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This report summarizes data from electronic reports of reportable medical 
events (RMEs) to examine the incidence of vector-borne infectious diseases 
among members of the U.S. Armed Forces during a recent 5-year period. Case 
reports of such diseases were characterized as confirmed, probable, or sus-
pected by the senders of the RME reports. Records of inpatient and outpatient 
care were not searched to find additional cases. Lyme disease and malaria were 
the most common diagnoses among confirmed cases. The next most com-
mon diagnoses were Zika virus infection, Rocky Mountain spotted fever, and 
dengue. Those 5 diseases were responsible for 94% of all confirmed vector-
borne diseases reported as RMEs. Among the 1,068 RMEs for vector-borne 
diseases (confirmed, probable, and suspected), there were only 105 such cases 
that could be linked to a record of hospitalization for the same diagnosis.
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W H A T  A R E  T H E  N E W  F I N D I N G S ?   

In the last decade, the most common vector-
borne diseases among U.S. Armed Forces 
tended to be Lyme disease, malaria, Rocky 
Mountain spotted fever, dengue, and leish-
maniasis. During 2014–2016, the pandem-
ics of chikungunya and Zika virus transiently 
inserted those diseases into the top 5. The 
declining incidences of malaria and leishman-
iasis during 2016–2020 are likely due to re-
duced numbers of service members assigned 
to endemic regions of the world.

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 ?

The current findings reemphasize that the
threat to service members from vector-borne 
diseases will vary according to the prevalent 
endemicdiseasesof specificgeographic lo-
cations, the availability of protective vaccines, 
and the implementation of individual and 
group preventive measures.The U.S. Armed Forces and the 

Department of Defense (DoD) 
have traditionally dedicated con-

siderable effort to the prevention and treat-
ment of vector-borne diseases that may 
adversely affect the ability of military ser-
vice members to train for and execute their 
operational mission. A continuing element 
of that effort has been the performance of 
surveillance of vector-borne illnesses to 
guide preventive actions. The pages of the 
MSMR reflect over 25 years of surveillance 
studies to inform military leaders and pre-
ventive medicine/public health assets about 
the incidence of vector-borne diseases and 
appropriate steps to counter the associ-
ated threat. The February 2018 issue of the 
MSMR contained the results of the most 
recent, broad surveillance study of the most 
concerning vector-borne diseases.1 This 
article presents an updated review of this 
subject, utilizing a modified methodology 
for capturing the occurrence of cases.

M E T H O D S

The surveillance period was 1 Janu-
ary 2016 through 31 December 2020. The 

surveillance population included all active 
and reserve component service members in 
the Army, Navy, Air Force, or Marine Corps 
who served at any time during the surveil-
lance period. It is DoD policy that cases 
of certain speci fied medical conditions 
and events of pub lic health importance 
shall be reported electronically through 
military health channels for surveillance 
purposes.2 Con ditions covered by this pol-
icy are referred to as reportable medical 
events (RMEs). The content of such elec-
tronic reports is stored in the databases of 
the Defense Medical Surveillance System 
(DMSS), which was used to ascertain cases 
for this analysis. The vector-borne diseases 
that are the focus of this report are listed in 
Table 1. Almost all vector-borne diseases of 
concern for mil itary service members are 
designated as RMEs. 

For this analysis, a “confirmed”, “prob-
able”, or “suspected” case was defined as 
an individual identified through an RME 
report of a vector-borne disease that was 
described as “confirmed”, “probable”, or 
“suspect” by having met specified labora-
tory or epi demiologic criteria.2 An indi-
vidual could be counted once per lifetime 
for each type of vector-borne disease. For 
example, an individual could be counted 

once for malaria and once for leishmaniasis 
during the surveillance period. Individuals 
diagnosed as a case prior to the start of the 
surveillance period were excluded. Con-
firmed cases were pri oritized over probable 
and suspected cases, respectively. 

