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The crew of USS Kidd experienced a COVID-19 outbreak identified in April 
2020. This is the earliest documented COVID-19 study with RT-PCR, serology, 
and pre-exposure test data on the entirety of the exposed population (n=333). 
Case definitions included 121 confirmed (36.3% of crewmembers) and 18 
probable (5.4% of crewmembers) based on laboratory diagnostic test results. 
At the time of testing positive, 62 (44.6%) cases reported no symptoms. His-
panic ethnicity (AOR: 2.71, CI: 1.40-5.25) and non-smoker status (AOR: 2.28, 
CI: 1.26-4.12) were identified as statistically significant risk factors. This study 
highlights the value of rapid, onboard diagnostic testing to quickly identify an 
outbreak and enumerate cases, as well as the serological testing to flag potential 
cases missed with standard viral case identification methodologies. 
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The Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-
CoV-2) virus, the cause of 

coronavirus disease 2019 (COVID-19), has 
been responsible for the largest respiratory 
illness pandemic since the influenza pan-
demic of 1918.1–3  After January 2020, when 
the first case of COVID-19 in the United 
States (U.S.) was identified, public health 
departments were quickly overwhelmed 
with outbreaks across the country.4 Ships 
were not exempt from the spread of the 
virus, as evidenced by outbreaks aboard the 
Diamond Princess cruise ship and USS The-
odore Roosevelt aircraft carrier. COVID-19 
spread rapidly on those ships, and the out-
breaks received international media atten-
tion early in the year 2020.5 The impact of 
respiratory virus outbreaks on the health 
and readiness of both naval and civilian 
shipboard populations has been well docu-
mented for both highly lethal and compar-
atively less virulent diseases. For example, 
in 1918, following a port of call to take on 
coal in Freetown, South Africa, a staggering 

6.6% of the crew of the battleship HMS 
Africa died from influenza A (H1N1) infec-
tion while at sea.6 In the first instance of a 
widespread SARS-CoV-2 outbreak aboard 
ship, the Diamond Princess cruise ship 
outbreak demonstrated the virus’s ability to 
quickly spread throughout a confined pop-
ulation. Despite guest cabins allowing for 
isolation, 712 persons out of a total popu-
lation of 3,711 (19.2%) on board the cruise 
ship became infected.7 Shortly thereafter, 
the aircraft carrier USS Theodore Roosevelt 
experienced a COVID-19 outbreak dur-
ing which 26.6% of the crew contracted a 
SARS-CoV-2 infection, with one fatality.5 
Both of these outbreaks required substan-
tial supplementary support to put an end to 
the fast-spreading infection.

In April 2020, the USS Kidd, a U.S. 
Navy guided missile destroyer on deploy-
ment in the Pacific Ocean, experienced 
a COVID-19 outbreak. Lessons learned 
from the USS Theodore Roosevelt out-
break prompted the dispatch of a Medi-
cal Rapid Response Team (RRT) from the 

Naval Medical Readiness and Training 
Command (NMRTC) Jacksonville and the 
amphibious assault ship USS Makin Island 
to provide increased medical support and 
critical care, as well as increased isolation 
and quarantine capacity, for several USS 
Kidd crewmembers while at sea. On 28 
April, USS Kidd pulled into port in San 
Diego, CA. U.S. Naval Surface Force Pacific-
Medical Readiness Division (SURFPAC-
MRD) stood up Task Force Victory, which 
included members from the Navy Environ-
mental and Preventive Medicine Unit FIVE 
(NEPMU-5), Navy Reserve (NR) Expe-
ditionary Medical Facility (EMF) Camp 
Pendleton, and the Naval Health Research 
Center (NHRC), to answer the need for a 
fast and effective testing and care response 
for USS Kidd crewmembers. The objective 
of this report is to describe the epidemi-
ology of SARS-CoV-2 infection within an 
unvaccinated, closely confined, and previ-
ously healthy crew of the USS Kidd using 
diagnostic, epidemiologic, and reported 
symptom data.

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

One hundred twenty-one of the 333 crewmem-
bers (36.3%) were confirmed COVID-19 cas-
es. At the time of testing positive, 62 (44.6%) 
cases reported no symptoms. This high rate 
of asymptomatic infection presents a serious 
challenge to communicable disease control 
onboard ships.

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 helps highlight the value of placing 
real-time diagnostic testing capabilities in out-
break scenarios with high transmission rates.
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M e t h o d s

Outbreak Timeline

Outbreak investigations concluded 
that the initial COVID-19 exposure must 
have occurred sometime during a port visit 
from 9 March to 19 March 2020. The first 
suspected case was not identified until 11 
April, while the USS Kidd was at sea, when 
a Sailor reported persistent COVID-like ill-
ness (CLI) symptoms. This Sailor was med-
ically evacuated to shore several days later 
due to worsening symptoms and tested pos-
itive for COVID-19 on 22 April. The USS 
Makin Island arrived the following day, 
on 23 April 2020, to assist with outbreak 
response activities. The RRT embarked 
on 23 April with RT-PCR testing supplies 
and began testing suspect cases with nasal 
swabs (in addition to meeting other out-
break response needs). On 28 April USS 
Kidd arrived at Naval Base San Diego. 
Upon arrival, all crewmembers who had 
not already tested positive were tested with 
reverse transcription-polymerase chain 
reaction (RT-PCR) using nasopharyngeal 
swabs as they disembarked onto the pier. 
Additionally, all crewmembers were offered 
counseling and the option for serological 
blood testing for COVID-19. RT-PCR test-
ing and serological blood sample process-
ing were then completed at NHRC. Apart 
from a caretaker crew remaining on the 
ship, the crew were then individually quar-
antined or isolated on shore while receiv-
ing continued medical care and diagnostic 
testing. After 14 days, the caretaker crew 
went into quarantine or isolation and was 
replaced by crewmembers who had com-
pleted quarantine and had two negative 
RT-PCR COVID-19 tests. 

Prior to re-embarkation, along with 
RT-PCR tests crewmembers were again 
offered serological testing on 13 May 2020. 
Beginning 2 May 2020, crewmembers also 
submitted self-reports of symptoms expe-
rienced through the Defense Digital Ser-
vice’s (DDS) The Dawn Project, a modified 
version of DDS’s mysymptoms.mil symp-
tom checker application.8 All crewmem-
bers were required to report absence or 
presence of symptoms twice a day on this 
electronic application while in quarantine 

or isolation. The last RT-PCR test was con-
ducted on 15 June. The case definitions for 
confirmed, probable, and CLI cases are 
illustrated in Figure 1.

Sample Population and Study Variables 

Demographic data for military crews 
were pulled from the Defense Enrollment 
Eligibility Reporting System (DEERS) and 
Defense Manpower Data Center (DMDC) 
personnel rosters from February 2020. Age 
at time of outbreak was calculated from 
date of birth as reported on 3 March 2020. 
Medical and symptomatic variables utilized 
for this analysis were assembled from infor-
mation collected by the outbreak response 
team. Available data included work center/
department, laboratory results, symptom 
information, and smoking status. Symptom 
data were supplemented by The Dawn Proj-
ect symptom checker application. 

Laboratory Testing

Testing by RT-PCR for the presence of 
SARS-CoV-2 virus was conducted via two 
methods on three platforms. Initially, nasal 
swabs were processed for point-of-care test-
ing with the Abbott 2020 ID NOW COVID-
19 isothermal nucleic acid amplification test 
on board the ship until 28 April. Thereafter, 
nasopharyngeal swabs were collected into 
viral transport medium (VTM) for analy-
sis on an Applied Biosystems 7500 Fast Dx 
Real-Time PCR instrument or on a bio-
Mérieux BioFire FilmArray Torch platform. 
Samples were processed for viral nucleic 
acid extraction by the Qiagen QiaAmp-
Viral RNA mini kit, and RT-PCR testing 
for SARS-CoV-2 was performed using the 
CDC’s Emergency Use Authorization RT-
PCR assay.

RT-PCR testing for non-COVID-19 
respiratory viral pathogens was performed 
on a Luminex MAGPIX instrument with 
the FDA-approved NxTag Respiratory 
Pathogen Panel. This tested nasopharyn-
geal/VTM samples for the presence of 
nucleic acids from influenza A (pan)/A-
H1/A-H3, influenza B (pan), respiratory 
syncytial virus A/B, rhinovirus/enterovirus, 
parainfluenza viruses 1/2/3/4, human meta-
pneumovirus, adenovirus, and the seasonal 
coronaviruses HKU1/NL63/229E/OC43.

