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PREFACE

Tick problems are apparently increasing in many areas of
the world due to intense management of certain wild and
domestic animals, as well as human development of previously
wild areas. Direct effects of tick bites (annoyance) are
compounded by disease transmission in many geographic areas.
Besides Acquired Immunodeficiency Syndrome (AIDS), Lyme
disease is now the most important "new" disease facing us
today. Tick specialists, which sometimes have been considered
curiosities or eccentrics, are back in the Limelight (or
should I say "Lymelight"). As for the future, the status of
ticks and tickborne disease at best looks unchanged and likely
will increase in importance as tick/human contact increases.
This report was written in an effort to minimize the effects
of ticks and tickborne diseases on military personnel by
providing information on the species present in an area, notes
on their biology, guidance for control strategies, and
descriptions of tickborne diseases.

Many individuals have been instrumental in the preparation
of this report. I received encouragement and helpful advice
from Lt Col D. Pinkovsky, Capt T. L. Carpenter, Dr Chad P.
McHugh, Col William H. Wolfe, and Col Alan H. Mumm, all of the
U.S. Air Force School of Aerospace Medicine (USAFSAM),
Epidemiology Division. Steve Bloemer, Tennessee Valley
Authority (TVA) Land Between the Lakes, Kentucky; Dr Fivaz,
Rhodes University, Grahamstown, South Africa, and Dr
Mumcuoglu, Hebrew University, Israel, provided a few key
specimens or photographs. Mr Ray Blancarte, USAFSAM/TSY,
prepared the tick drawings, and Mr Al Young (also from
USAFSAM/TSY) designed the cover. Ms Janina D. Casias and
Patricia C. Miller, USAFSAM/EKEN, typed numerous versions of
the manuscript. The section, "Definition of Terms Used for
Diagnostic Characters," and Figures 70 and 71 were taken from
the United States Department of Agriculture (USDA) publication
by Strickland et al. (1976).

Capt Goddard's current address is: Bureau of Environmental
Health, Mississippi State Department of Health, P.O. Box 1700,
Jackson, MS 39215.
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TICKS AND TICKBORNZ DISEASES AFFECTING MILITARY PERSONNEL

CHAPTER I

HISTORICAL ACCOUNTS OF TICKS AFFECTING MILITARY OPERATIONS

Documented cases of ticks and tickborne diseases affecting
military personnel are scarce. However, military personnel
throughout history have probably been afflicted by various
tickborne diseases such as boutonneuse fever, relapsing fever,
tickborne encephalitis, Siberian tick typhus, and others. An
epizootic of tropical canine pancytopenia (TCP) affected
military working dogs (MWD) in Southeast Asia during the
1960s, with at least 160 MWD killed by the disease (Walker et
al., 1970). Outbreaks of TCP were associated with severe dog
tick infestations and prevalence of the disease decreased or
disappeared in some kennels after rigid tick control measures
were enforced (Mac Vean, 1968). ,Other undocumented cases of
tick problems have likely occurred. The lack of documentation
of tick problems may be due to the fact that infestations are
usually geographically localized with small areas being
extremely infested and other great expanses being virtually
tick free. However, in a problem tick area, ticks can be so
severe that outdoor activity is almost unbearable.

Ticks generally affect military operations in two ways:
(1) directly, by tick bite and the accompanying psychological
stress, and (2) indirectly, by disease transmission. Various
bacteria, rickettsiae, viruses, and protozoans are transmitted
to people via tick bites (see Chapter 4). Relatively few
ticks may be in an area with disease transmission occurring,
or millions of ticks may be in an area with little or no
disease transmission occurring. Either way is bad enough by
itself. However, when both conditions occur simultaneously
(e.g., numerous ticks and high probability of disease
transmission), military operations may be severely limited by
incapacitating disease among some personnel as well as other
troops hampered from performing their duty by annoyance from
ticks.

