus, among MHS
beneficiaries.

Laboratory-based respiratory pathogen surveillance for SARS-CoV-2 and
other respiratory pathogens was conducted in the 2020-2021 surveillance
season among U.S. Military Health System (MHS) beneficiaries through
the Department of Defense Global Respiratory Pathogen Surveillance Pro-
gram (DoDGRPSP). Sentinel and participating sites submitted 96,660 speci-
mens for clinical diagnostic testing. A total of 12,282 SARS-CoV-2 positive
cases were identified, and 7,286 of the associated viruses were successfully
sequenced. Two overlapping waves of SARS-CoV-2 activity were observed
during the season. The B.1.1.7 (Alpha) lineage was dominant during Febru-
ary 2021 through May 2021. By July 2021, and continuing through the rest
of the season, B.1.617.2/AY.x (Delta) lineage predominated and by Septem-
ber 2021 comprised 100% of identified SARS-CoV-2 lineages. The emergence
of SARS-CoV-2 coincided with substantial reductions in the circulation of
seasonal influenza viruses and most other non-SARS-CoV-2 respiratory
pathogens. A total of 4,426 non-SARS-CoV-2 respiratory pathogens were
identified, including 71 influenza. Of the 71 influenza positives, 64 were suc-
cessfully sequenced. The majority of influenza strains sequenced belonged
to influenza A(H3N2) clades 3C.2alb.2a2. The most common non-SARS-
CoV-2 respiratory pathogen detected was rhinovirus/enterovirus (3,058).

WHAT IS THE IMPACT ON READINESS

AND FORCE HEALTH PROTECTION?

As SARS-CoV-2 cases continue to fluctuate, se-
quencing is crucial to characterize the diversity of
variants impacting MHS beneficiaries. Addition-
ally, as recent focus has shifted to SARS-CoV-2
detection, testing for other respiratory pathogens
should still be performed in patients presenting
with respiratory symptoms for the effective sur-
veillance of other respiratory pathogens within
the MHS. Such continued surveillance will en-
able installations to rapidly identify, control, and
prevent further spread of respiratory pathogens
in their communities and provide optimal treat-
ment for MHS beneficiaries..

espiratory pathogens, such as influ-
Renza and adenovirus, have been

the main focus of the Department
of Defense Global Respiratory Pathogen
Surveillance Program (DoDGRPSP) since
1976.! However, DoDGRPSP also began
focusing on SARS-CoV-2 when COVID-
19 was declared a pandemic illness in early
March 2020.% Following this declaration,
the DoD quickly adapted and organized its
respiratory surveillance program, housed
at the U.S. Air Force School of Aerospace
Medicine (USAFSAM), in response to this
emergent virus. The DoDGRPSP began to
track the incidences of COVID-19-like ill-
ness (CLI) or influenza-like illness (ILI)
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trends and provided data to the Centers
for Disease Control and Prevention (CDC)
and reported identified SARS-CoV-2 iso-
lates among its beneficiaries. This report
provides an overview of DoDGRPSP in
addition to summarizing SARS-CoV-2 and
other respiratory pathogen activity during
the 2020-2021 surveillance season.

METHODS

Surveillance population

The Defense Health Agency/Armed
Forces Health Surveillance Division-Air

Force Satellite Cell (DHA/AFHSD-AF)
and USAFSAM manage the surveillance
program that includes 102 sentinel sites
and many non-sentinel sites. DoDGRPSP
requests that sentinel sites submit 6-10
respiratory specimens per week from U.S.
Military Health System (MHS) benefi-
ciaries who meet the CLI or ILI case def-
inition. CLI or ILI were defined as the
presence of a fever 2100.4°F (=38°C oral or
equivalent) and cough, and 3 or more of the
following symptoms: shortness of breath,
chills, fatigue, body aches, headache, loss
of taste/smell, sore throat, sinus conges-
tion, runny nose, vomiting, chills with
shaking, and diarrhea’® within 72 hours of
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symptoms onset. Demographic informa-
tion for patients was collected through
a self-reported questionnaire, the Com-
posite Health Care System (CHCS), the
Defense Enrollment Eligibility Reporting
System (DEERS) and the Armed Forces
Health Longitudinal Technology Applica-
tion (AHLTA). Any specimens that the lab-
oratory cancelled, rejected, did not test, or
returned as an inconclusive test result were
not included in the final study population.

Laboratory testing

Two laboratories processed the speci-
mens: Landstuhl Regional Medical Center
(LRMC) for all the U.S. European Com-
mand (EUCOM) and USAFSAM for all
other locations. Non-SARS-CoV-2 respi-
ratory pathogen selection and testing have
been previously described."** SARS-CoV-2
testing was done through Real-Time
Reverse Transcription Polymerase Chain
Reaction amplification (RT-PCR, Cobas
8800 system, Roche Diagnostics or Thermo
TagPath COVID-19 Combo Kit) at USAF-
SAM or the Cepheid GeneXpert Xpress
Flu/RSV (Flu/RSV/FluA-B), Luminex or
BioFire at LRMC. Respiratory specimens
were collected by nasal wash or nasopha-
ryngeal swab and transported at -70°C.
All tests were performed in accordance
with the protocols available provided by
the CDC and manufacturer's instructions
for use. The laboratory-confirmed positive
specimens for SARS-CoV-2 or influenza
viruses were further genetically character-
ized via Illumina next-generation sequenc-
ing (NGS) technology and analyzed using
the Cecret pipeline® and Pango’ for SARS-
CoV-2 and the CDC Iterative Refinement
Meta-Assembler (IRMA) package®, BioEdit
software’, and components of the DNA-
STAR Lasergene Core Suite' for influenza.

Statistical analysis

Data analysis was performed using
SAS version 9.4 (2014, SAS Institute, Cary,
NC). A p-value of <0.05 was considered
statistically significant. Baseline charac-
teristics of all pathogen detections were
summarized by the frequency of speci-
mens collected, number tested and the
test positivity. The trends in positivity rate
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over time for both SARS-CoV-2 and non-
SARS-CoV-2 respiratory pathogens were
described by calculating the 14-day rolling
average. Comparisons of the demographic
characteristics (sex, age group, month of
illness, and geographical combatant com-
mands) and the clinical findings (patient
symptoms) among the groups were per-
formed using a chi-square or Fisher’s exact
test for categorical variables and a ¢ test for
continuous variables. Symptom evaluation
was limited to those specimens with associ-
ated DoDGRPSP questionnaires.

RESULTS

SARS-CoV-2 and other respiratory pathogens
surveillance

From 27 September 2020 through
2 October 2021, a total of 96,660 speci-
mens were collected (Table 1). The majority
of specimens (61.0%) were collected and
tested in the months of October through
January, reflecting the most laboratory-
positive SARS-CoV-2 cases identified in
the same months (75.5%). The most con-
firmed non-SARS-CoV-2 positive cases
were in September, October and November.
By comparison, more non-SARS-CoV-2
respiratory pathogens were confirmed in
the 2 prior seasons.”® A declining trend
was observed for SARS-CoV-2 during the
months of February 2021 through June
2021 (Table 1). Of the specimens tested,
64,298 (66.5%) were from male beneficia-
ries and 32,362 (33.5%) were from female
beneficiaries. Additionally, 62,648 (64.8%)
were from service members, 19,259 (19.9%)
were from beneficiary adults (18-64 years),
13,723 (14.2%) were from children (0-17
years) and 1,030 (1.1%) were from seniors
(65+ years). The largest share of the speci-
mens came from beneficiaries aged 25-44
(44.3%; n=42,803). In this group, there were
5,551 positive specimens for SARS-CoV-2
and 1,277 positive for other respiratory
pathogens. Additionally, the beneficiaries
aged 0-17 had more specimens positive for
non-SARS-CoV-2 respiratory pathogens
than those in any other age group (Table 1).

The collected specimens varied
widely by the 4 geographical combatant

commands. The US Northern Com-
mand (NORTHCOM) contributed 58,117
(60.1%) specimens, with 8,868 positive for
SARS-CoV-2 and 3,003 positive for non-
SARS-CoV-2 pathogens. The U.S European
Command (EUCOM) contributed 37,108
(38.4%) specimens of which 3,313 were
positive for SARS-CoV-2 and 1,117 were
positive for other pathogens. The U.S Indo-
Pacific Command (INDOPACOM) and
U.S Central Command (CENTCOM) con-
tributed 1,353 (1.4%) and 82 (0.08%) speci-
mens, respectively.

Tounderstand the distribution, dynam-
ics and clinical profile of SARS-CoV-2
and non-SARS-CoV-2 respiratory patho-
gen transmission during the surveillance
season, a detailed analysis of the data was
performed. Among the 4,426 non-SARS-
CoV-2 respiratory pathogens detected,
65 were positive for influenza A(H3N2)
including 7 coinfections, 4 of which were
positive for influenza B viruses with no lin-
eage classification including 1 coinfection,
and 2 were positive for influenza A(HIN1)
pdmO09 (Table 2). The most common non-
SARS-CoV-2 respiratory pathogen was rhi-
novirus/enterovirus (3,312), including 254
specimens positive for rhinovirus/enterovi-
rus and another non-influenza virus (data
not shown). The respiratory pathogen panel
includes tests for only 2 bacterial patho-
gens: Mycoplasma pneumoniae and Chla-
mydophila pneumoniae. M. pneumoniae
was not detected; however, 2 specimens
were confirmed positive for C. pneumoniae
as compared to 60 in the prior season.’
Overall, 12,282 specimens were positive
for SARS-CoV-2 including 33 coinfections.
These mixed infections included: 3 adeno-
virus, 2 coronavirus (seasonal), 2 RSV, 4
human metapneumovirus, 19 rhinovirus/
enterovirus, 1 human bocavirus, 1 adeno-
virus and parainfluenza (triple coinfection)
and 1 human metapneumovirus, parainflu-
enza and rhinovirus/enterovirus (quadru-
ple coinfection).

