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Entomology
(ABSTRACT)
Potomac Horse Fever (PHF) is a disease of great concern
to many horse owners in the Potomac River area of Maryland
and Virginia.
risticii.

It is caused by a rickettsia, Ehrlichia

The involvement of an arthropod vector has been

suspected because of the seasonal epidemiology of the
disease.

This research was an attempt to identify and

evaluate potential arthropod vectors.

A seasonal activity

study of biting arthropods attacking horses in endemic areas
of Maryland and Virginia identified five potential vectors:
(1) Simulium jenninqsi (Diptera: Simuliidae),

(2) Stomoxys

calcitrans (Diptera: Muscidae),

(3) Culicoides obsoletus

(Diptera: Ceratopogonidae),

~.

(4)

variipennis, and (5)

Dermacentor variabilis (Acari: Ixodidae).
These five arthropod species were given status as
potential vectors because they were collected feeding on
horses just prior to and throughout the PHF season.
Simulium jenningsi and Q. variabilis have the closest

seasonal association with the occurrence of PHF as presented
in this study.

Q. variabilis was determined to have the

greatest potential due to its reported association with
other rickettsial diseases.
A series of laboratory and field studies were designed
to examine the potential role of
transmission of
~-

~-

risticii.

Q. variabilis in the

We first attempted to transmit

risticii by feeding adult Q. variabilis collected from an

endemic farm on susceptible horses.

Other laboratory

studies included mouse to horse and mouse to mouse
transmission attempts using ticks fed on mice inoculated
with

~-

risticii.

A serological survey of 105 trapped field

rodents (host of immature Q. variabilis) on endemic farms in
Maryland showed all specimens collected to be negative for
PHF antibodies.

These studies and others gave no indication

of Q. variabilis's involvement in the transmission of the
disease in nature.
not examined.

The other species mentioned above were

I dedicate this dissertation
to
my beloved wife.
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CHAPTER I
INTRODUCTION

History of Potomac Horse Fever
In the late 1970's, veterinarians observed a high
incidence of a sometimes fatal diarrheal disease in horses
in the Potomac River area of Maryland and Virginia.

By

1979, it was characterized as a unique disease (Knowles et
al. 1984).

The disease has been called Acute equine

diarrhea syndrome (Knowles et al. 1984), Equine Ehrlichial
colitis (Rikihisa and Perry 1984) and Equine moncytic
Ehrlichiosis (Holland et. al. 1984).

The most commonly used

name and the one to be used throughout this text is "Potomac
horse fever" (PHF).

Since 1982, over 100 cases have been

reported annually in the endemic area of Maryland alone
(Robl 1985).

Whitlock et al.

(1985) reported that PHF had

been confirmed in 13 other states.

Now there is serological

evidence of PHF exposure in 21 states across the U.S.
(Palmer et al. 1986 and Ristic et al. 1986).

The causal

agent was identified as a rickettsial organism of the genus
Ehrlichia (Rikihisa and Perry 1984, 1985 and Holland et al.
1984, 1985a).

This agent was later described as Ehrlichia

risticii (Holland et al. 1985b).

Symptoms of the disease

include loss of appetite, depression, fever, decrease in

1

2

white blood cell count (leukopenia), explosive diarrhea and
dehydration, and in some cases there is inflammation of the
hoofs (laminitis) (Knowles et al. 1984).

A fatality rate,

if untreated, of ca. 25% has been reported (Knowles et al.
1984).
The involvement of an arthropod vector is suspected for
the following reasons:

(1) the majority of cases are

reported between May and October and the number of cases has
always peaked in July or August (Knowles et al. 1984);

(2)

case control studies indicate that the disease is infectious
but not contagious (Perry et al. 1984, 1986);

(3)

experimental transmission has been accomplished by injection
of whole blood or the buf fy coat portion of blood from
infected horses (Whitlock et al. 1985), and pure cell
culture of

~-

risticii by either intravenous or intradermal

injection (Perry et al. 1985), and

(4) the history of

rickettsial diseases indicates transmission is generally by
an arthropod vector(s).

All of the known vectors of the

genus Ehrlichia are ticks (Scott 1978, Ristic & Huxsoll
1984) .
Discussion of the Order Rickettsiales

The following discussion was adapted from Weiss and
Moulder (1984) unless otherwise noted.
in the order Rickettsiales are:

The three families

Rickettsiaceae,

Bartonellaceae and Anaplasmataceae.

The Anaplasmataceae are

3

parasites of erythrocytes of vertebrates and are transmitted
by various blood feeding arthropods both biologically and
mechanically.

Bartonellaceae are parasites of erythrocytes

and nucleated cells of vertebrates; arthropod vectors are
known for some species and are suspected in others.
The family Rickettsiaceae is divided into three tribes:
Rickettsieae, Ehrlichieae and Wolbachieae.

The Wolbachieae

are pathogens or symbiotes of arthropods only.

Rickettsieae

are parasites of vertebrate tissue cells other than
erythrocytes.

They are pathogenic to man, although in most

cases man is an accidental host.
divided into three genera:
Coxiella.

The tribe Rickettsieae is

Rickettsia, Rochalimaea and

Orgpnisms in the genus Rochalimaea are usually in

an extracellular environment in the arthropod host.

R·

quintana is the etiological agent of trench fever and is
transmitted by the human body louse, Pediculus humanus.

The

organism grows in the lumen of the gut and is discharged
with the feces.
Coxiella burnetii, the only species in this genus, is
found in the vacuoles of host cells.
agent of Q fever in man.

It is the etiological

The organism is resistant to

drying, heat and chemicals that destroy Rickettsia.
usually infected by the aerosol route.

Man is

Arthropods,

primarily ticks, have been demonstrated to transmit the
organism transovarially and to a wide range of vertebrates.

4

Organisms of the genus Rickettsia are found in the
cytoplasm or nucleus of the host cells.
divided into three groups:

This genus is

(1) the typhus group contains

three species and their vectors include lice, fleas, and
ticks;

(2) the spotted fever group contains at least eight

species and ticks are the primary vectors;
typhus group contains one species.