Serology samples voluntarily donated 
on 28 April or 13 May (whole blood col-
lected by venipuncture) were collected and 
processed by NHRC and stored as serum. 
For each crew member who provided a 
serum specimen, an individually matched 
serum sample was obtained from the DOD 
Serum Repository, consisting of the most 
recent serum sample collected prior to 
October 2019, which served as a negative 
control for samples collected during the 
outbreak. All serum samples were tested for 
the presence of SARS-CoV-2 specific IgG 
antibodies using an enzyme-linked immu-
nosorbent assay (ELISA) reactive to the 
SARS-CoV-2 nucleocapsid protein from 
Epitope Diagnostics. Tests were performed 
on an automated Dynex DS2 instrument.

Case Definitions

A "confirmed" case was defined as a 
USS Kidd crewmember with a RT-PCR pos-
itive test. A "probable" case was defined as 
a USS Kidd crewmember with an IgG pos-
itive serology test and a negative RT-PCR 
test. Given the lack of diagnostic testing 
capabilities that highlighted the impor-
tance of symptomatic screening during the 
early days of the pandemic,9,10 a symptom-
based COVID-19-like illness (CLI) classi-
fication was also developed in this paper, 
although it was not included within the def-
inition of a COVID-19 case. Crewmembers 
included within this classification exhibited 
symptoms consistent with COVID-19 but 
IgG and IgM serological testing was nega-
tive or  RT-PCR test results were negative, 
and additional respiratory panel testing 
conducted retrospectively by NHRC after 
the outbreak was contained was also nega-
tive. Symptomatic cases were grouped into 
two categories of known COVID-19 symp-
toms at the time of the outbreak, based on 
the 5 April 2020 Council for State and Ter-
ritorial Epidemiologists (CSTE) published 
clinical criteria. These criteria included at 
least one of the following: cough or short-
ness of breath (Category A); or at least two 
of the following: fever, chills, body aches, 
headaches, sore throat, and altered taste or 
smell (Category B).11

Confirmed and probable cases were 
further classified as symptomatic (symptom 
onset before first positive laboratory test), 
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Figure 1. Case flow chart

333 Crew Members
(NP Swab, RT-PCR tested n=333)

(Serum, ELISA tested, n=270)

RT-PCR Positive
n=121

RT-PCR Negative
n=212

IgG Positive
n=18

IgG Negative
n=164

Probable Case
n=18

Not a Case
n=194

IgG Positive
n=66

IgG Negative
n=22

Confirmed Case
n=121

Total Confirmed and 
Probablea

n=139

aConfirmed cases had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test.

No IgG Test
Result
n=33

No IgG Test 
Result
n=30

pre-symptomatic (first positive laboratory 
test before subsequent symptom onset), or 
no symptoms reported (positive laboratory 
test but never met clinical criteria) utilizing 
CSTE published criteria noted above.

Statistical Analyses

Statistical analyses were conducted 
using SAS version 9.4 (SAS Institute 
Inc.) and R statistical software version 

3.6.2 (R Core Team, 2019). Frequencies, 
attack rates, and unadjusted odds ratios 
across all case classifications (confirmed, 
probable, and CLI) were calculated; adjusted 
odds ratios with 95% confidence inter-
vals were generated to control for all study 
demographic and military variables without 
missing data. Lastly, the symptom presenta-
tions for each case classification were com-
pared using chi-square test or Fisher’s exact 
test and a significance level of 5% (P<0.05).

Institutional Review

The study protocol was approved by 
the Naval Health Research Center Insti-
tutional Review Board in compliance 
with all applicable Federal regulations 
governing the protection of human sub-
jects. Research data were derived from an 
approved Naval Health Research Center 
Institutional Review Board protocol, num-
ber NHRC.2020.0007.

F I G U R E  1 .  Case flow chart

aConfirmed cases had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test.
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R e s u l t s

The crew were predominantly young 
adults (31.5% were 22-25 years of age), 
male (82.3%), White (50.8%),  enlisted 
(83.2%),  and self-reported as non-smok-
ers (76.3%) (Table 1). One hundred twenty-
one of the 333 crewmembers (36.3%) were 
confirmed COVID-19 cases. A total of 270 
crewmembers (81.1%) volunteered to pro-
vide additional blood samples for sero-
logical testing.  An additional 18  probable 
cases (5.4%) were identified by the pres-
ence of  serum IgG antibodies specific for 
SARS-CoV-2 virus. Additional laboratory 
testing for non-COVID-19 respiratory viral 
pathogens was conducted retrospectively 

F I G U R E  2 .  Distribution of COVID-19 cases by date of onset, 21 March 2020-1 June 2020

* Includes all COVID-19 confirmed and probable cases graphed by date of symptom onset or date of collection of first lab positive result, whichever was earlier. Confirmed cases 
had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test. 

on 75 crewmembers, including: all prob-
able cases (n=18), all crewmembers classi-
fied as CLI (n=17) and 40 randomly selected 
COVID-19-negative crewmembers. Only 
one positive case for bocavirus and one 
positive case for rhinovirus were identified, 
and neither of those cases were within the 
probable case group (or CLI classification). 
Of the 139  confirmed and probable  cases, 
77 (55.4%) were symptomatic, 32 (23.0%) 
reported no symptoms,  and  30 (21.6%) 
were pre-symptomatic at the time of test-
ing. Additionally, 13 (72.2%) of the 18 cases 
that were discovered through serology test-
ing also had no symptoms at the time of RT-
PCR testing (Figure 1 and Table 2). All results 
for IgM testing aligned with IgG positivity. 

Figure 2 shows the distribution of cases 
over time by earliest symptoms of infection. 
Based on symptom onset data, the outbreak 
appears to have expanded in three waves, 
with each wave successively larger than the 
previous. When cases were graphed based 
on diagnosis date (subset by first symptom 
of infection for asymptomatic cases), the 
peak of the outbreak shifted from 2 May to 
25 April.

When looking at symptom presenta-
tion, the top 10 reported symptoms among 
the three COVID-19 case definitions are 
depicted in Figure 3. Confirmed (58%) and 
probable (100%) cases reported  headache 
the most. Loss of taste or smell, a unique 
symptom of COVID-19 illness, showed 
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T A B L E  1 .  Shipboard population, case frequencies, attack rates, and characteristics associated with COVID-19 case classification 
through adjusted and unadjusted models

Characteristic
Shipboard 
population

COVID-19 
casesa

Attack 
rate Unadjusted model (n=333) Adjusted 

model (n=321)b

No. % No. % OR (95% Cl) P value AOR (95% Cl) P value

Total 333 - 139 41.7 - - - -

Sex

Female 59 17.7 27 45.8 1.06 (0.56-2.01) 0.85 1.08 (0.57-2.03) 0.82

Male 274 82.3 112 40.9 ref - ref -

Department

Air 26 7.8 7 26.9 0.66 (0.23-1.92) 0.45 0.42 (0.15-1.17) 0.48

Combat support 68 20.4 27 39.7 ref - ref -

Engineering 66 19.8 23 34.8 0.78 (0.36-1.69) 0.53 0.66 (0.32-1.36) 0.43

Executive 24 7.2 8 33.3 0.72 (0.23-2.13) 0.55 0.40 (0.14-1.15) 0.42

Operations 55 16.5 32 58.2 1.92 (0.86-4.30) 0.11 1.42 (0.65-3.09) 0.07

Other 12 3.6 4 33.3 1.56 (0.17-14.69) 0.69 0.61 (0.16-2.25) 0.43

Plans and tactics 21 6.3 8 38.1 0.69 (0.24-2.00) 0.49 0.59 (0.21-1.66) 0.51

Supply 31 9.3 15 48.4 1.28 (0.50-3.30) 0.60 0.89 (0.36-2.23) 0.58

Weapons 30 9 15 50.0 1.44 (0.58-3.58) 0.44 0.95 (0.39-2.32) 0.44

Smoking Status

Yes 75 22.5 19 25.3 ref - ref -

No 254 76.3 118 46.5 3.11 (1.61-6.01) 0.01 2.28 (1.26-4.12) 0.01

Unknown 4 1.2 2 50.0 2.96 (0.32-27.67) 0.34 2.34 (0.27-20.36) 0.24

Rank

Junior enlisted 258 77.5 114 44.2 ref - - -

Senior enlisted 19 5.7 6 31.6 0.56 (0.17-1.82) 0.33 - -

Officer (Officer/Chief Warrant Officer) 44 13.2 16 36.4 0.81 (0.39-1.68) 0.57 - -