SARS-CoV-2 testing began during
week 10 (March 2020) of the 2019-2020
surveillance season (Figures 1, 2). This is the
same month that a national public health
emergency was issued in response to SARS-
CoV-2 pandemic by the U. S. government."!
Subsequent declines in the number of non-
SARS-CoV-2 respiratory pathogens and
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TABLE 1. Characteristics of the surveillance population and sources of specimens for

the MHS beneficiaries, 2020-2021 surveillance season

SARS-CoV-2
Total 12,282
Sex
Male 8,510
Female 3,772
Age group (years)
0-17 1,145
18-24 4,031
25-44 5,551
45-64 1,387
65+ 168
Month of collection
September 629
October 1,784
November 3,500
December 2,361
January 1,629
February 424
March 405
April 398
May 142
June 78
July 283
August 649
U.S. combatant command
CENTCOM 6
EUCOM 3,313
INDOPACOM 95
NORTHCOM 8,868
Beneficiary category
Beneficiary adults 2,732
Child 1,145
Elderly 168
Service member 8,237
Data source
LRMC 3,312
USAFSAM 8,970

Non-SARS- No pathogen

CoV-22
4,426

2,602
1,824

1,735
1,232
1,277
141
41

755
701
532
264
164
180
216
254
252
207
453
448

0
1,117
306
3,003

431
1,722

41
2,232

1,007
3,419

detected®
8,057

4,735
3,321

1,302
2,674
3,089
816
176

838
943
1,405
1,015
716
436
615
463
304
213
407
702

0
2,459
601
4,997

1,646
1,292

176
4,943

2,239
5,818

aNon-SARS-CoV-2 - all Influenza and non-influenza broken out in Table 2.

®No Pathogen Detected - No pathogen was identified via multiplex testing and may not include SARS-CoV-2

testing.

Negative®©

71,895

48,450
23,445

9569
21,991
32,886

6,804
645

4,635
11,979
15,448

9,544

6,990

4,339

5,125

4,230

2,741

1,973

1,639

3,252

76
30,219
351
41,249

14,450
9,564
645
47,236

30,304
41,591

Total

96,660

64,298
32,362

13,751
29,928
42,803
9,148
1,030

6,857
15,407
20,885
13,184

9,499

5,379

6,361

5,345

3,439

2,471

2,782

5,051

82
37,108
1,353
58,117

19,259
13,723

1,030
62,648

36,862
59,798

°Negative - Specimen was negative for SARS-CoV-2 and only tested for SARS-CoV-2. LRMC, Landstuhl

Regional Medical Center.

MHS, Military Health System; NORTHCOM, Northern Command; EUCOM, European Command; CENTCOM,

Central Command;

INDOPACOM, Indo-Pacific Command; USAFSAM, U.S. Air Force School of Aerospace Medicine.
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percent positivity likely resulted, at least in
part, from non-pharmaceutical interven-
tions implemented worldwide (Figures 1, 2).

During the 2019-2020 season, the per-
cent positivity rates for SARS-CoV-2 began
to decrease in surveillance week 28 through
week 34 (July-August 2020) and continued
to decrease to near 0 in week 36 through
week 37 (September 2020), before a relative
increase in week 38 through week 39 (Sep-
tember 2020) of the surveillance year. A
similar pattern was observed in the Health
and Human Services Regions of the U.S,,
although, there was variability in some of
the regions."

Peak SARS-CoV-2 activity occurred
during weeks 40 through 4 (September
2020-January 2021) (Figure 1). Thereafter,
the weekly detections steadily decreased
until week 27 (June 2021) (Figure 1). How-
ever, starting surveillance week 28 and
continuing through week 33 (July-August
2021), an increasing trend was observed
with the emergence of the Delta vari-
ant in the summer which may have been
due to the viruss increased transmissi-
bility and immune evasion.”” The trend
began to decrease after week 35, perhaps
due to improved vaccination coverage in
beneficiaries.

The percent positivity for non-SARS-
CoV-2 respiratory pathogens was higher
compared to the SARS-CoV-2 virus dur-
ing the 2020-2021 surveillance season. Of
note, the percent positives for SARS-CoV-2
and non-SARS-CoV-2 during the 2020-
2021 surveillance season ranged from 3%
to 26% and 15% to 55%, respectively (Fig-
ure 2). It is unclear what factors may have
contributed to the apparent change in the
relative frequencies of identification of
SARS-CoV-2 compared to the other usual
potential respiratory pathogens.

Genetic characteristics of SARS-CoV-2 and
influenza virus

For the period from 4 October 2020
through 3 October 2021, USAFSAM con-
ducted next-generation sequencing and
analysis on both influenza positive and
SARS-CoV-2 positive specimens with
the help of its partners, the Navy Medi-
cal Research Unit 2 (NAMRU-2) in Cam-
bodia and the Armed Forces Research
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TABLE 2. SARS-CoV-2, and non- SARS-CoV-2 respiratory pathogens, MHS beneficia-

ries, 2020-2021 surveillance season

Pathogen

Total
SARS-CoV-2 detected
SARS-CoV-2 infection
SARS-CoV-2 coinfection?
Non-SARS-CoV-2 (influenza detected)
Influenza A(H1N1)pdm09
Single infection
Influenza A(H3N2)
Single infection
Coinfection®
Bl/lineage unclassified
Single infection
Coinfection®
Non-SARS-CoV-2 (non-influenza) detected
Adenovirus
Chlamydophila pneumoniae
Coronavirus (seasonal)
Human bocavirus
Human metapneumovirus
Mycoplasma pneumoniae
Parainfluenza
Respiratory syncytial virus (RSV)
Rhinovirus/enterovirus
Non-Influenza viral coinfection®
Other
No pathogen detected®
Negative®

No. of specimens @i
total

96,660 100
12,282 12.7
12,249 12.7
33 0.0

71 0.1

0.0

0.0

65 0.1

58 0.1

7 0.0

4 0.0

3 0.0

1 0.0
4,355 45
55 0.1

2 0.0

318 0.3
65 0.1

66 0.1

0 0.0

295 0.3
210 0.2
3,058 3.2
286 0.3
79,952 82.7
8,057 8.3
71,895 744

aSARS-CoV-2 coinfection includes infection with non-influenza respiratory pathogen.

®Influenza coinfections included infection with an influenza and a non-influenza respiratory pathogen.
°Non-Influenza viral coinfection included 2 or more infection with non-influenza respiratory pathogen except
Chlamydophila pneumoniae and Mycoplasma pneumoniae.

9No pathogen was identified via multiplex testing.

eSpecimen was negative for SARS-CoV-2 and only tested for SARS-CoV-2.

MHS, Military Health System.

Institute of Medical Sciences (AFRIMS)
in Thailand. In total, 64 of 71 influenza
specimens were successfully sequenced
and analyzed. Among those, 63 were influ-
enza A(H3N2) with 11 clade 3C.2alb.2al
(17.5%) specimens collected from Cambo-
dia and Thailand between September 2020
and December 2020, one clade 3C.2alb.1a
(1.6%) specimen collected from the Phil-
ippines in December 2020, and 51 clade
3C.2alb.2a2 (80.9%) specimens collected
from Germany and Maryland in September
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2021 (Figure 3a). One influenza A(HIN1)
pdm09 specimen from North Dakota was
identified as being of swine origin and had
hemagglutinin (HA) and neuraminidase
(NA) genes that closely resembled human
origin A(HINI1) viruses. However, the
internal gene segments closely resembled
swine origin A(HIN1) viruses. This speci-
men, designated as an influenza A(HIN1)
variant, or A(HIN1)v, was collected from
a 5 year old patient who had visited a state
fair, and had contact with livestock, 3 days

prior to symptom onset and specimen
collection. No further cases of this influ-
enza variant were detected, suggesting the
absence of human-to-human transmission.

In addition, 7,286 out of 12,282 SARS-
CoV-2 positive specimens were sequenced,
analyzed and 5,070 were assigned to
PANGO lineages. As of December 2020,
the World Health Organization (WHO)
characterized genetic variants under the
classifications Variants of Concern (VOC),
Variants of Interest (VOI), and Variants
under Monitoring (VUM). The VOC iden-
tified included 809 B.1.1.7 (Alpha), 18
B.1.351 (Beta), 41 P.1 (Gamma), and 3,237
B.1.617.2/AY (Delta). The VOI included
11 B.1.621 (Mu). The VUM included nine
B.1.1.318, two B.1.525 (Eta), and 56 B.1.526
(Iota) (Figure 3b).

SARS-CoV-2 infection analysis

Data were limited to specimens that
were tested for SARS-CoV-2 virus with-
out coinfections and those that submitted
a DoDGRPSP questionnaire. There were
86,057 specimens tested for SARS-CoV-2, of
which 12,249 were positive and classified as
cases; 73,808 were negative and classified as
non-cases (Table 3). Male beneficiaries made
up 8,493 (69.3%) of the cases and 49,514
(67.1%) of the non-cases. Female beneficia-
ries made up 3,756 (30.7%) of the cases and
24,294 (32.9%) of the non-cases. In addi-
tion, when comparing the proportions of
cases to non-cases, statistically significant
differences were observed for the follow-
ing demographic characteristics: sex, age,
month of illness, and geographical combat-
ant commands (Table 3).

Symptomatic evaluation was further
limited to those with a DoDGRPSP ques-
tionnaire and who met the case defini-
tion criteria. Among the 86,057 specimens
tested for SARS-CoV-2, 1,306 specimens
had DoDGRPSP questionnaires (Table 4).
Univariate analysis showed that out of the
14 symptoms evaluated, 10 had statistically
significant differences between the cases and
the non-cases (p<.05). The most common
symptoms among the confirmed cases were
cough (75.4%), sinus congestion (66.3%),
headache (64.9%), and body aches (57.3%).
Additionally, cough (59.6%), sinus conges-
tion (55.5%) and headache (55.6%) were the
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FIGURE 1. Number of SARS-CoV-2, non-SARS-CoV-2 positive specimens by surveillance week, MHS beneficiaries, 2019-2020 and 2020-
2021 surveillance seasons (14-day rolling average)
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FIGURE 2. Percentage of SARS-CoV-2, non-SARS-CoV-2 positive specimens and surveillance week, MHS beneficiaries, 2019-2020 and
2020-2021 surveillance season (14-day rolling average)
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FIGURE 3a. Influenza A(H3N2) clade proportions across 2 seasons, 2019-2020 and 2020-2021 (n=64), MHS beneficiaries
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FIGURE 3b. SARS-CoV-2 VOC, VOI, and VUM lineages identified from January 20212 through September 2021 (n=7,286), MHS beneficiaries
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TABLE 3. Demographic characteristics of the laboratory-confirmed SARS-CoV-2 cases

and non-cases, 2020-2021 surveillance season, MHS beneficiaries

Demographic Cases
No.
Total 12,249
Sex
Male 8,493
Female 3,756
Age group (years)
0-17 1,131
18-24 4,025
25-44 5,542
45-64 1,384
65+ 167
Month of illness
September 626
October 1,780
November 3,497
December 2,352
January 1,625
February 422
March 405
April 398
May 141
June 77
July 280
August 646
U.S. combatant command
USCENTCOM 6
USEUCOM 3,309
USINDOPACOM 95
USNORTHCOM 8,839

