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Mortality surveillance is an important activity for capturing information  
on a population’s health. This retrospective surveillance analysis utilizes 
administrative data sources to describe active duty U.S. Army soldiers 
who died from 2014 to 2019, and calculate mortality rates, assess trends by  
category of death, and identify leading causes of death within subpopulations.  
During the surveillance period, 2,530 soldier deaths were reported. The high-
est crude mortality rates observed during the 6-year surveillance period were 
for deaths by suicide, followed by accidental (i.e., unintentional injury) deaths. 
The crude mortality rates for natural deaths decreased significantly over the 
6-year period, by an average of 6% annually. The leading causes of death were 
suicide by gunshot wound, motor vehicle accidents, suicide by hanging, neo-
plasms, and cardiovascular events. Significant differences were observed in the 
leading causes of death in relation to demographic characteristics, which has 
important implications for the development of focused educational campaigns 
to improve health behaviors and safe driving habits. Current public health  
programs to prevent suicide should be evaluated, with new approaches for 
firearm safety considered.

U.S. Army Mortality Surveillance in Active Duty Soldiers, 2014–2019
Gabrielle F. Kaplansky, MPH;  Maisha Toussaint, PhD, MPH

Mortality surveillance is an impor-
tant activity for capturing infor-
mation on a population’s health, 

as it tracks new and emerging health trends 
in a population and informs future pre-
vention efforts.1 Mortality surveillance in 
the U.S. Army is essential for identifying 
and understanding the occupational expo-
sures that increase risk of premature soldier 
death.2 Given that approximately 70% of 
soldiers are young adults under 35 years of 
age, this translates to significant potential 
years of life lost. 

Few public health investigations have 
focused on all-cause mortality in the U.S. 
Armed Forces.2-4 Prior investigations within 
the military were restricted to specific cat-
egories and causes of death, such as neo-
plasms, infectious diseases, and suicide.5-8 
The few investigations that examined 

all-cause mortality concluded that male, 
non-Hispanic White, and 17-34-year-old 
service members had the highest mortality 
rates in the U.S. military. 

No known prior studies have exam-
ined the differences in the leading causes 
of death among subpopulations, such as 
sex, age, and racial ethnicity, in the U.S. 
Army. Strata-specific analysis by demo-
graphic characteristics is an important 
epidemiological methodology that recog-
nizes consequential social, environmental, 
and biological differences among sub-
groups.9 The objectives of this study were 
to describe the demographic characteristics 
of U.S. Army active duty soldiers who died 
from 2014 to 2019, identify leading causes 
of death within subpopulations, and calcu-
late mortality rates to assess trends by cat-
egory of death.

M e t h o d s

Study Design and Population

This retrospective surveillance anal-
ysis included information on mortality 
among U.S. Army active duty (Army active 
component, activated National Guard or 
Reserve) soldiers from 2014 to 2019. Sol-
diers who were between 17 and 64 years of 
age at the time of their death were included 
in this study. This project was reviewed and 
approved by the Office of Human Protec-
tions Public Health Review Board, Defense 
Centers for Public Health–Aberdeen.

W h a t  a r e  t h e  n e w  f i n d i n g s ?  

The mortality rate for natural causes declined 
6% annually, from 18.8 deaths per 100,000 
soldiers in 2014 to 13.4 deaths per 100,000 
in 2019, which was statistically significant.  
During this period when annual mortality rates 
for natural deaths declined significantly, the 
highest Army mortality rates were for deaths 
due to suicide, followed by accidental death. 
Despite the decline in natural deaths, neo-
plasms remain the leading cause of death in 
women and older soldiers.

W h a t  i s  t h e  i m p a c t  o n  r e a d i n e s s 
a n d  f o r c e  h e a l t h  p r o t e c t i o n ?

This report provides more accurate mortality 
surveillance for the Army population and is 
the only all-cause mortality report published 
by the Defense Health Agency since 2016.  
Preventable deaths are a significant issue in 
the Army population. A better understanding 
of preventable deaths can focus attention on 
both behavioral and medical factors that affect 
military readiness. This report reveals trends 
in mortality and related subject areas that  
require more active or renewed prevention  
efforts.
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Data Sources and Study Variables

The Defense Casualty Information 
Processing System (DCIPS), which collects 
information on service members who die 
while in service, was the primary source of 
category of death, as its data are more com-
plete. If information on category of death 
was not available in DCIPS, it was obtained 
from the Department of Defense (DOD) 
Medical Mortality Registry maintained by 
the Mortality Surveillance Division of the 
Armed Forces Medical Examiner System 
(AFMES). Category of death, determined 
by a civilian or AFMES coroner or medi-
cal examiner, was categorized as either 
accidental (i.e., unintentional injury), nat-
ural, suicide, homicide, combat (separate 
from homicide), undetermined, or pend-
ing (separate from undetermined). Combat 
and pending deaths are not consistent with 
National Association of Medical Examiner 
standards and guidelines of 5 “manners 
of death,” so the term “category of death” 
is used instead, as “manner of death” has a 
specific definition.10 Combat deaths occur 
in theater because of hostile actions. Deaths 
still under investigation are classified as 
pending but are typically reclassified within 
12 months. Data from DCIPS and AFMES 
were obtained in November 2021. 

For underlying causes of death, the 
Suicide Data Repository (SDR), created 
and maintained by the DOD and Veter-
ans Affairs, served as the primary source 
of information, as this information is not 
available from the AFMES or DCIPS.11 
These data were obtained in Novem-
ber 2020. Cause of death is defined as the 
event that initiated the sequence of events 
resulting in death, recoded from Interna-
tional Classification of Diseases, 10th Revi-
sion (ICD-10) codes obtained from the 
National Death Index.12,13 For example, if 
accident is a category of death, then possi-
ble causes of death could be drowning, poi-
soning, or falls. Causes are not presented 
for combat-related deaths, because this cat-
egory is based on only 2 ICD-10 codes: Y36 
(Operations of war) and Y89.1 (Sequelae 
of war operations); these definitions were 
obtained from the World Health Organiza-
tion ICD-10 manual.12 

Demographic characteristics such as 
sex (female, male) and age (17-24, 25-34, 

35-44, 45-64 years) were obtained from the 
DCIPS. Race and ethnicity (non-Hispanic 
White, non-Hispanic Black, non-Hispanic 
Asian / Pacific Islander [A/PI], Hispanic, 
non-Hispanic American Indian / Alaskan 
Native, unknown) and Army population 
estimates were obtained from the Defense 
Manpower Data Center (DMDC). To 
obtain the total U.S. Army active duty pop-
ulation, each component's troop counts for 
September of each year were derived from 
DMDC.

Analytical Approach

Univariate statistics (counts, percent-
ages) were used to report the distribu-
tion of the categories of death, stratified 
by cause, age, sex, and race and ethnicity, 
from 2014 to 2019. The 5 leading underly-
ing causes of death were reported overall as 
well as stratified by age, sex, and race and 
ethnicity based on counts. Leading under-
lying causes of death refers to the 5 most 
frequently occurring causes with the largest 
number of deaths reported over the 6-year 
period. 

Crude annual mortality rates by cate-
gory of death from 2014 to 2019 were cal-
culated by dividing the number of deaths 
by the number of soldiers per year, multi-
plied by 100,000. Annual rates for the com-
bat and homicide deaths were not included 
due to the high number of instances with 
less than 20 cases.14 Rate ratios (RRs) and 
95% confidence intervals (CIs) of trend 
analyses were calculated using Poisson 
regression. Mortality data are not subject to 
sampling error because it is expected that 
all deaths in the population are captured, so 
95% CIs are not reported for crude rates.15 
All data management and statistical analy-
ses were conducted using SAS® (version 9.4, 
SAS Institute, Inc., 2013, Cary, NC).

R e s u l t s

Category of Death

Between 2014 and 2019, 2,530 deaths 
occurred among U.S. Army soldiers (Table 
1). During this period, suicide (n=883, 
35%) was the most common category of 
death, followed by accidental death (n=814, 

33%). Gunshot wounds (GSWs) accounted 
for 65% of suicide deaths, and about two-
thirds of accidental deaths were transporta-
tion-related (67%). Natural death (n=534, 
21%), the next most frequent category, was 
often caused by neoplasms or cancer (49%). 
GSWs were the cause of 79% of homicide 
deaths, and if legal interventions (i.e., legal 
execution or death by law enforcement) are 
included, that number increases to 82%.

Cause of Death 

Overall, the 5 leading causes of death 
from 2014 to 2019 were suicide by GSW 
(n=575), motor vehicle accidents (MVAs) 
(n=431), neoplasms (n=263), suicide by 
hanging or asphyxiation (n=228), and 
cardiovascular events (n=145). When 
stratified by age group, MVAs were the 
leading cause for soldiers aged 17-24 years  
(Table 2). Accidental overdose (AOD) and 
homicide by GSW were the fourth and 
fifth leading causes for soldiers under age 
35. Neoplasms were the leading cause in 
the oldest age group and women. The lead-
ing cause of death in non-Hispanic Black 
soldiers was MVAs (n=100). AOD was the 
fifth leading cause of death for non-His-
panic White soldiers. 

Trends in Mortality Rates

From 2014 to 2019, suicide was 
generally the category with the high-
est cumulative mortality rate, followed by 
accidental death (Figure), with the excep-
tion of 2017. The crude rate of accidental 
death showed a slight annual upward trend 
of 2% (RR=1.02, 95% CI: 0.99-1.06) as it 
increased from 24.7 deaths per 100,000 sol-
diers in 2014 to 26.3 deaths per 100,000 sol-
diers in 2019 (Table 3). The annual rate of 
suicide death also showed a slight upward 
trend of 3% (RR=1.03, 95% CI: 1.00-1.07), 
as it increased from 25.4 deaths per 100,000 
soldiers in 2014 to 28.8 deaths per 100,000 
soldiers in 2019. Neither of these trends 
was statistically significant, however. The 
mortality rate for natural causes declined 
6% (RR=0.94, 95% CI: 0.89-0.98) annu-
ally, from 18.8 deaths per 100,000 soldiers 
in 2014 to 13.4 deaths per 100,000 soldiers 
in 2019, which was statistically significant.
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T A B L E  1 .  Categoriesa and Causesb of Death Among U.S. Army Active Duty Soldiersc,2014–2019 (n=2,530)d

Year of Death, n (%)

2014 2015 2016 2017 2018 2019 2014-2019

(n=434) (n=415) (n=385) (n=431) (n=427) (n=419) (n=2,511)

Combat 31 (7) 3 (1) 12 (3) 20 (5) 14 (3) 16 (4) 96 (4)
Accidente 136 (31) 137 (33) 123 (32) 154 (36) 128 (30) 136 (32) 814 (32)

Motor vehicle 76 (56) 71 (52) 70 (57) 77 (50) 66 (52) 71 (52) 431 (53)
Motorcycle 15 (11) 13 (10) 12 (10) 10 (7) 11 (9) 2 (1) 63 (8)
Air, space, other transportationf 9 (7) 12 (9) 3 (2) 10 (7) 7 (5) 6 (4) 47 (6)
Drug / alcohol overdoseg 16 (12) 21 (15) 18 (15) 31 (20) 24 (19) 11 (8) 121 (15)
Drowningh 6 (4) 7 (5) 9 (7) 9 (6) 5 (4) 12 (9) 48 (6)
Falli 5 (4) 5 (4) 2 (2) 3 (2) 3 (2) 5 (4) 23 (3)
Otherj 6 (4) 5 (4) 9 (7) 11 (7) 8 (6) 10 (7) 49 (6)
Unknownk 3 (2) 3 (2) 0 3 (2) 4 (3) 19 (14) 32 (4)

Naturall 104 (24) 109 (26) 85 (22) 84 (20) 84 (20) 68 (16) 534 (21)
Neoplasm 56 (54) 58 (53) 48 (57) 38 (45) 34 (40) 29 (43) 263 (49)
Circulatory system 30 (29) 36 (33) 19 (22) 23 (27) 30 (36) 7 (10) 145 (27)
Otherm 17 (16) 11 (10) 12 (14) 11 (13) 11 (13) 8 (12) 70 (13)
Unknownk 1 (1) 4 (4) 6 (7) 12 (15) 9 (11) 24 (35) 56 (11)

Suiciden 140 (32) 144 (35) 144 (37) 139 (32) 165 (39) 151 (36) 883 (35)
Gunshot wound 99 (71) 92 (64) 99 (69) 95 (68) 103 (62) 87 (58) 575 (65)
Hanging / asphyxiation 28 (20) 38 (26) 34 (24) 36 (26) 44 (27) 48 (32) 228 (26)
Drug / alcohol overdoseg 7 (5) 8 (6) 5 (4) 6 (4) 6 (4) 1 (1) 33 (4)
Othero 5 (4) 5 (3) 3 (2) 2 (1) 7 (4) 3 (2) 25 (3)
Unknownk 1 (1) 1 (1) 3 (2) 0 5 (3) 12 (8) 22 (2)

Homicide 17 (4) 14 (3) 16 (4) 17 (4) 17 (4) 13 (3) 94 (4)
Gunshot wound 11 (65) 12 (86) 9 (56) 16 (94) 15 (88) 11 (85) 74 (79)
Sharp object 3 (18) 2 (14) 4 (25) 0 1 (6) 2 (15) 12 (13)
Legal interventionp 2 (12) 0 1 (6) 0 0 0 3 (3)
Otherq 0 0 1 (6) 1 (6) 1 (6) 0 3 (3)
Unknownk 1 (6) 0 1 (6) 0 0 0 2 (2)

Undeterminedr 5 (1) 8 (2) 5 (1) 15 (3) 5 (1) 3 (1) 41 (2)
Pendings 1 (<1) 0 0 2 (<1) 14 (3) 32 (8) 49 (2)

Abbreviation: n, number.
a Category of death was obtained from the Defense Casualty Information Processing System or the Armed Forces Medical Examiner System.
b Underlying cause of death was obtained from the Suicide Data Repository (SDR), maintained by the DOD and Veterans Affairs.
c Includes Army active component, activated National Guard, and activated Reserve soldiers. Due to rounding, some percentages may add up to more than 100. 
d Total includes all 19 deaths with missing category or cause information.
e Excludes 8 deaths that were missing cause of death information.
f Other transportation includes rail, water transport, and all other transportation. 
g Drug / alcohol overdose includes poisonings from other solids and liquids, including medications. 
h Includes accidental drowning in any body of water. 
i Includes falls from high places, ladders, and any other type of fall. 
j Includes explosions, pending, and all other accidental deaths. 
k Includes any deaths that have no known cause of death or are classified as unknown. 
l Excludes 5 deaths missing cause of death information.
m Includes diseases related to nervous system, respiratory system, digestive system, musculoskeletal system, mental and behavioral disorders, congenital malformations, 
blood, endocrine, skin, pregnancy, infections, surgical complications, and all other natural conditions. 
n Excludes 3 deaths missing cause of death information.
o Includes carbon monoxide and other gas/vapor poisonings, jumping from a high place, and all other means. 
p Legal intervention includes legal execution and deaths by police or other law enforcement agents. 
q Includes strangulation, blunt object, bodily force, and all other means.  
r Excludes 2 deaths missing cause of death information.
s Excludes 1 death missing cause of death information.
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T A B L E  2 .  Leading Underlying Causesa of Death Among U.S. Army Active Duty Soldiers, 2014–2019 (n=2,530)

Subgroupb Cause of Deathc Death Count (n)
Sex

Male Suicide by gunshot wound 538
Motor vehicle accidentd 401
Suicide by hanging / asphyxiation 214
Neoplasme 211
Cardiovascular disease and eventsf 130

Female Neoplasme 52
Suicide by gunshot wound 37
Motor vehicle accidentd 30
Cardiovascular disease and eventsf 16
Suicide by hanging / asphyxiation 14

Age, y
17–24 Motor vehicle accidentd 215

Suicide by gunshot wound 195
Suicide by hanging / asphyxiation       106
Accidental overdose 44
Homicide by gunshot wound 34

25–34 Suicide by gunshot wound 245
Motor vehicle accidentd        152
Suicide by hanging / asphyxiation       74
Accidental overdose 48
Homicide by gunshot wound 31

35–44 Suicide by gunshot wound 108
Neoplasme 91
Cardiovascular disease and eventsf 60
Motor vehicle accidentd 51
Suicide by hanging / asphyxiation 42

45–64 Neoplasme 106
Cardiovascular disease and eventsf 41
Suicide by gunshot wound 27
Other Illnessg 22
Motor vehicle accidentd 19

Race and ethnicity
White, non-Hispanic Suicide by gunshot wound 383

Motor vehicle accidentd         252
Neoplasme 162
Suicide by hanging / asphyxiation 145
Accidental overdose 98

Black, non-Hispanic Motor vehicle accidentd 100
Suicide by gunshot wound 85
Neoplasme 63
Cardiovascular disease and eventsf 42
Suicide by hanging / asphyxiation 27

Hispanic Suicide by gunshot wound 64
Motor vehicle accidentd      50
Suicide by hanging / asphyxiation 33
Neoplasme 21
Cardiovascular disease and eventsf 17

Asian / Pacific Islander, non-Hispanic Suicide by gunshot wound 19
Suicide by hanging / asphyxiation 16
Neoplasme 12
Motor vehicle accidentd      10
Accidental drowning 5

American Indian / Alaskan Native, Suicide by gunshot wound 6
 non-Hispanic Motor vehicle accidentd     6

Suicide by hanging / asphyxiation 2
Homicide by gunshot wound 2
Accidental overdose 1

Abbreviations: n, number; y, years.
a Cause of death based on the ICD-10 National Center for Health Statistics records and obtained from the Suicide Data Repository. 
b Information on demographic characteristics was obtained from the Defense Casualty Information Processing System or Defense Manpower Data Center. 
c Rank based on number of deaths.
d Includes accidents involving heavy transport vehicles, buses, and individuals injured in collisions with motor vehicles, regardless of whether passenger, driver, or pedestrian. 
e Includes deaths directly attributed to primary or secondary neoplasms and complications of neoplasms. 
f Includes cardiac events, embolisms, aneurysms, strokes, and hemorrhages.
g Includes diseases related to nervous system, respiratory system, digestive system, musculoskeletal system, mental and behavioral disorders, congenital malformations, 
blood, endocrine, skin, pregnancy, infections, surgical complications, and all other natural conditions.
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F I G U R E .  Annual Crude Mortality Rates by Category of Death Among U.S. Army Active Duty Soldiers, 2014–2019

Abbreviations: RR, rate ratio; CI, confidence interval.
a Indicates a statistically significant trend observed over time based on RRs calculated using Poisson regression: Accident (RR=1.02; 95% CI= 0.99-1.06), Natural (RR=0.94; 95% 
CI= 0.89-0.98), Suicide (RR=1.03; 95% CI=1.00-1.07).
Note: Annual crude rates for homicide and combat deaths are not shown because there were less than 20 homicide and combat deaths in all or most years. Rates are interpreted 
as the number of deaths per 100,000 soldiers. Denominator data were obtained from the Defense Manpower Data Center; numerator data were obtained from the Defense  
Casualty Information Processing System or the Armed Forces Medical Examiner System.
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T A B L E  3 .  Annual Crude Mortality Ratesa for U.S. Army, 2014–2019

Category of Deathb

Year of Death Accident Natural Suicide
2014 24.7 18.9 25.4
2015 25.9 20.2 27.1
2016 23.6 14.0 27.6
2017 30.0 17.4 26.9
2018 25.2 17.1 31.7
2019 26.3 13.4 28.8

Rate Ratioc (95% CId) 1.02 (0.99–1.06) 0.94 (0.89–0.98) 1.03 (1.00–1.07)

Abbreviation: CI, confidence interval.
a Mortality rates are interpreted as the number of deaths per 100,000 soldiers. Numerator data were obtained 
from the Defense Casualty Information Processing System and the Armed Forces Medical Examiner System; 
denominator data were obtained from the Defense Manpower Data Center.  
b Combat and, homicide death rates are not presented due to less than 20 deaths for all or most years. 
c Rate ratios, calculated using Poisson regression, assessed trends in mortality rates from 2014 to 2019, 
bolded numbers are statistically significant.