(3) the scrub

Mites, in the family

Trombiculidae, are the primary vectors.
The spotted fever and scrub typhus groups of Rickettsia
are relatively well adapted to ticks and mites as indicated
by the ease the Rickettsia pass through the arthropods' gut
walls.

The organisms have not been shown to be pathogenic

to ticks and mites.

Most spotted fever and scrub typhus

groups of Rickettsia are transovarially transmitted within
the vector population.

The typhus group of Rickettsia

transmitted by lice and fleas are unable to pass the gut
wall and are pathogenic and even fatal to the lice (Buxton
1946).

They grow in the epithelium of the midgut and are

eliminated with the feces which may remain infectious for
weeks.
The tribe Ehrlichieae is divided into three genera,
Ehrlichia, Cowdria and Neorickettsia.

The species of

Neorickettsia are parasites of reticular cells of lymph
tissue and are transmitted by the trematode: Nanophyetus
salmincola in which transovarial and transstadial
transmission does occur.

The species Cowdria ruminantium is

5

a parasite of vascular endothelial cells and is transmitted
by ticks of the genus Amblyomma in which transstadial, but
not transovarial, transmission occurs.
The species in the genus Ehrlichia are parasites of
circulating leukocytes of various mammals.
when known, are ticks of the genera:
and Hyalomma.

The vectors,

Rhipicephalus, Ixodes

The prototype species of this genus is

Ehrlichia canis, the causative agent of canine ehrlichiosis.
It parasitizes monocytes and lymphocytes of dogs and related
species and the vector is Rhipicephalus sanguineus.
Transstadial transmission, but not transovarial
transmission, has been demonstrated in the tick vector.
Chronically infected dogs are considered potential
reservoirs

of~.

canis in nature (Smith and Ristic 1977).

Ehrlichia risticii has been shown to have a serological
cross reaction with
~.

~.

sennetsu and to a lesser degree with

canis (Holland et al. 1985a).

Ehrlichia sennetsu is the

causative agent of human sennetsu rickettsiosis which is
present in Japan and other areas of Southeast Asia.
vector of

~.

The

sennetsu is unknown.

Determination of Vectors for other Arthropod-Borne Diseases

A historical review of the determination of vectors for
other arthropod-borne diseases is useful to establish
methods to identify the vector(s) of PHF.

Four requirements

for the incrimination of an arthropod as the vector of a

6

disease are given by Barnett (1960).

They are:

(1)

demonstration of feeding or other effective contact with the
host under natural conditions; (2) a convincing biological
association in time and/or space of the suspected arthropod
species and occurrence of clinical or subclinical infection
in the host; (3) repeated demonstration that the arthropod,
under natural conditions, harbors the infectious agent in
the infective stage, and (4) transmission of the agent under
controlled conditions.

Historically, these criteria have

usually been met in confirming vectors for other diseases
including the two described below.
The equine encephalitides are of historical interest
even though the epidemiology of these diseases is different
from PHF.

Equine encephalitides are usually seen in an

epidemic form while PHF is more of an endemic form having
predictable numbers of cases year after year.

There were

260 cases in Maryland in 1986, which is almost double that
of previous years (M. Robl personal communication), but this
may have been due to increased diagnosis and not an actual
increase in the disease.
The first encephalitis virus was isolated in 1930 for
what is now known as Western equine encephalitis (WEE),
(Meyer et al. 1931).

Mosquito transmission was demonstrated

experimentally between guinea pigs in 1933 (Kelser 1933).
Mosquito transmission was supported epidemiologically
because a higher incidence of an equine encephalitis disease

7

(now known as Eastern equine encephalitis (EEE)) occurred in
areas near salt marshes in 1933 in
and Virginia, (Merrill et al. 1934).

New Jersey, Delaware,
Aedes aegypti was

chosen as the experimental vector because it was available
in colony.

Guinea pigs were selected after preliminary

studies indicated their suitability as experimental animals
for equine encephalitis studies (Meyer et al. 1931).
Further experiments by Kelser (1933) determined when the
virus was circulating in the blood.

Horses were also used

in the experiment because they are the main victims.
Mosquitoes were allowed to feed on guinea pigs that had been
inoculated with the organism.

The mosquitoes were fed at

48, 72, 96, and 144 hours post-inoculation.

These

mosquitoes were held for 6, 12, and 18 days and then fed on
naive guinea pigs.

The naive guinea pigs were observed for

signs of the disease.

Two mosquitoes from the 48 hour group

were ground up in physiological saline solution and injected
into a guinea pig which subsequently died of encephalitis 8
days later.

The results of this experiment indicated that

Aedes aegypti was infected by feeding on artificially
inoculated guinea pigs 48 and 72 hours post-inoculation and
to a lesser extent, 96 and 120 hours post-inoculation.
Mosquitoes that fed 144 hours post-inoculation failed to
become infected.

The period of infectivity coincided with

the period o( fever in the guinea pigs and not necessarily
the onset of clinical disease.

The mosquitoes did not
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appear to become easily infected by feeding on infected
horses even though horses appeared to be highly susceptible
to the disease.

Kelser pointed out that Aedes aegypti is

probably not the vector in nature but that this result did
indicate the possible involvement of mosquitoes in the
transmission of equine encephalitis, thus satisfying
Barnett's requirement number 4.
The virus for WEE was isolated from mosquitoes
collected from the field in 1941, supporting Barnett's
requirement number 3 (Hammon et al. 1941a).

Arthropods were

collected alive in light traps, sweep nets, and by hand.
These arthropods were anesthetized with chloroform and
identified in the field.

The samples were sealed in hard

shell vials, frozen, stored and shipped in dry ice (solid

co 2 ) to the San Francisco laboratory.

There the arthropods,

in single species groups containing from 5 to 150 specimens,
were washed in saline, macerated and centrifuged.

The

supernatant was cultured and five Swiss mice, Rockefeller
strain, were inoculated with .03 ml of this supernatant
intracerebrally.

All mice were observed for 21 days.

Infection with encephalitis virus was confirmed by passage
of brain tissue from suspect mice to susceptible mice by
intracerebral inoculation and by serum neutralization tests.
Of the 9,503 specimens collected, WEE virus was recovered
from one pool of 125 Culex tarsalis.