Non-cases p-value

% No. %
14.2 73,808 85.8
69.3 49,514 67.1 <.001
30.7 24,294 32.9

9.2 10,172 13.8 <.001
32.9 22,420 30.4
45.2 33,548 455
11.3 7,001 9.5

1.4 667 0.9

5.1 4,944 6.7 <.001
14.5 12,179 16.5
28.5 15,755 21.3
19.2 9,718 13.2
13.3 7,151 9.7

3.5 4,407 6.0

3.3 5,256 71

3.3 4,403 6.0

1.2 2,841 3.9

0.6 2,027 2.8

2.3 1,727 2.3

5.3 3,400 4.6

0.1 76 0.1 <.001
27.0 31,048 421

0.8 351 0.5
72.2 42,333 57.4

MHS, Military Health System; NORTHCOM, Northern Command; EUCOM, European Command; CENT-

COM, Central Command; INDOPACOM, Indo-Pacific Command; No., number.

most frequent symptoms observed in the
non-cases, aside from sore throat (55.9%).
The odds ratios calculated ranged from 0.80
(shortness of breath; 95%CI: 0.51-1.25) to
3.31 (change in sense of taste/smell; 95%CI:
2.31-4.74). The cases and non-cases did not
differ significantly by the following symp-
toms: runny nose, shortness of breath, sore
throat, and fatigue (p>.05) (Table 4).
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EDITORIAL COMMENT

The 2020-2021 season showed low
non-SARS-CoV-2 respiratory pathogen
activity.  The predominant non-SARS-
CoV-2 pathogen circulating during the
2020-2021 surveillance season was rhi-
novirus/enterovirus. Only 0.6% of non-

SARS-CoV-2 respiratory specimens tested
by the DoDGRPSP were positive for influ-
enza viruses as compared with 19.6% in
the 2019-2020 season.” Among the 71
confirmed cases of influenza, the major-
ity were attributed to an outbreak at the
U.S. Naval Academy in Annapolis, Mary-
land in September 2021. Overall, these
numbers are substantially lower than
those reported in 2019-2020,° contribut-
ing to an unprecedented 2020-2021 sur-
veillance season for non-SARS-CoV-2
pathogens.

Beginning in December 2020, the
WHO began characterizing SARS-CoV-2
lineages as VOC and VOI, and later added
the category VUM.'S Two overlapping
waves of SARS-CoV-2 variant activity were
observed throughout the 2020-2021 sea-
son. The B.1.1.7 (Alpha) lineage predomi-
nated February 2021 through May 2021. By
July 2021, and continuing through the rest
of the season, B.1.617.2/AY.x (Delta) pre-
dominated and by September 2021 made
up 100% of the identified SARS-CoV-2 lin-
eages. Other VOC, VOI and VUM were
also observed, but in much smaller propor-
tions (Figure 3b). The rapid shift in SARS-
CoV-2 genetic diversity within a single
surveillance season emphasizes the need
for continued sequence surveillance of new
and emerging SARS-CoV-2 variants.

As more studies continue to elucidate
the impact of the COVID-19 pandemic
on MHS beneficiaries,” surveillance of
all respiratory pathogens is imperative in
order to document changes in incidences
of other diseases aside from COVID-19.
Enhanced patient management and treat-
ment, while reducing the time patients are
in isolation, particularly for those infected
with other common respiratory pathogen,
is of extreme importance.

The findings in this study are subject
to at least three limitations. First, if mul-
tiple specimens were submitted from an
individual, only one specimen was retained
in order to prevent duplication. If multiple
specimens were submitted from a single
individual, the first positive test result was
recorded or in the case of all negative results,
the first negative result was recorded. Sec-
ond, the self-reporting nature of some of
our data, specifically the symptoms, could
have affected the statistical significance in
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TABLE 4. Comparison of symptoms between cases and non-cases, MHS beneficiaries,

2020-2021 surveillance season

Cases Non-cases Odds ratio OR
Symptoms p-value (OR) 95% Cl
No. % No. %

Change in taste/smell 71 31.7 88 123 <.001 3.31 (2.31-4.74)
Chills 123 47.5 241 29.5 <.001 2.16 (1.62—2.87)
Cough 214 75.4 538 59.6  <.001 2.07 (1.53-2.79)
Shaking 33 15.6 40 5.7 <.001 3.06 (1.88-5.00)
Body aches 149 57.3 349 41.7 <.001 1.87 (1.41-2.48)
Fever 145 48.5 333 35.6 <.001 1.70 (1.31-2.22)
Sinus congestion 169 66.3 475 55.5 .002 1.58 (1.18-2.11)
Vomit 70 24.6 364 40.4 .004 2.59 (1.32-5.08)
Headache 168 64.9 479 55.6 .008 1.48 (1.11-1.97)
Diarrhea 28 13.7 148 20.4 .031 1.62 (1.41-2.49)
Runny nose 108 44.6 332 40.4 .245 1.19 (0.89-1.59)
Shortness of breath 28 13.7 118 16.5 .329 0.80 (0.51-1.25)
Sore throat 141 54.4 467 55.9 .688 0.94 (0.71-1.25)
Fatigue 126 50.0 412 49.4 .868 1.02 (0.77-1.36)

MHS, Military Health System; No., number.

the analysis because, it could have been
underestimated or overestimated during
the time of recall. Third, the low submis-
sion rate of the DoODGRPSP questionnaires
reduced the amount of CLI or ILI infor-
mation available for analysis. This low
submission may be attributed to the non-
pharmaceutical implemented
across the installations such as distancing
and limiting contact time. Nevertheless, all
specimens submitted to the program are
requested to meet the CLI or ILI criteria;
however, physician diagnosed specimens
were accepted (the patient did not meet
the CLI/ILI criteria, but testing was deter-
mined necessary by the physician). Those
without a questionnaire were assumed to
be physician diagnosed specimens.

Although strong interventions were
in place to prevent and contain the spread
of the SARS-CoV-2 pandemic within the
MHS, more work is needed to determine if
those interventions effectively delayed the
spread of SARS-CoV-2 virus.

This report analyzed the epidemiologi-
cal trends of SARS-CoV-2 and non-SARS-
CoV-2 respiratory pathogens and found a
high infection rate of both SARS-CoV-2

measures
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and non-SARS-CoV-2 in patients present-
ing with CLI or ILI. Although the current
pandemic constitutes a serious public health
concern, many other pathogens cause respi-
ratory tract infections among the MHS ben-
eficiaries. Therefore, continued testing of
those with respiratory symptoms using a
multiplex PCR assay is the most effective
means for surveillance and to identify the
transmission patterns within MHS benefi-
ciaries for optimal treatment and to inhibit
the rapid spread of all respiratory pathogens.
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WHAT ARE THE NEW FINDINGS?

From 1 March through 31 December 2020,
1,366 MHS SARS-CoV-2 sequences were gen-
erated from 36 U.S. states or territories, 10 coun-
tries, and 9 naval vessels. Dominant lineages
detected were B.1.2 (17%), B.1 (14%) and B.1.1
(8%). The first MHS case of a variant of concern
(Epsilon) was identified in December 2020.

This report describes SARS-CoV-2 genomic surveillance conducted by the
Department of Defense (DoD) Global Emerging Infections Surveillance
Branch and the Next-Generation Sequencing and Bioinformatics Con-
sortium (NGSBC) in response to the COVID-19 pandemic. Samples and
sequence data were from SARS-CoV-2 infections occurring among Mili-
tary Health System (MHS) beneficiaries from 1 March to 31 December 2020.
There were 1,366 MHS samples sequenced from 10 countries, 36 U.S states or
territories, and 5 Geographic Combatant Commands, representing approxi-
mately 2% of DoD cases in 2020. Genomes from these samples were com-
pared with other public sequences; observed trends were similar to those of
Centers for Disease Control and Prevention national surveillance in the U.S.
with B.1, B.1.2, and other sub-lineages comprising the dominant variants of
SARS-CoV-2. Sequence data were used to monitor transmission dynamics
on U.S. Navy ships and at military training centers and installations. As new
variants emerge, DoD medical and public health practitioners should maxi-
mize the use of genomic surveillance resources within DoD to inform force

WHAT IS THE IMPACT ON READINESS

AND FORCE HEALTH PROTECTION?

As demonstrated by the emergence of multiple
SARS-CoV-2 variants, sequencing is needed
to monitor viral evolution and inform mitigation
strategies in DoD settings, including troop move-
ment and hygiene measures. Genomic surveil-
lance supports the development of diagnostics,
therapeutics, and vaccines and can help monitor
their effectiveness over time.

health protection measures.

able COVID-19 cases, including more

than 87,000 polymerase chain reaction-
(PCR)-confirmed cases, were reported
among U.S. service members, dependents,
and retirees (Shauna Stahlman, PhD, email
communication, December 2021). During
the early pandemic, SARS-CoV-2 trans-
mission had dramatic impacts on Depart-
ment of Defense (DoD) operations in the
U.S. and overseas, with outbreaks limiting
personnel movement in South Korea, side-
lining U.S. Navy ships, and curtailing train-
ing on installations.'” Significant time and
resources were required for COVID-19
surveillance and mitigation of its impacts
on DoD operations and Military Health
System (MHS) beneficiaries.

In 2020, approximately 138,000 prob-
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COVID-19 is caused by SARS-CoV-2,
which is a member of family Coronaviri-
dae, genus Betacoronavirus. The virus con-
tains a roughly 30 kilobase positive-sense
RNA genome encoding 4 structural and
16 non-structural viral proteins. Since the
beginning of the pandemic, viral sequenc-
ing has been a critical component of the
response.*® The first sequenced and pub-
licly released SARS-CoV-2 genomes helped
guide development of diagnostic assays and
eventually vaccines.” Genomic data have
also become critical components of epide-
miology and outbreak response. These data
can provide information about large-scale
epidemics, such as the approximate date
when SARS-CoV-2 was first introduced to
North America,® and can also be used to

characterize localized outbreaks, such as in
congregate living facilities’ and on cruise
ships.’® SARS-CoV-2 genomic epidemiol-
ogy has also been used to examine trans-
mission events within military recruit and
trainee settings'' and to detect introduc-
tions of novel variants from international
military deployments.*?