D i s c u s s i o n

This is the first report since 2016 to 
expand on the underlying leading causes 
of death stratified by each demographic 
characteristic in the U.S. Army. The high-
est mortality rates by category were for sui-
cide, and suicide by GSW remained the 
leading cause of death. The Army imple-
ments various initiatives that evaluate, 
identify, and track high-risk individuals 
for suicidal behavior and other adverse 
outcomes.16,17 Current measures are used 
to track and educate soldiers on securing 
privately-owned weapons—as the litera-
ture has concluded that storing firearms 
locked, unloaded, or both are associated 
with a lower risk of suicide mortality—
but findings on the effectiveness of these 
programs are limited.18,19 A more passive 
approach, such as strict gun control poli-
cies, should also be considered.19-21 For 
instance, in a report released in 2023 by 
the Suicide Prevention and Response Inde-
pendent Review Committee (SPRIRC) 



May 2024 Vol. 31 No. 5 MSMR Page  7

recommendations included establishing  
and updating gun control and safety poli-
cies to include requiring all privately-
owned weapons in DOD military property 
to be registered and properly stored, and 
implementing waiting periods and mini-
mum age requirements for privately-owned 
weapons and ammunition purchases on 
DOD property.22

Accidental death was the next most 
frequent category of mortality. Although no 
significant trend was detected in this study, 
the rate has decreased substantially since 
2011.23,24 MVAs were the second leading 
cause of death overall, and for the young-
est age group as well as non-Hispanic Black 
soldiers. Prior studies have suggested this 
may be due to inexperience, high rates of 
alcohol use, and lower likelihood of wear-
ing seatbelts increasing odds of death.25,26 
The United States Army Combat Readiness 
Safety Center’s mass safety campaigns aim 
to reduce transportation-related crashes, 
but programs tailored to these high-risk 
groups may be necessary to affect change.27 
AOD was the fifth leading cause of death 
for non-Hispanic White service members, 
as well as the fourth leading cause for sol-
diers under age 35, which aligns with find-
ings from prior reports that demonstrated 
higher rates of substance abuse and depen-
dence among these groups.28

During this same period, the mortal-
ity rate for natural deaths declined signifi-
cantly. Similar decreasing trends in deaths 
from natural causes such as heart disease 
and cancer were observed within the U.S. 
population from 2018 to 2019.29,30 Neo-
plasms are still the leading cause of death 
for female and older soldiers, and among 
women this result may be related to low 
cancer screening rates, based on findings 
in the literature. Recent studies have con-
cluded that female service members were 
not compliant with breast or cervical can-
cer screening guidelines despite universal 
access to health care and completion of the 
Periodic Health Assessment (PHA) every 
13 months.31-34 The PHA tracks cancer 
screening for breast, cervical, and colorec-
tal cancers, as well as risk factors for lung 
cancer (e.g., smoking and tobacco use). 
Cardiovascular diseases and events were 
also a leading natural cause of death. This 
may be related to several cardiovascular 

risk factors observed in soldiers such as 
high blood pressure, smoking, and high 
body mass index.35 To improve the health 
and well-being of its service members, the 
DOD has implemented initiatives such as 
the Performance Triad (P3), which estab-
lishes guidelines for increasing physical 
activity, eating a well-balanced diet, and 
receiving adequate sleep, and which have 
shown to be protective against adverse 
health outcomes in service members.36-37 

Due to the 2-year data lag in mortality 
data, the number of cases missing underly-
ing causes of death was highest in 2019. As 
a result, reporting for that year may under-
estimate the true mortality burden. Active 
duty soldiers who separated from the Army 
were excluded, thereby underestimating a 
soldier’s risk of death, as previous studies 
have found higher mortality rates among 
separated soldiers compared to those who 
did not.38 Small sample sizes were an issue 
for some subgroups, particularly American 
Indian / Alaskan Natives, and findings for 
this group should be interpreted with cau-
tion. Furthermore, population estimates 
for September of each year were used to 
calculate rates, which may have led to inac-
curate estimates. Despite these limitations, 
these data are comprehensive and capture 
all deaths among active duty soldiers while 
in service during the surveillance period. 

From 2014 to 2019, when annual mor-
tality rates for natural deaths significantly 
declined, the highest Army mortality rates 
were for suicide, followed by accidental 
death. Evaluation of various public health 
suicide prevention programs and services, 
and a greater emphasis on firearm storage 
and safety, may be needed to reduce suicide. 
Public health campaigns promoting safe 
driving habits and healthy behaviors can be 
refined by examining a combination of the 
underlying causes of death and contribut-
ing factors that provide contextual infor-
mation for developing effective targeted 
prevention efforts. Despite the decline in 
natural deaths, neoplasms remain the lead-
ing cause of death in women and older 
soldiers, underscoring the importance of 
promoting healthy behaviors and staying 
up-to-date with cancer screenings.
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In the last week of September 2023, a surge of influenza-like illness was 
observed among students of the Armed Forces of the Philippines (AFP) 
Health Service Education and Training Center, where 48 (27 males and 21 
females; age in years: mean 33, range 27-41) of 247 military students at the 
Center presented with respiratory symptoms. Between September 25 and 
October 10, 2023, all 48 symptomatic students were evaluated with real-time 
reverse transcription polymerase chain reaction and sequencing for both 
influenza and SARS-CoV-2. Thirteen (27%) students were found positive 
for influenza A/H3 only, 6 (13%) for SARS-CoV-2 only, and 4 (8%) were 
co-infected with influenza A/H3 and SARS-CoV-2. Seventeen influenza A/
H3N2 viruses belonged to the same clade, 3C.2a1b.2a.2a.3a, and 4 SARS-
CoV-2 sequences belonged to the JE1.1 lineage, indicating a common source 
outbreak for both. The influenza A/H3N2 circulating virus belonged to a 
different clade than the vaccine strain for 2023 (3C.2a1b.2a.2a). Only 4  
students had received the influenza vaccine for 2023. In response, the AFP 
Surgeon General issued a memorandum to all military health institutions 
on October 19, 2023 that mandated influenza vaccination as a prerequisite 
for enrollment of students at all education and training centers, along with 
implementation of non-pharmaceutical interventions and early notification 
and testing of students exhibiting influenza-like-illness.

Outbreak of Influenza and SARS-CoV-2 at the Armed Forces  
of the Philippines Health Service Education and Training Center, 
September 25–October 10, 2023
John Mark Velasco, MD, MPH, MSc, DTM&H; Maria Theresa Valderama, RMT, MPH; Paula Corazon Diones, 
MD, MOH; Susie Leonardia, RMT, DIH; Simon Alcantara, MSc; Khajohn Joonlasak, MSc; Piyawan 
Chinnawirotpisan, PhD; Wudtichai Manasatienkij, PhD; Chonticha Klungthong, PhD; Errol Roy Arellano, MD; 
Carrol Mae Osia, MD, RN, MMHoA; Joy Magistrado-Payot, DVM; Paul Fajardo, DVM, MBAH, MPM; Fatima 
Claire Navarro, MD, FPPS, FPSNbM, MMHoA, MMDevSec; Kathryn McGuckin Wuertz, PhD; Aaron Farmer, DO, 
MPH

Because influenza and SARS-CoV-2 
share similarities in their modes of 
transmission as well as common 

symptoms and clinical presentation, they 
can be challenging to distinguish.1 Labora-
tory testing can help differentiate influenza 
from SARS-CoV-2 infection and inform 
clinical management. Accurate diagnosis is 
particularly important for patients admit-
ted to emergency medical departments with 
suspected influenza, as well as determining 
the cause of a respiratory illness outbreak. 

Reports of co-infection of SARS-CoV-2 and 
other respiratory viruses, as well as bacterial 
and fungal infections, have been reported.2,3 

Both viruses exhibit a propensity for 
rapid spread within confined settings, such 
as households and military barracks.4 Con-
ditions unique to military populations such 
as habitation in close quarters and sustained 
interactions during deployments can place 
those individuals at higher risk for respira-
tory disease outbreaks compared to the gen-
eral population.5-7

The Walter Reed Army Institute of 
Research-Armed Forces Research Institute 
of Medical Sciences (WRAIR-AFRIMS) 
and the Armed Forces of the Philippines 
(AFP) began collaborations on influenza-
like-illness (ILI) surveillance in 2008. This 
collaboration resulted in the establish-
ment of the Philippines-AFRIMS Virology 
Research Unit (PAVRU) in Manila, one of 
the WRAIR-AFRIMS network of senti-
nel sites in Southeast Asia, on the grounds 
of the Victoriano Luna Medical Center 

W h a t  a r e  t h e  n e w  f i n d i n g s ?  

This report demonstrates a common source 
outbreak of influenza and SARS-CoV-2 among 
students of the AFP Health Service Education 
and Training Center. Potential contributing 
factors to the outbreak included low influenza 
vaccine coverage, mismatch with the clade of 
the influenza vaccine strain for 2023, close  
living conditions, in addition to other factors 
conducive to the transmission of respiratory 
infections.

W h a t  i s  t h e  i m p a c t  o n  r e a d i n e s s 
a n d  f o r c e  h e a l t h  p r o t e c t i o n ?

Conditions during military schooling, such as 
close living quarters and sustained personal 
interactions, can significantly increase risk of 
morbidity related to outbreaks of respiratory 
pathogens. Prevention measures including 
requiring vaccination prior to enrollment may 
mitigate outbreaks of respiratory pathogens.
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Hospital (VLMC), a tertiary hospital of the 
AFP. PAVRU was instrumental in detecting 
emerging and re-emerging diseases includ-
ing the first cases of the pandemic influenza 
A(H1N1) 2009 (influenza A[H1N1]pdm09) 
in the AFP and providing laboratory con-
firmation and containment of influenza 
A(H1N1)pdm09 in several AFP camps.8 
Establishment of the AFP-AFRIMS Col-
laborative Molecular Laboratory in March 
2011 further increased laboratory testing 
capability and research activities for other 
diseases important to the military, such as 
arboviral, vector-borne and diarrheal dis-
eases, wound and blood-borne infections, 
in addition to characterizing multi-drug 
resistant bacteria. Existing collaborative 
relationships ensured PAVRU and the AFP-
AFRIMS Collaborative Molecular Labora-
tory were strategically positioned to assist 
the AFP during the SARS-CoV-2 pandemic. 
The AFP-AFRIMS Collaborative Molecular 
Laboratory was one of the first laboratories 
accredited by the Philippines Department 
of Health for SARS-CoV-2 testing in the 
country.9,10 

During the COVID-19 pandemic 
influenza circulation declined globally,11,12 
to the extent to which an influenza B lin-
eage was reported as becoming extinct.13-15 
As COVID-19 cases decreased due to non-
pharmaceutical interventions (e.g. mask 
wearing, social distancing, cleaning of fre-
quently-touched surfaces, frequent hand-
washing with soap or use of hand sanitizers, 
closure of places where people gather, etc.), 
vaccination, and validated treatment 
options, the World Health Organiza-
tion (WHO) announced in May 2023 that 
COVID-19 was no longer a public health 
emergency of international concern.16 
Movement restrictions, non-pharmaceuti-
cal interventions and low natural exposure 
to respiratory viruses during this 3-year 
period12 may have created an environment 
conducive to respiratory disease resurgence 
and outbreaks due to decreased probabil-
ity of occurrence by recent natural influ-
enza infections and limited generation of 
more durable and cross-reactive immune 
responses.17,18  

The risk of respiratory disease resur-
gence was evidenced during the last week 
of September 2023, when local Philippine 

newspapers reported an increase of ILI in 
several schools, prompting suspension of 
in-person classes.19 Concurrently, a surge 
of ILI among students of the AFP Health 
Service Education and Training Center 
(AFPHSETC) triggered an outbreak inves-
tigation. This report describes the results 
of that investigation of the respiratory out-
break at the AFPHSETC detected by the 
AFP-AFRIMS Collaborative Molecular 
Laboratory.

M e t h o d s

Forty-eight students enrolled at AFPH-
SETC who presented with ILI, defined 
as objective or subjective history of fever 
(>99.50F; within 3 and 5 days from onset of 
fever for outpatients and inpatients, respec-
tively) and cough or sore throat were tested 
as part of this outbreak investigation. Nasal 
and/or throat swabs were collected by hos-
pital and study staff at the swabbing and 
triage area beside the VLMC emergency 
room. A standard form recorded demo-
graphic and clinical data, including, but 
not limited to, patient sex, occupation, age, 
town or city residence, date of fever onset, 
travel and exposure history, medical and 
vaccination history, signs and symptoms, 
and recent laboratory tests. The AFPHSETC 
Commandant advised the symptomatic stu-
dents to have themselves tested. The stu-
dents belonged to 7 different class cohorts 
with varying term durations—Septem-
ber and October, July through September, 
July through November, and June through 
December—that were coincident during 
the outbreak period. 

One respiratory swab was tested using 
Quickvue influenza A+B rapid test (Quidel, 
CA, US) and a second respiratory swab was 
stored in universal transport media (Remel, 
KS, US) from which viral ribonucleic acid 
(RNA) was extracted using a QIAamp viral 
RNA mini kit (QIAGEN, US). The AFP-
AFRIMS molecular laboratory performed 
real-time reverse transcription-polymerase 
chain reaction (RT-PCR) for influenza and 
SARS-CoV-2 using methods described 
previously.20,21 Next generation sequenc-
ing (NGS) was performed on an iSeq100 

instrument using the iSeq100 reagent kit 
version 2 (Illumina, US).

Viral RNA extracted from SARS-CoV-
2-positive samples (Ct≤28) was used as 
a template for amplicon sequencing with 
ARTIC SARS-CoV-2 version 5.3.2 prim-
ers. For SARS-CoV-2 genome sequences 
analysis, the Burrows-Wheeler Aligner 
MEM algorithm (BWA-MEM v.0.7.17) 
was used for reference mapping, with the 
Wuhan-Hu-1 genome sequence (GenBank 
accession  NC_045512.2) as the reference. 
Consensus sequences were generated using 
iVAR version 1.3.122 with specified criteria: 
mapping quality threshold ≥30, base qual-
ity ≥30, and a minimum depth of coverage 
of 10.  Lineage and clade assignments were 
determined using Pangolin version 4.3.123 
and Nextclade version 2.14.1. 

For influenza A genome sequencing, 
viral RNA was extracted from all influenza 
A PCR-positive samples, and the RNA was 
used as a template for amplicon sequencing 
using a primer set previously described by 
Zhou et al.24 including an additional primer, 
MBTuni-12G(5-ACGCGTGATCAGC-
GAAAGCAGG).24 DNA libraries were con-
structed and multiplexed using an Illumina 
DNA prep kit and pooled prior to sequenc-
ing. For influenza genome sequences anal-
ysis, the hemagglutinin (HA) consensus 
sequences were generated using the same 
tools and criteria mentioned, with appro-
priate reference sequences selected from the 
GenBank database. The HA gene sequences 
were used to identify the genotype and 
clade with Nextclade version 2.14.1. Per-
centage of nucleotide and amino acid simi-
larity among influenza HA sequence results 
were then compared to the WHO vaccine-
recommended H3N2 vaccine strains for 
2023. 

Maximum-likelihood trees were con-
structed using IQ-TREE version 2.03 with 
1,000 bootstrap replicates and the GTR+F+I 
and TVM+F+G4 models for SARS-CoV-2 
and influenza trees, respectively. The phylo-
genetic trees were visualized using FigTree 
version 1.4.4. 