Unknown 12 3.6 - 0.0 - - - -

Age groups (years)

18-21 56 16.8 29 51.8 ref - - -

22-25 105 31.5 44 41.9 0.74 (0.36-1.51) 0.40 0.74 (0.37-1.48) 0.39

26-30 80 24 30 37.5 0.81 (0.37-1.78) 0.60 0.70 (0.33-1.49) 0.36

31-53 92 27.6 36 39.1 0.86 (0.37-1.91) 0.71 0.77 (0.37-1.60) 0.57

Race/ethnicity

American Indian/Alaskan Native 13 3.9 6 46.2 2.34 (0.65-8.63) 0.19 1.86 (0.55-6.25) 0.31

Asian or Pacific Islander 27 8.1 6 22.2 0.42 (0.15-1.19) 0.10 0.42 (0.15-1.18) 0.10

Black, not Hispanic 46 13.8 19 41.3 0.93 (0.44-1.98) 0.85 0.92 (0.44-1.92) 0.83

Hispanic 62 18.6 36 58.1 2.74 (1.38-5.47) 0.01 2.71 (1.40-5.25) 0.01

White, not Hispanic 169 50.8 63 37.3 ref - - -

Other 16 4.8 9 56.3 1.81 (0.60-5.51) 0.29 1.87 (0.62-5.64) 0.27
a Includes confirmed and probable cases, confirmed cases had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test. 
b Sex, department, smoking status, age, and race/ethnicity were controlled for in the adjusted model; rank was not included.
CI, confidence interval; ref, reference group; OR, odds ratio; AOR, adjusted odds ratio
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T A B L E  2 .  Comparison of symptomatic presentation profiles among confirmed 
and probable casesa

Symptom presentation Confirmed cases (n=121) Probable cases (n=18)

No. % P valueb No. % P valuec

<0.0001 <0.0001

No symptoms reported 19 15.7 13 72.2

Presymptomatic 26 21.5 4 22.2

Symptomatic 76 62.8 1 5.6
aConfirmed cases had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test.  Statistical signifi-
cance was assessed both within each case definition as well as overall. 
bChi-Square Test
cFisher's Exact Test

F I G U R E  3 .  Percentage of reported symptom presentation among confirmed and probable cases, and COVID-like Illness (CLI) classifications

aIncludes all COVID-19 confirmed and probable cases as well as CLI (Covid-like Illness) classifications graphed by date of symptom onset or date of collection of first lab positive 
result, whichever was earlier. Confirmed cases had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test. 

Figure 3. Percentage of reported symptom presentation among confirmed and probable cases, and COVID Like Illness (CLI) classifications

COVID 
Like 
Illness 
(n=17)

Probable 
(n=5)

nfirmed (n=102)
Fever 41% 40% 27%
Fatigue 35% 40% 28%
Chest 
pressure 24% 20% 29%

Body 65% 80% 37%
Sore 
throat 65% 60% 41%

Shortness 
of breath 29% 40% 41%

Diarrhea 47% 60% 41%
Loss of 
taste/sme
ll

18% 40% 49%

Cough 71% 100% 54%

Headach
e 65% 100% 58%

41.2%

35.3%

23.5%

64.7%

64.7%

29.4%

47.1%

17.6%

70.6%

64.7%

40.0%

40.0%

20.0%

80.0%

60.0%

40.0%

60.0%

40.0%

100.0%

100.0%

27.3%

28.1%

28.9%

37.2%

40.5%

41.3%

41.3%

48.8%

53.7%

57.9%

0% 20% 40% 60% 80% 100% 120%

Fever

Fatigue

Chest pressure

Body aches

Sore throat

Shortness of breath

Diarrhea

Loss of taste/smell

Cough

Headache

Confirmed (n=102) Probable (n=5) COVID- like  Illness  (n=17)

aIncludes all COVID-19 confirmed and probable cases as well as CLI (Covid-Like Illness) classifications graphed by date of symptom onset *or* date of collection of first 
lab positive result, whichever was earlier. Confirmed cases had a RT-PCR+ test. Probable cases had a RT-PCR- test and IgG+ test. 

similar proportions among confirmed 
(49%) and probable (40%) cases. Short-
ness of breath also was experienced simi-
larly among confirmed (41%) and probable  
cases (40%). Reports of fever were greater 
among probable cases (40%) than among 
confirmed cases (27%). Additionally, there 
were statistically significant differences 
in reported symptoms, as evidenced in 
Table 2 across all three symptom catego-
ries: no symptoms, pre-symptomatic, and 
symptomatic.

Of the 194 crewmembers who tested 
negative through both methodologies, 
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17 crewmembers fit the CLI classification 
due to reporting symptomatic profiles con-
sistent with the 5 April 2020 CSTE pub-
lished criteria.11 These 17 crewmembers 
also had negative RT-PCR test results and 
negative IgG/IgM serology, and also had 
negative results from additional respiratory 
panel testing conducted retrospectively by 
NHRC after the outbreak was contained. 
Figure 3 demonstrates that CLI cases most 
often reported cough (71%) and least often 
reported a loss in taste or smell (18%).

Hispanic ethnicity was found to 
be  associated with COVID-19 positivity, 
with an adjusted odds ratio and confidence 
interval of 2.71 (1.40-5.25) (Table 1). Inter-
estingly, being a smoker was associated with 
a lower risk of becoming a confirmed case, 
as non-smokers had an adjusted odds ratio 
and confidence interval of 2.28 (1.26-4.12). 
There were no other significant findings 
among  the additional military and demo-
graphic characteristics of rank, sex, or age.

Lastly, 9 crewmembers were sent to the 
emergency department (ED); and while all 
were eventually confirmed cases, 2 of these 
9 were initially referred to the ED for men-
tal health reasons. Five crewmembers were 
hospitalized for COVID-19-related treat-
ment needs (average length of the first hos-
pital stay was 2.8 days), and no cases were 
admitted to the Intensive Care Unit (ICU).

E d i t o r i a l  C o m m e n t

The COVID-19 outbreak aboard USS 
Kidd illustrates the speed and breadth with 
which a highly transmissible respiratory 
virus can disseminate through closed con-
gregate settings where social distancing 
measures are not possible and the popu-
lation is immunologically naïve. With an 
attack rate of 41.7%, nearly half of the ship 
population tested positive for COVID-19 by 
RT-PCR or IgG diagnostic testing. A unique 
aspect of this outbreak response was the use 
of a RRT bringing RT-PCR testing capabili-
ties aboard the ship shortly after identifi-
cation of the first case. This resulted in the 
outbreak peaking three days after embarka-
tion of the team and before the ship pulled 
into port. In fact, 64 of the 139 cases (46.0%) 
were diagnosed between 23 April, when the 

RRT embarked, and 27 April, the day before 
arriving to port in San Diego. By shift-
ing case counts earlier in time, outbreak 
response was able to start earlier. Of note, 
this RT-PCR equipment was not a normal 
organic asset present on most ships. 

Comprehensive diagnostic testing 
during this outbreak further improved 
understanding of how vital laboratory sup-
port was to identify and mitigate respira-
tory illnesses through serological testing 
capabilities once in port in San Diego. An 
additional 5% of the crew who were likely 
infected with COVID-19 had tested nega-
tive by RT-PCR. Confidence in the validity 
of the serological detection of COVID-19 
within these probable cases was higher due 
to the use of individually matched pre-pan-
demic negative control samples obtained 
from the DOD Serum Repository. Only one 
sample from the serum repository showed 
an inconclusive serological reactivity for 
SARS-CoV-2, as opposed to a negative or 
positive result, to which this same individ-
ual then tested negative in April 2020 when 
re-tested. At the time of this study, average 
rates of asymptomatic infection by SARS-
CoV-2 in the community were about one 
third of cases.12 This high rate of asymptom-
atic infection presents a serious challenge to 
communicable disease control aboard ships 
where syndromic cases presenting at morn-
ing sick call is often the first notice of an 
outbreak.