A case was considered to be hospi-
talized if they had an inpatient admission 
within 30 days before or after the date of 
onset reported in the RME. In addition, the 
inpatient record had to include a diagno-
sis for the vector-borne disease as listed in 
Table 1 in any of the diagnostic positions. 
The total number of cases hospitalized, as 
well as the percentage hospitalized and 
number of bed days were summarized for 
each vector-borne disease.

R E S U L T S

During the 5-year surveillance period, 
the electronic records of RMEs identi-
fied 709 confirmed cases of vector-borne 
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T A B L E  1 .  Reportable vector-borne diseases, with ICD-10 diagnostic codes, type of infectious agent, type of vectors, geographic distribu-
tion, and availability of FDA-approved vaccine 

Vector-borne disease  ICD-10 Agent Vector(s)  Geographic 
distribution

U.S. FDA-
approved 
vaccine?

Arboviral diseases, neuroinvasive and 
non-neuroinvasive

A83.*–A84.*, A85.2, 
A93.0, A93.2–A93.8, A94 Virus

Eastern equine encephalitis A83.2 Virus Mosquito Americas

Australian (Murray Valley)
encephalitis, Oropouche virus A83.4, A93.0 Virus Mosquito; midge Australia, New Guinea; South 

America, Panama

California virus encephalitis A83.5 Virus Mosquito United States

Japanese encephalitis A83.0 Virus Mosquito Asia,PacificIslands,Australia Yes

Tick-borne encephalitis A84.0–A84.1, A84.9 Virus Tick Europe

Western equine encephalitis A83.1 Virus Mosquito Americas

St. Louis encephalitis A83.3 Virus Mosquito Americas

    West Nile virus A92.3* Virus Mosquito Global except Southeast Asia, 
South America, Australia

Chikungunya A92.0 Virus Mosquito Africa, Southeast Asia, Philip-
pines, Americas

Rift Valley fever A92.4 Virus Mosquito Africa, Arabia

Zika virus infection A92.5 Virus Mosquito Africa, Southeast Asia, Americas

Hemorrhagic fevers A98.0–A98.2 Virus

Crimean-Congo HF A98.0 Virus Tick Africa, Central Asia, Europe, 
Middle East

Omsk HF A98.1 Virus Tick Russian Federation

Kyasanur Forest disease A98.2 Virus Tick India

Dengue A90, A91 Virus Mosquito Throughout tropical regions of 
world Yes

Ehrlichiosis/anaplasmosis A77.4* Rickettsia spp Tick North America, Asia, Europe

Filariasis B72, B73.*, B74.* Helminth Mosquito South America, Central Ameri-
ca,Africa,Asia,Pacificislands

Leishmaniasis B55.* Protozoan Sandfly
Asia, Africa, Middle East, South 

America, Central America, 
Mediterranean

Lyme disease A69.2* Bacterium Tick North America, Europe, China, 
Japan

Malaria B50.*–B54.* Protozoan Mosquito Africa,Asia,Pacificislands,
Tropical regions of Americas 

Plague A20.* Bacterium Flea Almost worldwide Yes

Relapsing fever A68.* Bacterium Tick, louse Americas, Asia, Europe, Africa

Rocky Mountain spotted fever A77.0–A77.3, A77.8–
A77.9 Rickettsia spp Tick United States, South and Cen-

tral America

Trypanosomiasis B56.*–B57.** Protozoan Tsetsefly,reduvidbug Africa, Central America, South 
America

Tularemia A21.* Bacterium Tick,deerfly,mosquito North America, Europe, Russia, 
China, Japan

Typhus A75.* Rickettsia spp Louse,flea,mite Central America, South 
America, Africa, Asia

Yellow fever A95.* Virus Mosquito Africa, South America, Central 
America Yes

ICD,InternationalClassificationofDiseases;FDA,FoodandDrugAdministration.
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diseases, 196 probable cases, and 163 sus-
pected cases among service members of 
the active and reserve components (Table 
2). Active component service members 
comprised 86% of confirmed cases, 84% 
of probable cases, and 83% of suspected 
cases. There were no RMEs for any of the 
diagnoses of hemorrhagic fevers, filariasis, 
plague, relapsing fever, or yellow fever.  The 
category “Arboviral diseases, neuroinvasive 
and non-neuroinvasive” included 3 cases of 
confirmed West Nile virus infection, 1 case 
of confirmed tick born encephalitis (TBE), 
and 4 unspecified types, for a total of 8 con-
firmed cases in that category. Only the 14 
diagnostic categories displayed in Table 2 
had any RMEs during the 5-year period. 