The AFP Health Service Command 
(AFPHSC) Research Ethics Commit-
tee and the WRAIR Institutional Review 
Board approved the protocol.
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R e s u l t s

Forty-eight (27 males and 21 females; 
age in years: mean 33, range 27-41) military 
students who presented with ILI, out of 247 
students in total, were enrolled in the inves-
tigation, with 13 (27%) positive for influ-
enza A(H3) only and and 6 (13%) positive 
for SARS-CoV-2 only by real-time PCR,  
while 4 (8%) were co-infected with influ-
enza A/H3 and SARS-CoV-2. Symptoms 
in addition to fever, cough, or sore throat 
are listed, according to laboratory diagno-
sis, in the Table. Only 4 (8%) and 7 (15%) of 
the 48 students had received the influenza 
vaccines for 2023 and 2022, respectively. 
Among the 4 students co-infected with 
influenza A/H3 and SARS-CoV-2, half 
(n=2, 50%) had symptoms other than fever, 
particularly difficulty of breathing (Table). 

Two (4%) students with an initial 
diagnosis of acute viral infection required 
hospital admission, but did not require 
intubation, with 1 positive for influenza A/
H3 and the other negative for both influ-
enza and SARS-CoV-2. All students had 
received at least 2 doses of a SARS-CoV-2 
vaccine. 

NGS of influenza A/H3 samples 
yielded the whole genome for 15 of 17 
(88%) influenza RT-PCR-positive sam-
ples. Pathogen identification of influenza 
A/H3N2 and phylogenetic analysis using 
the HA gene of all 17 samples showed 
that they all belonged to the same clade, 
3C.2a1b.2a.2a.3a.1 (Figure 1). The clade 
of the influenza outbreak viruses differed 
from the clade of the WHO-recommended 
influenza A/H3N2 strains for the 2023 
Northern and Southern influenza vac-
cines, A/Darwin/6/2021(H3N2)-like virus 
(cell culture or recombinant-based) and 
A/Darwin/9/2021(H3N2)-like virus (egg-
based), respectively, which belonged to 
clade 3C.2a1b.2a.2a. 

The percentage similarity of the influ-
enza A/H3N2 outbreak viruses with 
the WHO-recommended influenza A/
H3N2(A/Darwin/6/2021[H3N2]-like 
virus) strain for the cell culture or recom-
binant based Northern and Southern vac-
cine influenza vaccine for 2023 was 98.40% 
nucleotide and 97.79% amino acid similar-
ity, respectively. The WHO-recommended 

influenza A/H3N2 Northern and South-
ern egg-based influenza vaccine strain (A/
Darwin/9/2021[H3N2]-like virus) showed 
98.03% nucleotide and 97.42% amino acid 
similarity, respectively. Sequencing of 4 of 
10 SARS-CoV-2-positive samples showed 
that all belonged to the JE1.1 lineage (Pan-
golin) (Figure 2) and 23E clade (clades.next-
strain.org). 

Influenza and SARS-CoV-2 sampling 
and RT-PCR testing were completed on 
September 29, 2023 and October 2, 2023, 
respectively, and an initial report was sent 
to AFRIMS for review and confirmation 
of laboratory findings. The AFP Surgeon 
General was briefed on the investigation 
results on October 3, 2023, and on the fol-
lowing day (Oct. 4, 2023) a report was sent 

to the AFPHSETC Commandant, AFPHSC 
Commander, AFP Public Health Service 
Center (PHSC) Chief, VLMC Chief, and 
VLMC hospital infection control commit-
tee (HICC). PAVRU leadership briefed the 
Commandant of AFPHSETC, AFP PHSC 
Chief, and VLMC HICC Chief on October 
9, 2023, after which measures such as mask 
wearing, social distancing, quarantining of 
symptomatic students were instituted. 

Cases had begun to decrease in the first 
week of October 2023. NGS and bioinfor-
matics analysis of influenza-positive sam-
ples were completed on October 10, 2023, 
allowing for review of any vaccine mis-
match concerns. On October 19, 2023, the 
AFP Surgeon General issued a respiratory 
illness prevention memorandum addressed 

T A B L E .  Demographic, Clinical, and Vaccination Statuses of Students Included  
in the Outbreak Investigation

No. (%)
Total 48 (100)
 Sex

Male 27 (56)
Female 21 (44)

 Age (average, range), y 33 
(27 – 41)

 Influenza vaccination (year)
2023 4 (8)
2022 7 (15)
Unvaccinated 37 (77)

 Influenza A / H3 only 13 (27)
Male 9 (69)
Headache, malaise / fatigue, runny nose, nasal congestion, 
generalized body pain / muscle ache, injected pharynxa 2 (15)b

Runny nose / nasal congestiona 2 (15)b

 SARS-CoV-2 only 6 (13)
Male 1 (17)
Breathing difficultly, runny nose / nasal congestiona 1 (17)b

Runny nose/ nasal congestiona 1 (17)b

 Co-infected with influenza A/H3 and SARS-CoV-2 4 (8)
Male 2 (50)
Breathing difficulty, headache, malaise / fatiguea 1 (25)b

Breathing difficulty, headache, runny nose / nasal congestion, 
generalized body pain / muscle achea 1 (25)b

Abbreviations: y, years; SARS-CoV-2, severe acute respiratory syndrome-associated coronavirus disease 
strain 2. 
a Symptoms in addition to fever, cough, and  /  or sore throat.
b Percent among those who tested positive for the specified pathogen(s).
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to the Chief Surgeon of the major services 
and the chiefs and commanders of major 
AFP health facilities. The memorandum 
included information on the respiratory 
outbreak and issued guidance for influenza 
vaccination as a prerequisite for enrollment 
of students at AFP education and training 
centers, implementation of preventive pub-
lic health interventions (e.g., mask wear-
ing, hand washing), early notification of ILI 
symptoms, and reporting of updated influ-
enza and COVID-19 vaccination coverage.

D i s c u s s i o n

Influenza and SARS-CoV-2 pose sig-
nificant threats to public health and have 
far-reaching consequences for operational 
readiness and armed force strategic capa-
bilities due to their rapid spread within 
units and high rates of morbidity. Distin-
guishing etiologic agents for respiratory 
illness is clinically difficult due to their 
similar signs and symptoms. The respon-
sible pathogens of this outbreak were able 
to be determined rapidly by employing on-
site AFP-AFRIMS Molecular Laboratory 
capabilities that enabled a wide variety of 
advanced molecular testing and NGS. 

By rapidly demonstrating that the out-
break was due to influenza A/H3N2 and 
SARS-CoV-2, additional targeted data 
(e.g., vaccination rates) could be obtained. 
The high influenza infection rates observed 
were most likely due to low influenza vac-
cination coverage. 

This investigation was initiated as part 
of an ongoing study protocol that excludes 
testing of asymptomatic students, which 
could have underestimated actual infection 
rates. Co-infection with both influenza and 
SARS-CoV-2 was associated with increased 
morbidity, in particular difficulty of breath-
ing (Table). 

There was high nucleotide and amino 
acid percentage similarity of the influenza 
A/H3N2 outbreak viruses with the WHO-
recommended influenza A/H3N2 strains 
for the cell culture or recombinant-based 
Northern and Southern vaccine influenza 
vaccine for 2023, but the clade of the influ-
enza outbreak strains, 3C.2a1b.2a.2a.3a.1, 
did not match with the clade of the 

influenza A/H3 strains in the 2023 North-
ern and Southern hemisphere influenza 
vaccine strains (clade 3C.2a1b.2a.2a). This 
mismatch may have implications on vac-
cine effectiveness, especially if the muta-
tions occurred in pivotal antigenic sites 
affecting glycosylation sites.24 Neither influ-
enza A(H1N1)pdm09 nor influenza B were 
detected during this outbreak, but both 
subtypes and respiratory syncytial virus 
(RSV) have been observed in 2023 to be 
circulating, through our ongoing ILI sur-
veillance (unpublished data). NGS results 
for influenza and SARS-CoV-2 indicated a 
combination of common source transmis-
sion, as all influenza A(H3)-positive sam-
ples and selected SARS-CoV-2 samples 
belonged to the same clade.

Timely and coordinated outbreak 
management is crucial for mitigating the 
impacts of both influenza and SARS-
CoV-2. Minimizing the military impli-
cations from pathogens involves robust 
preventive measures, vaccination strategies, 
and effective surveillance to safeguard the 
health and operational capabilities of mil-
itary forces. Rapid outbreak response and 
availability of confirmatory assays, which 
can identify the etiologic agent, are criti-
cal for both guiding immediate mitigation 
measures and formulating health policies 
to contain and prevent future outbreaks. 
Lessons from this report can inform strate-
gies not only for future outbreak response 
but health policy formulation and targeted 
public health interventions, and can serve 
as a reminder of the importance of main-
taining high vaccination rates with compat-
ible vaccine strains. 

Specimen collection involved nasal 
and throat swabs and not nasopharyngeal 
swabs, which may have affected assay yield 
and performance. The pathogen (or patho-
gens) causing respiratory symptoms among 
students who tested negative for both influ-
enza and SARS-CoV-2 were not able to 
be determined. In addition, the clade / lin-
eage of all SARS-CoV-2-positive samples 
were not able to be determined because 
some samples had low viral loads. Vac-
cine efficacy estimation was not performed 
due to low sample size and vaccination 
rates. Demographic, clinical, and vacci-
nation data on the military students who 
did not present with ILI symptoms were 

unavailable, so comparisons to determine 
potential risk factors associated with infec-
tion could not be made.

This report underscores the need for 
increasing influenza vaccine coverage with 
well-matched vaccine strains, along with 
developing, maintaining, and sustain-
ing rapid confirmatory testing capability, 
including pathogen discovery, for forward 
deployed laboratory sites. The 16-year, 
enduring collaboration and partnership of 
AFRIMS and the AFP made possible the 
rapid detection of this outbreak and subse-
quent translation of findings into actionable 
health policy. Rapid response capability is 
critical for timely detection and contain-
ment of outbreaks, as well as early detec-
tion of pathogens with potential to cause 
pandemics. Further testing with assays 
of broader detection capability for other 
respiratory pathogens is recommended.
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F I G U R E  1 .  Maximum Likelihood Tree of 82 Influenza A  /  H3 HA Gene Sequences (1,701 nt) Including 17 New Sequences  
from the Philippines (red), and Sequences from GISAID and Genbank (15 sequences from the Philippines in blue, 10 sequences from  
WHO-recommended influenza A / H3 vaccine strains for 2019 to 2024 in bold black, and 40 sequences from other countries in black)  

Legend:
Red-colored sequences: new influenza sequences from this outbreak report.
Blue-colored sequences: influenza sequences from the Philippines downloaded from GISAID and Genbank. 
Bold black-colored sequences: WHO-recommended influenza A/H3 vaccine strains for 2019 to 2024.
Black-colored sequences: influenza sequences from other countries downloaded from GISAID and Genbank.
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F I G U R E  2 .  Maximum Likelihood Tree of 87 SARS-CoV-2 CDS Sequences (29,409 nt) Including 4 New Sequences from the Philippines (red), 
and 83 Sequences from GISAID and Genbank (27 sequences from the Philippines in blue and 56 sequences from other countries in black)

Legend:
Red-colored sequences: new SARS-CoV-2 sequences from this outbreak report.
Blue-colored sequences: SARS-CoV-2 sequences from the Philippines downloaded from GISAID and Genbank.
Black-colored sequences: SARS-CoV-2 sequences from other countries downloaded from GISAID and Genbank.
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New sequences obtained from this study 
have been submitted to the GISAID data-
base with the IDs EPI_ISL_18741371-74 for 
SARS-CoV-2 genome sequences and EPI_
ISL_18740021-37 for influenza genome 
sequences.

Material has been reviewed by the Walter 
Reed Army Institute of Research. There is no 
objection to its presentation or publication.

The opinions or assertions herein are 
the views of the authors, not to be  
construed as official nor reflecting the 
views of the Department of the Army or 
the Department of Defense. The study 
investigators have adhered to poli-
cies for the protection of human subjects  
prescribed in AR 70–25.
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The Department of Defense Global Respiratory Pathogen Surveillance  
Program conducts continuous surveillance for influenza, severe acute  
respiratory syndrome 2 (SARS-CoV-2), and other respiratory pathogens at 
104 sentinel sites across the globe. These sites submitted 65,475 respiratory 
specimens for clinical diagnostic testing during the 2021-2022 surveillance 
season. The predominant influenza strain was influenza A(H3N2) (n=777), 
of which 99.9% of strains were in clade 3C.2a1b.2a2. A total of 21,466 SARS-
CoV-2-positive specimens were identified, and 12,225 of the associated 
viruses were successfully sequenced. The Delta variant predominated at the 
start of the season, until December 2021, when Omicron became dominant. 
Most circulating SARS-CoV-2 viruses were subsequently held by Omicron 
sublineages BA.1, BA.2, and BA.5 during the season. Clinical manifestation,  
obtained through a self-reported questionnaire, found that cough, sinus 
congestion, and runny nose complaints were the most common symptoms 
presenting among all pathogens. Sentinel surveillance can provide useful  
epidemiological data to supplement other disease monitoring activities, 
and has become increasingly useful with increasing numbers of individuals  
utilizing COVID-19 rapid self-test kits and reductions in outpatient visits for 
routine respiratory testing.

Surveillance Outcomes of Respiratory Pathogen Infections  
During the 2021–2022 Season Among U.S. Military Health System 
Beneficiaries, October 3, 2021–October 1, 2022
Bismark Kwaah, MPH; William E. Gruner, MS, MB(ASCP); Laurie S. DeMarcus, MPH; Jeffrey W. Thervil, MPH, 
CPH; Whitney N. Jenkins, MPH, CPH; Fritz M. Castillo, MPH; Tamara R. Hartless, MPH; Victor K. Heh, PhD; 
Deanna Muehleman, PhD; Anthony C. Fries, PhD; Paul A. Sjoberg, DVM, MPH; Fabrice E. Evengue, DHSc, MPH, 
LSS, GB; Anthony S. Robbins, MD, MPH, PhD

In 1976, the U.S. Air Force Medical Ser-
vice began conducting routine, global, 
laboratory-confirmed influenza sur-

veillance. Efforts expanded when it became 
part of the Department of Defense Global 
Emerging Infections Surveillance and 
Response System (DOD-GEIS) in 1997.1 
Since then, GEIS has provided central 
coordination and financial support for 
the Department of Defense Global Respi-
ratory Pathogen Surveillance Program 
(DODGRPSP), which routinely collects 
respiratory specimens from U.S. Military 
Health System (MHS) beneficiaries who 
meet the COVID-19-like illness (CLI) or 

influenza-like illness (ILI) case definition 
or symptoms determined by a physician 
to be a CLI / ILI case (physician-diagnosed 
CLI/ILI). 

Respiratory infections are common 
among U.S. military personnel, who often 
live in crowded conditions, work in stressful 
environments, and are frequently exposed 
to a variety of respiratory pathogens dur-
ing deployments.2 It is crucial to conduct 
annual surveillance, to determine the cir-
culating pathogens and detect changes for 
informing the DOD combatant commands’ 
critical decisions about force health pro-
tection. This report presents the incidence 

of respiratory pathogen infections and 
genetic characteristics of influenza, and 
severe acute respiratory syndrome-related 
coronavirus strain 2 (SARS-CoV-2) among 
MHS beneficiaries during the 2021-2022 
surveillance season.

M e t h o d s

DODGRPSP, a sentinel site-based pro-
gram, requests that each site submit 6 to 
10 specimens weekly with patient ques-
tionnaires from individuals who meet the  
CLI / ILI case definition or are physician-
diagnosed CLI or ILI. Patient questionnaires 

W h a t  a r e  t h e  n e w  f i n d i n g s ?  

Department of Defense Global Respiratory 
Pathogen Surveillance Program data show 
that influenza A(H3N2) was the dominan t sub-
type of influenza throughout the 2021-2022 
surveillance season. Three coincident waves, 
1 of influenza and 2 of SARS-CoV-2 activity, 
were observed during the season. The wave 
of influenza occurred in April 2022, while the 
SARS-CoV-2 waves occurred from January 
2022 through April 2022 and again in July 
2022.

W h a t  i s  t h e  i m p a c t  o n  r e a d i n e s s 
a n d  f o r c e  h e a l t h  p r o t e c t i o n ?

As the coronavirus disease (COVID-19)  
outbreak continues to evolve, it is crucial 
for health care providers and public health  
officials to be aware of the similarities as well 
as differences between SARS-CoV-2 (the 
causative agent of COVID-19), influenza, and 
other respiratory infections. These findings 
may contribute to improved clinical diagnoses 
and more effective management of respiratory 
infections among beneficiaries of the Military 
Health System.
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are distributed with each collection kit and 
requested to be completed with each sub-
mitted specimen, but compliance is not 
always guaranteed. The CLI and ILI case 
definitions, respiratory specimen collec-
tion, and testing criteria, as well as other 
program information, have been previously 
described.3-5 

Testing analyzed for this study was con-
ducted in laboratories at Landstuhl Regional 
Medical Center (LRMC), Incirlik Medi-
cal Center, and the U.S. Air Force School of 
Aerospace Medicine (USAFSAM). Speci-
mens positive for influenza or SARS-CoV-2 
underwent genetic sequencing for further 
characterization, as previously described.5 
Patients were classified by age group (chil-
dren, 0-17 years; adults, 18-64 years, and 
elderly, 65+ years), geographic region (East-
ern U.S., Western U.S., and outside con-
tinental U.S. [OCONUS]), and month of 
collection. Any specimens that the lab-
oratory cancelled (52), rejected (347), did 
not test (795), or returned as an inconclu-
sive test (141) were excluded. Individuals 
with multiple specimens (3,770) collected 
during the season were also removed from 
the study to avoid duplication, as they could 
have encountered several pathogens over 
the season.

All statistical analyses were per formed 
using SAS version 9.4 (SAS Insti tute, Cary, 
NC). A p-value of <0.05 was considered sta-
tistically significant. Basic descriptive epide-
miology was employed to obtain counts and 
rates of outcomes by sex, military beneficiary 
category, age group, month of collection, and 
geographic region. Patient symptoms among 
the 5 groups—influenza, other respiratory 
pathogens (adenovirus, seasonal coronavi-
rus, human bocavirus, human metapneu-
movirus, and parainfluenza), respiratory 
syncytial virus (RSV), rhinovirus/entero-
virus, and SARS-CoV-2—were performed 
using a chi-square or Fisher’s exact test, 
limited to those specimens associated with 
DODGRPSP questionnaires.