The isolation

experiments were repeated in 1942, this time concentrating
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only on mosquitoes.

Culex tarsalis was shown to have the

greatest virus infection rate in nature, satisfying
Barnett's requirement number 3 (Hammon et al 1945).
A survey of mosquito seasonal activity was conducted in
conjunction with the 1942 isolation study.
illustrated the seasonal association of

~.

This survey
tarsalis with the

occurrences of the disease, satisfying Barnett's requirement
number 2 (Hammon et al. 1945).

The feeding habits

of~.

tarsalis were observed and it was found to feed on horses,
thus satisfying Barnett's requirement number 1; however,

~.

tarsalis primarily feeds on birds (Reeves and Hammon 1944).
Further confirmation on the involvement of

c.

tarsalis was

made with the demonstration of laboratory transmission of
the disease, satisfying Barnett's requirement number 4
(Hammon et al. 1943).

Serological surveys of the exposed

animal population in an endemic area helped to identify the
importance of avian hosts in the maintenance of the disease
in nature (Hammon et al. 194lb).

Subsequent research has

served to support the hypothesis of these early experiments.
Three important points are illustrated in the preceding
accounts.

(1) The original demonstration of mosquito

transmission by Kelser (1933) made possible the subsequent
development of the virus isolation technique used by Hammon
(1941a) to isolate the virus from

~.

tarsalis in nature.

used experimentally infected Aedes campestris as a control
to develop the method of shipping and handling of the

He
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insects for virus isolation, which resulted in modification
of the original technique.

(2) Aedes sp. though easily

infected in the laboratory were seldom if ever shown to
carry the virus of WEE in nature.

This can be attributed to

the fact that they feed mostly on large mammals which have a
low viremia (Reeves and Hammon 1944).

(3) It was unknown at

the time of Kelser's work but was illustrated later by
Schaeffer and Arnold (1954) for EEE is that horses act as a
"dead-end host".

They are highly susceptible to the disease

but the viremia seldom reaches levels high enough to infect
mosquitoes.

A virus titer threshold of 1x10 4 mouse LO so is

required to infect many mosquito species with EEE
(Chamberlain et al. 1954).

It is important to identify such

dead-end hosts and not to select them as experimental
models.

Since susceptibility is not a good indicator,

titration experiments need to be conducted on many different
species of laboratory adaptable animals to determine the
best to use as experimental models.
The process for determining the vectors for Rocky
Mountain spotted fever (RMSF) is of interest here, since it
is caused by a rickettsial agent Rickettsia rickettsii.

The

experiments of Ricketts, which demonstrated the potential
involvement of Dermacentor andersoni in the transmission of
RMSF in the Bitter Root Valley of Western Montana have been
placed in a memorial volume (Ricketts 1911) from which the
following discussion is taken.

In these experiments, he
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first established which animals could be infected by direct
injection of the pathogen.

He inoculated rabbits, guinea-

pigs, monkeys (Macacus rheses), white mice and white rats
with blood collected from patients sick with RMSF.

From

these experiments guinea-pigs and monkeys were found to be
the most susceptible and were used in subsequent
experiments.

A female tick [Ricketts referred to it as

occidentalis but it was probably

~.

~

andersoni (Harwood and

James 1979)] was allowed to feed for two days on the ear of
a guinea pig which had previously been injected
intraperitoneally with blood taken from a person suffering
from RMSF.

This tick was removed and held for two more days

then used to infect two healthy guinea pigs by allowing the
tick to feed on them, satisfying Barnett's requirement
number 4.

In subsequent experiments it was determined that

any of the active stages of the tick and both sexes could
transmit the disease.

It was also determined that the

disease was transmitted transstadially and transovarially in
the tick.

To determine if infected ticks occurred in

nature, 513 adult ticks were collected from locations known
to have had cases of RMSF in the past.

The ticks were

divided into groups by location and collection date, and
were placed on guinea-pigs.

Of the 513 ticks, one group of

36 males infected a guinea-pig with RMSF.
to Barnett's requirement number 3.

This gave support

The success of these

experiments can be attributed to the fact that Ricketts had
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found a good experimental model with the guinea pig as a
host.

Tick transmission was first undertaken in the

laboratory because the preliminary investigations of Wilson
and Chowing (1902) indicated an association between tick
bites and RMSF.

Unknown to Ricketts at the time of his

early work was that the first experimental transmission of
the disease was from human being to human being by means of
a tick collected from a man infected with RMSF.

This work·

was conducted by Ors. Mccalla and Brereton in Boise, Idaho
in 1905 (Ricketts 1911).

Dermacentor andersoni was known to

feed on man and to be active at the right time of the year,
thus satisfying Barnett's requirements number 1 and 2.
In both of the above historical examples of studies
attempting to incriminate arthropods as the vectors of a
particular disease, epidemiological information was obtained
first, then laboratory transmission experiments of the
organism by suspect arthropods were conducted.

This led

researchers to the determination of the natural cycle of the
disease.

Without these laboratory transmission models, ways

to confirm the required sensitivity of subsequent test and
screening procedures are limited when attempting to satisfy
requirement number 3.
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Objectives

Barnett's four requirements for determinating the
arthropod vectors of disease were used as a basis for the
search for a vector of PHF.
Objective 1 - Demonstrating effective contact with the
host under natural conditions.

This is best accomplished by

qualitative collection of blood-feeding arthropods from
horses in the PHF endemic area.
Objective 2 - Establishment of convincing biological
association in time and/or space of the suspect arthropod
and the occurrence of the disease.

This can be done by

sequential and quantitative identification of arthropods
collected throughout the PHF season and can be done in
conjunction with requirement number 1.
Objective 3 - Repeated demonstration that the
arthropod. under natural conditions, harbors the infective
stage of the agent.

The arthropod species satisfying

requirements 1 and 2 are considered suspect arthropod
species and can be collected from PHF affected pastures and
tested for the their ability to transmit the disease to
horses.
Objective 4 - Transmission of the agent under
controlled conditions.

The arthropod species satisfying

requirements 1 and 2 should then be selected for laboratory
transmission experiments.