Genomic surveillance using whole-
genome sequencing (WGS) is an important
tool that can be used to detect changes in the
SARS-CoV-2 viral genome. These changes
may affect diagnostic sensitivity, vaccine
efficacy, monoclonal antibody efficacy, or
viral transmission and virulence.”* More
recently, the impacts of emerging SARS-
CoV-2 variants, collectively known as vari-
ants of concern (VOC) and variants being
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monitored (VBM), have been observed
with respect to the effectiveness of medical
countermeasures and, in the case of Alpha,
Delta, and Omicron, with respect to dis-
placement of other variants.'*'®

To establish SARS-CoV-2 sequencing
and genomic surveillance capabilities for
the DoD, the Armed Forces Health Surveil-
lance Division (AFHSD) Global Emerging
Infections Surveillance (GEIS) Branch lev-
eraged existing partnerships with Army,
Navy, and Air Force public health and med-
ical research laboratories as part of the Next
Generation Sequencing and Bioinformatics
Consortium (NGSBC). This Consortium
was established in 2017 to work with GEIS
partner DoD medical research and pub-
lic health laboratories to coordinate and
improve pathogen sequencing and analysis
efforts. The initial efforts of the NGSBC laid
a foundation for DoD expansion of WGS
in 2021 in response to novel SARS-CoV-2
VOCs, to aid in investigating outbreaks
and in monitoring diagnostics and vaccine
effectiveness.

This report describes SARS-CoV-2
genomic surveillance findings among DoD
beneficiaries from 1 March 2020 through 31
December 2020 and highlights the utility of
SARS-CoV-2 sequence data for providing
a baseline for further characterization of
emerging variants that could impact DoD
beneficiaries and operations.

METHODS

In early 2020, GEIS and NGSBC rep-
resentatives from U.S. Naval Medical
Research Center (NMRC), U.S. Army Med-
ical Research Institute of Infectious Diseases
(USAMRIID), Walter Reed Army Institute
of Research (WRAIR), U.S. Air Force School
of Aerospace Medicine (USAFSAM), U.S.
Naval Health Research Center (NHRC),
and overseas partner laboratories worked to
rapidly evaluate protocols and establish best
practices and guidance for SARS-CoV-2
WGS and standardize genomic and epi-
demiologic meta-data during early 2020.*°
These protocols were shared with DoD lab-
oratories in the U.S. and abroad (https://
carepoint.health.mil/sites/ AFHSB/geis/

programmatics/ngsbc/).
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Sample collection and selection

Samples from SARS-CoV-2 positive
specimens were obtained through clinical
care, outbreak response, or participation
in the DoD respiratory surveillance pro-
gram’ as part of the GEIS NGSBC efforts to
provide advanced testing for SARS-CoV-2
(including viral isolation and WGS). Naso-
pharyngeal, oropharyngeal, nasal, and
buccal swabs were collected and stored in
universal or viral transport media. Gener-
ally, samples were collected, transported,
and stored consistent with Centers for
Disease Control and Prevention (CDC)
interim guidance.” Samples were selected
for sequencing from clinical specimens
submitted from diverse geographic loca-
tions among MHS COVID-19 cases.
Samples with higher viral loads, as approxi-
mated from real-time reverse transcription
polymerase chain reaction (RT-PCR) cycle-
threshold (Ct) values <30, were prioritized.

Consistent with 45 CFR 46 guidelines,
sequencing sites obtained an Institutional
Review Board determination of nonhuman
subject research, or a determination that
sequencing was intended as a public health
surveillance activity.

Laboratory testing

Sequencing. After samples were col-
lected and RNA was extracted, SARS-
CoV-2 sequencing was performed using 2
different methods (Figure 1). For the major-
ity of samples, amplicon-based approaches
were used, including the ARTIC Network
and YouSeq protocols (Figure 1).''° Briefly,
total ribonucleic acid (RNA) was extracted
and reverse-transcribed into complemen-
tary deoxynucleic acid (cDNA), followed
by the selective amplification of SARS-
CoV-2-derived ¢cDNA using specific PCR
primers. Alternatively, in some instances,
to enrich for SARS-CoV-2 cDNA, hybrid-
ization approaches were applied using the
[lumina Respiratory Virus Oligos Panel
(Figure 1). Each sample was then bar-
coded and combined and sequenced in
multiplexed reactions, primarily using
Ilumina sequencing platforms (MiSeq
and NextSeq).

Analysis. As previously described, for
quality control steps, low quality genome

sequence reads and artifacts from sequence
library preparation were removed.”** Indi-
vidual sequence reads were then aligned
to the Wuhan-Hu-1 SARS-CoV-2 refer-
ence genome (NC_045512.2).2 Consensus
genomes were generated® and classified into
lineages using the PANGO (Phylogenetic
Assignment of Named Global Outbreak
lineage) nomenclature ** and clades using
Nextstrain. ¥ After clearance for public
release, consensus genomes were deposited
into public databases including GISAID or

Genbank  (https://www.ncbi.nlm.nih.gov/
genbank/). Accompanying sample epide-
miologic data were compiled and descrip-
tive statistical analysis was performed using
SAS/STAT software, version 9.4 (2014, SAS
Institute, Cary, NC).

RESULTS

A total of 1,366 SARS-CoV-2 samples
collected during 1 March to 31 Decem-
ber 2020 from 36 U.S. states or territories
and 10 countries were sent for sequenc-
ing at NGSBC laboratories. These repre-
sented samples from individual MHS cases
of COVID-19 illness and from MHS ben-
eficiaries with preclinical/asymptomatic
SARS-CoV-2 infections, collected from
at least 80 military installations or mili-
tary treatment facilities and 9 naval vessels
within 5 Global Combatant Commands
(GCC) (USEUCOM, USCENTCOM,
USINDOPACOM, USNORTHCOM, and
USSOUTHCOM). Most samples were col-
lected in NORTHCOM (80.4%) while the
remainder came from locations outside of
the continental U.S. (14.0%) or naval ves-
sels (5.6%) (Table 1). In December 2020, the
223 samples that were sequenced repre-
sented the largest monthly count of the year
(Figure 2a). The second highest monthly
count of samples sequenced was in August
2020 (n=214).

The primary reasons for submitting a
sample for sequencing were routine surveil-
lance (82.9%; n=1,132) followed by poten-
tial diagnostic anomalies (4.9%; n=67), and
a suspected outbreak cluster (2.6%; n=35)
(Table 1, Figure 2b). The majority of rou-
tine surveillance samples were collected as
part of previously existing DoD respiratory
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surveillance programs or residual diagnos-
tic and surveillance specimens. Further-
more, across all sample collection months,
routine surveillance was cited as the pri-
mary reason for sequencing for the major-
ity of samples (Figure 2b). However, samples
sent for sequencing due to suspected diag-
nostic anomalies, such as dropout of 1 or
more RT-PCR targets, increased dramati-
cally at the end of the year accounting for
28% (n=63) of samples collected in Decem-
ber 2020 (n=223) (Figure 2b).?® Most of the
reported outbreak-associated samples
came from public health investigations in
the early half of the year; however, addi-
tional outbreak-associated clusters were
identified after genomic analyses.

Sequencing results

Samples varied in terms of viral load
and nucleic acid quality, and analysis of a
subset of sequenced samples showed that
lower RT-PCR Ct values correlated with a
higher sequencing success rate. These data
also showed that a Ct value of 30 or lower
was a reasonable threshold for prioritiz-
ing samples for sequencing (Figure 3). Of
all sequenced samples, 1,159 (84.8%) had
sufficient sequence quality (i.e., breadth
and depth of coverage across the genome)
to generate a PANGO lineage call. The
most common SARS-CoV-2 lineages in
2020 were B.1.2 (16.7%), B.1 (14.1%), and
B.1.1 (7.6%). Ten additional lineages were
observed less frequently at nearly 1% each
(Table 2). No single lineage was dominant in
2020; in most months, the combination of
other (<1% frequency) lineages accounted
for over one-third of all sequenced samples
(Figure 4).

Outbreaks and suspected clusters

A subset of sequenced samples was
collected from suspected outbreaks at
overseas locations, on naval vessels, or at
recruit training installations. Sequencing
results were either used to complement
more traditional epidemiological data to
better describe transmission patterns or
to retrospectively confirm outbreak clus-
ters.!! Several examples include: 1) a clus-
ter of B.1.428.1 cases (n=28) identified in
samples from Iraq collected in June 2020;
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2) a cluster of B.1.588.1 cases (n=26) from
Romania collected in November 2020; 3) a
likely outbreak of B.1.177 cases (n=10) col-
lected from 28 April through 13 May 2020
on a Navy ship; and 4) other potential out-
breaks on naval vessels and at recruit train-
ing installations (e.g., MCRD Parris Island,
SC and MCRD San Diego, CA) (Table 2).

Early detection of the Epsilon variant in MHS

In December 2020, 8 Epsilon (a WHO
named variant comprised of the B.1.427
and B.1.429 lineages) cases were identified
in the MHS (Table 2). Two cases were infec-
tions caused by the B.1.427 lineage, iden-
tified in CA (Port Hueneme) and in OH
(Wright Patterson Air Force Base (AFB).
Six cases caused by the B.1.429 lineage were
identified in CA (Edwards AFB and Port
Hueneme), ND (Minot AFB), and from
a U.S. naval vessel. Epsilon samples con-
tained the L452R amino acid substitution
in the receptor-binding domain of the spike
protein associated with immune evasion
and increased infectivity.” No other WHO-
named variant infections were detected
among the MHS samples collected and
sequenced in 2020.

EDITORIAL COMMENT

To respond to the emergence of SARS-
CoV-2, the GEIS NGSBC and other DoD
partners, using existing baseline funding
and resources, rapidly established sequenc-
ing and genomic surveillance for SARS-
CoV-2 within the MHS in early 2020.
However, due to the lack of coordinated
national response and DoD policy through-
out 2020, less than 2% of COVID-19 cases
reported within the MHS were sequenced
by GEIS partners for surveillance pur-
poses. While not all samples would have
been eligible for sequencing, this demon-
strates an untapped opportunity to lever-
age SARS-CoV-2 sequencing as an integral
part of early DoD COVID-19 surveillance
and response activities. In 2020, significant
barriers limited the ability of GEIS part-
ners to obtain and sequence samples, most
notably lack of awareness and consensus
about privacy and regulatory requirements

TABLE 1. Characteristics of SARS-
CoV-2 samples (n=1,366) from the
Military Health System submitted for
sequencing, 1 March—-31 December,

2020 (n=1,366)

No. %
Sequencing laboratory
NHRC 161 11.8
NMRC 400 29.3
USAFSAM 805 58.9
Geographic combatant command
USCENTCOM 31 23
USEUCOM 78 5.7
USINDOPACOM 81 59
USNORTHCOM 1,098 80.4
USSOUTHCOM 2 0.1
Ship/multi-GCC? 76 5.6
Country of sample collection
u.s. 1,098 80.4
Ships/Multi-GCC 76 5.6
Guam® 64 4.7
Romania 40 29
Iraq 31 23
Germany 27 20
South Korea 14 1.0
England 6 04
Japan 3 02
Spain 3 02
Cuba 2 0.1
Italy 2 0.1
Primary reason for sample sequencing
Routine surveillance 1,132 82.9
g::‘: ::n ;nlt;arest. diagnos- 67 4.9
Cluster/outbreak 35 26
Recruit/trainee surveillance 16 1.2
Case of interest: other
respiratory co-infection 5 04
Case of ir\tgrest: unusuql/ 1 01
severe clinical presentation
Unknown 110 8.1

aSample was collected in relation to an outbreak

or exposure on a naval vessel.
°U.S Territory.