R e s u l t s

Between October 3, 2021 and October 
1, 2022, a total of 65,475 respiratory spec-
imens were tested, among which 26,794 

(41%) specimens tested positive for respi-
ratory pathogens (Table 1). About 61% of 
the specimens came from OCONUS, 22% 
were from the Western U.S., and 17% came 
from the Eastern U.S. SARS-CoV-2 (70.9%) 
and RSV (58.0%) were most detected at 
OCONUS sites, while influenza (45.0%) 
and rhinovirus / enterovirus (41.7%) were 
most detected in the Eastern U.S. Other 
pathogens (39.6%)—adenovirus, seasonal 
coronavirus, human bocavirus, human 
metapneumovirus, and parainfluenza—
were detected more in the Western U.S. 
(Table 1). 

Of the 65,475 specimens collected dur-
ing the surveillance season, SARS-CoV-2 
was detected in 32.8%, of which 8 were 
co-infections with influenza, including 4 
influenza A(H3N2), 3 influenza A / not sub-
typed, 1 dual influenza and RSV (data not 
shown), and 65 were co-infections with 
other respiratory pathogens (Table 2). Rhi-
novirus/enterovirus (3.4%) was the sec-
ond-most detected pathogen, followed 
by influenza (1.4%), seasonal coronavirus 
(0.9%), and RSV (0.6%). Mycoplasma pneu-
moniae and Chlamydophila pneumoniae 
were not detected during the season. The 
numbers of positive samples and positiv-
ity percentages, by specific pathogen and 
month of diagnosis, are shown in Figures 1 
and 2.

SARS-CoV-2 percent positivity 
increased to to 52.0% in January 2022, 
then peaked at 60.0% in March 2022 (Fig-
ure 2), corresponding to the predominance 
of Omicron BA.1 and BA.2 (Figure 3b). Per-
cent positivity decreased to as low as 35.0% 
during May 2022, then peaked again during 
early June 2022 (47.0%) through July 2022 
(54.0%), before it decreased for the rest of 
the season (Figure 2). SARS-CoV-2 was the 
most prevalent pathogen detected during 
the season. In November 2021, however, 
the percent positivity of other respiratory 
pathogens as well as rhinovirus / enterovi-
rus were briefly higher than SARS-CoV-2 
(Figure 2).  

DODGRPSP data showed 1 distinct 
wave of influenza between mid-March to 
April 2022, with percent positivity peaking 
at 20.0% (Figure 2). Among the 905 influ-
enza viruses that were subtyped, influ-
enza A(H3N2) was the predominant virus 
throughout the 2021-2022 surveillance 

season, which was in agreement with U.S. 
Centers for Disease Control and Preven-
tion (CDC) data and the European Cen-
ter for Disease Prevention and Control 
(ECDC).6,7 Most specimens testing positive 
for influenza A(H3N2) were detected in the 
Eastern U.S. (Health and Human Service 
regions 1, 2, 3).

The highest rates of influenza infec-
tions were observed among service mem-
bers (72.0%), followed by children (15.8%). 
Positive influenza cases started relatively 
high (October 2021), then decreased until 
another positivity increase in March 2022, 
reaching the highest point in April 2022. 
This highest point was followed by a subse-
quent decrease around May 2022, through 
the end of the season. In contrast to the 
low October 2021 influenza activity dem-
onstrated by the CDC and ECDC,7,8 the 
elevated influenza activity in DODGRPSP 
data was due to an influenza A(H3N2) out-
break at the U.S. Naval Academy. 

Rhinovirus / enterovirus (26.0%) 
peaked in November 2021, then increased 
again between July 2022 (15.0%) and Sep-
tember 2022 (35.0%). Peak RSV (9.0%) 
activity was in November 2021 (Figure 2), 
then declined until May 2022 (1.0%), when 
it steadily increased through September 
2022 (4.0%). The highest percent positiv-
ity for RSV in participants was among chil-
dren (56.8%), followed by service members 
(32.2%) (Table 1). Specimens grouped as 
other respiratory pathogens (22.0%) peaked 
in May 2022, but their activity and percent 
positivity remained steady throughout the 
season.

Symptomatic evaluation of patients 
was limited to those with a DODGRPSP 
ques tionnaire. Among the 65,475 speci-
mens received and tested, 8,773 specimens 
also had DODGRPSP ques tionnaires, rep-
resenting an approximate 13% question-
naire response rate. Questionnaires were 
not received from specimens tested at 
LRMC and Incirlik Medical Center during 
the season. 

Table 3 shows the distribution of 
demographic, clinical characteristics, and 
outcomes by viral agent. Chi-square tests 
were used to obtain p-values for the sig-
nificance of the differences among the 5 
groups. Significant associations were found 
between viral agent and gender, age group, 
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T A B L E  1 .  Characteristics of Surveillance Population and Specimen Sources, MHS Beneficiaries, 2021-2022 Surveillance Season 

SARS-CoV-2 Influenza Rhino/Entero RSV ORPa No Pathogen 
Detectedb Negativec Total

No.      % No.  % No.  % No. % No. % No. % No.  % No. %
Total 21,466 32.8 913 1.4 2,226 3.4 419 0.6 1,770 2.7 9,723 14.8 28,958 44.2 65,475 100.0
Sex

Male 13,050 60.8 634 69.4 1,360 61.1 235 56.1 1,033 58.4 5,953 61.2 18,333 63.3 40,598 62.0
Female 8,416 39.2 279 30.6 866 38.9 184 43.9 737 41.6 3,770 38.8 10,625 36.7 24,877 38.0

Age group, y
0-17 4,415 20.5 148 16.2 645 29.0 238 56.8 730 41.2 1,502 15.4 5,183 17.9 12,861 19.6
18-64 16,842 78.5 763 83.6 1,570 70.5 180 43.0 1,025 58.0 8,078 83.1 23,336 80.6 51,794 79.1
65+ 209 1.0 2 0.2 11 0.5 1 0.2 15 0.8 143 1.5 439 1.5 820 1.3

Month of collection
October 313 1.5 213 23.3 459 20.6 81 19.3 208 11.8 1,022 10.5 3,314 11.4 5,610 8.6
November 503 2.3 38 4.2 493 22.1 157 37.5 293 16.6 1,077 11.1 3,477 12.0 6,038 9.2
December 748 3.5 106 11.6 292 13.1 85 20.3 295 16.7 1,332 13.7 2,617 9.0 5,475 8.4
January 7,941 36.9 62 6.8 196 8.8 19 4.5 250 14.1 3,032 31.2 7,376 25.5 18,876 28.8
February 2,247 10.5 35 3.8 76 3.4 7 1.7 101 5.7 654 6.7 1,922 6.6 5,042 7.7
March 2,472 11.5 139 15.2 133 6.0 11 2.6 158 8.9 611 6.3 1,653 5.7 5,177 7.9
April 2,518 11.7 199 21.8 118 5.3 1 0.2 138 7.8 488 5.0 2,563 8.9 6,025 9.2
May 979 4.6 69 7.6 68 3.1 7 1.7 116 6.6 286 2.9 1,828 6.3 3,353 5.1
June 1,205 5.6 22 2.4 72 3.2 9 2.1 64 3.6 334 3.4 1,359 4.7 3,065 4.7
July 1,375 6.4 16 1.8 56 2.5 9 2.1 45 2.5 294 3.0 1,173 4.1 2,968 4.5
August 682 3.2 12 1.3 109 4.9 16 3.8 41 2.3 362 3.7 874 3.0 2,096 3.2
September 483 2.3 2 0.2 154 6.9 17 4.1 61 3.4 231 2.4 802 2.8 1,750 2.7

Geographic regiond

Eastern U.S. 2,447 11.4 411 45.0 928 41.7 73 17.4 597 33.7 3,669 37.7 2,985 10.3 11,110 17.0
Western U.S. 3,792 17.7 158 17.3 742 33.3 103 24.6 701 39.6 3,129 32.2 5,725 19.8 14,350 21.9
Outside continental U.S. 15,227 70.9 344 37.7 556 25.0 243 58.0 472 26.7 2,925 30.1 20,248 69.9 40,015 61.1

Beneficiary category
Adult 5,520 25.7 110 12.0 294 13.2 45 10.7 214 12.1 1,829 18.8 6,098 21.1 14,110 21.5
Child 4,415 20.6 144 15.8 644 28.9 238 56.8 729 41.2 1,498 15.4 5,183 17.9 12,851 19.6
Elderly 209 1.0 2 0.2 11 0.5 1 0.2 15 0.8 143 1.5 439 1.5 820 1.3
Service member 11,322 52.7 657 72.0 1,277 57.4 135 32.2 812 45.9 6,253 64.3 17,238 59.5 37,694 57.6

Data source
INCIRLIK 547 2.5 6 0.6 30 1.3 5 1.2 25 1.4 96 1.0 1,095 3.8 1,804 2.8
LRMC 14,558 67.8 165 18.1 310 13.9 196 46.8 287 16.2 2,004 20.6 19,152 66.1 36,672 56.0
USAFSAM 6,361 29.6 742 81.3 1,886 84.7 218 52.0 1,458 82.4 7,623 78.4 8,711 30.1 26,999 41.2

Abbreviations: MHS, Military Health System; SARS-CoV-2, severe acute respiratory syndrome-related coronavirus strain 2; Rhino/Entero, rhinovirus/enterovirus; RSV, 
respiratory syncytial virus; ORP, other respiratory pathogen; USAFSAM, U.S. Air Force School of Aerospace Medicine; LRMC, Landstuhl Regional Medical Center.
a Adenovirus, coronavirus, human bocavirus, human metapneumovirus, parainfluenza.
b No pathogen was identified via multiplex testing and may not include SARS-CoV-2 testing. 
c Specimen was negative for SARS-CoV-2 and only tested for SARS-CoV-2. 
d Eastern U.S. includes regions 1-5; Western U.S. includes regions 6-10; regions 1-10 are U.S. Health and Human Services Regions.
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and many symptoms. Males were more 
likely to be infected with influenza (69.3%) 
and SARS-COV-2 (68.0%) than with rhi-
novirus / enterovirus (58.6%), RSV (58.4%), 
or other respiratory pathogens (58.0%). 
Whereas the 0-17 year age group was more 
likely to be infected with RSV (57.6%), 
other pathogens (42.3%) or rhinovirus/
enterovirus (34.0%) than influenza (14.6%) 
or SARS-COV-2 (11.6%). The 18-64 year 
age group was more likely to be infected 
with SARS-COV-2 (86.5%), influenza 
(85.4%) or rhinovirus / enterovirus (65.6%) 
than other respiratory pathogens (56.9%) 
or RSV (42.4%). 

Cough (>80.0%), sinus congestion 
(>60.0%), and/or runny nose (>50.0%) 
were the most common presenting symp-
toms among all pathogens. Other frequent 

symptoms of patients with influenza, as well 
as SARS-CoV-2, were fatigue (>60.0%), 
headache (>70.0%), sore throat (>60.0%), 
body aches (>50.0%), and fever (>50.0%). 
Among participants positive for rhinovi-
rus / enterovirus, RSV, or other pathogens, 
the most common symptoms were sore 
throat (>50.0%) and fatigue (>45.0%). The 
frequency of cough, sinus congestion, and 
runny nose symptoms among COVID-19 
patients (>50.0%) was lower than in influ-
enza patients (>60.0%); however, the fre-
quency of patients with a loss of taste or 
smell (10.1%) was greater in patients with 
COVID-19 than in patients with any other 
pathogens (<8.0%) (Table 3). No signifi-
cant associations were found between viral 
agents and diarrhea, acute respiratory dis-
tress, and shortness of breath (Table 3). 

Genetic Characteristics of Influenza and SARS-
CoV-2

From October 1, 2021 through Sep-
tember 30, 2022, USAFSAM conducted 
next-generation sequencing and analysis 
on both influenza- and SARS-CoV-2-pos-
itive specimens. In total, 1,350 influenza 
sequences were either generated at USAF-
SAM or contributed by partner laborato-
ries at the Navy Medical Research Unit 6 
(NAMRU-6) in Peru or the Naval Health 
Research Center (NHRC) in San Diego, 
California. Ten influenza A(H1N1)pdm09 
hemagglutinin (HA) sequences were char-
acterized, of which 2 were clade 6B.1A.5a1 
and 8 were clade 6B.1A.5a2. Of the 1,339 
influenza A(H3N2) HA sequences char-
acterized, 1 was clade 3C.2a2b.1a and the 
remaining 1,338 were clade 3C.2a1b.2a2 
(subgrouping shown in Figure 3a). The pre-
dominant influenza strain of the season was 
A(H3N2), of which 99.9% of strains were 
clade 3C.2a1b.2a2. The subgroup sharing 
D53G held the majority for most of the sea-
son, although at times the subgroup shar-
ing D53N was in the majority. By the end 
of the season, the subgroup sharing E50K 
became the dominant group.

One influenza B / Yamagata HA 
sequence was characterized as clade Y3, 
however the possibility of this being a live, 
attenuated influenza vaccine (LAIV) strain 
has not been eliminated. In addition, 12,225 
out of 21,466 SARS-CoV-2-positive speci-
mens were sequenced, and 10,381 were 
assigned to PANGO lineages. Among those 
lineages, 1 was an Alpha variant, 1,864 were 
Delta variants, 8,510 were Omicron vari-
ants, and 6 were recombinant viruses. The 
Omicron variants were divided into sublin-
eages: 3,794 BA.1; 2,572 BA.2 including 622 
BA.2.12.1; 18 BA.3; 324 BA.4 including 65 
BA.4.6; and 1,802 BA.5 (Figure 3b).

D i s c u s s i o n

The DODGRPSP data, along with the 
U.S. general population, saw the return of 
influenza after being relatively absent in 
the previous season.5,6 The overall results 
revealed a positivity rate of 41.0% among all 
viruses; SARS-CoV-2 remained prevalent, 

T A B L E  2 .  SARS-CoV-2, Influenza, and Other Respiratory Pathogens Among MHS 
Beneficiaries, 2021–2022 Surveillance Season 

Pathogen No. 
of specimens Total (%)

Total 65,475 100
SARS-CoV-2 detected 21,466 32.8

Single infection 21,401 99.7
Co-infection with non-influenza respiratory pathogen 65 0.3
Co-infection with influenza 8 <0.01

Influenza detected 905 1.4
A(H1N1)pdm09 8 0.9
A(H3N2) 777 85.9
 A  /  not subtyped 119 13.1

Oher respiratory pathogen 4,415 6.7
Adenovirus 86 1.9
Coronavirus (seasonal) 573 13.0
Human bocavirus 66 1.5
Human metapneumovirus 348 7.9
Parainfluenza 357 8.1
Respiratory syncytial virus (RSV) 419 9.5
Rhinovirus / enterovirus 2,226 50.4
Non-influenza viral coinfection 340 7.7

Other 38,681 59.1
No pathogen detecteda 9,723 25.1
Negativeb 28,958 74.9

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome-related coronavirus strain 2; MHS, Military 
Health System; No., number.
a No pathogen was identified via multiplex testing.

b Specimen was negative for SARS-CoV-2 and only tested for SARS-CoV-2.  
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however, and continued to be the dominant 
virus circulating among MHS beneficia-
ries. These data also show that rhinovirus 
/ enterovirus was the second-most domi-
nant virus in circulation, which increased 
in positivity starting in July 2022.

The overwhelming majority of clade 
3C.2a1b.2a2, also reflected in data from 
the CDC, prompted the selection of A/
Darwin/9/2021-like virus for the egg-prop-
agated strain and A/Darwin/6/2021-like 
virus for the cell- and recombinant-based 
strain of the 2022-2023 influenza vaccine 
A(H3N2) component.9 Although this clade 
persisted throughout the season, several sub-
groups emerged that could have potentially 

altered vaccine strain efficacy. Following the 
2021-2022 season, the subgroup sharing 
D53G was renamed clade 2a.1 with associ-
ated subclades, the subgroup sharing D53N 
was renamed clade 2a.3 with associated 
subclades, the subgroup sharing E50K was 
renamed 2b with associated subclades, and 
the subgroup sharing 205F was renamed 
clade 2c with associated subclades. No 
change was made to the influenza A(H1N1)
pdm09 or influenza B/Yamagata vaccine 
component. While no influenza B/Victoria 
specimens were sequenced by USAFSAM, 
the vaccine component was changed for the 
2022-2023 season due to global circulation 
of some diversified strains. 

The 2021-2022 season started with 
almost entirely Delta variants of SARS-
CoV-2 until December 2021, when Omi-
cron emerged and became dominant. 
Sublineages BA.1, BA.2, and BA.5 then 
subsequently held most circulating SARS-
CoV-2 viruses for the rest of the season. 
The positivity rates showed 2 distinctive 
peaks, 1 in January 2022 through March 
2022 (coinciding with Omicron sub-lin-
eage BA.1/BA.2) and 1 in July 2022 (coin-
ciding with Omicron sub-lineage BA.5) 
(Figures 2 and 3b), which qualitatively agree 
with previous reports on the positivity rate 
of Omicron worldwide.10,11

The end of September 2022 showed a 
reduction in the overall positivity rate. It 
should be noted that almost all detected 
influenza lineages, as well as SARS-CoV-2 
variants and subvariants, were found in all 
geographic regions, suggesting that newly 
introduced viral strains can spread to all 
regions.

In this study, the SARS-CoV-2 infec-
tion rate in the 0-17 year age group was 
lower compared to any other patho-
gen, while RSV cases were predomi-
nantly among 0-17 year-olds. In contrast, 
SARS-CoV-2 was the most frequent virus 
detected among adults (18-64) (Table 3). 
The findings of this report are consistent 
with other studies concerning the impact 
of SARS-CoV-2 among adults and RSV on 
children.12-14

This study had some limitations: 
First, the division of viral agents into only 
5 groups, including 1 group representing 
5 different pathogens, may be associated 
with different symptoms. Linking the other 
respiratory pathogens group as one group is 
due to small sample sizes, and this can only 
be possible when symptoms of the com-
bined pathogens are similar. For instance, 
studies have shown that fever was not asso-
ciated with adenovirus and parainfluenza 
virus.15 The study also reveals that general 
symptoms such as cough, sinus congestion, 
and sore throat are more likely to be found 
in patients with other respiratory patho-
gens, of which it cannot be ascertained 
since it involves 5 different pathogens.