Of the total of 709 confirmed cases, 668 
(94%) were associated with RME diagnoses 
of Lyme disease (n=311), malaria (n=172), 
Zika virus infection (n=80), Rocky Moun-
tain spotted fever (RMSF) (n=54), and 
dengue fever (n=51). The other diagnoses 
that were reported as confirmed cases were 
much less commonly documented (Table 2). 

The distribution of diagnoses among 
probable RME cases was different from 
that of confirmed cases. It was noteworthy 
that Lyme disease was the diagnosis for 53 
(27%) of the 196 probable cases, but RMSF 
accounted for 116 (59%) of the total prob-
able cases. None of the other diagnoses was 
reported more than 5 times as probable 
cases during the 5 year surveillance period 
(Table 2).

Among the suspected cases, the most 
common RMEs were for Lyme disease 
(n=74), RMSF (n=54), and Zika virus 
infection (n=14). Together those three 
diagnoses were the subject of 87% of sus-
pected cases of RMEs (Table 2). For the 
results described below, the emphasis will 
be on confirmed cases.

Lyme disease

Lyme disease accounted for 43.8% 
of all confirmed RME cases and was the 
most common of the vector-borne diseases 
reported during 2016–2020. The annual 

numbers of confirmed cases were great-
est in 2016 and lowest in 2018, when the 
number of Lyme disease cases was actually 
lower than the count of malaria cases (Fig-
ure 1). The numbers of probable and sus-
pected cases of Lyme disease (n=127) were 
actually lower than the counts for RMSF 
(n=170) during the surveillance period 
(Table 2). 

Malaria

Diagnoses of malaria (n=172) contrib-
uted 24.2% of all confirmed RME cases of 
vector-borne diseases during the 5 year sur-
veillance period.  The highest count was in 
2018 (n=51) but the most recent two years 
had the lowest counts of the period (n=26 
and 20, respectively) (Figure 1). There were 
only 12 cases of malaria in RME reports of 
probable and suspected cases (Table 2).

Zika virus infection

Confirmed cases of Zika virus infec-
tion numbered 80 during the period 

T A B L E  2 .  Numbersofconfirmed,probable,andsuspectedcasesofvector-bornediseases,activeandreservecomponents,U.S.Armed
Forces, 2016–2020

Confirmedcasesa Probable casesa Suspected casesa Totala

AC RC AC + RC AC RC AC + RC AC RC AC + RC

Lyme disease 271 40 311 48 5 53 66 8 74 438

Malaria 149 23 172 3 0 3 9 0 9 184

Zika virus infection 64 16 80 2 0 2 12 2 14 96

Rocky Mountain spotted fever 46 8 54 97 19 116 40 14 54 224

Dengue 45 6 51 1 4 5 3 1 4 60

Leishmaniasis 16 0 16 1 1 2 0 0 0 18
Arboviral diseases, neuroinvasive and 
non-neuroinvasive 8 0 8 2 1 3 1 0 1 12

   Tick-borne encephalitis (1) 0 (1)   (1) 0       (1) 0 0 0 (2)

   West Nile virus infection (3) 0 (3) 0 0 0 (1) 0 (1) (4)