Two military training operations (one historical, one more
contemporary) that have been affected by ticks and tickborne
disease are presented here. Hopefully, by careful study of
the ecological and man-mad3 conditions involved in tick
infestations, we can develop effective methodologies to deal
with them (see Chapter 3).
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Camp Bullis Tick Infestation

In the 1940s, a mysterious disease at Camp Bullis, Texas
(near San Antonio) was characterized by low white blood cell
counts, fever, and severe occipital headache in more than
1,000 soldiers who had been involved in training (Woodland et
al. 1943; Anigstein and Anigstain, 1975). The disease,
subsequently named Bullis fevcr, was shown to have a
rickettsial etiology (Anigstein and Bader, 1943; Livesay and
Pollard, 1943) transmitted by zicks or chiggers. Since
Amblyomma americanum was extremely abundant in the area, it
was strongly suspected to be the vector (Brennan, 1945).
Pollard et al. (1946) isolated what the7 believed to be the
causative agent from field czught A. americanum and showed
that both the tick strain and the human strain (from blood of
an infected patient) induced a typical Bullis fever syndrome
in inoculated susceptible individuals. Further, cross
immunity was demonstrated indicating that the two strains were
identical. The exact nature of the Bullis fever rickettsia
was not determined, but isolates from infected patients were
unrelated serologically to either Rocky Mountain Spotted Fever
(RMSF) or Q fever (Livesay and Pollard, 1944). Although no
cases of Bullis fever have been reported since the late 1940s,
Anigstein and Anigstein (1975) suggested that the Bullis fever
agent be named Rickettsia texiana based on retrospective
analysis of the data. The author has proposed that Bullis
fever and the recently descried human ehrlichiosis (see
Chapter 4) may be the same disea:;e (Goddard, 1988).

Amblyomma americanum (the lo.le star tick), the suspected
vector in the Bullis fever cases, is a 3-host woodland species
that is one of the most annoying and economically important
ticks in the United States (U.S.) because of its aggressive
and mostly nonspecific feeding habits and high population
densities.

The lone star tick has unusually long mouthparts, thus
producing painful bites. In several cases among the troops at
Camp Bullis, scars (some of them still unhealed lesions) were
observed for as long as z years following removal of the tick
(Brennan, 1945). First stage lone star ticks (often calltd
larvae or seed ticks) are smaller than the head of a pin and
occur by the thousands in infested areas during late summer.
Often, it is these seed ticks that cause the most annoyance
because they escape detection and usually get on people in
high numbers.

The tick infestation was so intense at Camp Bullis in the
1940s that it prompted Dr J.M. Brennan, a prominent medical
entomologist at the time, to make this assessment of the
problem: "There is no record irn literature of a greater
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concentration of the lone star tick elsewhere in the United
States than at Camp Bullis." Some examples of the extreme
tick infestation noted by Brennan, 1945 are: (1) an Army
officer stated that on one occasion 294 ticks were detached
from an enlisted man, (2) 910 adult ticks were removed from
the head of a deer, (3) 1,160 nymphal ticks were removed from
another deer head, (4) a gray fox was infested with 3,064
ticks, anU (5) on July 24, 1943, 4 men collected 4,086 adult
lone star ticks beneath a small juniper tree (can you imagine
taking a 10-min nap under that tree!).

Later, on 13 June 1951, members of the 4th Army Area
Medical Laboratory removed 2,951 larvae, 50 nymphs, and 79
adults from a jack rabbit shot on the Bullis reservation.
Also in early July 1951, members of a preventive nedicine
survey unit at Camp Bullis removed 1,150 ticks from a soldier
who had sat in a tick-infested thicket for 2 h (Webb, 1952).

All of these examples illustrate the severity of the tick
problem at Camp Bullis in the 1940s-1950s. Fortunately, the
tick infestation there now is not as bad. This decrease is
probably due to the arrival of the imported fire ant,
Solenonsis invicta, in the area. Some studies have shown a
marked decrease in tick populations in areas recently infested
by fire ants. This decrease is due to fire ants feeding on
tick eggs and larvae. However, you have to ask yourself,
"Which is worse, fire ants or ticks?"