Secondly, DODGRPSP questionnaires 
had a low response rate, of about 13%. 
Even when statistically significant, symp-
tomology results must be interpreted with 

T A B L E  3 .  Demographic and Clinical Details of MHS Beneficiaries, by Viral Agent, 
2020–2021 Surveillance Season

Variable SARS-CoV-2
n=749

Flu
n=570

Rhino / Entero
n=1,629

RSV
n=243

ORPa

n=1,161 p-value

No. % No. % No. % No. % No. %
Sex <.001

Male 509 68.0 395 69.3 954 58.6 142 58.4 673 58.0
Female 240 32.0 175 30.7 675 41.4 101 41.6 488 42.0

Age group, y <.001
0-17 87 11.6 83 14.6 555 34.0 140 57.6 491 42.3
18-64 648 86.5 487 85.4 1,068 65.6 103 42.4 661 56.9
65+ 14 1.9 0 0.0 6 0.4 0 0.0 9 0.8

Symptom
Cough 562 79.9 502 91.4 1,234 79.4 213 90.3 919 82.7 <.001
Sore throat 471 69.0 385 73.9 953 64.9 107 51.4 579 57.0 <.001
Fatigue 407 61.3 388 75.9 798 54.9 101 47.9 508 50.4 <.001
Body aches 400 58.8 378 72.0 534 37.5 36 18.3 366 36.9 <.001
Chills 319 48.3 345 66.1 438 31.0 40 20.1 309 31.0 <.001
Headache 472 69.5 386 74.1 788 54.8 59 29.5 476 48.0 <.001
Runny nose 329 49.9 342 67.9 1,093 73.0 166 75.8 753 71.2 <.001
Sinus congestion 467 69.1 389 76.3 1,249 81.3 183 82.8 868 80.4 <.001
Fever 384 57.6 378 72.6 643 44.7 125 57.9 581 55.3 <.001
Shaking 104 16.7 115 24.2 108 7.9 4 2.0 68 7.1 <.001
Vomit 43 7.0 59 12.2 160 11.6 22 10.7 93 9.7 0.016
Taste / smell 62 10.1 23 4.9 100 7.4 15 7.7 58 6.2 0.014
Diarrhea 65 10.4 63 13.2 169 12.2 12 6.1 118 12.5 0.062
Acute respiratory 
distress 13 2.5 15 4.0 35 3.0 3 1.9 24 3.0 0.635

Shortness 
of breath 112 17.8 80 16.6 247 17.9 34 17.1 160 16.7 0.939

Abbreviations: MHS, Military Health System; SARS-CoV-2, severe acute respiratory syndrome-related coronavi-
rus strain 2; Flu, influenza; Rhino / Entero, rhinovirus / enterovirus; RSV, respiratory syncytial virus; No., number; 
N, Number; ORP, other respiratory pathogen; y, years.
a Adenovirus, coronavirus, human bocavirus, human metapneumovirus, parainfluenza. 
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F I G U R E  1 .  Numbers of Respiratory Pathogens that Tested Positive Among MHS Beneficiaries, October 2021–October 2022 

F I G U R E  2 .  Percentages of Respiratory Pathogens that Tested Positive Among MHS Beneficiaries, October 2021–October 2022

Abbreviations: MHS, Military Health System; No., number; RSV, Respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syndrome-related coronavirus strain 2.
Note: Other respiratory pathogens include adenovirus, coronavirus, human bocavirus, human metapneumovirus, and parainfluenza.
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F I G U R E  3 a .  Influenza A(H3N2) Clade Proportions Among MHS Beneficiaries, 2021–2022 Surveillance Season (n=1,339)

F I G U R E  3 b.  SARS-CoV-2 Lineages Identified Among MHS Beneficiaries, 2021–2022 Surveillance Season  (n=12,225) 

Abbreviations: MHS, Military Health System, No., number.

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome-related coronavirus strain 2; MHS, Military Health System; No., number. 
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caution, as a large volume of specimens 
were submitted without a questionnaire. 
All specimens met the CLI / ILI case defi-
nition, however, or specimens were deter-
mined by a physician to be a CLI / ILI case.

During the 2021-2022 surveillance sea-
son, the temporal pattern of SARS-CoV-2 
and influenza positivity among MHS ben-
eficiaries was largely consistent with overall 
U.S. SARS-CoV-2 and influenza surveil-
lance data, supporting the proposition that 
sentinel surveillance provides an accurate 
representation of respiratory pathogens 
trends.6,16,17 These results emphasize the 
need for continuous surveillance of mul-
tiple respiratory pathogens and identifica-
tion of novel pathogens, along with use of 
a CLI / ILI case definition for effective pub-
lic health management and force health 
protection. Sentinel surveillance remains 
crucial for detecting emerging strains and 
guiding vaccine development efforts. 
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Since 2019, the Integrated Biosurveillance Branch of the Armed Forces Health 
Surveillance Division has conducted an annual forecasting challenge during 
influenza season to predict short-term respiratory disease activity among 
Military Health System beneficiaries. Weekly case and encounter observed 
data were used to generate 1- through 4-week advanced forecasts of disease 
activity. To create unified combinations of model inputs for evaluation across 
multiple spatial resolutions, 8 individual models were used to calculate 3 
ensemble models. Forecast accuracy compared to the observed activity for 
each model was evaluated by calculating a weighted interval score. Weekly 
1- through 4-week ahead forecasts for each ensemble model were generally 
higher than observed data, especially during periods of peak activity, with 
peaks in forecasted activity occurring later than observed peaks. The larger 
the forecasting horizon, the more pronounced the gap between forecasted 
peak and observed peak. The results showed that several models accurately 
predicted COVID-19 cases and respiratory encounters with enough lead 
time for public health response by senior leaders.

Predicting COVID-19 and Respiratory Illness: Results of the 2022–2023 
Armed Forces Health Surveillance Division Forecasting Challenge
Mark L. Bova, MPH; Sasha A. McGee, PhD; Kathleen R. Elliott, MPH; Juan I. Ubiera, MPH, MS

Seasonal respiratory infections, includ-
ing influenza and COVID-19, repre-
sent a major impediment to military 

readiness. Accurate forecasts of the burden 
of respiratory illness in the Department of 
Defense (DOD) population are crucial for 
allowing military leaders and public health 
practitioners to anticipate increases in dis-
ease activity and implement preventive 
measures.

Since 2013, the U.S. Centers for Dis-
ease Control and Prevention (CDC) has 
conducted an annual influenza forecast-
ing challenge, inviting modelers to submit 
weekly forecasts of influenza-like illness 
(ILI) or confirmed influenza hospitaliza-
tions.1 To produce more consistent and 
reliable forecasts across varying spatial res-
olutions, forecasting challenges often com-
bine inputs from multiple models into one 
unified ensemble.2 

Since 2019, the Integrated Biosurveil-
lance (IB) Branch of the Armed Forces 

Health Surveillance Division (AFHSD),3 
part of the Defense Health Agency’s Public 
Health Directorate, has conducted its own 
annual forecasting challenge during the 
influenza season, modeled after that of the 
CDC. The goal is to predict short-term (1-4 
weeks ahead) respiratory disease activity 
among Military Health System (MHS) ben-
eficiaries within collections of geograph-
ically-aligned military installations and 
medical facilities in the U.S. (“markets”) to 
support timely decision-making by senior 
leaders. In addition to forecasting disease 
activity among MHS beneficiaries, AFHSD 
also forecasts activity among civilians liv-
ing in counties within 30 miles of a market. 
This challenge is open to forecasts submit-
ted by government, academic, and industry 
partners. 

During influenza season, AFHSD-IB 
reports forecast data through weekly bio-
surveillance products emailed to more than 
3,000 individuals. Stakeholders can access 

these data as needed to inform resource 
allocation and prevention activities via an 
interactive dashboard (by Common Access 
Card only) updated weekly by AFHSD-IB.4 
This dashboard includes summary infor-
mation about respiratory illness in each 
market and DHA network, as well as maps 
and time series plots of 1- through 4-week 
ahead forecasts. 

This report summarizes the results 
and lessons from AFHSD’s forecasts for the 
2022-2023 forecasting season.

M e t h o d s

Influenza seasons were defined as epi-
demiological weeks 40 through 20 accord-
ing to CDC’s Morbidity and Mortality 
Weekly Report (MMWR) epidemiological 
weeks.5 The 2022-2023 influenza season 
began on October 2, 2022 and ended May 

W h a t  a r e  t h e  n e w  f i n d i n g s ?  

By testing a large number of traditional (e.g., 
ARIMA, EWMA) and non-traditional (e.g., 
Random Forest, Count Regression) models, 
this forecasting study improved understanding 
of which model types were the most accurate 
and demonstrated a more robust ensemble 
prediction. The ensemble models developed 
by this forecasting challenge provided more 
accurate forecasts in general, when compared 
to most individual models.

W h a t  i s  t h e  i m p a c t  o n  r e a d i n e s s 
a n d  f o r c e  h e a l t h  p r o t e c t i o n ?

Respiratory diseases represent a major  
impediment to military readiness and force 
health, including interruptions in duties caused 
by isolation or quarantine requirements as well 
as morbidity caused by illnesses themselves. 
Respiratory disease forecasting is a useful 
tool for senior leaders’ preparations for illness 
surges.
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20, 2023. The 2022-2023 challenge focused 
on MHS and civilian COVID-19 cases, as 
well as MHS COVID-like illness (CLI), ILI, 
and COVID-19 outpatient encounters. 

Weekly respiratory illness data from 
multiple sources were downloaded for 
the 2022-2023 influenza season. MHS 
COVID-19 cases were collected by 
AFHSD’s Epidemiology & Analysis Branch 
using laboratory and reportable medical 
event (RME) data provided by the Defense 
Centers for Public Health (DCPH)–Ports-
mouth and DCPH–Aberdeen. The Armed 
Forces RME Guidelines and Case Defini-
tions document defines 70 DOD RMEs, 
which closely mirror the nationally noti-
fiable diseases monitored by CDC.6,7 A 
confirmed case of COVID-19 in MHS 
beneficiaries was defined using laboratory, 
clinical, epidemiological, and death certifi-
cate data (Unpublished, Supplementary Table 
1). Civilian COVID-19 cases, by county, 
were obtained from HHS Protect and 
defined according to CDC criteria.8,9 MHS 
outpatient encounters were extracted from 
DOD’s Electronic Surveillance System 
for the Early Notification of Community-
based Epidemics (ESSENCE). CLI, ILI, and 
COVID-19 encounter case definitions were 
developed internally using International 
Classification of Diseases, 10th Revision, 
Clinical Modification (ICD-10-CM) diag-
nosis codes, and are provided in Supple-
mentary Table 1. 

Weekly case and encounter observed 
data were used to generate 1- through 
4-week ahead forecasts of disease activ-
ity. Forecasts were generated using various 
models, including time series (including 
Autoregressive Integrated Moving Aver-
age [ARIMA], Error, Trend, Seasonal 
[ETS], Exponentially Weighted Moving 
Average [EWMA], and Vector Autoregres-
sive [VAR]), machine learning (includ-
ing Random Forest), and count regression 
(including Poisson, Negative Binomial, and 
Log-binomial) models. To create unified 
combinations of model inputs for evalua-
tion across multiple spatial resolutions, 8 
individual models were used to calculate 
the 3 ensemble models: 1) the average of 
the time series and machine learning mod-
els—ENSEMBLE, 2) the average of the 3 
best-performing time series and machine 
learning models—ENSEMBLE_TOP, and 

3) the average of the count regression 
models—ENSEMBLE_CNT. 

The accuracy of forecasts compared to 
the observed activity for each model was 
evaluated by calculating a weighted inter-
val score (WIS),10 a metric also used by the 
CDC, that compares performance among 
models. A lower score indicates better 
model performance. All analyses were con-
ducted using R software (version 4.1, The 
R Foundation for Statistical Computing, 
Vienna, Austria). The R packages “fable,” 
“randomForest,” and “tscount” were used 
to generate forecasts and the “evalcast” 
package to calculate the WIS.11-14

R e s u l t s

Weekly observed counts of MHS 
and civilian COVID-19 cases by market 
were converted to population-adjusted 
rates, while weekly observed MHS outpa-
tient encounters were converted to a per-
centage of total outpatient encounters 
for that week. Weekly 1- through 4-week 
ahead forecasts for each ensemble model 
were generally higher than observed data, 
especially during periods of peak activ-
ity (December through February), with 
peaks in forecasted activity occurring later 
than observed peaks (Figure 1). The larger 
the forecasting horizon (i.e., 4 weeks ahead 
versus 1 week), the more pronounced the 
gap between forecasted peak and observed 
peak. 

Forecasts of peak MHS COVID-
19 case rates were mostly higher than 
observed, ranging from 44% higher for the 
ENSEMBLE_CNT model to 457% higher 
for the ENSEMBLE_TOP model (Table 1). 
Peak civilian COVID-19 case rate fore-
casts were more accurate, ranging from 
13% lower (ENSEMBLE_CNT) to 99% 
higher (ENSEMBLE). Peak encounter fore-
casts for the ENSEMBLE_CNT model were 
lower than observed peaks (16% and 9% 
lower for ILI and CLI, respectively) and 
equal to the observed peak for COVID-19 
encounters. Peak encounter forecasts for 
the ENSEMBLE_TOP model were higher 
than observed peaks, including 24% higher 
for ILI, 27% higher for CLI, and 10% higher 
for COVID-19 encounters. Peak week 

forecasts tended to be 2 to 6 weeks later 
than observed for most ensemble mod-
els and forecast targets. The ENSEMBLE_
CNT model accurately predicted forecasts 
of peak civilian COVID-19 cases and MHS 
ILI encounters, however.   

Overall, the ENSEMBLE_CNT model 
had the lowest WIS of all forecasting hori-
zons, indicating the most accurate forecasts 
for civilian and MHS COVID-19 cases (Fig-
ure 2). The ENSEMBLE_TOP model was 
the most accurate for COVID-19 encoun-
ter forecasts, while all 3 ensemble mod-
els performed similarly for CLI and ILI 
encounters. Model performance decreased 
as forecast horizons increased, with the 
median WIS for all 4-week ahead forecasts 
of the ensemble models increasing between 
10% (MHS ILI encounters) and 98% (civil-
ian COVID-19 cases) compared to 1-week 
ahead forecasts.

D i s c u s s i o n

This is the first published results 
from the AFHSD Respiratory Forecast-
ing Challenge since it was begun in 2019. 
Respiratory disease forecasting was more 
challenging during the 2022-2023 influenza 
season, due in part to decreased COVID-
19 activity compared to prior years and ILI 
resurgence (Supplementary Table 2). Peak 
observed MHS and civilian COVID-19 
case rates in 2022-2023 were 95% and 91% 
lower, respectively, compared to the 2021-
2022 season, while peak observed MHS 
COVID-19 and CLI encounters were 76% 
and 26% lower, respectively, than the prior 
season. Conversely, peak observed MHS 
ILI encounters during the 2022-2023 sea-
son were 41% higher than during the 2021-
2022 season and 111% higher than during 
the 2020-2021 season. Historical data for 
the previous 2 seasons were, therefore, 
not predictive of respiratory activity in 
2022-2023. 

Ensemble models generally provided 
more accurate forecasts, especially the 
ENSEMBLE_CNT and ENSEMBLE mod-
els, compared to most individual models 
(Supplementary Figure). Although certain 
individual models outperformed ensem-
ble models for specific forecasting targets, 
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including the Random Forest model for 
MHS COVID-19 case forecasts and the 
Poisson model for civilian COVID-19 case 
forecasts, each performed similarly when 
compared to the best-performing ensem-
ble model. Model performance decreased 
as the forecasting horizon increased, with 
WIS scores ranging from 10% to 95% 
higher on average for 4-week ahead fore-
casts compared to 1-week ahead forecasts. 
These results are consistent with a previous 
publication of COVID-19 forecasts in the 

U.S. COVID-19 Forecast Hub that found 
that an ensemble model comprised of 27 
individual models was consistently more 
accurate than the individual models, and 
that the accuracy of forecasting models 
decreased as forecast horizons increased.15

This forecasting study has several 
strengths. First, the forecasting results 
showed that several models accurately 
predicted COVID-19 cases and respira-
tory encounters with enough lead time 
for senior leaders to take action. Second, 

this forecasting study tested a large num-
ber of traditional (e.g., ARIMA, EWMA) 
and non-traditional (e.g., Random Forest, 
Count Regression) models, increasing our 
understanding of which types of models 
were most accurate and providing a more 
robust ensemble prediction. 

The forecasting of the 2022-2023 
season also showed several limitations 
that may have affected model accuracy. 
COVID-19 cases may have been generally 
under-reported due to the large number 

F I G U R E  1 .  Weekly Forecasts Versus Observed Data by Ensemble Model and Forecasting Horizon, All U.S. Surveillance Markets,  
October 2022–June 2023

Figure 1. Weekly Forecasts Versus Observed Data by Ensemble Models and Forecasting Horizon, All U.S. Surveillance Markets, October 2022–June 2023

Abbreviations: MHS, Military Health System; COVID-19, Coronavirus disease 2019; CLI, COVID-like illness; ILI, influenza-like illness; AFHSD, Armed Forces Health Surveillance Division; IB, Integrated Biosurveillance. Abbreviations: MHS, Military Health System; COVID-19, coronavirus disease 2019; CLI, COVID-like illness; ILI, influenza-like illness; AFHSD, Armed Forces Health Surveillance 
Division; IB, Integrated Biosurveillance.
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T A B L E  1 .  Comparison of Observed and Forecasted Activity by Forecast Target, All U.S. Surveillance Markets, 2-Week Forecasting 
Horizon

Forecast Target Peak Activity Peak Week
Observed 

Activity Forecasted Activity Observed 
Week

Difference Between Forecasted  
and Observed Week

ENSEMBLE ENSEMBLE_TOP ENSEMBLE_CNT ENSEMBLE ENSEMBLE_TOP ENSEMBLE_CNT
MHS COVID-19 cases  
100k / day 11.6 40.8 64.6 16.7 48 +6 +6 +2

Civilian COVID-19 cases 
100k / day 23.3 46.3 18.9 20.3 51 +2 +3 0

MHS % ILI encounters 3.8% 4.2% 4.7% 3.2% 47 +2 +2 0

MHS % CLI encounters 4.5% 5.3% 5.7% 4.1% 52 +2 +2 +2

MHS % COVID-19 
encounters 1.0% 2.0% 1.1% 1.0% 52 +2 +2 +2

Abbreviations: MHS, Military Health System; COVID-19, coronavirus disease 2019; k, 1,000; CLI, COVID-like illness; ILI, influenza-like illness. 