NHRC, Naval Health Research Center; NMRC,
Naval Medical Research Center; USAFSAM,

U.S. Air Force School of Aerospace Medi-

cine; USCENTCOM, U.S. Central Command;
USEUCOM, U.S. European Command;
USINDOPACOM, U.S. Indo-Pacific Command;
U.S. Northern Command; USSOUTHCOM,
U.S. Southern Command; GCC, Geographic

Combatant Command.

Page 13



FIGURE 1. Schematic representation of sample preparation, sequencing, and bioinformatics methods
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for sharing of samples and their associ-
ated epidemiological data during the pan-
demic. Similar to civilian public health
settings, compliance regarding sample and
data sharing across the DoD contributes to
slow approval processes, delaying impor-
tant analyses and reducing the timeliness of
results.* Clarity on these regulations within
the DoD during a public health emergency
is critical to facilitate prompt genomic sur-
veillance priorities. It was the emergence
of the Alpha (B.1.1.7) variant in the UK.
in late 2020 and its eventual global spread
that generated momentum within DoD
to establish a policy to recognize WGS as
a critical capability in pandemic response
and to expand genomic sequencing surveil-
lance across the MHS.*!

Along with efforts to characterize the
clinical and public health impacts of SARS-
CoV-2, genomic surveillance helped guide
intervention and mitigation strategies to
protect U.S. service members and other
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MHS beneficiaries. The findings of this
report, based on global genetic sequence
data from MHS beneficiaries, are consis-
tent with other reports of global and North
American SARS-CoV-2 genetic diversity in
2020.% Sequencing data also indicated that
early diagnostics and countermeasures, such
as vaccines and monoclonal antibodies,
against the original Wuhan-Hu-1 reference
would have been effective against the vari-
ants of SARS-CoV-2 circulating in the MHS
in 2020. These initial surveillance efforts
also provided critical baseline information
and scientific infrastructure for monitoring
emerging VOCs (e.g., Alpha, Beta, Gamma,
Delta, Epsilon, and Omicron) and COVID-
19 vaccine effectiveness in 2021.

The flexibility and robustness of this
genomic surveillance program was also evi-
dent in several ways. First, as information
became available about the sequencing suc-
cess rate in relation to diagnostic Ct values
or specific sequencing protocols, recom-
mendations were made for prioritization

of samples for sequencing and adjustments
to preferred protocols. Second, in late 2020,
there was a dramatic increase in the number
of samples being sent for sequencing that
had suspected diagnostic anomalies. This
increase was likely due to clinical and labo-
ratory awareness of the need for enhanced
national surveillance for Spike-gene target
failures that could be indicative of B.1.1.7
(the variant first identified in the UK and
later renamed to VOC Alpha). Finally,
the geographic coverage of samples sub-
mitted from routine surveillance and out-
break response allowed for the detection of
unique variants from several overseas loca-
tions in CENTCOM and EUCOM and the
detection of Epsilon cases within the MHS
in NORTHCOM in December 2020 (Table
2). Epsilon, first detected in southern Cali-
fornia, was ultimately elevated to its high-
est level, a VOC, by the U.S. SARS-CoV-2
Interagency Group from 19 March to 29
June 2021.
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FIGURE 2a. Numbers of samples sequenced by collection month and geographic combatant

command, 1 March—31 December 2020
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FIGURE 2b. Numbers of samples sequenced per month by collection month and reason for

sampling, 1 March—-31 December 2020
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There are several important limitations
to the DoD WGS approach. Samples sent to
NGSBC laboratories for genomic surveil-
lance were not explicitly selected to be rep-
resentative of all COVID-19 cases within
the MHS but were the result of either par-
ticipation in existing DoD respiratory sur-
veillance networks or the awareness and
willingness of a provider, clinician, or public
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health authority to share samples. Sampling
bias can complicate prevalence estimates
and interpretation of sequence data and
missing epidemiologic data can further
limit insights from phylogenetic analysis.”
Finally, there is a need for better meth-
ods to account for over, under, and biased
sampling for both global and regional
public genomic datasets and within local

outbreaks. Notably, these efforts provided
some of the only SARS-CoV-2 sequence
data available from locations such as Cuba,
Irag, and Romania in 2020.

A second challenge was the misunder-
standing of sequencing capabilities within
DoD line, medical, and public health orga-
nizations. Officials from these institutions
are often too heavily burdened with front-
line activities (e.g., patient care, contact
tracing) to engage in what might be per-
ceived as research. Education about the
importance of DoD sequencing capabilities
and genomic surveillance in the context of
public health is important and can facili-
tate earlier access to samples and associated
epidemiologic data.

Several SARS-CoV-2 VOCs have
emerged in 2021 that exhibited enhanced
transmission, increased severity, reduced
antiviral or immunotherapy efficacy, or
evasion of molecular detection assays.”
The capabilities established through this
collaborative DoD effort will continue to
provide critical information about SARS-
CoV-2 transmission patterns and help
monitor medical countermeasure effective-
ness for 1.4 million active component and
331,000 reserve personnel and other ben-
eficiaries of the MHS (e.g., family mem-
bers, retirees, etc.). Sequence data are also
relevant for understanding transmission
patterns within the DoD since military
personnel are highly mobile, share close-
quarter accommodations during deploy-
ments, and operate globally. In an outbreak
setting, sequence data can help determine
if cases may result from infections acquired
from local transmission while deployed or
reflect transmission chains initiated prior
to deployment.

In early 2020, lack of sustained fund-
ing, limitations in public health laboratory
and bioinformatics infrastructure, includ-
ing limited trained personnel and lack of
validated protocols, impeded rapid deploy-
ment of sequencing and bioinformatics
analysis for global COVID-19 response and
within the civilian sector in the U.S.*** The
percentage of COVID-19 cases sequenced
was also far lower than several European
countries with long-standing investments
in genomic surveillance for infectious dis-
eases of public health concern.’>* Fortu-
nately, in the years before 2020, the GEIS
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TABLE 2. Distribution of SARS-CoV-2 lineages among Military Health System samples (n=1,366) collected, 1 March—31 December 2020

. WHO First Lgst dete(?ted
Lineage Clade (no.) label dgtected in DoD in Country (no.) No. %
in DoD 2020
B.1.4272 20C Epsilon Dec Dec u.s 2 02
B.1.4292 20C Epsilon Dec Dec U.S. (5), ship/multi (1) 6 04
B.1.2 20G (216), 20A (1), 20C (2) Jul Dec U.S. (224), South Korea (2), ship/multi (2) 228 16.7
B.A.1 208 (99), 20C (2), 20A (1) Mar pep B G“ar; (si?;))/rfjlrtn?g))/ (1), England 40, 76
B.1.451 20C May Sept u.s. 44 3.2
B.1.240 20A Jul Dec u.s. 37 27
B.1.243 20A Jul Dec U.S. (15), Guam (13), ship/multi (1) 29 21
B.1.428.1 20C Jun Jun Iraq 28 241
B.1.588.1 20C Nov Nov Romania 26 19
B.1.596 20G Jul Dec u.s. 22 1.6
B.1.369 20C May Dec u.s. 19 14
B.1.234 20A Aug Dec U.S. (16), Germany (1), South Korea (1) 18 1.3
B.1.595 20C Mar Dec u.s. 16 1.2
B.1.177 20C Apr May Ship/multi 15 1.1
Other® Multiple clades -- -- Multiple locations 333 244
None°® Multiple clades - - Multiple locations 246 18.0

2Epsilon was elevated to its highest level, a variant of concern (VOC), on 19 March 2021. It was later downgraded to a variant of interest (VOI) on 29

June 2021 and then reclassified as a Variant Being Monitored (VBM) on 21 September 2021 by CDC/USG Interagency.
bLineage <1% of overall samples and was not classified as a VOC, VOlI, or identified as a lineage to monitor by WHO or CDC.
Lineage assignment could not be made due to insufficient coverage or lineage was missing.

Lineage, Pango lineage; Clade, Nextstrain clade; No., number; DoD, Department of Defense; CDC, Centers for Disease Control and Prevention;

USG, U.S. Government; WHO, World Health Organization; ship/multi, Naval ship/multiple locations including recruit training installations.

FIGURE 3. Correlation between the average SARS-CoV-2 RNA concentration in samples (n=63) with the end library DNA concentration and

the sequencing success rate
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FIGURE 4. Distribution of SARS-CoV-2 lineages from Military Health System samples
(n = 1,159) by sample collection month, 1 March—-31 December, 2020
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aEpsilon variant infections include both the B.1.427 and B.1.429 lineages.
°Low frequency lineages comprising less than 1% of all samples are denoted by "Other."

NGSBC recognized the need to coordi-
nate and standardize prior investments by
DoD in infectious disease surveillance and
genomic sequencing which allowed for
early contributions to DoD and the inter-
agency response during the COVID-19
pandemic. Findings from this collaborative
effort illustrate the importance of leverag-
ing existing DoD sequencing assets and
surveillance networks to rapidly respond
to the COVID-19 pandemic and establish
a robust global capacity to monitor SARS-
CoV-2 evolution in support of DoD activ-
ities. DoD should prioritize expanding
genomic surveillance systems and capabili-
ties for future pandemic preparedness.
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Suicide Behavior Among Heterosexual, Lesbian/Gay, and Bisexual Active
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WHAT ARE THE NEW FINDINGS?

This study found that lesbian/gay and bisexual
service members had a 1.8 and 2.3-fold higher
odds, respectively, of suicide ideation compared
to heterosexual SMs. Furthermore, lesbian/gay
and bisexual SMs had a 2.3 and 2.0-fold higher
odds, respectively, of suicide attempt compared
to heterosexual SMs.