At the time of testing positive, 62 
(44.6%) of cases reported no symptoms, 
including 13 of the 18 cases that tested pos-
itive by serology but negative by RT-PCR. 
For symptomatic cases, the majority of con-
firmed cases presented as symptomatic or 
pre-symptomatic (84%). The majority of 
probable cases, however, had no symptoms 
reported (72%), as illustrated by Table 2. 
One study suggested that the global prev-
alence for loss of taste or smell for those 
with COVID-19 was about 48%, a compa-
rable percentage to the symptomatic con-
firmed case group from USS Kidd (49%), 
and slightly higher than the symptom-
atic probable cases (40%), who also exhib-
ited loss of taste or smell.13 A loss of taste 
or smell has been a key symptom separat-
ing COVID-19 cases from other respira-
tory illnesses.14 With less than half of cases 
from this outbreak reporting this symptom, 

however, loss of taste or smell should not be 
considered a reliable indicator of COVID-
19 infection when diagnosing a respiratory 
illness.

The CLI classification was explored due 
to the unique circumstances of containing 
outbreaks on a military vessel where testing 
for respiratory pathogens is limited or non-
existent. Had diagnostic testing not been 
available, USS Kidd would have had to rely 
on identifying cases based on the accepted 
symptom presentation for a COVID-19 
case at that time. Additionally, the wealth of 
laboratory diagnostic data for an enumer-
ated population permitted the investigative 
team to conduct additional testing to sup-
port the conclusion that no other pathogens 
were responsible for CLI symptom presen-
tations at the time of the outbreak. Without 
diagnostic capabilities, these crewmembers 
would have been considered cases, and it is 
curious they exhibited COVID-like symp-
toms yet failed to test positive via RT-PCR 
or IgG. Had it been possible, follow up sero-
logical testing for COVID-19 on the crew 
(and particularly these members) would 
have been interesting. Additional possible 
causes for their reported symptoms could be 
non-infection-related causes such as: aller-
gies, responses to weather (e.g., colder days 
may lead to runny noses, etc.), responses to 
not enough sleep (i.e., resulting in fatigue or 
headaches), or other factors that should be 
considered in future investigations of CLI 
classifications.

Given the size of USS Kidd and its dense 
population, most departments showed 
attack rates higher than 30%, with only the 
Air department lower, at 27% (Table 1). The 
close confines of shipboard spaces present 
intrinsic challenges to social distancing and 
other public health measures. Crewmem-
bers continue to be inherently vulnerable to 
outbreaks of novel respiratory pathogens.15 
This outbreak also showed an increased 
risk of infection among those of reported 
Hispanic ethnicity, even when control-
ling for department and rank. While racial 
and ethnic disparities have been identi-
fied for COVID-19 infection,16 further 
research is needed to  eliminate any possi-
ble confounders not accounted for within 
this analysis (e.g., shared duty stations, 
meal arrangements, etc.) in order to best 
mitigate risk factors in future COVID-19 
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outbreaks. Another curious finding is that 
smokers were less likely to be diagnosed 
as cases. While literature has found that 
smoking increased the risk of severe SARS-
CoV-2 infection, the research at the time of 
this study was inconclusive about whether 
it may mitigate risk of contracting the 
virus.17 One study that investigated the lit-
erature on nicotine's prophylactic potential 
for COVID-19 found not enough evidence 
reliably available for this theory, with more 
research needed to study this aspect of pos-
sible COVID-19 risk factors.18 

In addition, medical care received by 
USS Kidd's crew highlighted the complex-
ity of responding to a shipboard outbreak; 
9 crewmembers were sent to the emergency 
department (ED), but not all were for direct 
COVID-19 treatment reasons. While all 
were eventually confirmed cases, 2 of these 
9 were initially referred to the ED for men-
tal health reasons. Although not directly 
related to COVID, being in isolation, com-
bined with the stress of being infected with 
a novel virus, may have contributed to the 
mental health issues.

 
Limitations

There were several limitations to this 
study. First, symptoms were self-reported 
and therefore potentially underreported; 
the reported experience of COVID-19 
symptoms led many patients to discount 
their illness, particularly when mild and 
construed as “allergy related.” As symp-
tom data were collected through a vari-
ety of methods, this potential bias is likely 
limited. Second, given that this outbreak 
occurred prior to readily accessible RT-
PCR testing onboard, it is possible the 
number of potential cases (RT-PCR nega-
tive but IgG positive cases) would have 
been RT-PCR positive cases if tested ear-
lier. Furthermore, symptoms may also not 
have been reported reliably in these earlier 
cases due to potential recall bias, leading to 
an overestimation of asymptomatic cases. 
Prior infection unrelated to the USS Kidd 
outbreak is unlikely, based on the absence 
of prior infection from serologic samples 
provided in December 2019, coupled with 
the fact that the ship was underway a few 
months after that collection point, leading 
to a very small window for new infection 

to occur unrelated to time aboard the Kidd. 
RT-PCR sampling was not homogeneous 
in methodology throughout the duration 
of the outbreak, as evidenced by one RT-
PCR platform using nasal swabs at sea and 
another using nasopharyngeal swabs in 
port. These differences could lead to inac-
curate test results; however, crewmembers 
were tested multiple days while in quaran-
tine or isolation in port and therefore had 
the opportunity for verifying prior test 
results.  

In addition, it was not possible to 
directly measure other potential shipboard 
exposure risk factors such as frequency 
of use of personal protective equipment 
(PPE). When USS Kidd departed its port 
call on 20 March 2020, there was no mask 
requirement in place, and limited medical 
grade masks were available for distribution. 
It was not until 6 April 2020 that crewmem-
bers were instructed to use undershirts as 
makeshift cloth face coverings. The timing 
of face covering initiation and consistency 
of PPE use may have contributed to differ-
ences in SARS-CoV-2 infection risk. 

Conclusion

This study is one of several that high-
lights the complexities of responding to a 
highly infectious respiratory virus outbreak 
among a shipboard population. It also 
highlights the value of serology in docu-
menting a complete picture of an outbreak 
by identifying additional cases that evade 
detection by syndromic surveillance and 
molecular testing. Rapid, onboard diagnos-
tic testing of the entire crew informed case 
identification and isolation measures, likely 
contributing to an earlier peak of cases dur-
ing the outbreak and possibly leading to 
fewer cases. This report helps highlight the 
value of placing real-time diagnostic test-
ing capabilities in outbreak scenarios with 
high transmission rates. While the urgency 
of COVID-19 has dissipated, respiratory 
illness-caused pandemics are still a very 
real threat, and public health agencies 
responsible for preventive and responsive 
actions should take the time now to dissect 
the many layers that exist within a novel 
respiratory virus outbreak.  With respect to 
COVID-19, continued study is warranted 
as largely vaccinated crews undertake 

future deployments, to understand the risk 
of COVID-19 outbreaks underway and the 
characteristics of those outbreaks.
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The COVID-19 pandemic brought with it concerns for the effects on mental 
health, from both the disease itself and the steps taken to combat it. Given the 
readiness ramifications of those effects, it is necessary to understand them 
as they apply to members of the U.S. Armed Forces and their families. This 
study aimed to analyze temporal trends in mental health-related emergency 
room (ER) visits before and during the COVID-19 pandemic among active 
duty service members (ADSMs) and dependents. A total of 5,205,259 health-
care visits in an ER setting between 1 January 2017 to 31 March 2021 were 
included. Multivariate logistic regressions showed significantly increased 
odds of ER visits related to mental health during the COVID-19 pandemic 
when compared to a 3 year period before, both among active duty service 
members and adult dependents (adjusted odds ratio, AOR: 1.13, 95%CI: 
1.12, 1.14), and dependents under 18 years of age (AOR: 1.44, 95%CI: 1.42, 
1.48). These findings document significant increases in demand for emer-
gency mental health services during the COVID-19 pandemic, especially 
within younger cohorts.

Emergency Mental Health Care Utilization and the COVID-19 Pandemic 
Among  U.S. Armed Forces and Dependents, 1 January 2017 
to 31 March 2021
Eero Dinkeloo, MPH; Tina Luse, MPH

Concerns over the psychologi-
cal effects of the COVID-19 pan-
demic1-3 are increasing.4-8 Surveys 

of the general population following stay-at-
home orders and social distancing precau-
tions show increased levels of psychological 
distress,6,7 with 78% of respondents feeling 
that their mental health worsened since 
the outbreak.6 To date, these effects are less 
understood in active duty service mem-
bers (ADSMs) and their family members 
(dependents).