CHAPTER I I
SURVEY OP POTENTIAL ARTHROPOD VECTORS
OP POTOMAC HORSE FEVER

Potomac horse fever (PHF) was first recognized as a
specific disease in 1979 in Maryland and Virginia where it
occurred in counties adjacent to the Potomac River.

In

Maryland, 109 to 116 cases were reported annually from 1982
to 1984 (Robl 1985).

In Virginia, 16 to 32 cases were

reported annually for those same years (M. Robl personal
communication).

The disease has now been reported in 21

other states (Whitlock et al. 1985, Palmer et al. 1986,
Ristic et al. 1986).

Potomac horse fever is characterized

by a loss of appetite, depression, fever, leukopenia,
explosive diarrhea, dehydration, in some cases laminitis,
and ca. 25% fatality rate (Knowles et al. 1984).
Certain characteristics of PHF suggest the involvement
of an arthropod vector.

First, it occurs seasonally from

May to October peaking in July or August (Perry et al. 1984,
1986, Whitlock et al. 1985), although suspect cases have
been reported in December (M. Robl personal communication).
Second, a case-control study indicated that PHF is
infectious but noncontageous (Perry et al. 1986).
Experimental transmission has been achieved through whole
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blood transfusion from infected to susceptible horses
(Knowles et al. 1984) and intravenous and intradermal
inoculation into horses with monocyte tissue cultures of the
organism (Perry et al. 1985).

Third, the causal agent has

been identified as a rickettsial organism of genus Ehrlichia
(Rikihisa and Perry 1984, 1985, Holland et al. 1985a),
later described as Ehrlichia risticii (Holland et al.
1985b).

Rickettsial organisms are commonly transmitted by

arthropod vectors and all of known vectors of the genus
Ehrlichia are ticks (Scott 1978, Ristic and Huxsoll 1984).
As outlined in the previous chapter, Barnett (1960)
presented a list of basic requirements for incrimination of
a specific arthropod with transmission of the causal agents
of human disease.
The purpose of this survey was to identify the best
candidate species to fulfill Barnett's requirements number 1
and 2.

This was accomplished by the qualitative and

quantitative collection of blood-feeding arthropods from
horses in the PHF endemic area. several types of traps and
other collection methods are available for this purpose,
many of which were described by Bram (1978).

There are two

methods commonly used for the collection of biting Diptera
from large animals such as horses.

One is to use a hand-

held aspirator to remove the Diptera from a tethered animal
(Jones et.al. 1977).

It has been determined that this

procedure yields a low proportion of some species of
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attacking flies (Bennett 1960, Zimmerman and Turner 1983).
The other method is to use stable or Magoon traps and
elevated drop traps to collect biting Diptera from large
animals.

Certain species of biting Diptera will not enter

stable traps (Mecreadie et al. 1984), because this trap
utilizes only olfactory stimulus to attract the biting
Diptera.

Elevated drop traps are not practical when working

with large horses (400-550 kg.)
Since a procedure that would provide as much
qualitative and quantitative information as possible was
desired, neither of the two previous methods was considered
appropriate.

A folding anamal baited enclosure trap (An.

Enc. Trap) was designed to provide visual exposure and
chemical stimulus to attract the greatest number of
dipterous species.
Materials and Methods

Biting Diptera were collected by means of the An. Enc.
Traps and light traps on two farms in Virginia (A and B) and
two farms in Maryland (C and D) in 1984.

All farms had a

history of PHF and were judged to be in a high risk area for
the disease.

The distance from the Potomac river was

calculated from a topographical map for each farm:
B-2.6, c-o.5, and D-1.5 km.

A-1.5,

The An. Enc. traps were located

a minimum of 50 m from the stables on all farms.

The light

traps were placed next to the stables on all farms.
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Both trap types were operated on farm A and B from
March 29 to October 2, on farm c from March 29 to July 31,
and on farm D from August 1 to October 2.
Design and operation of An. Enc. Trap:

This trap was

designed so that when open (Figure 1) a horse was exposed as
naturally as possible to biting Diptera, but when closed
(Figure 2) would capture all the flying insects on or around
the animal at that time.

The overall dimensions were:

length 3.05 m, width 1.22 m, height 2.13 m.
2.5 x 2.5 cm wood frame construction.

The trap was of

The top and lower

1.75 m of the sides and ends were covered with 40 mesh saran
screening.

The upper 30 cm of the sides were covered with

clear 4 mil polyethylene plastic (Figure 2).

A restraining

stall inside the trap consisted of four treated 10 X 10 cm
posts planted firmly in the ground and connected at the
sides and the ends by two horizontal 5 x 15.5 cm boards.
This stall prevented damage to the trap by the horse (Figure
1) •

The traps were operated on one of three farms each week
on a rotational basis throughout the observation period.
Trapping was done during two collection periods, diurnal
(1300-1500 hr.) and crepuscular-nocturnal (45 min. before
sunset - sunset - 45 min. after sunset).

During each

collection period the trap was opened and closed three times
for replicate samples.
horse for-15 min.

The trap was opened, exposing the

The trap was then closed for ca. 30 min.
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The trap was undisturbed for the first 15 min.

After the

waiting period all Diptera were removed through arm holes at
the top of the trap by means of a 12 volt hand-held vacuum
aspirator (modified Black and Decker Car-Vac Raleigh, NC
27625) (Fig. 3).
Light trap:

The samples were placed in 80% EOH.
The traps (New Jersy light traps) were

modified with a fluorescent light and were activated by a
"dusk to dawn" photoelectric eye.

Samples were taken one

night per week throughout the observation period.

The

collections were made in 0.2 1 containers containing ca. 150
ml of 80% EOH.
Ticks:

Ticks were hand removed from 10 horses on each

of the previously mentioned farms on five days of each week
from June 1 to August 31.

They were placed in 80% EOH.

All arthropod samples were identified under a
dissecting microscope.

Light trap samples which were too

large to count were divided into subsamples which were
identified and counted.

The subsamples were calculated back

to obtain an estimate of the original sample size.
Statistical Analysis:

The seasonal occurrence data for

each species of biting Diptera were transformed as a
proportion of the total number collected on a weekly basis.
The tick data were totaled for the 10 horses for each week,
and the three farms were averaged on a weekly basis.