Lesbian, gay, and bisexual (LGB) individuals are at a particularly high risk
for suicidal behavior in the general population of the United States. This
study aims to determine if there are differences in the frequency of lifetime
suicide ideation and suicide attempts between heterosexual, lesbian/gay,
and bisexual service members in the active component of the U.S. Armed
Forces. Self-reported data from the 2015 Department of Defense Health-
Related Behaviors Survey were used in the analysis. Multivariable logistic
regression demonstrated that lesbian/gay and bisexual service members were
more likely to report past suicide ideation when compared to heterosexual
service members (adjusted odds ratio [AOR] for lesbian/gay: 1.79; 95% CI:
1.14-2.82; AOR for bisexual: 2.33; 95% CI: 1.56-3.49). Similar results were
observed for past suicide attempt for lesbian/gay (AOR: 2.29; 95% CI: 1.15-
4.57) and bisexual SMs (AOR: 2.04; 95% CI: 1.24-3.38). Despite disparities
in suicide ideation and attempt by sexual orientation, a majority of service
members behavioral health questionnaires do not assess sexual orientation.
Clinical screenings of suicide risk in military settings should factor in sexual
orientation to more comprehensively assess association between sexual ori-

WHAT IS THE IMPACT ON READINESS
AND FORCE HEALTH PROTECTION?

Increased odds of suicide ideation and attempt
among gay, lesbian, and bisexual service mem-
bers indicate important disparities in mental
health which may be associated with decreased
readiness. Information about sexual orientation
should be collected more routinely in order to
determine if there are other mental and physical
health disparities within this population.

entation and suicidal behavior in this population.

he age-adjusted suicide rate in the
I U.S. increased 24% between 1999
and 2014." Suicide is now the tenth
leading cause of death in the US, with 47,173
cases reported in 2017.2 Although suicide
has steadily increased among the US gen-
eral population, particular demographic
groups are at a higher risk for suicidal ide-
ation, attempt, and death by suicide.?
Lesbian, gay, and bisexual (LGB) pop-
ulations suffer a disproportionate risk of
suicidal behavior when compared to the
US general population.*® In a study of
123,289 suicide decedents reported to the
US National Violent Death Reporting Sys-
tem, Lyons et al. reported that gay male
decedents were more likely than non-gay
male decedents to have had a documented
mental health problem, depression at the
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time of death, recent treatment for men-
tal health or substance abuse problems, a
history of suicidal thoughts or plans, and/
or relationship problems.® Similar risk fac-
tors were observed when comparing les-
bian decedents and non-lesbian decedents.®
In a study using data from the 2015-2016
Canadian Community Health Survey, LGB
respondents were more likely to report sui-
cide ideation across the lifespan.” A 2008
systematic review and meta-analysis of the
prevalence of mental health disorders, sub-
stance misuse, suicide ideation, and sui-
cide attempt reported that LGB individuals
had an approximately 2.5-fold higher risk
of lifetime suicide attempt when compared
to heterosexual populations.! Numerous
other studies among LGB youth and young
adults have revealed similar disparities.”**

Within LGB populations, those in cer-
tain occupations may be at an even higher
risk of suicidal behavior. In 1994, the “Don’t
Ask, Don't Tell” policy was implemented
which allowed LGB persons to serve in the
military but prohibited LGB service mem-
bers (SMs) from disclosing their sexual-
ity. The “Don’t Ask, Don’t Tell” policy was
removed in 2011, but the effects of the
policy had negative mental health ramifi-
cations for LGB SMs, including suicide ide-
ation and attempt.'*'

Adverse mental health outcomes are
also reflected in LGB veteran populations.
Analysis of the 2005-2010 Massachusetts
Behavioral Risk Factor Surveillance Survey
found that 11.5% of LGB veterans reported
suicidal ideation in the past year, compared
with only 3.5% of heterosexual veterans."”
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Among veterans presenting for military
sexual trauma (MST) consultation and
treatment, Sexton and colleagues reported
that 54% of LGB veterans reported a his-
tory of suicide attempt, compared with
only 28% of non-LGB veterans."® A study
using Veterans Health Administration elec-
tronic health records reported that suicide
was the fifth leading cause of death for LGB
veterans from October 2000 to September
2017, but only the tenth leading cause of
death in the general population during this
time frame."

Despite evidence of elevated risk of
suicide ideation and attempt among LGB
veterans, there is a paucity of other studies
examining suicidal behavior among active
component military LGB populations.?
At the time of this analysis, only 1 study
had compared LGB service members’ sui-
cide behavior to that of heterosexual ser-
vice members. While this study found an
increased odds of suicide attempt among
LGB SMs, the study did not analyze suicide
ideation or control for demographic vari-
ables beyond age group.! As Matarazzo et
al. opined, “Being a member of the US mili-
tary, as well as identifying as [LGB], could
potentially constitute a double-edged risk
for suicide” Research on each of the afore-
mentioned predisposing factors for suicidal
behavior is essential to maintain military
readiness.

The primary objective of this study was
to use data from the 2015 Department of
Defense (DoD) Health Related Behaviors
Survey (HRBS) to determine if there are
differences in the likelihood of past suicide
ideation and attempts between active com-
ponent heterosexual, gay or lesbian, and
bisexual SMs, controlling for demographic
variables.

METHODS

Study background

The HRBS is a DoD survey used to
understand the health and well-being of
service members across all 5 branches
of military service.”> The Defense Health
Agency contracted with RAND Corpora-
tion to develop and administer the 2015

Page 20

HRBS. Potential participants were eli-
gible for the survey if they were: 1) active
component U.S. military service mem-
bers; 2) serving in the Air Force, Army,
Marine Corps, Navy, or Coast Guard; 3)
not deployed as of August 31, 2015, and 4)
not enrolled as cadets in service academies,
senior military colleges, or Reserve Offi-
cers Training Corps programs.”? Members
of the National Guard and Reserve were
excluded from the list of potential partici-
pants. Potential participants were stratified
by service branch, pay grade, and birth sex;
service members were randomly sampled
from within each stratum. Invited partici-
pants were solicited via letter with follow-
up postcard and email reminders and were
provided with a universal resource locator
(URL) to complete the survey. All survey
responses were anonymous.

The outcomes for this analysis were
lifetime suicide ideation and lifetime sui-
cide attempt. Suicide ideation was mea-
sured using respondents’ answers to the
following question, “In your lifetime, did
you ever seriously think about trying to kill
yourself?” Suicide attempt was measured
using respondents’ answers to the following
question: “In your lifetime, have you ever
tried to kill yourself?”

Demographic  predictors
birth sex, sexual orientation, age group,
marital status, educational attainment, and
racial/ethnic minority. Sexual orientation
was measured with the following question,
“Do you consider yourself to be...? Select
one response” with three options: Hetero-
sexual or straight; Gay or lesbian; Bisexual.
Unlike other demographics questions, sex-
ual orientation was placed near the end of
the survey.

included

Statistical analyses

The HRBS oversamples service mem-
bers in certain strata to produce estimates
representative of the active component
population. The oversampling is accounted
for in post-stratification weights. Weighted
frequencies with 95% confidence intervals
were computed using these post-stratifi-
cation weights.?? Two multivariable logis-
tic regression models were built to assess
the association between lifetime suicide
ideation and lifetime suicide attempt with

selected demographics and sexual orienta-
tion disaggregated (lesbian/gay, bisexual,
and heterosexual). Two additional multi-
variable logistic regression models were
built to determine the effects of aggregat-
ing the last 2 categories of the sexual ori-
entation variable (lesbian/gay and bisexual)
on the suicide ideation and attempt out-
comes. Only demographic variables were
included in this analysis, since assessment
of additional behavioral risk factors would
introduce temporal ambiguity with respect
to whether or not the risk factors preceded
or followed lifetime suicidal behavior out-
comes. Neither forward selection nor back-
ward elimination were utilized. All analyses
were completed using SAS software (i.e.,
PROC SURVEYFREQ for frequencies and
PROC SURVEYLOGISTIC for multivari-
able models), version 9.4 (2014, SAS Insti-
tute, Cary, NC).

RESULTS

From a total of 195,220 eligible and
contactable active component service
members, a total of 16,699 usable surveys
were obtained (8.6% overall response rate).
There were 16,699 total respondents to the
2015 HRBS survey. Of the 13,871 respon-
dents who answered the question on sexual
orientation, 94.2% identified as heterosex-
ual, 2.7% identified as gay or lesbian, and
3.1% identified as bisexual (Table 1). In
addition, a majority of respondents were
between 25 and 44 years of age (64.4%),
married (57.3%), had some college educa-
tion or more (79.5%), and were not a racial
or ethnic minority (58.3%).

Results of bivariate analyses indicated
that 29.7% of lesbian/gay respondents and
35.4% of bisexual respondents reported
that they had ever seriously thought about
killing themselves, compared to 17.2% of
heterosexual respondents (Table 2). Among
lesbian/gay respondents, 12.9% responded
“yes” to the question, “In your lifetime,
have you ever tried to kill yourself?” (here-
after referred to as suicide attempt), com-
pared to 12.2% of bisexual respondents and
4.7% of heterosexual respondents.

Lesbian/gay and bisexual service
members were more likely to report
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lifetime suicide ideation compared to het-
erosexual service members (adjusted odds
ratio [AOR]=1.79; 95% CI: 1.14-2.82 and
AOR=2.33; 95% CI: 1.56-3.49, respec-
tively) (Table 3). In addition, compared to
their respective counterparts, female ser-
vice members, and those who were not a
racial/ethnic minority (White) were more
likely to report lifetime suicide ideation.

Similar results were observed for past
suicide attempt for lesbian/gay service
members and bisexual service members
compared to heterosexual service mem-
bers (AOR=2.29; 95% CI: 1.15-4.57 and
AOR=2.04; 95% CI: 1.24-3.38, respec-
tively) (Table 4). In addition, compared to
their respective counterparts, female ser-
vice members and those who were not
married were more likely to report lifetime
suicide attempt.

The last 2 models used the aggregated
version of the sexual orientation variable
with gay, lesbian, and bisexual SMs col-
lapsed into 1 category. The same patterns
held for both lifetime suicide ideation and
lifetime suicide attempt. The aggregated
groups of lesbian, gay or bisexual service
members were more likely to report life-
time suicide ideation and lifetime suicide
attempt compared to heterosexual service
members (adjusted odds ratio [AOR]=2.07;
95% CI: 1.51-2.83 and AOR=2.16; 95% CI:
1.38-3.38, respectively) (data not shown).

EDITORIAL COMMENT

The present study found that LGB ser-
vice members (SMs) had a higher odds of
reporting both lifetime suicide ideation and
attempt compared to heterosexual SMs. In
addition, all models resulted in weighted
estimates indicating elevated risk for sui-
cide behavior among female SMs. These
suicide behavior trends in an active-com-
ponent sample largely mirror the disparities
reported in civilian samples."