Needless to say, in an area infested with ticks to the
degree that Camp Bullis was in the 1940s (regardless of the
disease transmission potential), troops are not going to be
able to execute their military duties at an optimal level.
There is probably some tolerance threshold (see Chapter 3)
beyond which duty performance is significantly affected and
thus drastic iick control measures are warran;ted, and the
author thi:,Ks everyone would agree that 1,150 ticks on one
soldier is above that tolerance threshold.

Little Rock AFB Tick Infestation

An ongoing tick infestation affecting military training is
in the Volant Scorpion training area at Little Rock Air Force
Baie 'AFB), Arkansas. Members of the United States Air Force
(USAF) Militdry Airlift Command's 1314th Ground Combat Readi-
ness Evaluation Squadron, also known as Volant Scorpion, train
and evaluate security police forces in maintaining the
security of tactical airfields during time of war. Volant
Scorpion consists of a cadre of approximately 50 personnel,
and trains about 2,000 troops each year. The 2-week course,
offered year-round, is conducted on 1,100 acres on the east

3



side of Little Rock AFB and over 25,000 acres at nearby Camp
Robinson (an Arkansas National Guard Installation).

Little Rock AFB has a history of lone star tick
infestation, but since 1987 the problem has been especially
intense (Goddard, 1987). In a survey of 13 sites on Little
Rock AFB and Camp Robinson, tick counts at some sites were as
high as 24,000 ticks collected per drag cloth hour (Goddard,
1987); and deer sampled had as many as 2,550 ticks per ear
(Goddard et al. 1988). Accordingly, Volant Scorpion personnel
sometimes acquire numerous tick bites during exercises.
Because of their extensive sneaking and crawling through
brushy areas, personnel playing the aggressors are especially
attacked by ticks.

The interest in the tick problem at Little Rock AFB was
heightened when three clinical cases of ehrlichiosis (see
Chapter 4 for a discussion of the disease) were identified in
1988. In a subsequent serological screening of the Volant
Scorpion cadre, three other persons were found to have
elevated antibody titers to Ehrlichia canis. In addition,
10/12 MWDs on temporary duty (TDY) to the Volant Scorpion
training course tested positive for E. canis in early 1988
after completion of training. All the dogs had tested
negative for ehrlichiosis in recent tests at their home bases.
As of this writing, USAFSAM Epidemiology Division personnel
were conducting an epidemiological investigation of this
problem.

Goddard and McHugh (1989) conducted a study in the Volant
Scorpion squadron at Little Rock AFB to assess the impact of
the tick infestation on prformance of military duties. The
study involved a questionnaire (Table 1) completed by Volant
Scorpion participants upon completion of training. Students
were asked to estimate the number of attached ticks they found
as an objective measure of the tick problem. Two questions
(Nos. 3 and 5) required a more subjective assessment of the
tick problem. Information was alsc requested on personal
protective measures used by students and on the medical pests
encountered.

4



TABLE 1. QUESTIONNAIRE ADMINISTERED TO VOLANT SCORPION TRAINEES,
MAR-AUG 1988.

1. What was your course number and dates attended?

2. What was the most bothersome pest you encountered during this
training?
A) Mosquitoes
B) Ticks
C) Chiggers
D) Snakes
E) No pests were encountered

3. How would you rank the tick problem in the training area?
A) Slight
B) Moderate
C) Bad
D) Extremely bad
E) Non existent

4. Approximately how many ticks attached to you during your
training?
A) <10
B) 10-24
C) 25-49
D) 50-99
E) >100

5. How significant was t'e effect of ticks and tick bites on
the execution of your duties during this training?
A) Insignificant
B) Significant
C) Very Significant (they greatly interfered with my duties)
D) Not Applicable - no ticks seen