The

averages were then totaled to calculate an average weekly
proportion.

The proportions for all the arthropod data were
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transformed into cumulative proportions on a by-farm basis
and on a by-week (all farms combined) basis.

These

cumulative proportions were linearized by the transformation
formula ln((l/1-x) + 1) (van der Plank 1963).

A linear

regression was calculated for the transformed data of each
species over days for comparison of slopes and intercepts.
The Pearson correlation coefficient (R) was calculated
from the cumulative proportion data between each species and
PHF.
the

The two curves were superimposed over each other at

.so cumulative proportion.

The cumulative proportions

of PHF (.1, .2, .3, •••. 9) were used as the base.

Then the

corresponding cumulative proportion of the species was
interpolated.

This removed the element of time and allowed

comparison of the shape of the two curves.
The difference in days between the occurrence of a
particular cumulative proportion of an arthropod species and
that same cumulative proportion for PHF was calculated by
interpolation.

For example, the .10 cumulative proportion

for a particular species was reached on Julian day 180 while
the .10 cumulative proportion for PHF was reached on day
230.

That is a difference of 50 days.

This was done for

proportions .10, .20, .30, to .90 for each species.

The

average number of days were then calculated.
The analyses were done on an IBM personal computer
using SuperCalc™3, Release 2.1 (Computer Associates, Micro
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Products Division, 2195 Fortune Drive SanJose, California
95131) software.

Results and Discussion
An. Enc. Trap:

A total of 6977

biting insects were

collected representing 9 genera and 16 species (Tables 1 and
2).

The most common genus collected was

specimens).

s.

~.

Simulium (5025

jenningsi was the predominant species, with

vittatum being the only other species collected.

We

collected 608 Culicoides representing eight species, of
which the most abundant were

g. bigutattus and

g.

obsoletus (446 and 126 specimens, respectively).
genera collected and their numbers were:
(398);

Stomoxys calcitrans (314);

Culex spp. (20); and

Aedes spp.

Musca autumnalis

Anopheles spp.

(15).

Other

(36);

Twenty-seven

specimens were identified as belonging to the family
Tabanidae.

The seasonal occurrence of the major groups are

illustrated in Figures 4 through 13.
Light traps:

Seven species of

Culicoides were

recovered from the light traps, listed in order of the
number of individuals collected:

g. bigutattus, g.

obsoletus, g. crepuscularis, g. stellifer,

g. bickley, and

g. venustus.
Ticks: A total of 119 ticks were collected, all of
which were identified as

Dermacentor variabilis.

The

seasonal occurrence is illustrated in Figures 14 and 15.
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Statistical Analysis:

The results of the statistical
I

analyses of the data from the An. Enc. Trap failed to
illustrate any statistical difference in the slopes of the
lines for the different species or from PHF.

As shown in

Table J, there was relatively high correlation between
Simulium .§Im., stomoxys calcitrans, and Dermacentor
variabilis and PHF.

Culicoides bigutattus had a high

correlation coefficient (R=.9554) but makes a weak candidate
vector because it is a univoltine species which only occurs
in the spring and early summer (Zimmerman 1981), while PHF
occurs into the fall.

When correlating two seasonal

phenomena they are going to have some degree of mathematical
correlation due to the nature of occurrence.

For this

reason these correlations must be interpreted with other
supporting information.
The average number of days between the seasonal
occurrence of a particular species and the occurrence of PHF
is given in Table 4.

Other arthropod-borne diseases have an

occurrence difference ca. equal to the intrinsic incubation
period of the disease in the host (Barnett 1960).

The time

lags for the two best candidate vectors, Simulium .§Im. and
Dermacentor variabilis, are ca. 6 weeks.

The intrinsic

incubation period for PHF is ca. 11-14 days (Whitlock et al.
1984).

This is the time required for the horses to stop

eating, which is the first symptom noted by most horse
owners (Knowles et al. 1984).
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Of the biting Diptera species, Simulium .m;m. has the
closest seasonal relationship with PHF (Fig. 4) and a high
correlation coefficient .9912 (Table 3).

Some species of

the genus Simulium are known to vector diseases such as
onchocerciasis and Leucocytozoon sp. (Burgdorfer 1981).
There was an occurrence difference between Simulium .m;m. and
PHF of 43.8 + 4.4 days (Table 4) which is more than would be
expected if it were the vector since the disease has an
incubation period in horses of ca. 11-14 days (Whitlock
1984).

The extra time could be explained by an extrinsic

incubation period in the vector or a mean time between
feedings on susceptible hosts.

The data is based on the

seasonal occurrence of the genus as a whole, the seasonal
occurrence of infective individuals may be quit different.
This data is a close approximation for the seasonal
occurrence of

~.

jenningsi, the major species collected, and

gives no approximation of

s.

vittatum, a minor species.

The occurrence difference between Stomoxys calcitrans
and PHF was 6.25 + 7.6 days (Table 4).

This is closer to

other arthropod-borne diseases than for the other species
listed in Table 4 (Anderson 1981).
coefficient was .9750 (Table 3).

The correlation
This is relatively high

but below that calculated for Simulium .m;m. and
variabilis.

~.

The results of a case-control study showed that

there was a significant relationship between the use of
sawdust in the stall and the occurrence of PHF on the farm
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(Perry et al. 1986).

It has been known for some time that

straw, sawdust, and other such material will improve the
larval development of
(Bishopp 1927).

Stomoxys calcitrans in manure piles

Sawdust is a recommended ingredient for

larval media in laboratory rearing
(Bailey et al. 1975).

of Stomoxys calcitrans

There was a significant relationship

between the presence of lush green pastures and the
occurrence of PHF (Perry et al. 1984, 1986) which might also
have a beneficial effect on the manure quality for Stomoxys
calcitrans.

One problem with suggesting

~-

calcitrans as a

vector is that its population usually peaks in August or
September, which is after the population peak for PHF
(Knowlton and Rowe 1934, Bishopp 1927).

In 1984, the

population appeared to be at its highest when the study
ended October 1.

Stomoxys calcitrans has been linked to the

mechanical transmission of equine infectious anemia virus
(Foil 1983).