This study has several limitations.
First, although the 2015 HRBS employed
a random, stratified sampling design, the
response rate was 8.6%.” Therefore, it is
unclear how generalizable these findings are
to the entire active component population.
However, the overall findings in the 2015
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TABLE 1. Weighted demographics and past suicide behavior of respondents to the De-
partment of Defense Health-Related Behaviors Survey, 2015 (n=16,699)

Sex
Male
Female
Sexual orientation? (n=13,871)
Heterosexual or straight
Gay or lesbian
Bisexual
Age group (years)
17-24
25-34
35-44
45+
Racial/ethnic minority
Not a racial/ethnic minority
Racial/ethnic minority
Highest level of education
High school or less
Some college/associate degree
Bachelor's or above
Marital status
Married
Not married
Ever seriously thought about killing oneself
No
Yes

Seriously thought about killing oneself (past 12 months)

No
Yes
Ever tried to kill oneself
No
Yes
Tried to kill oneself (past 12 months)
No
Yes

No. % 95% Cl
14,099 84.4 (83.7-85.1)
2,600 15.6 (14.9-16.3)
13,068 94.2 (93.4-95)
373 2.7 (2.2-3.2)
430 3.1 (2.5-3.7)
4,795 28.7 (27.1-30.4)
6,991 41.9 (40.3-43.5)
3,759 22.5 (21.4-23.7)
1,141 6.8 (6.3-7.4)
9,740 58.3 (56.8-60.0)
6,936 415 (40.0-43.2)
3,413 20.4 (19.0-21.9)
8,104 485 (46.9-50.2)
5,181 31.0 (29.7-32.4)
9,565 57.3 (55.7-58.9)
7,129 427 (41.1-44.3)
11,641 81.9 (80.6-83.3)
2,570 18.1 (16.7-19.4)
1,672 65.2 (61.0-69.4)
892 34.8 (30.6-39.0)
13,473 94.9 (94.1-95.7)
724 5.1 (4.3-5.9)
527 72.8 (65.0-80.6)
197 27.2 (19.4-35.0)

aThe sexual orientation question had a higher proportion of missing responses compared to the other demo-
graphic variables due to survey placement (question 127 out of 133 questions).

No., number; Cl, confidence interval.

HRBS are similar to the findings in the 2011
HRBS, which had a response rate of 22%.%
Second, 13.7% of respondents had missing
data for the sexual orientation question. This
degree of item-level missing data (i.e., miss-
ingness) may be due to the placement of the
sexual orientation question at the end of the
survey (question 127 of 133 questions). To
determine if the level of missingness on this
item was likely due to not reaching the ques-
tion (survey fatigue) or purposefully omit-
ting a response (social desirability bias), the

proportion of missing data on the sexual
orientation item was compared to the miss-
ingness on a sleep measure which appeared
even later in the survey (question 129). The
sleep and sexual orientation questions had
a similar proportion of missing responses
(14% for sexual orientation vs. 14% for
sleep), and only 13 respondents answered
the sleep question without answering the
sexual orientation question. Therefore, it
was concluded that missingness on the sex-
ual orientation item was likely due to survey
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TABLE 2. Weighted demographic and past suicide behavior differences by sexual orientation with Rao-Scott chi-square differences, De-
partment of Defense Health-Related Behaviors Survey, 2015 (n=14,405)

Heterosexual Gayl/lesbian Bisexual
(94.2%) (2.7%) (3.1%)

Weighted % 95% ClI Weighted % 95% ClI Weighted % 95% ClI

Sex p<.001
Male 86.4 (85.7-87.1) 60.4 (51.8-69.0) 55.1 (46.6-63.7)
Female 13.6 (12.9-14.3) 39.6 (31.0-48.2) 44.9 (36.3-53.4)

Age group (years) p<.001
17-24 27.0 (25.2-28.8) 36.5 (26.3-46.8) 49.4 (40.1-58.7)
25-34 41.6 (39.8-43.4) 48.2 (38.1-58.2) 39.3 (30.6-48.0)
3544 23.9 (22.5-25.2) 11.6 (6.4-16.9) 8.7 (5.7-11.6)
45+ 7.5 (6.9-8.2) 3.7 (2.0-5.4) 2.7 (1.1-4.2)

Racial/ethnic minority p=.144
Not a racial/ethnic minority 60.1 (58.3-62.0) 59.4 (49.7-69.0) 50.9 (41.6-60.2)
Racial/ethnic minority 39.9 (38.0—41.7) 40.6 (31.0-50.3) 49.1 (39.8-58.4)

Highest level of education p<.001
High school or less 19.5 (17.9-21.2) 12.6 (5.8-19.3) 29.2 (19.3-39.0)
Some college/associate degree 47.2 (45.4-49.1) 62.2 (52.9-71.5) 52.8 (43.5-62.2)
Bachelor's degree or above 33.2 (31.7-34.8) 252 (17.6-32.9) 18.0 (11.6-24.4)

Marital status p<.001
Married 60.0 (58.1-61.8) 27.7 (19.2-36.1) 35.7 (27.8-43.6)
Not married 40.0 (38.2-41.9) 72.3 (63.9-80.8) 64.3 (56.4-72.2)

Ever seriously thought about killing oneself p<.001
No 82.8 (81.4-84.2) 70.3 (61.3-79.3) 64.6 (56.0-73.2)
Yes 17.2 (15.8-18.6) 29.7 (20.7-38.7) 354 (26.8-44.0)

Seriously thought about killing oneself (past 12 months) p=.137
No 66.1 (61.6-70.6) 55.1 (37.1-73.0) 53.5 (38.6-68.3)
Yes 33.9 (29.4-38.4) 44.9 (27.0-62.9) 46.5 (31.7-61.4)

Ever tried to kill oneself p<.001
No 95.3 (94.5-96.2) 87.1 (79.8-94.4) 87.8 (83.0-92.7)
Yes 4.7 (3.8-5.5) 12.9 (5.6-20.2) 12.2 (7.3-17.0)

Tried to kill oneself (past 12 months) p=.797
No 73.3 (64.7-82.0) 64.6 (35.3-94.0) 70.3 (48.6-92.0)
Yes 26.7 (18.0-35.3) 35.4 (6.0-64.7) 29.7 (8.0-51.4)

Cl, confidence interval.

fatigue as opposed to social desirability bias.
Third, suicidal behavior is often stigmatized
and may be underreported by respondents
due to fears about disclosure to commanders
and subsequent career consequences. How-
ever, the HRBS was self-administered online
and all responses were anonymous. These
safeguards may have reduced the impact of
social desirability bias. Lastly, the popula-
tion in the present study may not be directly
comparable to convenience samples of vet-
eran populations. Comparisons between
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active component and veteran populations
were made due to a relative lack of current
literature regarding sexual orientation and
suicide behaviors among active component
populations.

LGB populations experience a dispa-
rate rate of suicide behavior when com-
pared to heterosexual populations in both
military and civilian settings; however, the
magnitude of the disparity is unclear due to
incomplete data reporting. Healthy People
2020 is the U.S. Federal Government’s effort

to identify and address the most significant
threats to the publics health. For LGB indi-
viduals, Healthy People 2020 seeks to address
systematic underreporting of sexual orien-
tation data in an attempt to “increase the
number of population-based data systems...
that include in their core a standardized set
of questions that identify lesbian, gay, bisex-
ual, and transgender populations”

At the time of this study, a waiver
is needed to ask questions on sexual
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orientation in the military.”® This require-
ment has resulted in a small number of
studies that included survey questions that
ask about sexual orientation. Although dis-
parities in suicide behavior exist by sexual
orientation, the lack of systematic data col-
lection on sexual orientation means that the
full extent of the disparities is not evident.
The lack of data on sexual orientation in
military settings is further compounded by
the concern that reporting behaviors asso-
ciated with suicidal behavior could jeopar-
dize a service member’s career, resulting in
a substantial reporting bias.?

Despite these difficulties, military clin-
ical assessments of suicidal behavior should
include collecting information on sex-
ual orientation to more comprehensively
assess its association with suicidal behav-
ior. Furthermore, SMs should be encour-
aged to report their true mental health
symptoms without fear of reprisal or career
consequences. By more comprehensively
assessing SM demographics and decreasing
mental health stigma, military command-
ers and military healthcare providers will
be able to more accurately assess SMs who
are at risk for suicidal behavior, ensuring
the health of their installation and maxi-
mizing the readiness of the Force.
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TABLE 3. Multivariable logistic regression of demographics on lifetime suicidal ideation
among respondents to the Department of Defense Health Related Behaviors Survey,

2015 (n=14,366)

Estimate

Sex

Male ref

Female 0.31
Sexual orientation

Heterosexual or straight ref

Gay or lesbian 0.58

Bisexual 0.85
Age group (years)

17-24 0.14

25-34 0.04

35-44 0.32

45+ ref
Racial/ethnic minority

Not a racial/ethnic minority ref

Racial/ethnic minority -0.36
Highest level of education

High school or less 0.24

Some college/associate degree 0.20

Bachelor's degree or above ref
Marital status

Married ref

Not married 0.21

SE
0.08

0.23
0.20

0.19
0.15
0.15

0.10

0.16
0.10

0.11

p value

<.001

.012
<.001

AT3
.803
.034

<.001

142
.054

.053

AOR

1.37

1.79
2.33

1.15
1.04
1.37

0.70

1.27
1.22

1.24

Ref, reference group; SE, standard error; AOR, adjusted odds ratio; Cl, confidence interval.

95% Cl

(1.16-1.61)
p<.001
(1.14-2.82)
(1.56-3.49)
p=.045
(0.79-1.69)
(0.77-1.40)
(1.02-1.84)

(0.58-0.85)
p=.119
(0.92-1.75)
(1.00-1.50)

(1.00-1.54)

TABLE 4. Multivariable logistic regression of demographics on lifetime suicide attempt
among respondents to the Department of Defense Health Related Behaviors Survey,

2015 (n=14,366)

Estimate

Sex

Male ref

Female 0.49
Sexual orientation

Heterosexual or straight ref

Gay or lesbian 0.83

Bisexual 0.72
Age group (years)

17-24 0.33

25-34 0.18

35-44 0.36

45+ ref
Racial/ethnic minority

Not a racial/ethnic minority ref

Racial/ethnic minority 0.06
Highest level of education

High school or less 0.34

Some college/associate degree 0.33

Bachelor's degree or above ref
Marital status

Married ref

Not married 0.44

Ref, reference group; SE, standard error; OR, odds ratio; Cl, confidence interval.