6. Which of the following personal protection techniques did
you use to protect against tick bites? (Answer all that apply.)
A) Bloused fatigues
B) Used diethyl-toluamide (DEET) repellent (Army

green standard issue)
C) Permanone repellent
D) Other repellents
E) None

5



The questionnaire was intentiorally short because troops
at the end of training are tired and generally unwilling to
complete paperwork of any kind. The questionnaire was given
to 9 classes from mid-March to mid-August 1988 (roughly one
tick season). Completed questionnaires were returned to the
USAFSAM Epidemiology Division at Brooks AFB, Texas, and
responses were analyzed using Statistical Analysis System
(SAS) software.

Class size ranged from 44 to 370 students. Classes were
composed almost exclusively of males; females only
infrequently attended the Volant Scorpion program. Overall
response was 73.9% (956 questionnaires from 1,293 students).
Class response ranged from 54 to 100% with the 2 largest
classes having the lowest response rates. No attempt was made
to resurvey nonresponders, and the effect of this nonresponse
on the study is not known.

With the exception of the last 2 classes, 35-50% of each
class reported that ticks were the worst pest encountered
during Volant Scorpion training (Table 2). In those 2
classes, the most common response for worst pest encountered
was "chiggers"; however, larval lone star ticks (which peak in
numbers during those months) are extremely small and may
easily be mistaken for chiggers.

When asked to rank the severity of the tick problem, 5 of
the 9 classes had >60% of the responses indicating "bad" or
"extremely bad." Most classes in which the students ranked
the problem as "bad" or "extremely bad" were conducted from
April to June. This response is not unusual as ticks are
seasonal pests and most adult lone star tick feeding occurs in
the spring and early summer. There was a class in the spring
(28 Apr-11 May) in which both tick numbers and the severity of
the tick problem were reported as low. Weather data revealed
no unusually cool or wet weather during that class. Training
is accomplished at various sites on Little Rock AFB and Camp
Robinson and is not conducted at the same locations for all
classes. Whether training during that class was conducted in
an area(s) with fewer ticks (such as open meadows, on tc2 of
high hills, in recently burned areas, etc.) is unknown.

In 6 of the 9 classes, approximately 40% or more students
received >10 ticks during training. Class 88-10 (May 30-June
12) had 65% of respondents reporting at least 10 tick bites.
Ten people, mostly in the first 4 classes, reported >100 ticks
attached to them during the 2-week training period.

There was a direct relationship between number of tick
bites received and the perceived severity of the tick problem,

6



suggesting that despite some personal squeamishness about
ticks, the respondents were able to remain fairly objective in
their assessment of the tick problem. Table 3 shows a
breakdown of data comparing the rating of the tick infestation
vs. the number of tick bites rec ived. When the ranking
"extremely bad" is plotted against the number of tick bites, a
clearer pattern of the perception of the tick problem can be
observed (Fig. 1). Of those troops who received less than 10
tick bites, only 6.5% felt this represented an extremely bad
problem. When 10-24, 25-49, or 50-100 tick bites were
received, the percentage who rated the problem as extremely
bad increased to 25.5, 44.0; and 69.6%, respectively.
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Figure 1. Comparison of number of tick bites received by Volant
Scorpion students vs. those students who considered
the problem to be extremely bad.
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TABLE 3. RATING OF THE SEVERITY OF TICK INFESTATION AND THE NUMBER OF
ATTACHED TICKS REPORTED BY STUDENTS AT VOLANT SCORPION,
CLASS 88-5 THROUGH 88-13 (11 MARCH 88-19 AUGUST 88).