Trypanosomiasis 5 0 5 1 0 1 0 0 0 6

Chikungunya 4 1 5 1 1 2 0 1 1 8

Ehrlichiosis/anaplasmosis 3 0 3 5 0 5 3 2 5 13

Typhus 1 2 3 2 0 2 0 0 0 5

Tularemia 1 0 1 1 1 2 1 0 1 4

Total 613 96 709 164 32 196 135 28 163 1,068

aNumbers in parentheses are included in the totals for the broad category of “arboviral diseases, neuroinvasive and non-neuroinvasive”.
AC, active component; RC, reserve component.
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T A B L E  3 .  Frequency of hospitalizations of service members with RMEs for vector-borne 
diseases and associated number of hospital bed days, active and reserve components, 
U.S. Armed Forces, 2016–2020

F I G U R E .  Annual counts ofconfirmedcasesofmostcommonRMEs,activeandreservecompo-
nents, U.S. Armed Forces, 2016–2020

RME, reportable medical event; No., number.
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   Diagnoses Total RME 
reportsa

Total 
associated 

hospitalizationsa

% of RME reports 
with associated 
hospitalizationa

Hospital bed 
daysa

No. No. No. No. 

Malaria 184 80 43.5 308

Lyme disease 438 11 2.5 71

Dengue 60 7 11.7 35
Arboviral diseases, neuroinva-
sive and non-neuroinvasive 12 4 33.3 19

   Tick-borne encephalitis (2) (1) 50.0 (1)

Rocky Mountain spotted fever 224 1 0.4 7

Typhus 5 1 20.0 1

Total 923 104 441
aNumbers in parentheses are included in the totals for the broad category of “arboviral diseases, neuroinvasive 
and non-neuroinvasive”.
RME, reportable medical event.

(Table 2). However, 73 of those cases were 
reported in 2016, with the remainder 
reported in 2017 (n=4), 2019 (n=2), and 
2020 (n=1) (data not shown).  Zika virus was 
introduced into the Americas in 2015 and 
the case counts in the U.S. as well as in the 
U.S. Armed Forces peaked in 2016.3  Of the 
16 service member cases reported as prob-
able or suspected, 12 were reported in 2016 
(data not shown).

Rocky Mountain spotted fever

Confirmed cases of RMSF (n=54), 
unlike all other diagnoses that are report-
able, were outnumbered by reports of prob-
able (n=116) and suspected (n=54) cases of 
RMSF (Table 2). This phenomenon is likely 
the result of the necessity to confirm the 
diagnosis of RMSF (and related rickettsial 
diseases) via the performance of acute and 
convalescent serological studies or other 
more sophisticated tests such as a PCR 
test for DNA, immunohistochemistry of a 
biopsy specimen, or a positive culture. The 
current RME guidelines include RMSF in 
the broader category of Spotted Fever Rick-
ettsiosis, which includes conditions with 
similar clinical presentations that may be 
distinguished only with the testing proce-
dures mentioned above.

Dengue

Of the total of 60 cases of dengue 
reported via RME, 51 were described as 
confirmed (Table 2). At least 18 of those con-
firmed cases were reported by an overseas 
treatment facility and an additional 14 cases 
were linked to an overseas travel location. 
The most commonly cited of those locations 
were Djibouti (n=7) and the Philippines 
(n=5). There were relatively few RME cases 
of dengue that were classified as probable 
(n=5) or suspected (n=4) (data not shown).

Leishmaniasis

There were 16 confirmed cases of leish-
maniasis reported during the period but 
only 2 of them were reported in 2019 and 
none in 2020 (Table 2, data not shown).  Of 
the 6 cases for which the reports mention 
a location where the service member may 
have acquired the infection, 5 specify either 
Iraq, Afghanistan, or Syria and 1 mentions 

Palau (data not shown). Probable cases num-
bered 2 and there were no suspected cases.