The case-control study conducted by Perry et

al. (1984, 1986) does not indicate that the disease is
mechanically transmitted.
Culicoides obsoletus and

~-

variipennis were collected

in relatively low numbers (Tables 1 and 2) and it is
difficult to draw any relationship with PHF.
occurrence data for

The seasonal

c. bigutattus is less supportive than

for the other two species of biting flies.

Culicoides .§lm.
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are known or suspected vectors of 20 viral diseases
(Burgdorfer 1981).
A strong hypothesis can be developed for transmission
of E. risticii by

~.

variabilis due to the known

relationship of ticks and

Ehrlichia (Scott 1978).

Also,

Dermacentor variabilis was the only tick collected from
horses in the endemic area.

This was supported by another

field study conducted by Carroll and Schmidtmann (1986).
Dermacentor variabilis is a vector of Rocky Mountain spotted
fever (RMSF) (Smith et al. 1946) and anaplasmosis (Kocan et
al. 1980).

Its seasonal population dynamics is supportive

of this hypothesis (Fig. 14 and 15).

It has a high

correlation coefficient of 0.9936 (Table 3).

The occurrence

difference of 5.5 weeks is comparable to that of the other
species (Table 4).

The occurrence difference is not

supportive of the hypothesis because ticks generally become
infected in a previous stage and therefore require no
extrinsic incubation period in the adult stage.

The data

for this study are based on the number of adult ticks
attached to the host, not host seeking adults.

The fact

that laboratory mice are susceptible to E. risticii
infection (Jenkins 1985) indicate the potential involvement
of field mice in the epidemiology of PHF.
the primary hosts of the immature stages of
(Sonenshine 1966).

Field mice are

o.

variabilis

This would be important because

Ehrlichial organisms are not known to be transovarially
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transmitted (Scott 1978).

Field mice might act as a source

of infection for immature D. variabilis.

A similar

hypothesis has been developed and is widely accepted for the
epidemiology of RMSF (Jellison 1934 and Burgdorfer et al.
1966). For these reasons D. variabilis was strongly
considered as a suspect vector and was the subject of
several laboratory transmission studies (see Chapter 4).

conclusions

In 1984, 116 cases of PHF were reported in Montgomery
County, Maryland from May to December.

Since our survey

ended in October, any potential vectors should be present
throughout the observation period.

on the basis of this

criterion, 5 species emerge as potential vectors:

(1)

Simulium jenningsi, (2) Stomoxys calcitrans, (3) Culicoides
obsoletus, (4)
variabilis.

~.

variipennis, and (5) Dermacentor

Considering the association of Erhlichia and

tick transmission D. variabilis would have to be ranked the
highest as a potential vector of Potomac horse fever.
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Table 1.

Genus

Total numbers of biting Diptera for most
common species collected in the animal baited
enclosure trap during the diurnal collection
period from endemic farms in Virginia and
Maryland, 1984.

species

Simulium film·
Culicoides film·

Total No.
Collected

Mean per 15
Min. Exposure

3398

52.28 + 89.30 1

59

~- bigutattus

22

0.33

± 2.24

c.

29

0.44

± 2.34

~- variipennis

8

0.12

± 0.99

calcitrans

301

4.63

± 7.30

Stomo~s

obsoletus

1 Mean ± Standard Deviation (n

=

65)
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Table 2.

Genus

Total numbers of biting Diptera for most
common species collected in the animal baited
enclosure trap during the crepuscularnocturnal collection period from endemic
farms in Virginia and Maryland, 1984.

species

Simulium §12R.
Culicoides §12R·

g. bigutattus

Total No.
Collected

Mean per 15
Min. Exposure

1627

28.54

±

113.62 1

7.44

±

26.52

549
424

g. obsoletus

97

1.70 + 4.76

g. variipennis

20

0.35 + 0.90

Stomoxys calcitrans

13

0.23 + 0.63

Anopheles

36

§J22..

§J22..

20

Aedes §12R·

15

Cul ex

1 Mean + standard Deviation (n = 57)
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Table 3.

Correlation coefficient between the seasonal
occurrence of PHF and the numbers of biting
Diptera collected by the animal enclosure
trap on endemic farms in Virginia and
Maryland, 1984.

No.

Genus species

(R)

5025

Simulium film·

. 9912

314

Stomoxys calcitrans

.9760

446

Culicoides bigutattus

.9554

126

Culicoides obsoletus

.8818

19

Culicoides varii12ennis

.7877

119

Dermacentor variabilis 1

.9936

collected

1 The data for ~- variabilis should not be directly
compared to the data for the biting Diptera because of
differences in the methods of data collection and
analysis.

29

Table 4.

The average time lag or difference in days between
the occurrence of a particular proportion for an
arthropod and the occurrence of that same
proportion for Potomac horse fever, as measured
between .10-.90.

No.
Genus species
Collected

5025

simulium film·

314

Stomoxys calcitrans

446

Difference
Difference
Days ± 95% CL 1 Weeks

43.80 +

4.4

6.26

6.25 +

7.6

0.89

Culicoides bigutattus

53.33 + 12.8

7.62

126

Culicoides obsoletus

43.59

19.4

6.23

19

Culicoides varii:gennis

47.79 + 17.5

6.83

119

Dermacentor variabilis 2

36.48 ±

5.21

±

2.1

1 Mean difference in days ± 95% confidence limits.
2 The data for ~- variabilis should not be directly
compared to the data for the biting Diptera because of
differences in methods of data collection and analysis.
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Figure

1.

Animal baited enclosure trap open showing stall which
confined the horse.
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Figure

2.

Animal baited enclosure trap closed to collect biting
flies.
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Figure

3.

Hand-held vacuum aspirator used to rerrove biting flies
from the animal baited enclosure trap.
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Simulium spp.
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Figure

4.

Seasonal distribution of Simulium .film· as they
occurred on farms A, B, and C/D and compared
with the seasonal cases of PHF in Maryland.
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Figure

5.

Seasonal distribution of Simulium ..§.Im. as they
occurred on all farms combined and compared with
the seasonal cases of PHF in Maryland.
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Figure

6.

Seasonal distribution of Stomoxys calcitrans as
it occurred on farms A, B, and C/D and compared
with the seasonal cases of PHF in Maryland.