Mental health disorders among the 
U.S. Armed Forces contribute to mor-
bidity, health care utilization, and attri-
tion.9-11 Therefore, it is important to fully 
understand the impact of the COVID-19 
pandemic on mental health in order to pre-
vent, target, intervene, and mitigate nega-
tive health outcomes among ADSMs and 
dependents. The objective of this analy-
sis was to evaluate temporal trends in the 

proportion of emergency room (ER) vis-
its for mental health among ADSMs and 
dependents, in the first year of the COVID-
19 pandemic compared to previous years.

M e t h o d s

This was a secondary, cross-sectional 
analysis using medical encounter data from 
the Comprehensive Ambulatory/Profes-
sional Encounter Record (CAPER) and 
Tricare Encounter Data, Non-Institutional 
(TED-NI). Visits that occurred in an ER set-
ting from 1 January 2017 to 31 March 2021 
for ADSMs or dependents aged 60 years or 
younger were included for this analysis. Vis-
its generated from military hospitals and 
clinics that transitioned record management 
to Military Health System (MHS) GENESIS 
were excluded from the entire analysis.

ER visits were grouped into periods as 
pre-COVID-19 (1 January 2017 to 29 Feb-
ruary 2020) or during the COVID-19 pan-
demic (1 March 2020 to 31 March 2021). 
Mental health-related ER visits, the outcome 
of interest, were defined by the Interna-
tional Classification of Diseases, 10th Edi-
tion, Clinical Modification (ICD-10-CM) 
codes indicating diagnosis for disorders 
related to adjustment, anxiety, depression, 
post-traumatic stress, substance or alcohol 
use, suicide-related behaviors, other men-
tal, behavioral and neurodevelopmental 
disorders, or a visit documenting specific 
symptoms or factors potentially influencing 
mental health (Table 1). Mental, behavioral, 
and neurodevelopmental disorders outside 
the six specific disorder categories listed 
above were pooled into an additional cate-
gory designated “other,” as these codes reflect 
a wide-ranging number of disorders, but are 
still applicable to the intended objective of 

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

During the COVID-19 pandemic, monthly 
emergency room (ER) visits decreased by 
30% but those related to mental health in-
creased by 24.3% among ADSMs and depen-
dents. Dependents under 18 years of age had 
1.44 times the odds of an ER visit relating to 
mental health during the pandemic when com-
pared to the 3 years prior.

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 ?

An increase in the frequency of ADSM and 
dependent populations seeking mental 
health care can increase the burden on mili-
tary health systems and decrease readiness. 
Understanding the impacts of the COVID-19 
pandemic on mental health of both ADSMs 
and dependents may better prepare the U.S. 
Armed Forces to respond quickly should an-
other pandemic arise.
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this study. The selected codes for symptoms 
or factors potentially influencing mental 
health included visits with documentation 
of potential hazards related to socioeco-
nomic and psychosocial circumstances (e.g., 
problems related to employment, housing 
and economic circumstances, psychoso-
cial circumstances, etc.); visits for mental 
health services for other circumstances such 
as abuse, sexual behavior/orientation, life-
style, and life management; personal history 
of mental and behavioral disorders; patient 
non-compliance with a medical treatment 
regimen; personal history of psychological 
trauma; personal history of military deploy-
ment; and other specified personal risk fac-
tors, not elsewhere classified. The specific 
ICD-10 codes and groupings were selected 
based on guidance from the Centers for 
Disease Control and Prevention (CDC),12 
Diagnostic and Statistical Manual of Mental 
Disorders (DSM-V),13 and advice from Navy 
behavioral health providers. Demographic 

characteristics were analyzed and compared 
for ER visits taking place before and during 
the COVID-19 pandemic period, displayed 
in frequencies and tested for significance 
using a chi-square test. Data were strati-
fied into three groups: ADSMs, dependents 
ages 18 years and older, and dependents less 
than 18 years of age. A multivariate logistic 
regression was used to explore the differ-
ences between the periods before and dur-
ing the COVID-19 pandemic with respect to 
ER visits related to mental health, account-
ing for relevant demographic variables. 
Results were reported as odds ratios (OR) 
with 95% confidence intervals. This regres-
sion analysis was stratified into two models: 
1 for adults (ADSMs and dependents ages 
18 years and older) and 1 for dependents 
under 18 years of age. Statistical analysis was 
performed using SAS software version 9.4 
(SAS Institute Inc.).

R e s u l t s

Overall, 5,205,259 ER visits for all 
causes were included in this analysis, 20% 
of which occurred during the COVID-19 
pandemic. Average monthly ER visits (for 
any cause) decreased from 109,702 before 
the pandemic to 79,739 during the COVID-
19 pandemic, representing a 27% decrease 
in monthly visits (data not shown). The pro-
portion of ER visits within the adult popu-
lation increased during the pandemic, with 
a higher percentage from ADSMs (Table 2). 
Monthly ER visits related to mental health 
averaged 7,502 visits pre-COVID-19 and 
dropped to an average of 6,780 during the 
pandemic, representing a 10% decrease 
(data not shown). Despite this decrease, the 
proportion of all ER visits related to men-
tal health saw a relative increase of 11.4% 
among ADSMs, 12.2% among dependents 
18 years of age and older, and 48.4% among 

T A B L E  1 .  International Classification of Diseases (ICD) codes to classify mental health-related ER encounters

Condition Grouping ICD-10-CM Code

Adjustment disorders F43.2*, F43.8, F43.9

Anxiety disorders F40.*, F41.*, F42.*

Depressive disorders F32.*, F33.*, F34.3, F34.8*, F34.9, F39

Post-traumatic stress disorder F43.1*

Substance use disorder
F11.1*, F11.2*, F12.1*, F12.2*, F13.1*, 
F13.2*, F14.1*, F14.2*, F15.1*, F15.2*, 
F16.1*, F16.2*, F18.1*, F18.2*, F19.1*, F19.2*

Alcohol use disorder F10.1*, F10.2*, F10.93*

Suicide-related behaviors Z91.5*, R45.851, T14.91*, T36.*X2*-65.*X2* b

Other mental, behavioral and neurodevelopmental disorders Any F code not classified elsewhere

Factors potentially influencing mental healtha

Persons with potential health hazards related to socioeconomic and psychosocial circumstances Z55*-Z65*

Persons encountering health services in other circumstances  Z69*-Z73*, Z76.5

Personal history of mental and behavioral disorders Z86.5*

Patient's noncompliance with medical treatment and regimen Z91.1*

Personal history of psychological trauma, not elsewhere classified Z91.4*

Personal history of military deployment Z91.82

Other specified personal risk factors, not elsewhere classified Z91.89
aGrouping includes codes that have been determined by subject matter experts to be factors with the potential to influence mental health outcomes.
bWithin the poisoning and toxic effect codes (T36-T65), the "X2" extension indicates self-harm.
*Indicates that all subsequent digits/characters are included.
ICD-10-CM, International Classification of Diseases, 10th revision
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dependents less than 18 years of age, with 
an upward monthly trend throughout the 
COVID-19 timeframe (Figure).