COVID-19 case definition: Any positive laboratory result for SARS-CoV-2 or a confirmed COVID-19 reportable medical event

CLI encounter definition: Any of the following ICD-10 diagnosis codes in any diagnostic position: B34.2, B97.21, B97.29, J00, J06.9, J12.81, J12.89, 
J12.9, J16.8, J17, J18.0, J18.1, J18.8, J18.9, J20.8, J20.9, J40, J22, J80, R05, R50.9, R06.0, R06.00, R06.02, R06.03, R06.09, U07.1, R43.0, R43.2, 
J84.111

ILI encounter definition: Any of the following ICD-10 diagnosis codes in any diagnostic position: B97.89, H66.9, H66.90, H66.91, H66.92, H66.93, J00, 
J01.9, J01.90, J06.9, J09, J09.X, J09.X1, J09.X2, J09.X3, J09.X9, J10, J10.0, J10.00, J10.01, J10.08, J10.1, J10.2, J10.8, J10.81, J10.82, J10.83, 
J10.89, J11, J11.0, J11.00, J11.08, J11.1, J11.2, J11.8, J11.81, J11.82, J11.83, J11.89, J12.89, J12.9, J18, J18.1, J18.8, J18.9, J20.9, J22, J40, R05, 
R50.9

COVID-19 encounter definition: Any of the following ICD-9 or ICD-10 diagnosis codes in any diagnostic position: B97.29, U07.1, Z03.818, Z20.828, 
B34.2, J12.81, 079.82, 480.3, V01.82

of asymptomatic cases and use of at-home 
testing, both within DOD and civilian pop-
ulations. Data reporting schedules, particu-
larly for civilian COVID-19 cases, changed 
dramatically during the season after the 
May 11, 2023 end of the U.S. Public Health 
Emergency for COVID-19. This policy 
change disrupted county case reporting by 
CDC.16 Many states and military treatment 
facilities also changed their COVID-19 case 
reporting schedules, from daily to weekly, 
monthly, or not at all. To abridge some 
of gaps in COVID-19 reporting, health 
encounter data from DOD ESSENCE 
could be utilized, but syndromic surveil-
lance systems such as ESSENCE may suf-
fer from inconsistent data quality between 
reporting sites and gaps in coverage.17 In 
addition, these data can also lag by at least 
4 days from the encounter date, leading 
to under-reporting of health encounters 
during the most recent week; these data 
present challenges for forecasting, as the 
observed value for this week may change 

significantly in subsequent weeks. Dur-
ing the 2022-2023 season, reported num-
bers of civilian and MHS COVID-19 cases 
for a given week increased by as much as 
50% 1 month after an initial reporting date, 
as older cases were reported, while MHS 
encounter data ranged from a 40% decrease 
to a 40% increase as additional encounters 
populated the system. Efforts were made to 
account for potential backfill in each mar-
ket for both case and encounter data prior 
to generating weekly forecasts, but fore-
casting analysis can be challenging due to 
unpredictable data processing schedules. 
Other limitations included the availability 
and usefulness of covariate data. Data that 
previously relied on for COVID-19 fore-
casting, including vaccination and case 
data, became less reliable or unavailable 
during the season. 

Another limitation of this study is the 
relative usefulness and timeliness of the 
forecasts. As mentioned, forecast accuracy 
decreased as forecasting horizon increased. 

The data lags in ESSENCE, compounded by 
the time constraints of downloading and 
aggregating weekly data and generating 
weekly forecasts, meant that weekly fore-
casts were not available for senior leaders 
until nearly 1 week after the most recently 
observed data. This circumstance renders 
the 1-week ahead forecasts of disease activ-
ity mostly unusable, limiting senior leaders’ 
response time to 2-week ahead forecasts. 
Although the 3- and 4-week ahead fore-
casts provide adequate time for senior lead-
ers to make necessary preparations, their 
accuracy is greatly diminished compared 
to 1- and 2-week ahead forecasts. Efforts to 
improve the utility of 1- and 2-week ahead 
forecasts may be achieved by download-
ing data earlier each week and generating 
weekly forecasts more efficiently, but efforts 
for improving the more distant horizon 
forecasts and expanding beyond 4 weeks 
are current priorities.

Future AFHSD-IB respiratory fore-
casting challenges will consider additional 
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F I G U R E  2 .  Assessment of Error in the Ensemble Models by Forecasting Target  
and Horizon Based on Median WIS, All U.S. Surveillance MarketsFigure 2. Assessment of Error in the Ensemble Models by Forecasting Target and Horizon Based on Median WIS, All U.S. Surveillance Markets

Abbreviation: wk, week; WIS, Weighted Interval Score; MHS, Military Health System; COVID-19, coronavirus 
disease 2019; CLI, COVID-like illness; ILI, influenza-like illness. 

COVID-19 case definition: Any positive laboratory result for SARS-CoV-2 or a confirmed  
COVID-19 reportable medical event.

CLI encounter definition: Any of the following ICD-10 discharge diagnosis codes in any 
diagnostic position: B34.2, B97.21, B97.29, J00, J06.9, J12.81, J12.89, J12.9, J16.8, J17, J18.0, 
J18.1, J18.8, J18.9, J20.8, J20.9, J40, J22, J80, R05, R50.9, R06.0, R06.00, R06.02, R06.03, 
R06.09, U07.1, R43.0, R43.2, J84.111

ILI encounter definition: Any of the following ICD-10 discharge diagnosis codes in any diag-
nostic position: B97.89, H66.9, H66.90, H66.91, H66.92, H66.93, J00, J01.9, J01.90, J06.9, J09, 
J09.X, J09.X1, J09.X2, J09.X3, J09.X9, J10, J10.0, J10.00, J10.01, J10.08, J10.1, J10.2, J10.8, 
J10.81, J10.82, J10.83, J10.89, J11, J11.0, J11.00, J11.08, J11.1, J11.2, J11.8, J11.81, J11.82, 
J11.83, J11.89, J12.89, J12.9, J18, J18.1, J18.8, J18.9, J20.9, J22, J40, R05, R50.9

COVID-19 encounter definition: Any of the following ICD-9 or ICD-10 discharge diagnosis 
codes in any diagnostic position: B97.29, U07.1, Z03.818, Z20.828, B34.2, J12.81, 079.82, 
480.3, V01.82

Relative WIS: The median WIS for that target, horizon, and model divided by the median WIS for 
that target and horizon, intended to show how well a model performed compared to the average, 
with green above average and red below average.

covariates, such as environmental data, and 
combine time series and count regression 
forecasts into a single ensemble model. 
The incorporation of new models, such as 
neural network models, machine learn-
ing models, and wavelet forecasting, will 
also be explored. More emphasis will be 
placed on non-pandemic seasons to lessen 
the impacts of changes in COVID-19 
and influenza reporting. Forecasting will 
focus on more consistently available data 
sources for both DOD and civilian popu-
lations, including COVID-19 hospital-
izations, influenza hospitalizations, and 
health encounter data. As the time elapsed 
since the initial years of the COVID-19 
pandemic increases, historical data may 
become more reliable in predicting the vol-
ume and peak activity for COVID-19 and 
other respiratory diseases during upcom-
ing influenza seasons.

Authors’ Affiliation
Armed Forces Health Surveillance  
Division, Integrated Biosurveillance 
Branch, Silver Spring, MD: Mr. Bova,  
Dr. McGee, Ms. Elliott, Mr. Ubiera

Acknowledgments
Christian T. Bautista, PhD; Bethany A. 
Vance, MS; Abagail D. Chepenik, MS; 
Michael J. Celone, MPH

R e f e r e n c e s

1. U.S. Centers for Disease Control and Preven-
tion. About Flu Forecasting. Accessed Feb. 29, 
2024. https://www.cdc.gov/flu/weekly/flusight/how-
flu-forecasting.htm
2. Mathis SM, Webber AE, León TM, et al. Evalu-
ation of FluSight influenza forecasting in the 2021-
22 and 2022-23 seasons with a new target labora-
tory-confirmed influenza hospitalizations. Preprint. 
medRxiv. 2023;2023.12.08.23299726. Published 
Dec. 11, 2023. doi:10.1101/2023.12.08.23299726
3. Armed Forces Health Surveillance Division. 
Health Readiness. Accessed Nov. 30, 2023. https://
health.mil/Military-Health-Topics/Health-Readi-
ness/AFHSD
4. Military Health System, U.S. Department of 
Defense. AFHSD-IB Respiratory Markets to Watch 
Dashboard. Accessed Apr. 3, 2024. https://bitab.
health.mil/#/views/Respiratory_M2W_Dashboard/
Resp_Activity?:iid=1 
5. National Notifiable Diseases Surveillance Sys-
tem, U.S. Centers for Disease Control and Pre-
vention. MMWR Weeks. Accessed Feb. 29, 2024. 
https://ndc.services.cdc.gov/wp-content/uploads/
MMWR_Week_overview.pdf

https://www.cdc.gov/flu/weekly/flusight/how-flu-forecasting.htm
https://www.cdc.gov/flu/weekly/flusight/how-flu-forecasting.htm
https://health.mil/Military-Health-Topics/Health-Readiness/AFHSD
https://health.mil/Military-Health-Topics/Health-Readiness/AFHSD
https://health.mil/Military-Health-Topics/Health-Readiness/AFHSD
https://bitab.health.mil/#/views/Respiratory_M2W_Dashboard/Resp_Activity?:iid=1
https://bitab.health.mil/#/views/Respiratory_M2W_Dashboard/Resp_Activity?:iid=1
https://bitab.health.mil/#/views/Respiratory_M2W_Dashboard/Resp_Activity?:iid=1
https://ndc.services.cdc.gov/wp-content/uploads/MMWR_Week_overview.pdf
https://ndc.services.cdc.gov/wp-content/uploads/MMWR_Week_overview.pdf


May 2024 Vol. 31 No. 5 MSMR Page  29

S U P P L E M E N T A R Y  F I G U R E .  Assessment of Error in Forecasting Models by Forecasting Tar-
get and Horizon Based on Relative Median WIS, All U.S. Surveillance MarketsSupplementary Figure 1. Assessment of Error in the Forecasting Models by Forecasting Target and Horizon Based on Relative Median WIS, All U.S. Surveillance Markets

Abbreviation: wk, week; WIS, Weighted Interval Score; MHS, Military Health 
System; COVID-19, Coronavirus disease 2019; CLI, COVID-like illness; ILI, 
influenza-like illness. 

COVID-19 case definition: Any positive laboratory result for SARS-CoV-2 or a 
confirmed COVID-19 reportable medical event

Abbreviation: wk, week; WIS, Weighted Interval Score; MHS, Military Health System; COVID-19, Coronavirus 
disease 2019; CLI, COVID-like illness; ILI, influenza-like illness. 

COVID-19 case definition: Any positive laboratory result for SARS-CoV-2 or a confirmed  
COVID-19 reportable medical event

CLI encounter definition: Any of the following ICD-10 diagnosis codes in any diagnostic po-
sition: B34.2, B97.21, B97.29, J00, J06.9, J12.81, J12.89, J12.9, J16.8, J17, J18.0, J18.1, J18.8, 
J18.9, J20.8, J20.9, J40, J22, J80, R05, R50.9, R06.0, R06.00, R06.02, R06.03, R06.09, U07.1, 
R43.0, R43.2, J84.111

ILI encounter definition: Any of the following ICD-10 diagnosis codes in any diagnostic 
position: B97.89, H66.9, H66.90, H66.91, H66.92, H66.93, J00, J01.9, J01.90, J06.9, J09, J09.X, 
J09.X1, J09.X2, J09.X3, J09.X9, J10, J10.0, J10.00, J10.01, J10.08, J10.1, J10.2, J10.8, J10.81, 
J10.82, J10.83, J10.89, J11, J11.0, J11.00, J11.08, J11.1, J11.2, J11.8, J11.81, J11.82, J11.83, 
J11.89, J12.89, J12.9, J18, J18.1, J18.8, J18.9, J20.9, J22, J40, R05, R50.9

COVID-19 encounter definition: Any of the following ICD-9 or ICD-10 diagnosis codes in any 
diagnostic position: B97.29, U07.1, Z03.818, Z20.828, B34.2, J12.81, 079.82, 480.3, V01.82

Relative WIS: The Median WIS for that target, horizon, and model divided by the median WIS for 
that target and horizon, intended to show how well a model performed compared to the average, 
with green above average and red below average.

6. Armed Forces Health Surveillance Division, 
Defense Health Agency, U.S. Department of De-
fense. Armed Forces Reportable Medical Events 
Guidelines and Case Definitions. Armed Forces 
Health Surveillance Branch. 2022. Accessed Mar. 
7, 2024. https://www.health.mil/Reference-Center/
Publications/2022/11/01/Armed-Forces-Report-
able-Medical-Events-Guidelines
7. National Notifiable Diseases Surveillance Sys-
tem, U.S. Centers for Disease Control and Pre-
vention. Surveillance Case Definitions for Current 
and Historical Conditions. Accessed Mar. 7, 2024. 
https://ndc.services.cdc.gov
8. U.S. Department of Health and Human Servic-
es. HHS Protect Public Data Hub. Accessed Nov. 
30, 2023. https://protect.hhs.gov
9. U.S. Centers for Disease Control and Preven-
tion. Coronavirus Disease 2019 (COVID-19) 2021 
Case Definition. Accessed Mar. 7, 2024. https://
ndc.services.cdc.gov/case-definitions/coronavirus-
disease-2019-2021 
10. Bracher J, Ray EL, Gneiting T, Reich NG. 
Evaluating epidemic forecasts in an interval format. 
PLOS Comput Bio. 2021;17(2):e1008618. doi: 
10.1371/journal.pcbi.1008618
11. O'Hara-Wild M, Hyndman R, Wang E. fable: 
Forecasting Models for Tidy Time Series. R pack-
age version 0.3.3. 2023. https://CRAN.R-project.
org/package=fable
12. Liaw A, Wiener M. Classification and regres-
sion by randomForest. R News. 2002;2(3):18-22. 
https://journal.r-project.org/articles/RN-2002-022/
RN-2002-022.pdf 
13. Liboschik T, Fokianos K, Fried R. tscount: An 
R package for analysis of count time series fol-
lowing generalized linear models. J Stat Softw. 
2017;82(5):1-51. doi:10.18637/jss.v082.i05 
14. McDonald D, Bien J, O’Brien M, et al. eval-
cast: tools for evaluating COVID forecasters. 2023. 
https://cmu-delphi.github.io/covidcast/evalcastR 
[and] https://github.com/cmu-delphi/covidcast  
15. Cramer EY, Ray EL, Lopez VK, et al. Evalua-
tion of individual and ensemble probabilistic fore-
casts of COVID-19 mortality in the United States 
(published correction in Proc Natl Acad Sci USA. 
2023;120(15):e2304076120). Proc Natl Acad Sci 
USA. 2022;119(15):e2113561119. doi:10.1073/
pnas.2113561119  
16. U.S. Centers for Disease Control and Pre-
vention. End of the Federal COVID-19 Pub-
lic Health Emergency (PHE) Declaration. Up-
dated Sep. 12, 2023. Accessed Mar. 8, 2024. 
https://archive.cdc.gov/#/details?q=COVID-
19&start=0&rows=10&url=https://www.cdc.gov/
coronavirus/2019-ncov/your-health/end-of-phe.
html 
17. Thomas MJ, Yoon PW, Collins JM, Da-
vidson AJ, MacKenzie WR. Evaluation of syn-
dromic surveillance systems in 6 US state 
and local health departments. J Public Health 
Manag Pract. 2018;24(3):235-240. doi:10.1097/
PHH.0000000000000679

https://www.health.mil/Reference-Center/Publications/2022/11/01/Armed-Forces-Reportable-Medical-Events-Guidelines
https://www.health.mil/Reference-Center/Publications/2022/11/01/Armed-Forces-Reportable-Medical-Events-Guidelines
https://www.health.mil/Reference-Center/Publications/2022/11/01/Armed-Forces-Reportable-Medical-Events-Guidelines
https://ndc.services.cdc.gov
https://protect.hhs.gov
https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2021
https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2021
https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2021
https://CRAN.R-project.org/package=fable
https://CRAN.R-project.org/package=fable
https://journal.r-project.org/articles/RN-2002-022/RN-2002-022.pdf
https://journal.r-project.org/articles/RN-2002-022/RN-2002-022.pdf
https://cmu-delphi.github.io/covidcast/evalcastR
https://github.com/cmu-delphi/covidcast
https://archive.cdc.gov/#/details?q=COVID-19&start=0&rows=10&url=https://www.cdc.gov/coronavirus/2019-ncov/your-health/end-of-phe.html
https://archive.cdc.gov/#/details?q=COVID-19&start=0&rows=10&url=https://www.cdc.gov/coronavirus/2019-ncov/your-health/end-of-phe.html
https://archive.cdc.gov/#/details?q=COVID-19&start=0&rows=10&url=https://www.cdc.gov/coronavirus/2019-ncov/your-health/end-of-phe.html
https://archive.cdc.gov/#/details?q=COVID-19&start=0&rows=10&url=https://www.cdc.gov/coronavirus/2019-ncov/your-health/end-of-phe.html