36

Stomoxys calcitrans

-a- PHF
--*-- Comb •

.75

....,0

-

0
I-

0

c .5
0

....,
\...,

0

0.

0

\...,

(l...

.25

ol----_Q::~~~~::!:!..---,r--~_::i:i:..e:::~:::::::::!~~~

160

110

Figure

210

260

310

Julian Date

7.

Seasonal distribution of Stomoxys calcitrans as
it occurred on all farms combined and compared
with the seasonal cases of PHF in Maryland.
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Figure

8.

Seasonal distribution of Culicoides biguttatus
as it occurred on farms A, B, and C/D and
compared with the seasonal cases of PHF in
Maryland.
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Figure

9.

Seasonal distribution of Culicoides biguttatus
as it occurred on all farms combined and
compared with the seasonal cases of PHF in
Maryland.
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Figure 10.

Seasonal distribution of Culicoides var11pennis
as it occurred on farm A and compared with the
seasonal cases of PHF in Maryland. There were
insufficient numbers collected at farms B and
C/D to plot them individually.
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Figure 11.

Seasonal distribution of Culicoides var11pennis
as it occurred on all farms combined and
compared with the seasonal cases of PHF in
Maryland.
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Figure 12.

Seasonal distribution of Culicoides obsoletus as
it occurred on farms A, B, and C/D and compared
with the seasonal cases of PHF in Maryland.

42

Culicoides obsoletus

-a- PHF
-*"'- Comb •

.75
0
0
I-

-

~

0

c
0

.5

'.Oj

\,..

0

a..
0

\,..

CL

.25

of::~~E::::.~==i~~ilf.~~~Jc::::;:"3::.6=.f:~~~~~~:;310
110

150

190

230

Julian Date

Figure 13.

Seasonal distribution of Culicoides obsoletus as
it occurred on all farms combined and compared
with the seasonal cases of PHF in Maryland.
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Figure 14.

Seasonal distribution of Dermacentor variabilis
as it occurred on farms A, B, and C/D and
compared with the seasonal cases of PHF in
Maryland.
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Figure 15.

Seasonal distribution of Dermacentor variabilis
as it occurred on farms A, B, and C/D averaged
and compared with the seasonal cases of PHF in
Maryland.

CHAPTER III
THE COURSE OF INFECTION OF EHRLICHIA RISTICII
WHEN INOCULATED INTO TWO STRAINS OF LABORATORY MICE

To conduct laboratory transmission tests with a
Ehrlichia risticii and a potential arthropod vector, a
suitable laboratory host or model was desired.

Laboratory

mice were chosen as an experimental model because they are
known to be susceptible to the disease, economical to use,
and easy to handle (Jenkins et al. 1985).

The time when the

peak number of organisms are circulating in the peripheral
blood is essential information to conduct transmission
experiments.
The purpose of this experiment was to determine the
course of infection (rickettsemia) for

~-

risticii when

inoculated into two strains of white laboratory mice,
Sprague-Dawly CFl (outbred) and Balb/C (inbred).

Materials and Methods
Thirty susceptible mice of each strain were inoculated
intraperitoneally (IP) with a yolk sac culture suspension
(20% yolk sac/SPG buffer) of

~-

risticii on day zero.

On

days 1, 3, 5, 7, 9, 11, 13, 15, and 18 post-inoculation,
three of the infected mice were bled, taking ca •• 5 ml from
each mouse.

The blood was then pooled into a 1.5 ml sample

and serially diluted 1/10, 1/50, and 1/100.
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Three mice
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were injected (IP) with .5 ml of each dilution for a total
of nine mice on each of the days previously mentioned.

E·

days of blood collection from mice inoculated with
risticii will be referred to as collection days.

The

Blood

samples were collected from all the mice inoculated with the
organism for serological analysis.

The blood samples were

collected on Whatman No. 1 filter paper and stored at

-20°c.

The samples were analyzed for the presence of antibodies to

E· risticii using an indirect immunofluorescent test
(conducted by Dr. R. Rice, Walter Reed Army Hospital,
Washington D.C.).
Mice injected with blood were observed every other day
for signs of the disease.

Signs included rough hair coat,

photophobia and reduction of activity (Jenkins et al. 1985).
These three criteria were rated on the basis of the number
of mice (out of three) showing positive signs for each
criteria in each dilution group.

The sum of this rating

score for the three dilution groups would total a maximum
score of 27 per day.

The recipient mice were observed for a

minimum of 25 days, at which time all were bled for
serological tests and the experiment terminated.
Results and Discussion
Mice inoculated with

E· risticii showed a difference in

the magnitude of the response signs between the two strains.
Initially the Balb/C mice became noticeably sick from the
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injection and the CFl strain only demonstrated marginal
signs of illness (Figure 15).

The results of the

serological analysis for the mice injected (IP) with E.
risticii are presented in Table 5.
seropositive for
inoculation.

All of the CFl mice were

R· risticii antibodies after day 11 post-

Not all of the Balb/C mice were seropositive

after day 11 post-inoculation.
of infection with

This might indicate a lack

R· risticii in some of the mice or since

the minimum time to seroconvert appears to be 10 days, the
Balb/C mice may not have all seroconverted by day 15 postinoculation.

All the Balb/C mice were observed to be

positive for the signs of PHF, mentioned above, on day 9
post-inoculation.
Balb/C strain injected CIP) with blood:

Figure 16

illustrates the rating score over time for mice injected
with blood taken at the different collection days from mice
previously inoculated with

R· risticii.

This illustrates a

graded response of signs starting with those mice which
received blood from collection day 5, peaking for collection
day 9 and disappearing by collection day 15.

The shortest

time for the onset of detectable signs of illness was seen
in those mice that received blood from collection day 9 and
the maximum response was from that same group of mice
indicating that the peak in rickettsemia was on or near
collection day 9 for the Balb/C mice.

There was no observed
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mortality in this strain of mice for the 25 day observation
period.
Sprague-Dawly CFl injected CIPl with blood:

Figure 17

illustrates a slightly different response pattern for the
CFl strain of mice.

The response was less graded.

Clinical

signs were first observed in the group of mice which
received blood from collection day 5.