Consistent for both time periods, 
the most common conditions cited for 
mental health-related ER visits among 
ADSMs were suicide-related behaviors, 
for factors potentially influencing mental 
health (lifestyle-related problems [64%]; 
counseling and medical advice, not else-
where classified [19%]; and problems 
related to primary support group [4%]; 
data not shown), and depression. Anxi-
ety and depression were cited in over half 
the mental health-related ER visits among 
dependents 18 years of age and older, with 
an increase in anxiety-related visits dur-
ing the pandemic. Among dependents 
under 18 years of age, factors potentially 
influencing mental health (counseling/
medical advice, not elsewhere classified 
[70%]; problems related to primary sup-
port group [6%]; and problems related 
to upbringing [5%]; data not shown), sui-
cide-related behaviors, and other mental, 
behavioral and neurodevelopmental dis-
orders (behavioral/emotional disorders 

T A B L E  2 .  Demographic characteristics of emergency room visits, pre-COVID-19 and 
during COVID-19, 1 January 2017-31 March 2021 (n=5,205,259)

Variable 
Pre-COVID ER Visits COVID ER Visits

(n=4,168,659) (n=1,036,600)

No. % No. % P value
ER visits related to mental 
health 285,043 6.8 88,133 8.5 <0.0001

Group <0.0001

Active duty service members 1,542,980 37.0 465,810 44.9

Dependents, 18 and older 1,202,722 28.9 316,484 30.5

Dependents, 17 and younger 1,422,957 34.1 254,306 24.6

Sex <0.0001

Male 1,920,213 46.1 481,101 46.4

Female 2,248,441 53.9 555,499 53.6

Age Groups <0.0001

<12 1,210,900 29.1 211,532 20.4

12-14 112,282 2.7 22,184 2.2

15-17 101,384 2.4 21,047 2.0

18-29 1,677,674 40.3 481,369 46.4

30-39 760,147 18.2 214,314 20.7

40-49 251,024 6.0 70,323 6.8

50-60 55,283 1.30 15,831 1.5

ER, Emergency Room

F I G U R E .  Percentage of emergency room visits related to mental health, by group, 1 January 2017-31 March 2021
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[52%]; pervasive/specific developmen-
tal disorders [10%]; mental disorders due 
to known physiological conditions [6%]; 
data not shown) were associated with 83% 
of the ER visits related to mental health. 
During the COVID-19 pandemic, the pro-
portion of visits related to mental health 

T A B L E  3 .  Breakdown of mental health-related emergency room visits, by group, 
1 January 2017-31 March 2021 (n=373,228ᵃ)

behaviors and suicide-related behaviors 
among dependents under 18 years of age 
increased by 14.3% and 23.0%, respec-
tively (Table 3). 

For both service member/adult 
dependents and dependents under age 18, 
the odds of mental health-related ER visits 

Group Mental Health Classification Pre-COVIDᵇ COVIDᵇ
No. % No. %

Active duty service members

Suicide-related behaviors 33,189 26.0 11,855 27.6

Factors potentially influencing mental health 32,860 25.8 11,810 27.5

Depression 28,354 22.2 9,003 20.9

Anxiety 26,088 20.5 8,894 20.7

Alcohol use 18,935 14.9 6,193 14.4
Other mental, behavioral and neurodevelopmental 
disorders 16,193 12.7 5,029 11.7

Adjustment disorder 13,144 10.3 4,689 10.9

Post-traumatic stress disorder 4,581 3.6 1,404 3.3

Substance use disorder 2,389 1.9 740 1.7

Dependents, 18 years of age and older

Anxiety 50,740 45.6 15,774 48.0

Depression 31,426 28.2 8,907 27.1
Other mental, behavioral and neurodevelopmental 
disorders 22,791 20.5 6,849 20.9

Factors potentially influencing mental health 20,938 18.8 6,398 19.5

Suicide-related behaviors 13,969 12.6 4,028 12.3

Alcohol use 8,451 7.6 2,416 7.4

Substance use disorder 5,403 4.9 1,554 4.7

Post-traumatic stress disorder 4,802 4.3 1,393 4.2

Adjustment disorder 3,467 3.1 946 2.9

Dependents, less than 18 years of age

Factors potentially influencing mental health 14,240 30.7 4,321 35.1

Suicide-related behaviors 12,714 27.4 4,143 33.7
Other mental, behavioral and neurodevelopmental 
disorders 16,460 35.5 3,821 31.1

Depression 10,780 23.2 3,273 26.6

Anxiety 7,416 16.0 2,309 18.8

Adjustment disorder 2,376 5.1 590 4.8

Post-traumatic stress disorder 789 1.7 299 2.4

Substance use disorder 847 1.8 256 2.1
Alcohol use 432 0.9 111 0.9

ᵃEncounters could be counted in more than one category. As a result, the counts in this table may exceed the 
total number of mental health related encounters
ᵇPre-COVID timeframe includes emergency room visits from 01 January 2017-29 February 2020; COVID 
timeframe includes emergency room visits from 01 March 2020-31 March 2021

being higher during COVID compared to 
the pre-COVID period were statistically 
significant (P<0.05). Among the com-
bined group of ADSMs and dependents 
18 and older, the COVID-19 timeframe’s 
higher odds for mental health-related ER 
visits remained significant after adjust-
ment for age, sex, and beneficiary group 
(OR: 1.13, 95%CI: 1.12, 1.14) (Table 4a). 
The same was true for dependents under 
18 years, after adjustment for age and sex 
(OR: 1.44, 95%CI: 1.42, 1.48) (Table 4b).

E d i t o r i a l  C o m m e n t

These findings build on previously 
published studies that show increases in 
self-reported mental health symptoms dur-
ing the pandemic.5-7 Observed increases 
in the proportions of ER visits related to 
mental health among ADSMs and their 
dependents in the first year of the COVID-
19 pandemic were modest yet significant. 
During COVID-19, ERs restricted access 
to only those most in need of urgent care, 
including those seeking mental health 
care, thus impacting the proportions in 
this analysis. Although monthly average 
ER visits decreased by 30%, the propor-
tion of visits related to mental health expe-
rienced a relative increase of 24.3%. It is 
indeterminable if this difference was due to 
increased mental health concerns caused 
by the pandemic or to the altered access 
to care within ERs and associated triage 
efforts; however, results in this study point 
to changes in the mental health of the pop-
ulation during the COVID-19 pandemic.

Similar to previous findings, this study 
showed that ER visits during COVID-19 
were 1.44 times more likely to relate to 
mental health among dependents under 
18 years of age compared to the pre-
COVID-19 period, after adjustments for 
age and sex.5,8 During the first year of 
the COVID-19 pandemic, this younger 
cohort experienced a relative increase in 
the proportion of mental health-related 
ER visits citing depression (+14.7%), anx-
iety (+17.5%), and most notably, suicide-
related behaviors (+23%), reproducing a 
similar trend noted by other research in 
the immediate aftermath of the pandemic.5 
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T A B L E  4 a .  Unadjusted and adjusted odds ratios for mental health-related emergency room visits, active duty service members and adult 
dependents, 1 January 2017-31 March 2021 (n=3,527,991)

T A B L E  4 b.  Unadjusted and adjusted odds ratios for mental health-related emergency room visits, dependents under 18, 
1 January 2017-31 March 2021 (n=1,677,263)

Variable 
Unadjusted Adjusted 

OR (95% confidence interval) AOR (95% confidence interval)

COVID timeframe
Pre-COVID (1 January 2017-29 February 2020) 1.00 (referent) 1.00 (referent)
COVID (1 March 2020-31 March 2021) 1.12a (1.12-1.14) 1.13a (1.12-1.14)

Group
Active duty service members 1.00 (referent) 1.00 (referent)
Dependents, 18 and older 1.13a (1.12-1.14) 1.42a (1.41-1.43)

Sex
Male 1.00 (referent) 1.00 (referent)
Female 0.91a (0.90-0.91) 0.73a (0.72-0.74)

Age group
<18 1.84a (1.64-2.01) 1.98a (1.76-2.23)
18-29 1.00 (referent) 1.00 (referent)
30-39 0.86a (0.86-0.87) 0.84a (0.84-0.85)
40-49 0.77a (0.76-0.78) 0.74a (0.73-0.75)
50-60 0.55a (0.53-0.57) 0.52a (0.50-0.53)

aStatistically significant (P < 0.05)
OR, odds ratio; AOR, adjusted odds ratio

Variable 
Unadjusted Adjusted

OR (95% Confidence Interval) AOR (95% Confidence Interval)

COVID timeframe

Pre-COVID (1 January 2017-29 February 2020) 1.00 (referent) 1.00 (referent)

COVID (1 March 2020-31 March 2021) 1.5a (1.47-1.54) 1.44a (1.42-1.48)

Sex

Male 1.00 (referent) 1.00 (referent)

Female 1.22a (1.20-1.24) 1.09a (1.07-1.11)

Age group

<12 1.00 (referent) 1.00 (referent)

12-14 5.65a (5.53-5.77) 5.6a (5.48-5.72)

15-17 7.48a (7.33-7.64) 7.4a (7.22-7.52)
aStatistically significant (P < 0.05)
OR, odds ratio; AOR, adjusted odds ratio

The main limitations of this study 
come from its cross-sectional nature. The 
same individual could not be followed 
over time, limiting the ability to draw 
causal conclusions. Due to the nature of 
these data, one cannot definitively iden-
tify the primary reason for a visit. Addi-
tionally, the codes within the “factors 

potentially influencing mental health” 
grouping are typically used to indicate 
the presence of an issue, short of a diag-
nosable condition, but variation in cod-
ing practices could have influenced the 
outcomes of interest.14 Data from facili-
ties transferring to MHS GENESIS during 
the study timeframe were excluded from 

this analysis, due to known data gaps and 
lack of data validation, which might have 
biased results. Lastly, due to the large sam-
ple size being analyzed in this study, even 
small differences will be statistically sig-
nificant. Consequently, it is important to 
delineate between results that are statisti-
cally significant and clinically significant.
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Poor mental health of ADSMs and 
their families negatively affects force read-
iness. The COVID-19 pandemic illustrates 
the importance of considering all types of 
external stressors when supporting service 
members and their families.
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During the current global mpox 
outbreak, many cases have pre-
sented atypically with skin lesions 

localized to the genital and perianal 
areas.1,2 The rash associated with mpox 
can be confused, or occur concurrently, 
with various sexually transmitted infec-
tions. The following text and Table provide 
a brief comparison of mpox characteristics 
to those of other infectious causes of geni-
tal skin lesions.