Arboviral diseases, neuroinvasive and non-
neuroinvasive

The 3 confirmed cases and 1 sus-
pected case of West Nile virus infection 

were diagnosed in the continental U.S. and 
the single confirmed and probable cases of 
tick-borne encephalitis were diagnosed in 
Germany (data not shown). Among the total 
of 12 cases that were reported in this broad 
category, 7 were associated with Germany 
and 5 with the U.S. (data not shown).
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Other

The remaining 5 diagnostic categories 
of RMEs were associated with a total of 17 
confirmed cases, 12 probable cases, and 
7 suspected cases over the 5-year surveil-
lance period (Table 2). The most recent con-
firmed cases of chikungunya were 2 that 
were diagnosed in 2019 and they were asso-
ciated with recent travel to the Philippines 
and Djibouti, respectively (data not shown). 

Hospitalizations

During the 5-year surveillance period, 
there were 1,068 RME reports submitted 
for confirmed, probable, and suspected 
cases. Associated with the service mem-
bers who were the subjects of those reports, 
there were 105 instances of hospitaliza-
tion for which the records of inpatient care 
specified the diagnosis of the reportable 
condition. Such hospitalizations reflected 
only 6 different reportable diagnoses (Table 
3). Of the 184 reported cases of malaria, 
43.5% were associated with hospitaliza-
tions (n=80) for which a malaria diagno-
sis was recorded.  For Lyme disease, the 
11 hospitalizations represented 2.5% of all 
RME diagnoses of that condition; for den-
gue, the 7 hospitalizations were associated 
with 11.7% of all RME diagnoses; for arbo-
viral diseases, there were 4 hospitalizations 
representing 33.3% of all cases that were 
reported.   Finally, there were single hospi-
talizations for RMSF and typhus that rep-
resented 0.4% and 20% of RMEs for those 
respective diagnoses (Table 3).

E D I T O R I A L  C O M M E N T

The identities of the most common vec-
tor-borne diseases in this analysis were simi-
lar to those documented in previous studies. 
For example, MSMR reports covering the 
years 1995–1999 and 2010–2016 noted that 
the most common diseases included Lyme 
disease, malaria, RMSF, dengue fever, and 
leishmaniasis, just as was the case for 2016–
2020.1,4 The only exceptions to the lists of 
most common diseases were due to the pan-
demic occurrences of chikungunya and Zika 
virus infections starting in 2013.3,5     

The methods employed in this sur-
veillance study differed significantly from 
the two studies previously mentioned. The 
counts for 2016–2020 were based solely on 
RMEs electronically submitted by public 
health/preventive medicine specialists who 
evaluated the available information for each 
case in order to render an evaluation as to 
whether or not the diagnosis was confirmed, 
probable, or suspected. The previous studies 
utilized DMSS records of hospitalizations 
and/or outpatient encounters to identify 
cases. It is most noteworthy that using only 
the documentation of outpatient diagnoses 
to qualify as a “suspected” case, as was one 
of the criteria in 2010–2016, is a highly sen-
sitive, but very non-specific means of iden-
tifying cases. The employment of just RMEs 
to identify and count cases of vector-borne 
diseases increases the probability they are 
true cases of the diseases of interest. How-
ever, the omission of inpatient and outpa-
tient diagnoses of these diseases likely yields 
an underestimate of the true incidence of 
some of the conditions.

The analysis of hospitalizations among 
RME cases revealed that most reportable 

vector-borne diseases were not associated 
with a hospitalization within 30 days before 
or after the reported date of illness onset. 
The correlation between hospitalization and 
diagnosis of a reportable disease is mainly a 
reflection of the severity of illness. The dis-
eases of interest in this study have a broad 
spectrum of clinical severity and, in particu-
lar, if a given disease can be readily treated 
with a highly effective antimicrobial agent, 
then rates of hospitalization may be quite 
low. 

The reader is referred to the February 
2018 MSMR article on this subject for fur-
ther discussion of the topics of Lyme dis-
ease incidence in the U.S., the years of peak 
incidence of chikungunya and Zika virus 
infections, the declining incidence of leish-
maniasis associated with reduced presence 
of service members in the Middle East, and 
the pitfalls of using outpatient diagnoses for 
surveillance.1
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