SE
0.16
0.35
0.26
0.36

0.33
0.32

0.18

0.32
0.23

0.21

p value

.002
.019
.005
.360

575
.261

.739

.292
147

.037

AOR

1.63

2.29
2.04
1.39

1.20
1.43

95% CI

(1.21-2.21)
p=.003

(1.15-4.57)
(1.24-3.38)
p=.636
(0.69-2.78)
(0.63-2.27)
(0.77-2.66)

(0.75-1.50)
p=.342
(0.75-2.64)
(0.89-2.16)

(1.03-2.33)
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3216.02 Protection of Human Subjects and
Adherence to Ethical Standards in DOD-
Conducted and Supported Research, the fol-
lowing activities conducted or supported by
the DOD are not considered human subject
research: activities carried out solely for pur-
poses of diagnosis, treatment, or prevention
of injury and disease under force health pro-
tection programs of DOD, including health
surveillance pursuant to Section 1074f of
Title 10, U.S.C., and the use of medical prod-
ucts consistent with DODI 6200.02.

Disclaimer: The views expressed in this
publication are those of the authors and
do not necessarily reflect the official policy
or position of the Department of the Army,
the Department of Defense, or the U.S.
government.
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Brief Report: Phase | Results Using the Virtual Pooled Registry Cancer
Linkage System (VPR-CLS) for Military Cancer Surveillance

Shauna L. Stahlman, PhD, MPH; Castine M. Clerkin, MS; Betsy Kohler, MPH; Will R. Howe Jr, BS; Kathy A. Cronin,

PhD; Natalie Y. Wells, MD, MPH

he Armed Forces Health Surveil-

I lance Division, as part of its surveil-
lance mission, periodically conducts
studies of cancer incidence among U.S. mil-
itary service members. However, service
members are likely lost to follow-up from
the Department of Defense cancer registry
and Military Health System data sets after
leaving service and during periods of time
not on active duty. Therefore, an ongoing
cancer surveillance study sought linkage
with civilian state cancer registries through
the Virtual Pooled Registry Cancer Linkage
System (VPR-CLS) supported by the North
American Association of Central Cancer
Registries (NAACCR) and funded by the
National Cancer Institute. These civilian
state registries require the inclusion of all
malignant or in situ neoplasms classified by
the International Classification of Diseases
for Oncology, Third Edition (ICD-O-3),
with the exception of carcinoma in situ of
the cervix and squamous/basal cell carci-
nomas of the skin. Since 2004, non-malig-
nant benign/borderline primary tumors of
the brain and central nervous system (CNS)
have also been included as reportable can-
cers.! The VPR-CLS performs a Phase I and
Phase II linkage process to identify mem-
bers of the study population who have
been diagnosed with a reportable cancer. In
Phase I, an aggregate total of matched can-
cer cases are provided by each state cancer
registry after performing the linkage behind
their respective firewalls. In Phase II, after
approval of additional applications and
data use agreements, line-level data on each
of the cancer cases can be provided. This
report describes the Phase I linkage results.

METHODS

A roster of over 10.9 million current
and former service members was provided
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to the VPR-CLS to facilitate the Phase
I linkage after Defense Health Agency
(DHA) Institutional Review Board (IRB)
study approval as a public health surveil-
lance activity. The roster included current
and former members of the Army, Navy,
Air Force, and Marine Corps who had a
duty military occupation specialty code
contained in the Defense Medical Surveil-
lance System. This included active, reserve,
and guard component members serving
at any period through 2017, beginning
in 1985 for Army members and 1990 for
members of all other services. Individu-
als who joined service after 2017 were not
included. Cancer case counts were quan-
tified as high quality matches defined by
a probabilistic linkage algorithm to iden-
tify matched pairs above a certain thresh-
old when matched according to various
combinations of SSN, name, sex, and date
of birth. The case counts provided by the
Phase I match results include all reportable
cancers, as defined by the respective civil-
ian state registry standards.! Furthermore,
individuals with multiple primary cancers
are counted for each primary cancer and
for each state of residence at diagnosis,
according to tumor inclusion and report-
ability standards.'

RESULTS

At the time of this report, Phase I
match results were available for 44 out of 46
states in the VPR-CLS. Cases were identi-
fied as early as 1973 for some state cancer
registries, and up through the most recently
available data (2020 for most states). A total
0f 539,983 cases were identified among cur-
rent and former military service members
(Table). Not surprisingly, the highest num-
bers of cases were identified in the some of

the most highly populated states, includ-
ing Texas, Florida, and California (Table,
Figure).

EDITORIAL COMMENT

Most previous military cancer surveil-
lance studies have relied on data from the
DoD cancer registry, the VA central cancer
registry, TRICARE medical billing data, or
a combination of these sources.” Similar
to the DoD cancer registry, the VPR-CLS
contains information about tumor staging,
patient demographics, treatment, and vital
status. The primary advantages of VPR-
CLS for military cancer surveillance are its
potential for enabling more complete sur-
veillance among personnel who are diag-
nosed and treated in civilian facilities and
that it is more likely to include former ser-
vice members no longer on active duty. In
addition, all state registries are certified
annually by NAACCR for compliance with
quality standards of completeness, timeli-
ness, and accuracy.® Phase I counts allow
investigators to determine the number of
cancers identified in each state prior to
completing the more intensive application
and review processes for Phase II.

Limitations to the VPR-CLS include
a lag in data availability, as cancer regis-
tries generally make their data available 24
months after the close of a diagnosis year
in order to provide the most complete and
consolidated data. In addition, although
the VPR-CLS provides a systematic pro-
cess for linkage with multiple civilian state
cancer registries, 8 states in the VPR-CLS
currently require separate applications
and 20 require separate data use agree-
ments for Phase II. Finally, it should be
noted that the numbers presented in this
report may not include cancers diagnosed
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FIGURE. Current and former U.S. military service member cancer cases identified from the

TABLE. Current and former U.S. military Phase | VPR-CLS linkage for AFHSD surveillance study

service member cancer cases identified
from the Phase | VPR-CLS linkage for

AFHSD surveillance study.

State Total %
Texas 48,786 9.03
Florida 43,154 7.99
California 38,107 7.06 [ stato ot pan ot vpricas
Virginia 27,344 5.06 - Phase | results currently N/iA
Georgia 27,038 5.01 1-4,200 cases
. =4,200-9,000 cases
North Carolina 25,271 4.68 -9,000-15.220 cases
Pennsylvania 21,465 3.98 >15,220-50,000 cases
New York 20,466 3.79
Ohio 16,289 3.02
Note: Alaska, Hawaii, and Puerto Rico are not shown
Alabama 16’247 3.01 VPR-CLS, Virtual Pooled Registry Cancer Linkage System; AFHSD, Armed Forces Health Surveillance Division; N/A, not available.
Seattle SEER Registry 15,234 2.82
Tennessee 15,204 2.82 Note: Alaska, Hawaii, and Puerto Rico are not shown.
South Carolina 14,785 2.74 VPR-CLS, Virtual Pooled Registry Cancer Linkage System; AFHSD, Armed Forces Health Surveillance Division;
lllinois 13,900 2.57 N/A, not available.
Maryland 13,066 2.42
Michigan 12,449 2.31
Colorado 12,434 230 in individuals who are receiving care exclu- REFERENCES
R Rl sively at military treatment facilities. At the
Arizona 11,322 2.10 . .
time of this report, only 4 states had com- . -
New Jersey 9,962 1.84 i 1. North American Association of Central Cancer
pleted the requirements and agreements for ~ Registries (NAACCR). Chapter Ill: Standards for
Kentucky 9,764 1.81 . .
DoD cancer registry data sharing. Given Tumor Inclusion and Reportability. Accessed June
Oklahoma 9,259 1.71 . . 17, 2022. Accessed 24 June 2022. http:/datadic-
Wisconsin 8,995 1.67 the large number of high-quality matches tionary.naaccr.org/default.aspx?c=3&Version=22
Louisiana 8825 163 identified via the Phase I linkage process, 2. Zhu K, Devesa SS, Wu H, et al. Cancer inci-

o ’ ’ thi t ising tool f dence in the U.S. military population: comparison
Mississippi 8,313 1.54 1S System serves as a promising ool 1or i, rates from the SEER program. Cancer Epide-
Arkansas 8,243 1.53 future military cancer studies. More infor- miol Biomarkers Prev. 2009;18(6):1740-1745.
Massachusetts 7,319 1.36 mation about the VPR-CLS can be found 3 RobbinsAS, Pathak SR, Webber BJ, et al. Ma-

lignancy in U.S. Air Force fighter pilots and other
Oregon 6,304 1.17 at: https://www.naaccr.org/about-vpr-cls/. officers, 1986-2017: A retrospective cohort study.
lowa 5941 1.10 PLoS One. 2020;15(9):e0239437.

4. Webber BJ, Tacke CD, Wolff GG, et al. Cancer
Utah 5,761 1.07 T ’ ’ ’

@ . Author affiliations: Defense Health Agency, Incidence and Mortality Among Fighter Aviators in
Hawaii 5305 0.98 Public Health Directorate, Silver Spring, MD  the United States Air Force. J Occup Environ Med.
Connecticut 4,407 0.82 . . 2022;64(1):71-78.

New Mexico 4346 0.80 (Dr. Stahiman, CAPT Wells); North Ameri-— 5™\ 5 Wiliams VF, Clark LL. Incident diagno-
’ can Association of Central Cancer Registries,  ses of cancers in the active component and can-

Nebraska R Bl Springfield, IL (Ms. Clerkin, Ms. Kohler); ~ Cerrelated deaths in the active and reserve com-

Idaho 4,028 0.75 ; 7 Iy ,S : I " ponents, U.S. Armed Forces, 2005-2014. MSMR.

West Virginia 3,922 073 nformation Management Services, Inc., 2016;23(7):23—31. .

Maine 3593 067 Rockville, MD (Mr. Howe); National Insti- 6. North American Association of Central Can-
’ : Health/Nati 1 G Tnsti cer Registries (NAACCR). Certification Criteria.

Puerto Rico 3,364 0.62 tute of Health/National Cancer Institute, Accessed 24 June 2022. https://www.naaccr.org/

Montana 3,218 0.60 Bethesda, MD (Dr. Cronin). certification-criteria/

New Hampshire 2,779 0.51

Alaska 2,607 0.48

Rhode Island 1,881 0.35

North Dakota 1,648 0.31

Wyoming 1,474 0.27

Total 539,983 100.00

VPR-CLS, Virtual Pooled Registry Cancer Linkage

System; AFHSD, Armed Forces Health Surveil-

lance Division.
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