M e t h o d s

Literature from two textbooks, Genital 
Ulcer Adenopathy Syndrome and Hunter's 
Tropical Medicine and Emerging Infectious 
Diseases, were reviewed and summarized 
to compare clinical aspects of infectious 
disease skin lesions to include: incubation 
period, lesion characteristics (i.e., type, 
number, progression pattern, border, 
depth, induration), and presence of pain 
or lymphadenopathy.3,4 Mpox skin lesion 
features recorded in historical and cur-
rent outbreaks were incorporated as well. 
Additionally, U.S. and military disease rates 
(where available) were added to provide 
epidemiologic context for the frequency of 
these infectious diseases.

R e s u l t s

Mpox

Mpox classically presents with fever, 
myalgia, and lymphadenopathy, followed 
1-3 days later by a centrifugal rash that 
starts on the face and extremities and then 
disseminates across the body. In the current 
outbreak, however, early lesions have often 
been localized to the genital and perineal/

perianal areas because of close sexual or 
intimate contact.1,2 The incubation period 
is 6-13 days, and lesions typically evolve 
synchronously through four stages—mac-
ular, papular, vesicular, to pustular—before 
scabbing and resolving over the subsequent 
2-4 weeks. The 2-10 mm lesions usually are 
painful, firm, well-circumscribed, and cen-
trally umbilicated.5 

Herpes simplex virus

In the U.S., herpes simplex virus 
(HSV-1 or HSV-2) is the most common 
cause of genital ulcers, affecting 5.6% of 
the U.S. adult population, with over half a 
million new cases annually.6 Among active 
component service members, the incidence 
rate of HSV infections from 2013 through 
2021 was 23.3 cases per 10,000 person-
years (p-yrs), and the rate was 4.5 times 
higher in females (68.0 cases per 10,000 
p-yrs) compared to males.7 The incubation 
period is 2-12 days, and herpetic lesions 
begin as a cluster of multiple, 2-4 mm vesi-
cles with an underlying erythematous base. 
These fragile lesions rupture, progressing 
to painful erosions and shallow ulcerations 
that gradually heal over 4-10 days. 

Syphilis

Syphilis, caused by the bacterium 
Treponema pallidum, is the second most 
common cause of genital ulcers in the U.S.7 
Among active component service mem-
bers, the incidence rate of syphilis was 5.0 
cases per 10,000 p-yrs from 2013 through 
2021.8 The primary syphilis lesion (chan-
cre) begins as a solitary, firm papule that 
quickly becomes a painless ulcer with 
well-defined margins and indurated base. 
The incubation period is 10-90 days, and 
the ulcer heals spontaneously within 3-6 
weeks. Although the maculopapular rash 

associated with secondary syphilis usually 
appears 4-10 weeks after the primary chan-
cre, primary and secondary syphilis find-
ings overlap in 15% of cases.9  

Chancroid 

The gram-negative bacterium Hae-
mophilus ducreyi causes chancroid, which 
is rarely diagnosed in the U.S., with less 
than 10 cases reported annually.10 Sporadic 
outbreaks occur in Africa and the Carib-
bean.9,11 The incubation period is 4-10 
days, and begins as an erythematous pap-
ule that rapidly evolves into a pustule and 
erodes into a deep ulcer.  These painful 1-2 
cm ulcers have clearly demarcated borders 
with a friable base covered by a gray or yel-
low exudate. It is common to have multiple 
ulcers. 

Lymphogranuloma venereum (LGV)

LGV is predominantly found in tropi-
cal or subtropical regions, but outbreaks 
have been reported among men who have 
sex with men in Europe, North Amer-
ica, and Australia.12,13 The true incidence 
rate of this bacterial infection in the U.S. 
and among service members is unknown 
because national reporting of LGV ended 
in 1995. LGV is caused by Chlamydia tra-
chomatis serovars L1, L2, or L3. A 2011 
report of surveillance data from multiple 
sites in the U.S. found that less than 1% of 
rectal swabs obtained from military ser-
vice members positive for Chlamydia tra-
chomatis were positive for LGV serovars.14 
LGV infection has three stages: ulcer-
ation, regional lymphadenopathy, anogeni-
tal fibrosis. The incubation period is 3-12 
days, and the primary stage of LGV is char-
acterized by small, painless genital papules 
or ulcers that heal spontaneously within a 
few days. 
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Granuloma inguinale (Donovanosis) 

Donovanosis is a rare disease caused 
by the intracellular bacterium Klebsiella 
granulomatis and is sporadically found in 
Asia, South Africa, and South America.9 In 
a recent MSMR surveillance snapshot on 
donovanosis among active component ser-
vice members, only 50 incident cases were 
identified between 2011 and 2020, with 
3-10 cases reported annually.15 It is char-
acterized by painless, progressive ulcers 

on the genitals or perineum that are highly 
vascular, have a beefy red appearance, and 
easily bleed. The incubation period ranges 
from 1-90 days. 

Varicella-zoster virus (Chickenpox/Shingles)

The incidence rate of chickenpox infec-
tions in the U.S. dramatically decreased fol-
lowing the implementation of the national 
varicella vaccination program in 1995, with 
a 97% decline from pre-vaccine years.16 

Among active component service mem-
bers, only 37 confirmed and 205 pos-
sible cases were reported between 2016 
and 2019.17 Chickenpox presents as mul-
tiple red papules in a centripetal distribu-
tion, involving the scalp, face, and trunk, 
then spreading across the body (including 
the genital area).  The incubation period 
is 14-16 days with prodromal symptoms 
(fever, headache, malaise, decreased appe-
tite) prior to rash appearance. The itchy 

T A B L E .  Differential Diagnosis of Genital Ulcers/Lesions 

Mpoxb Herpesa,b Syphilisa,b Chancroida,b LGVa,b Granuloma 
inguinalea,b Varicella Zosterb

Primary lesions Macule, evolves 
to papule,vesicle, 

pustule, then 
crust/scab

Vesicles, then 
ulcer

Papule, then 
ulcer (chancre)

Papule, pustule, 
then ulcer

Papule, pustule, 
or vesicle, then 

ulcer

Papule, then 
ulcer

Papules, evolve 
to vesicles, then 

crust/scab

Number 
of lesions

Typically multiple; 
but may be a few 

or even single 
during current 

outbreak 

Multiple, may 
coalesce

70% single ulcer, 
30% multiple   

Usually one to 
three, may be 

multiple

Usually one Single or multiple Multiple

Incubation period 6-13 days 2-12 days 10-90 days 4-10 days 3-12 days 1-90 days 14-16 days

Border Well- 
circumscribed

Erythematous, 
scalloped

Sharply 
demarcated

Erythematous 
and undermined

Variable Rolled and 
elevated

Erythematous

Depth Deep-seated Superficial Superficial Excavated Superficial Elevated Superficial

Base Variable Red and smooth Red and smooth Yellow to gray Variable Red and rough Red and smooth

Secretion Variable Serous Serous Purulent and 
hemorrhagic

Variable Rare, may be 
hemorrhagic

Serous

Induration Firm None Firm Rare, soft None Firm None

Pain Common Common, 
prodromal tingling

Rare Common Variable Rare Common, 
associated 

burning sensation

Lymph nodes Tender, firm Tender, firm Non-tender, firm Tender, may be 
suppurative