 MSMR Vol. 31 No. 5 May 2024 Page  30

S U P P L E M E N T A R Y  T A B L E  1 .  AFHSD Forecasting Target Definitions

S U P P L E M E N T A R Y  T A B L E  2 .  Comparison of Observed Activity by Influenza Season, All U.S. Surveillance Markets

Forecasting Target Case Definition

MHS COVID-19 Case

Confirmed: Detection of SARS-CoV-2 nucleic acid (RNA) by molecular amplification from a clinical or autopsy specimen                                       
Probable: Meets any of the following criteria

1) Epidemiologically linked to another case of COVID-19 with no confirmatory COVID-19 laboratory testing and meets 
the following clinical description of a case:

a. At least TWO of the following symptoms: fever, chills, rigors, myalgia, headache, sore throat, nausea or vomiting, 
diarrhea, fatigue, congestion or runny nose

  OR                                                                        
b. Any ONE of the following symptoms: cough, shortness of breath, difficulty breathing, new olfactory disorder,  
or new taste disorder

  OR
c. Severe respiratory illness with at lease 1 of the following: clinical or radiographic evidence of pneumonia,  
or acute respiratory distress syndrome (ARDS)                                                                                                                           

2) Detection of SARS-CoV-2 antigen from a respiratory specimen
3) A death certificate that lists COVID-19 disease or SARS-CoV-2 as an underlying cause of death or a significant  
condition contributing to death with no confirmatory COVID-19 laboratory testing

MHS CLI Encounter
Any of the following ICD-10-CM diagnosis codes in any diagnostic position: B34.2, B97.21, B97.29, J00, J06.9, J12.81, 
J12.89, J12.9, J16.8, J17, J18.0, J18.1, J18.8, J18.9, J20.8, J20.9, J40, J22, J80, R05, R50.9, R06.0, R06.00, R06.02, 
R06.03, R06.09, U07.1, R43.0, R43.2, J84.111

MHS ILI Encounter

Any of the following ICD-10-CM diagnosis codes in any diagnostic position: B97.89, H66.9, H66.90, H66.91, H66.92, 
H66.93, J00, J01.9, J01.90, J06.9, J09, J09.X, J09.X1, J09.X2, J09.X3, J09.X9, J10, J10.0, J10.00, J10.01, J10.08, 
J10.1, J10.2, J10.8, J10.81, J10.82, J10.83, J10.89, J11, J11.0, J11.00, J11.08, J11.1, J11.2, J11.8, J11.81, J11.82, 
J11.83, J11.89, J12.89, J12.9, J18, J18.1, J18.8, J18.9, J20.9, J22, J40, R05, R50.9

MHS COVID-19 Encounter Any of the following ICD-9-CM or ICD-10-CM diagnosis codes in any diagnostic position: B97.29, U07.1, Z03.818, 
Z20.828, B34.2, J12.81, 079.82, 480.3, V01.82

Abbreviations: MHS, Military Health System; COVID-19, coronavirus disease 2019; CLI, COVID-like illness; ILI, influenza-like illness. 

Forecast Target Peak Activity Peak Week

2022-2023 2021-2022 2020-2021 2019-2020 2022-2023 2021-2022 2020-2021 2019-2020

MHS COVID-19 cases 11.6 216.7 47.0 NA 48 1 1 NA

Civilian COVID-19 cases 23.3 264.0 79.4 NA 51 2 1 NA

MHS ILI encounters 3.8% 2.7% 1.8% 5.3% 47 52 46 52

MHS CLI encounters 4.5% 6.1% 3.6% 3.9% 52 52 52 1

MHS COVID-19 encounters 1.0% 4.2% 4.1% NA 52 52 1 NA

COVID-19 case definition: Any positive laboratory result for SARS-CoV-2 or a confirmed COVID-19 reportable medical event

CLI encounter definition: Any of the following ICD-10 diagnosis codes in any diagnostic position: B34.2, B97.21, B97.29, J00, J06.9, J12.81, J12.89, 
J12.9, J16.8, J17, J18.0, J18.1, J18.8, J18.9, J20.8, J20.9, J40, J22, J80, R05, R50.9, R06.0, R06.00, R06.02, R06.03, R06.09, U07.1, R43.0, R43.2, 
J84.111

ILI encounter definition: Any of the following ICD-10 diagnosis codes in any diagnostic position: B97.89, H66.9, H66.90, H66.91, H66.92, H66.93, J00, 
J01.9, J01.90, J06.9, J09, J09.X, J09.X1, J09.X2, J09.X3, J09.X9, J10, J10.0, J10.00, J10.01, J10.08, J10.1, J10.2, J10.8, J10.81, J10.82, J10.83, 
J10.89, J11, J11.0, J11.00, J11.08, J11.1, J11.2, J11.8, J11.81, J11.82, J11.83, J11.89, J12.89, J12.9, J18, J18.1, J18.8, J18.9, J20.9, J22, J40, R05, 
R50.9

COVID-19 encounter definition: Any of the following ICD-9 or ICD-10 diagnosis codes in any diagnostic position: B97.29, U07.1, Z03.818, Z20.828, 
B34.2, J12.81, 079.82, 480.3, V01.82

Abbreviations: MHS, Military Health System; COVID-19, coronavirus disease 2019; CLI, COVID-like illness; ILI, influenza-like illness; NA, mot applicable. 
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MSMR publishes annual updates on the incidence of malaria among U.S. 
service members. Malaria infection remains a potential health threat to U.S. 
service members located in or near endemic areas due to duty assignment, 
participation in contingency operations, or personal travel. In 2023, a total 
of 39 active and reserve component service members were diagnosed with 
or reported to have malaria, an 8.3% increase from the 36 cases identified 
in 2022. Over half of the malaria cases in 2023 were caused by Plasmodium 
falciparum (53.8%; n=21) followed by unspecified types of malaria (35.9%; 
n=14) and P vivax and other Plasmodia (5.1%; n=2 each ). Malaria cases were 
diagnosed or reported from 22 different medical facilities: 18 in the U.S., 2 in 
Germany, 1 in Africa, 1 in South Korea. Of the 33 cases with known locations 
of diagnoses, 6 (18.2%) were reported from or diagnosed outside the U.S.

Update
Malaria Among Members of the U.S. Armed Forces, 2023

Malaria is a life-threatening disease 
spread to humans through the 
bites of Anopheles mosquitoes, 

found mostly in tropical countries.1 In 2022 
the World Health Organization (WHO) 
reported that nearly half the world’s popula-
tion was at risk of malaria, with an estimated 
249 million malaria cases and 608,000 
malaria deaths in 85 countries across dif-
ferent continents  that present tremendous 
heterogeneity in the incidence of malaria 
deaths. Africa bears a disproportionately 
high share of the global malaria burden, with 
the vast majority (95%) of global malaria 
cases occurring there each year.1-3

Malaria is caused by 5 species of pro-
tozoan parasite of the genus Plasmodium: P 
falciparum, P vivax, P malariae, P ovale, or 
P knowlesi, of which P falciparum is most 
likely to cause severe infections and, if not 
promptly treated, may lead to death.4 While 
P falciparum is most prevalent in Africa, P 
vivax is the most widely geographically-dis-
tributed parasite species, with relatively high 
prevalence of infection in Southeast Asia, 
Western Pacific, and Eastern Mediterranean 

regions, as well as less densely populated 
areas of the Americas.5

Although malaria is not endemic in the 
United States, it is critical to monitor the 
incidence and trends of malaria among U.S. 
service members, due to potential health 
threats that may arise from being located in 
endemic areas due to duty assignments, par-
ticipation in contingency operations, or per-
sonal travel.6 The MSMR’s focus on malaria 
reflects both historical lessons about this 
mosquito-borne disease and the continu-
ing threat it poses to military operations and 
service members’ health. 

The 2023 MSMR malaria update docu-
mented 12 individuals with exposures classi-
fied as deployment-related, of which 10 were 
classified as non-duty-related and 9 were 
considered acquired in Africa. Non-His-
panic Black service members accounted for 
8 of those non-duty cases, and leisure travel 
to countries in Africa was documented in 
the reportable medical event (RME) records 
of 4 of these service members.6 

Although malaria is a serious and 
potentially fatal disease, illness and death 

from malaria can be prevented by avoiding 
mosquito bites and proper use of malaria 
prophylaxis and standard preventive mea-
sures. The U.S. military has effective coun-
termeasures against malaria, including 
chemoprophylactic drugs, permethrin-
impregnated uniforms and bed nets, and 
DEET-containing insect repellents. Never-
theless, literature suggests that most malaria 
cases are associated with poor compliance 
with existing preventive measures.7-9 

There is a need to identify gaps in exist-
ing approaches to more effectively combat 
malaria outbreaks and reflect changes in the 
incidence and trends of malaria infections 
among U.S. military personnel. This update 
describes the epidemiological patterns of 
malaria incidence among service members 
in the active and reserve components of the 
U.S. Armed Forces, using methods simi-
lar to those employed in previous analyses 
to explore factors for malaria prevention 
among this population.

W h a t  a r e  t h e  n e w  f i n d i n g s ?  

Numbers of malaria cases began to increase 
after a low (n=20) in 2021, reaching 39 cases 
in 2023, mainly due to more from Africa as 
well as other or unspecified locations. Cases 
acquired in South Korea declined substantially 
in 2023.

W h a t  i s  t h e  i m p a c t  o n  r e a d i n e s s 
a n d  f o r c e  h e a l t h  p r o t e c t i o n ?

Malaria poses a health risk not only for  
service members deployed to endemic regions 
but those traveling to such areas for personal 
reasons. The finding that P falciparum malaria, 
which carries a high risk of serious sequelae, 
including death, was diagnosed in more than 
half of malaria cases in 2023 emphasizes 
the need for continued emphasis on effective  
preventive mea sures against this most  
dangerous malaria strain.
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M e t h o d s

The surveillance period for this report 
was January 1, 2014 through December 31, 
2023. The surveillance population included 
service members of the U.S. Army, Navy, 
Air Force, Marine Corps, Space Force, and 
Coast Guard. 

The records of the Defense Medi-
cal Surveillance System (DMSS) were 
searched to identify qualifying evidence of 
a malaria diagnosis from RMEs, hospital-
izations, outpatient encounters (in military 
and non-military facilities), and labora-
tory results from military facilities. Case 
definition criteria included 1) an RME 
record of confirmed malaria, 2) a hospital-
ization record with a primary diagnosis of 
malaria, 3) a hospitalization record with a 
non-primary diagnosis of malaria due to a 
specific Plasmodium species, 4) a hospital-
ization record with a non-primary diagno-
sis of malaria plus a diagnosis of anemia, 
thrombocytopenia, and related conditions, 
or malaria-complicating pregnancy in any 
diagnostic position, 5) a hospitalization 
record with a non-primary diagnosis of 
malaria plus diagnoses of signs or symp-
toms consistent with malaria in each diag-
nostic position preceding malaria, or 6) a 
positive malaria antigen test plus an outpa-
tient record with a diagnosis of malaria in 
any diagnostic position within 30 days of 
the specimen collection date. The relevant 
International Classification of Diseases, 9th 
and 10th Revision (ICD-9/ICD-10) codes 
used to identify cases are shown in Table 1. 

This analysis restricted each service 
member to 1 episode of malaria per 365-
day period. When multiple records docu-
mented a single episode, the date of the 
earliest record was considered the date of 
clinical onset. Records within 30 days of the 
clinical onset date were reviewed for evi-
dence of a Plasmodium species.

Presumed locations of malaria acqui-
sition were estimated using a hierarchi-
cal algorithm: 1) cases diagnosed in a 
malaria-endemic country were consid-
ered acquired in that country, 2) RMEs 
that listed exposures to malaria-endemic 
locations were considered acquired in 
those locations, 3) RMEs that did not list 
exposures to malaria-endemic locations 

but were reported from installations in 
malaria-endemic locations were consid-
ered acquired in those locations, 4) cases 
diagnosed among service members during 
or within 30 days of deployment or assign-
ment to a malaria-endemic country were 
considered acquired in that country, and 
5) cases diagnosed among service mem-
bers who had been deployed or assigned to 
a malaria-endemic country within 2 years 
before diagnosis were considered acquired 
in those respective countries. All remain-
ing cases were considered to have acquired 
malaria in unknown locations.

R e s u l t s

In 2023, a total of 39 U.S. service mem-
bers were diagnosed with or reported to 
have malaria (Table 2), resulting in a rate of 
1.9 per 100,000 persons (data not shown). 
This total from 2023 represents an 8.3% 

increase from the 36 cases ascertained in 
2022 (Figure 1). Twenty-one of the 39 cases 
(53.8%) in 2023 were identified from inpa-
tient data reported as RMEs, while the 
remaining 18 cases were identified from 
inpatient data without associated RMEs. 
Six cases from 2023 were identified from 
laboratory data in combination with an 
outpatient record of malaria.

As in previous years, the majority of 
U.S. military members diagnosed in 2023 
with malaria were men (92.3%), members 
of the active component (76.9%), and in 
the Army (69.2%). No cases from the Space 
Force nor Coast Guard were reported. 
Non-Hispanic Black service members and 
those under age 30 accounted for the most 
cases of malaria (79.5% and 35.9%, respec-
tively) in 2023 (Table 2). 

Of the 21 malaria cases reported as 
RMEs in 2023, all were male and 15 were 
in the Army. Of these 21 cases, 17 were 
categorized as non-duty-related travel, 
of which 16 were considered acquired  

T A B L E  1 .  ICD-9 and ICD-10 Diagnosis Codes Used in Defining Malaria Cases  
from the Records for Inpatient Encounters (Hospitalizations)

ICD-9 ICD-10

Malaria (Plasmodium species)

P falciparum 84.0 B50

P vivax 84.1 B51

P malariae 84.2 B52

P ovale 84.3 B53.0

Unspecified 84.4, 84.5, 84.6, 84.8, 84.9 B53.1, B53.8, B54

Anemia 280–285 D50–D53, D55–D64

Thrombocytopenia 287 D69

Malaria-complicating pregnancy 647.4 O98.6

Signs, symptoms, or other  
abnormalities consistent  
with malaria

276.2, 518.82, 584.9, 723.1, 
724.2, 780.0, 780.01, 780.02, 
780.03, 780.09, 780.1, 780.3, 
780.31, 780.32, 780.33, 
780.39, 780.6, 780.60, 780.61, 
780.64, 780.65, 780.7, 780.71, 
780.72, 780.79, 780.97, 782.4, 
784.0, 786.05, 786.09, 786.2, 
786.52, 786.59, 787.0, 787.01, 
787.02, 787.03, 787.04, 789.2, 
790.4

E87.2, J80, M54.2, M54.5, 
N17.9, R05, R06.0, R06.89, 
R07.1, R07.81, R07.82, 
R07.89, R11*, R16.1, R17, 
R40*, R41.0, R41.82, R44*, 
R50*, R51, G44.1, R53*, R56*, 
R68.0, R68.83, R74.0

Abbeviations: ICD-9, International Classification of Diseases, 9th Revision; ICD-10, International Classification 
of Diseases, 10th Revision; P, plasmodium.
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in Africa. Non-Hispanic Black service 
members accounted for 13 of those non-
duty cases. 

During the 2014-2023 surveillance 
period, malaria cases attributed to Africa 
accounted for the greatest number of cases 
(n=178; 44.4%), followed by other/unspeci-
fied locations (n=87; 21.7%), Korea (n=66; 
16.5%), Afghanistan (n=64; 16%), and 
South and Central America (n=6; 1.5%) 
(Figure 2). The annual percentages of cases 
associated with Africa had the greatest 

variability, ranging from 34.5% in 2020 
to 60.0% in 2021. From 2022 to 2023, the 
number of cases associated with Korea 
decreased the most, from 8 to 3. There was 
no case in Afghanistan in 2023.

Malaria cases were diagnosed or 
reported in 2023 from 22 different medical 
facilities in the U.S., Germany, Africa, and 
South Korea (Table 3).

Over half of the malaria cases in 
2023 were caused by P falciparum (53.8%; 
n=21). Of the 18 cases not attributed to  

P falciparum, 2 (5.1%) cases each were 
caused by P vivax and other Plasmo-
dia, while 14 were labeled as associated 
with other or unspecified types of malaria 
(35.9%) (Figure 1). This result reflects his-
torical data over a 10-year surveillance 
period, where malaria cases caused by P 
falciparum have accounted for the largest 
number of cases (n=195; 48.6%) followed 
by P vivax (n=98; 24.4%), unspecified spe-
cies (n=95; 23.7%), and other Plasmodium 
species (n=13; 3.2%). The annual percent-
ages of cases attributed to P vivax during 
the surveillance period showed the greatest 
variability, ranging from 11.1% in 2022 to 
51.7% in 2020.

Most cases acquired in Africa were 
caused by P falciparum (65.0%; 13/20) (Fig-
ure 3). Of the 20 malaria infections acquired 
in Africa in 2023, 3 each were linked to Dji-
bouti and Sierra Leone; 2 were linked to 
Togo; 1 each were linked to Ghana, Côte 
d’Ivoire, and Nigeria; and 9 were associated 
with unknown African locations (data not 
shown).  

Between 2014 and 2023, most non-P 
vivax malaria cases (67.1%) were diagnosed 
or reported during the 6 months from the 
Northern Hemisphere middle of spring 
through the middle of autumn (May–Octo-
ber) (Figure 4). During the 10-year surveil-
lance period, the proportions of non-P 
vivax malaria cases diagnosed or reported 
from May through October varied by 
region of acquisition: Korea (84.6%, 22/26), 
Afghanistan (84%, 21/25), Africa (67.8%, 
116/171), and South and Central America 
(50.0%, 3/6) (data not shown).