Number and percentaQe of tick bites

Rating of tick
infestation <10 10-24 25-49 50-99 >100

Nonexistent (No Problem) 17(3) 0(0) 1(1) 0(0) 1(10)

Slight 183(29) 2(1) 2(3) 0(0) 1(10)

Moderate 233(37) 51(25) 11(15) 1(4) 2(20)

Bad 158(25) 102(49) 28(37) 6(26) 1(10)

Extremely bad 41(6) 53(25) 33(44) 16(70) 5(50)

Total 632 208 75 23 10
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Approximately one-third of each class reported that ticks
had a significant impact on the performance of their military
duties. Of those students receiving >50 ticks during
training, 66% (21/32) felt that ticks had a significant impact
on their duty perfora.nce. On the other hand, 20.7% (130/629)
of students who reported <10 ticks also considered tick
effects significant. Although only 6.5% felt that. less than
10 ticks was an extremely bad tick problem, one-fifth of the
class felt this level of tick infestation significantly, or
very significantly, impacted their performance of duty. The
manner in which this interference was expressed was not
determined, but likely it was the psychological distress and
preoccupation with attached ticks which distracted troops from
their duties.

The use of chemical repellents by class members was
widespread and increased as the season progressed. The use of
repellents may have been due to recommendations by the cadre
(the cadre did recommend use of Permanone repellent to the
last few classes) or feedback from previous classes reaching
incoming troops. The use of nonchemical, mostly folklore,
tick-repellent methods was occasionally noted on question-
naires. These methods included pantyhose, flea/tick collars,
Avon Skin-so-Soft, vitamin C, and double-sided tape.

Permanone tick repellent, one of the best available
repellents, has been recommended for Volant Scorpion
participants previously by USAFSAM entomologists (Goddard,
1987). A few Volant Scorpion students used this repellent (1-
10%) in classes 88-5 through 88-10, but upon the strong
recommendation of the cadre, a majority of students reported
Permanone use during the last 3 classes.

In class 88-11, which reported the highest Permanone use,
no responders reported that "ticks greatly interfered with
performance of military duties." However, there was no
significant difference (chi-square, P = .05) in the number who
reported an impact of ticks on duty performance between the 3
classes with highest Permanone use (88-11, 88-12, 88-13) and
all the other classes.

In addition, in a statistical comparison (chi-square, P
=.05) of Permanone use alone vs. no repellents, the use of
Permanone made no significant difference in actual tick
numbers acquired durir7 training. The failure to demonstrate
an effect of PermanonL on tick bites was surprising and may
represent a failure of the compound, inadequate application
technique, or behaviors such as crawling through brushy areas
which may have exposed untreated areas (hands, face, hair) to
ticks. Recall bias may also have influenced the responses.
Persons who used the repellent may have been those who were

10



the most concerned or alarned by ticks and may have overesti-
mated how many got on them. Conversely, the troops who did
not use repellents may have been unconcerned by tick bites and
thus underreported how many bites were received during
training.

This subjective study indicated that the heavy tick
infestation at Little Rock AFB had an adverse effect on the
training of military personnel. Over one-third of all
respondents reported a significant or very significant impact
on duty performance. Even 9 or fewer ticks were sufficient to
adversely impact one-fifth of the troops. Use of Permanone
alone had no demonstrable effect on the number of tick bites
reported. In my opinion, failure to demonstrate effectiveness
in this case is largely due to improper application technique.
My own experience has found Permanone very effective if
properly applied. In a recent U.S. Army study (Evans, 1989),
98% protection from ticks was attained by thoroughly spraying
both front and back of battle dress uniform pants and shirt
with Permanone.

Two effects may help alleviate the impact of ticks on
military personnel: (1) proper application techniques of
repellents will help reduce the number of tick bites and the
potential for tickborne disease transmission, and (2) an
educational effort to increase troop awareness of ticks, their
biology, their role in disease transmission, and the effective
use of repellents may help personnel put the tick problem in
perspective. If the impact of tick bites is largely emotional
distress, even a modicum of information may reduce troop
aversion to ticks, reduce the psychological impact of
attachment, and allow troops to concentrate on military
duties.
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