Tender, may be 
suppurative

Pseudo-  
adenopathy

Rare

Other Notes 
for Diagnosis

Systemic 
symptoms, rash 

with synchro-
nized progres-

sion (centrifugal 
distribution)

Primary 
infection: sys-

temic symptoms; 
Recurrent 

infection: history 
of recurrent 
episodes

Overlap of 
secondary 

syphilis with 
primary disease 
in 15% of cases

Rare outside 
areas where 
infection is 

endemic (Africa, 
Caribbean, 

Southwest Asia)

Systemic 
symptoms 
common

Rare outside 
areas where 
infection is 

endemic (Papua 
New Guinea, 
India, South 
Africa, South 

America)

Chickenpox: 
systemic 

symptoms, rash 
asynchronous 
progression 
(centripetal 
distribution); 

Shingles: rash 
limited to 

dermatome

a Kraus SJ. Genital ulcer adenopathy syndrome. Holmes KK, Mardh PA, Sparling PF, Wiesner PJ, eds. in Sexually Transmitted Diseases. New York, McGraw-Hill, 1984, pp 
706-714. 
b Magill AJ., et al. Hunter's Tropical Medicine and Emerging Infectious Disease: Expert Consult-Online and Print. Elsevier Health Sciences, 2012
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lesions progress asynchronously from pap-
ules to vesicles (1-4mm) and then rup-
ture and crust or scab over during a final 
5-10 days.18 Reactivation of varicella-zoster 
virus (shingles) presents as multiple, small 
vesicles in a unilateral dermatomal distri-
bution and may be associated with severe 
pain, pruritus, and/or burning sensation in 
the affected dermatome.  Vesicles crust over 
in 7-10 days. 

E d i t o r i a l  C o m m e n t

While mpox is not traditionally known 
as a sexually transmitted disease, in the cur-
rent outbreak transmission has primarily 
been reported with intimate or close sex-
ual contact. This highlights the importance 
of understanding the differential diagnosis 
for infectious causes of genital skin lesions, 
especially in a predominantly young adult 
military population. Summarizing other 
infectious diseases provides a framework 
to more expeditiously diagnose and treat 
mpox. The table and accompanying text 
in this article provide a succinct review to 
compare and contrast these infectious dis-
eases. Additionally, reports of disease rates 
of each infection provide perspective for 
the U.S. military population. As the mpox 
outbreak is new and evolving, case rates 
are not yet well described. Infectious gen-
ital skin lesions and other sexually trans-
mitted infections may occur concurrently, 
thus testing for co-infections is important 
to quickly identify all pathogens and appro-
priately treat individuals.	
Disclaimer: The contents described in this 

publication are those of the authors and do 
not necessarily reflect official policy or posi-
tion of Uniformed Services University of the 
Health Sciences, the Department of Defense, 
or the Department of the Air Force.
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Thank You to MSMR External Reviewers 
The Editor-in-Chief of MSMR, its contributing editors, and production staff would each like to extend their appreciation 
and gratitude to the subject matter experts who served as peer reviewers of manuscripts published during 2022. Their 
informed insight, careful analysis, and thoughtful critique supported the continuance of the MSMR mission—to provide 
monthly, evidence-based estimates of the incidence, distribution, impact, and trends of health-related conditions among 
service members. Each external reviewer commits valuable time and effort that is sincerely appreciated by the MSMR team.
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MSMR Instructions for Authors — Abbreviated
Full text of these instructions can be found at: https://www.health.mil/Military-Health-Topics/Health-Readiness/
AFHSD/Reports-and-Publications/Medical-Surveillance-Monthly-Report/Instructions-for-Authors

I. CRITERIA FOR PUBLICATION

A.	 Appropriateness: The MSMR publishes reports of evidence-based estimates regarding the incidence, distribu-
tion, impact, or trends of illness and injuries among members of the United States Armed Forces and other ben-
eficiaries of the Military Health System (MHS) (e.g., family members, retirees, civilian employees). All reports are 
based on data or public health information that is directly relevant to the health, safety, and well-being of MHS 
beneficiaries or the operational fitness of military members.

B.	 Quality: Reports are typically based on data analyzed using scientific methods. Results should yield actionable 
public health information or recommendations.

C.	 Originality: Updates of surveillance summaries previously published in the MSMR will be considered if they add 
significant new information.

D.	 Timeliness: Reports should contain the most currently available data from surveillance systems or studies.

II. TYPES OF REPORTS

A.	 Full Reports: These are summaries of data or the findings of original epidemiologic studies of military health im-
portance. Authors should refer to previously published reports as a guideline for style and format.

B.	 Brief Reports: These are similar to full reports but are less than 1,000 words in length. Brief reports should be 
structured in the same manner as full reports. An abstract is not required.

C.	 Outbreak Reports should include all of the sections listed above under "full reports." They may also include ad-
ditional sections such as: Setting (follows the background and describes the outbreak setting), Countermeasures 
(follows the results and describes actions taken to prevent continuation or spread of the outbreak).

D.	 Case Reports are brief descriptions of a case with an Editorial comment. 

E.	 Surveillance Snapshots typically consist of a single chart with a caption or legend. They may also include 1–2 
paragraphs of text.

F.	 Historical Snapshots describe events or persons that have shaped the history of military public health. 
They should include photographs or other images.

G.	 Historical Perspectives summarize the historical impact of a disease or condition on a specific military operation 
or the military overall.

H.	 Notice to Readers: Scientific notices to readers describe changes in recommended public health practices (e.g., 
vaccine recommendations) or the availability of clinical or surveillance resources (e.g., laboratory testing). The 
MSMR does not publish meeting announcements or summaries of past meetings.

I.	 Images in Health Surveillance are photographs, drawings or other images that depict militarily relevant public 
health information.

J.	 Editorials are usually invited but may be proposed.

K.	 Other article types may be proposed by contacting the Editor-in-Chief.

https://www.health.mil/Military-Health-Topics/Health-Readiness/AFHSD/Reports-and-Publications/Medical-Surveillance-Monthly-Report/Instructions-for-Authors
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III. SUBMISSION FORMATS

A.	 Suggested Length (excluding title, authors, abstract, author affiliations, acknowledgements and references): Full 
Reports: 2,000 words. Brief Reports: <1,000 words. Outbreak Reports: 1,500 words. Case Reports: 1,000 words. 
Surveillance Snapshots and Images in Health Surveillance: 500 words of text or captions (accompanying one 
or more figures). Notices to Readers: 500 words. Submissions that are longer than suggested in these guidelines 
will be considered on a case-by-case basis; longer articles should be justified by the authors in their e-mails of 
transmittal of the manuscripts.

B.	 Text: Submit in Microsoft Word. Do not embed tables or charts in the Word text.

C.	 Tables and Figures: Tables and figures must be submitted in Microsoft Excel and not embedded in text. The data 
used to create a figure must be included in tabular form and link to the figure. Place titles and legends within the 
figure. Format all tables and figures to Arial font, size 8. Use lowercase superscripted letters (e.g., a,b,c) for foot-
notes in tables and figures.

D.	 Photographs: Photographs that illustrate a prevention intervention, risk factor, or outbreak setting are encour-
aged. Only submit photographs that are in the public domain; if a photo credit is required, submit the name with 
the photo.

IV. CLEARANCE, CONSENT AND SUBMISSION

A.	 Prior to submission, authors must initiate clearance processes from their Services/agencies and from human sub-
jects review boards, as appropriate. Manuscripts pending clearance may be submitted for consideration.

B.	 Prior to submission, corresponding authors must obtain from all of the co-authors written approval and consent 
to publish the report with their names listed as an author. Written consent may be obtained in the form of email 
messages from each author saying that they approve publication of the report.

C.	 Submit via email to dha.ncr.health-surv.mbx.msmr@health.mil.

D.	 Submit text, tables/figures and photographs as separate attachments.

E.	 MSMR staff will confirm receipt of the report by email.

F.	 MSMR staff will review the submission and send it for peer review by subject matter experts as appropriate.

G.	 Peer Reviewer nominations: Authors are asked to nominate 1 to 3 external referees to review their manuscript. 
Please provide their name, email address and telephone number in the email submission to the editor. To avoid 
conflict of interest, the suggested referee should not be from the same department or division as any one of the 
authors.
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