D i s c u s s i o n

Malaria remains an important infec-
tious disease threat to U.S. service mem-
bers deployed to tropical and subtropical 
regions due to operational constraints it 
imposes, lack of compliance with cur-
rently available preventive measures, and 
continuing emergence of drug-resistant 
malarial parasites.10 Although deployment-
related exposures are targets for prevention, 
malaria poses a significant medical con-
cern among service members who travel to 
malaria-endemic regions while on leave.11,12 

T A B L E  2 .  Malaria Cases by Plasmodium Species and Selected Demographic  
Characteristics, U.S. Armed Forces, 2023

P 
vivax

P 
falciparum

Other / 
Unspecified Total % 

Total

DMSS AC 
Reference 
Populationa 
(Oct. 2023)

n %
Total 2 21 16 39 100.0 2,102,128 100.0
 Gender

Male 2 20 14 36 92.3 1,699,479 80.8
Female 0 1 2 3 7.7 402,649 19.2

 Age group, y
<20 0 0 0 0 0.0 104,910 5.0
20-24 2 1 1 4 10.3 561,785 26.7
25-29 0 5 5 10 25.6 464,652 22.1
30-34 0 8 3 11 28.2 352,482 16.8
35-39 0 1 5 6 15.4 288,559 13.7
40-44 0 2 2 4 10.3 180,611 8.6
45-49 0 1 0 1 2.6 80,027 3.8
50+ 0 3 0 3 7.7 69,102 3.3

 Race and ethnicity
White,  
non-Hispanic 1 1 3 5 12.8 1,159,050 55.1

Black,  
non-Hispanic 0 18 13 31 79.5 330,805 15.7

Other 1 2 0 3 7.7 235,945 11.2
 Component

Active 1 19 10 30 76.9 1,316,971 62.6
Reserve / Guard 1 2 6 9 23.1 785,157 37.4

 Service
Army 2 14 11 27 69.2 974,507 46.4
Navy 0 4 4 8 20.5 383,716 18.3
Air Force / 
Space Force 0 1 0 1 2.6 496,825 23.6

Marine Corps 0 2 1 3 7.7 201,964 9.6
Abbreviations: P, Plasmodium; DMSS, Defense Medical Surveillance System; AC, all components; y years.
a Data Source: Defense Medical Surveillance System (DMSS) as of Feb. 14, 2024 prepared by the Defense 
Health Agency. 
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In 2023 P falciparum was responsible for 
more than half of U.S. service member 
malaria cases, emphasizing the need for 
continued focus on prevention of the dis-
ease, given its potential severity and risk 

of death. Given that most RME-reported 
malaria infections occurred during non-
duty-related activities and were acquired 
in Africa, it is important to effectively 
communicate malaria countermeasures  

to service members for both deployment 
and non-duty-related activities. 

Several studies have reported low 
adherence with the recommended full 
course of prophylaxis and inadequate use 
of malaria chemoprophylaxis.13-15 Among 
the information regarding malaria patients 
and adherence to chemoprophylaxis, pre-
mature discontinuation of recommended 
chemoprophylaxis regimen upon com-
pletion of travel was given as a reason for 
non-adherence.8 Despite effective counter-
measures against malaria and the success 
of mandatory chemoprophylaxis measures 
to prevent malaria, malaria infections will 
continue if service members do not adhere 
to the chemoprophylaxis necessary for its 
prevention. Completion of prophylaxis 
medication is necessary to prevent infec-
tion despite  potential side effects. Efforts 
are needed to investigate side effects that 
may arise from these medications, for their 
effective mitigation, concurrent with efforts 
to identify factors that influence chemo-
prophylaxis adherence.

How risk management and prevention 
information is presented, and what specific 
or relevant information is provided, can 
have a greater impact on the knowledge, 
attitudes, and practices of deployed ser-
vice members or travelers than basic infor-
mation on what is prescribed.8,16 It is also 
necessary to consider the perceived risk of 
malaria infection during travel so service 
members do not mistakenly believe they 
have residual or innate immunity because 
they are visiting relatives, or that malaria 
treatment is easier than its prophylaxis.14 
It is critical to explore more proactive 
approaches to assessing malaria risk and 
developing practical strategies according to 
identified risk factors to protect U.S. service 
members.17  

Of particular concern is when foreign-
born personnel travel on personal leave to 
their country of origin. A prior study dem-
onstrated malaria rates 44 times greater for 
U.S. service members born in 7 western 
African countries than for those born in 
the U.S.11 Leisure travel to certain African 
countries, as reported on notifiable medi-
cal event records, may account, at least 
in part, for the disproportionately high 
malaria rates observed among non-His-
panic Black service members in this report.  

F I G U R E  1 .  Numbers of Malaria Cases by Species and Calendar Year of Diagnosis  
or Report, Active and Reserve Components, U.S. Armed Forces, 2014–2023

F I G U R E  2 .  Numbers of Malaria Cases by Location of Acquisition, Active and Reserve  
Components, U.S. Armed Forces, 2014–2023

Abbreviations: P, Plasmodium; No., number.

Abbreviation: No., number.
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F I G U R E  3 .  Numbers of Malaria Cases by Species Type and Location of Acquisition,  
Active and Reserve Components, U.S. Armed Forces, 2023

Abbreviations: No., number; P, Plasmodium; SOCCENT, Special Operations Command Central. 

Africa Korea Other/
unspecified

soccent

P vivax

P falciparum

T A B L E  3 .  Number of Malaria Cases by Geographic Location of Diagnosis or Report and Presumed Location of Acquisition, Active and 
Reserve Components, U.S. Armed Forces, 2023

Location Where Diagnosed or Reported Korea Afghanistan Africa
South/ 
Central 
America

Other/
Unknown 
Location

Total

No. No. No. No. No. No. %
William Beaumont AMC, Fort Bliss, TX 3 0 2 0 0 5 12.8
Guthrie AHC, Fort Drum, NY 0 0 3 0 0 3 7.7
Womack AMC, Fort Liberty, NC 0 0 2 0 0 2 5.1
Carl R. Darnall AMC, Fort Cavazos, TX 0 0 2 0 0 2 5.1
NMC Portsmouth, VA 0 0 1 0 1 2 5.1
Lanstuhl Regional Medical Center, Germany 0 0 0 0 2 2 5.1
Expeditionary Medical Facility, Djibouti 0 0 2 0 0 2 5.1
Lyster AHC, Fort Novosel, AL 0 0 0 0 1 1 2.6
NMC San Diego, CA 0 0 1 0 0 1 2.6
Eisenhower AMC, GA 0 0 0 0 1 1 2.6
Martin ACH, Fort Moore, GA 0 0 0 1 0 1 2.6
Tripler AMC, HI 0 0 1 0 0 1 2.6
Walter Reed National MMC, MD 0 0 0 1 0 1 2.6
General Leonard Wood ACH, Fort Leonard Wood, MO 0 0 0 0 1 1 2.6
NMC Camp Lejeune, NC 0 0 1 0 0 1 2.6
Alexander T. Augusta MMC, Fort Belvoir, VA 0 0 0 0 1 1 2.6
Madigan AMC, Joint Base Lewis-McChord, WA 0 0 1 0 0 1 2.6
NHC Quantico, VA 0 0 1 0 0 1 2.6
Hohenfels AHC, Germany 0 0 1 0 0 1 2.6
DiRaimondo TMC, Fort Carson, CO 0 0 0 0 1 1 2.6
LaPointe AHC, Fort Campbell, KY 0 0 1 0 0 1 2.6
Henry L. Jenkins Medical Home, Camp Humphries, South Korea 0 0 1 0 0 1 2.6
Location not reported 0 0 0 0 6 6 15.4
Total 3 0 20 2 14 39 100

Abbreviations: No., number; AMC, Army Medical Center; AHC, Army Health Clinic; ACH, Army Community Hospital; NMC, Navy Medical Center; MMC, Military Medical 
Center; NHC, Naval Health Center; TMC, Troop Medical Center.

For service members visiting their birth 
countries in malaria-endemic regions, sus-
ceptibility due to loss of partial immunity 
from prior continuous exposure poses a sub-
stantial risk for infection and morbidity.18

Observations of seasonality in malaria 
diagnoses (Figure 4) indicate the need for 
more collaborative local and regional data 
collection efforts to quantify malaria sea-
sonality and develop improved prevention 
strategies. Because P falciparum trans-
mission is often seasonal, and a major-
ity of non-P vivax malaria occurs during a 
6-month period, from mid-spring to mid-
autumn (May to October) in the Northern 
Hemisphere, accurate accounting of sea-
sonality is important for informing efficient 
malaria control and treatment strategies.19 
Surveillance for elimination purposes 
demands integration of related data,  
for timely, targeted, and efficient resource 
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F I G U R E  4 .  Cumulative Numbers of Malaria Cases by Species Type and Month of Clinical 
Presentation or Diagnosis, Active and Reserve Components, U.S. Armed Forces, 2014–2023

Abbreviations: P, Plasmodium; No., number.
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deployment to prevent reintroduction of 
malaria to eliminated areas by mapping risk 
of receptivity and vulnerability.20

Limitations to this report should be 
considered when interpreting these find-
ings. Malaria case documentation, espe-
cially for the reserve components as well as 
non-deployment-related exposures, is likely 
incomplete, leading to an underestimate of 
rates. Some cases treated in deployed or non-
U.S. military medical facilities may not have 
been reported or otherwise ascertained at 
the time of this analysis. Malaria diagnoses 
recorded only in outpatient settings with-
out confirmatory testing and not reported 
as notifiable events were not included. The 
geographic location where malaria was 
acquired was estimated from reported 
information; some cases had reported expo-
sures in multiple malaria-endemic regions 
or areas, and others had no relevant expo-
sure information. Personal travel or deploy-
ment within malaria-endemic countries 
was not accounted for unless specified in 
notifiable event reports. Limited informa-
tion on species type in RME records reveals 
the need for greater attention on complete 
documentation of reportable conditions.

Military personnel frequently deploy 
to malaria-endemic regions, and most 
travel-related malaria cases occur due to 
non-compliance with preventive measures. 
Considering factors that can influence 

preventive measure compliance while pro-
moting accurate awareness of malaria risk is 
critical. Positive perceptions of the necessity 
and efficacy of preventive measures, and 
appropriate reinforcement in relevant pre-
travel advice, are important elements for 
continued prevention of malaria transmis-
sion to U.S. service members.
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T O P  5  R E P O R T A B L E  M E D I C A L  E V E N T S  B Y  C A L E N D A R  W E E K , 
A C T I V E  C O M P O N E N T  ( A P R I L  1 5 ,  2 0 2 3  -  A P R I L  6 ,  2 0 2 4 ) 

Reportable Medical Events at Military Health System Facilities 
Through Week 14, Ending April 6, 2024
Matthew W. R. Allman, MPH; Anthony R. Marquez, MPH; Katherine S. Kotas, MPH

Reportable Medical Events (RMEs) are documented in the Disease Reporting System internet (DRSi) by health care providers and 
public health officials throughout the Military Health System (MHS) for monitoring, controlling, and preventing the occurrence and 
spread of diseases of public health interest or readiness importance. These reports are reviewed by each service’s public health surveil-
lance hub. The DRSi collects reports on over 70 different RMEs, including infectious and non-infectious conditions, outbreak reports, 
STI risk surveys, and tuberculosis contact investigation reports. A complete list of RMEs is available in the 2022 Armed Forces Report-
able Medical Events Guidelines and Case Definitions.1 Data reported in these tables are considered provisional and do not represent con-
clusive evidence until case reports are fully validated. 

Total active component cases reported per week are displayed for the top 5 RMEs for the previous year. Each month, the graph is 
updated with the top 5 RMEs, and is presented with the current month’s (March 2024) top 5 RMEs, which may differ from previous 
months. COVID-19 is excluded from these graphs due to changes in reporting and case definition updates in 2023. 

For questions about this report, please contact the Disease Epidemiology Branch at the Defense Centers for Public Health–Aber-
deen. Email: dha.apg.pub-health-a.mbx.disease-epidemiologyprogram13@health.mil

Authors' Affiliation: Defense Health Agency, Disease Epidemiology Branch, Defense Centers for Public Health–Aberdeen

R e f e r e n c e s
1. Armed Forces Health Surveillance Division. Armed Forces Reportable Medical Events. Accessed Feb. 28, 2024. https://health.mil/Reference-Center/Pub-
lications/2022/11/01/Armed-Forces-Reportable-Medical-Events-Guidelines  
2. Defense Manpower Data Center. Department of Defense Active Duty Military Personnel by Rank/Grade of Service. Accessed Feb. 28, 2024. https://dwp.
dmdc.osd.mil/dwp/app/dod-data-reports/workforce-reports 
3. Defense Manpower Data Center. Armed Forces Strength Figures for January 31, 2023. Accessed Feb. 28, 2024. https://dwp.dmdc.osd.mil/dwp/app/dod-
data-reports/workforce-reports 
4. Navy Medicine. Surveillance and Reporting Tools–DRSI: Disease Reporting System Internet. Accessed Feb. 28, 2024. https://www.med.navy.mil/Navy-
Marine-Corps-Public-Health-Center/Preventive-Medicine/Program-and-Policy-Support/Disease-Surveillance/DRSI

Abbreviation: RMEs, reportable medical events. 
Cases are shown on a logarithmic scale..
Note: There were 0 heat illness cases in the following weeks in 2023: 48, 51-52, and weeks 1 and 3 in 2024. Markers added to represent instances of heat illnesses that were 
not visible on the logarithmic scale graph.
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T A B L E .  Reportable Medical Events, Military Health System Facilities, Week Ending April 6, 2024 (Week 14)a

Reportable Medical Eventb
Active Componentc MHS Beneficiariesd

February 
2024

March 
 2024

YTD 
2024 

YTD 
2023

Total, 
2023

March 
2024

no. no. no. no. no. no.
Amebiasis 1 4 5 3 15 1
Arboviral diseases, neuroinvasive and non-neuroinvasive 0 0 0 0 2 0
COVID-19-associated hospitalization and deathe 7 0 14 56 113 43
Campylobacteriosis 8 19 44 61 268 8
Chikungunya virus disease 0 0 0 1 2 0
Chlamydia trachomatis 1,347 1,397 4,162 4,786 17,496 211
Cholera 0 1 1 1 4 0
Coccidioidomycosis 8 5 19 8 36 1
Cold weather injuryf 41 8 114 88 148 N/A
Cryptosporidiosis 15 3 22 18 67 1
Cyclosporiasis 0 0 0 0 15 0
Dengue virus infection 0 1 2 1 7 1
E. coli, Shiga toxin-producing 2 2 7 4 70 4
Ehrlichiosis/anaplasmosis 0 0 0 0 28 0
Giardiasis 4 10 26 15 79 3
Gonorrhea 241 234 750 728 2,761 35
Haemophilus influenzae, invasive 0 0 0 0 1 2
Hantavirus disease 0 0 0 0 2 0
Heat illnessf 14 32 55 79 1,255 N/A
Hepatitis A 0 0 1 2 8 0
Hepatitis B, acute and chronic 13 5 29 47 154 14
Hepatitis C, acute andchronic 6 2 12 21 52 3
Influenza-associated hospitalizationg 8 4 30 5 29 10
Lead poisoning, pediatrich N/A N/A N/A N/A N/A 9
Legionellosis 3 0 3 1 5 0
Leishmaniasis 0 0 0 1 1 0
Leprosy 0 0 0 0 2 0
Leptospirosis 0 0 0 2 4 0
Lyme disease 2 3 12 15 70 2
Malaria 0 1 3 6 28 1
Meningococcal disease 0 0 0 1 4 0
Mpox 0 0 0 0 4 0
Mumps 0 0 0 0 0 1
Norovirus 25 41 87 208 419 61
Pertussis 1 2 5 1 15 0
Post-exposure prophylaxis against Rabies 34 38 127 134 598 27
Q fever 0 0 0 1 2 0
Rubella 0 0 0 2 2 0
Salmonellosis 6 6 20 14 129 12
Shigellosis 4 3 10 13 59 3
Spotted fever rickettsiosis 0 0 0 12 31 0
Syphilis (all) 69 60 202 259 945 13
Toxic Shock Syndrome 0 1 2 1 2 0
Trypanosomiasis 0 0 1 1 1 0
Tuberculosis 0 0 1 2 11 0
Tularemia 1 0 1 0 1 0
Typhoid fever 0 0 0 0 2 0
Typhus fever 0 0 1 1 3 1
Varicella 0 0 4 1 12 4
Zika virus infection 0 0 1 0 0 0
Total case counts 1,860 1,882 5,773 6,600 24,962 471

Abbreviations: MHS, Military Health System; YTD, year to date; no., number; N/A, not applicable; COVID-19, coronavirus disease 2019; E., Escherichia; RME, reportable 
medical event; DRSi, Disease Reporting System internet; AD, active duty; FMP, family member prefix.
a RMEs reported through the DRSi as of Apr. 30, 2024 are included in this report. RMEs were classified by date of diagnosis, or where unavailable, date of onset. Monthly 
comparisons are displayed for the period of Feb. 1, 2024-Feb. 29, 2024 and Mar. 1, 2024-Mar. 31, 2024. YTD comparison is displayed for the period Jan. 1, 2024-Mar. 31, 
2024 for MHS facilities. Previous year counts are provided as the following: previous year YTD, Jan. 1, 2023-Mar. 31, 2023; total 2023, Jan. 1, 2023-Dec. 31, 2023. 
b RME categories with 0 reported cases among active component service members and MHS beneficiaries for the periods covered were not included in this report. 
c Services included in this report include Army, Navy, Air Force, Marine Corps, Space Force, and Coast Guard, including personnel classified as FMP 20 with duty status of 
AD, Recruit, or Cadet in DRSi.
d Beneficiaries included individuals classified as FMP 20 with duty status of Retired and individuals with all other FMPs except 98 and 99. Civilians, contractors, and foreign 
nationals were excluded from these counts.
e Only cases reported after case definition update on May 4, 2023. Includes only cases resulting in hospitalization or death. Does not include cases of hospitalization or death 
reported under the previous COVID-19 case definition. 
f Only reportable for active component service members. 
g Influenza-associated hospitalization is reportable only for individuals under 65 years of age. 
h Pediatric lead poisoning is reportable only for children aged 6 years or younger. 
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