The maximum response

was seen in those mice that received blood from collection
day 9.

Mice receiving blood from collection days 15 and 18

also developed signs of PHF but these signs were somewhat
irregular between day 9 and day 15.

There was a relatively

high degree of mortality in the CFl strain of mice which
received infected blood, especially those mice receiving
blood on collection day 11 (Figure 18).
A comparison of the cumulative rating scores for a 23
day period is illustrated in Figure 19 for both strains of
mice.

The curves are similar between day 5 and day 11 but

response of the Balb/C strain declines and the response of
the CFl strain remains relatively high.

For the CFl strain,

the cumulative rating score reached its highest level in the
mice receiving blood from collection day 15.

This may

indicate some type of alteration of the organism in the CFl
strain.

If such a phenomenon exists it deserves further

investigation.
The results of the serological tests support the trends
illustrated by the rating scores (Table 6).

There are some
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inconsistencies between the rating scores and the number of
serological positives plus the number of dead mice (assumed
positive), collection day 7 for the CFl and collection days
11 and 13 for the Balb/C.

For example with the CFl strain,

for collection day 7 the rating score was 27 (maximum
possible, indicating all positive) and the number of
positives plus the number of dead mice totaled only seven
(out of nine possible) leaving two negative mice.

This may

be a result of insufficient time to produce antibodies to
risticii.

~

The rating system is only used to help

differentiate between those collection days in which all
mice were seropositive.
On several of the collection days the mice that
received blood were positive for the presence of antibodies
to

~-

risticii at all dilutions.

Therefore no attempt was

made to differentiate between collection days on the basis
of the dilutions.
The estimation for the course of the rickettsemia in
this study is based on the inoculation of the yolk sac
culture suspension of

~-

risticii used in this experiment.

Ehrlichia risticii in tissue culture and whole blood
infected with
rickettsemia.

~-

risticii may produce a different course of

Regardless of what type of inoculum is used

there seems to be a dose related response, based on the
interpretation of Figures 16 and 17.

Since all dilutions

were positive for one or more collection days (Table 6) the

50

maximum infective dilution is unknown.

This experiment

needs to be repeated with different type of culture
suspensions and whole blood from infected animals at
different dosages to establish a "mouse infective dose"
(ID 50 ) for a single strain of mice (ie. Sprague-Dawly CFl).
In this way the virulence of different organism inoculums
can be evaluated on a comparative basis.

This type of

information has been helpful in research with Rocky Mountain
spotted fever (Burgdorfer et al. 1966) and equine
encephalitis (Schaeffer and Arnold 1954).

Conclusions

The results of this experiment show that the times of
maximum rickettsemia for both strains of mice were around
collection day 9 to 11, as indicated by the time required
for the onset of clinical signs, magnitude of response, and
percent mortality (CFl strain only).

This indicated the

most appropriate time for experimental feeding of suspect
arthropods.

Both strains of mice are relatively susceptible

to the disease.

The Balb/C strain gives the most

predictable response which is expected since they are an
inbred strain of mice and the most identical in genetic
makeup.
organism.

The CFl are highly susceptible to the passaged
In addition, their low cost make them good animal

models for screening experiments that require large numbers
of mice.
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Table

5. Results of serological analysis for antibodies
to ~. risticii in CFl and Balb/C strains of
laboratory mice inoculated (IP) with yolk sac
suspension of ~. risticii.
CFl

Balb/C

Date of
Collection

No. Positive
(out of 3)

No. Positive
(out of 3)

1

0

0

3

0

0

5

0

0

7

0

0

9

1

0

11

3

3

13

3

1

15

3

1

18

3

N/A 1

1 samples not available
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Table

6. Maximum rating score for each group of mice

(collection day) and the number of
serological positive for E. risticii
antibodies in mice injected (IP) with blood
from mice inoculated with E· risticii.

Collection
Day
CFl

1
3
5
7
9
11
13
15
18

Balb/C
1
3

5
7
9

11
13
15
18

Maximum
rating score
(27 possible)
0
0
6

27
27
27
27
27
24
0
0

12
27
27
27
27
0
0

Serology
no. positive
out of 9

No. dead
out of 9 1

0
0

0
0

6

2

0

0
0
0
0
0
0
0
0
0

1
32
42
2
52
32

1
42
9
53
8
8
3
0

4
4
5
7
4
6

1 Blood samples were not collected from dead mice.
2 All mice dead or seropositive.
3 Total number of samples available.
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Mice Injected with E. risticii
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Figure 16.

Response score of the CFl and Balb/C strains of
mice to direct inoculation (IP) with ~
risticii.
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Figure 17.

Response score of Balb/C mice receiving blood
{IP) from inoculated mice at different days
post-inoculation (collection days) with ~
risticii.
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Figure 18.

Response score of CFl mice receiving blood (IP)
from inoculated mice at different days postinoculation (collection days) with ~- risticii.
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Mortality curve of CFl mice receiving blood (IP)
from CFl mice at different days post-inoculation
(collection days) with ~- risticii.
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CHAPTER IV
THB ROLB OF DERMACENTOR VARIABILIS
IN THE TRANSMISSION OF POTOMAC HORSE FEVER

It was concluded from the data presented in Chapter 2
that the American dog tick, Dermacentor variabilis, was a
candidate vector of Potomac horse fever (PHF) for the
following reasons.

It was found to feed on horses just

before and during the time of reported clinical cases.

At

present, the vectors, when known, for the genus Ehrlichia
are ticks (Scott 1978) and·Q. variabilis was the only tick
species collected in this study from horses in the endemic
area.

It is a vector of other rickettsial diseases such as

Rocky Mountain spotted fever (Smith et al. 1946) and
anaplasmosis (Kocan et al. 1980).
The known susceptibility of laboratory mice to PHF
(Jenkins 1985) provides additional support to the hypothesis
of possible tick transmission since field rodents (Microtus
pennsylvanicus and Peromyscus leucopus) are the primary
hosts for the immature stages of Q. variabilis (Sonenshine
et al. 1966).

If Q. variabilis were involved as a vector,

the hypothesis is that the disease would be transmissible
between susceptible hosts by Q. variabilis under laboratory
conditions.

Thus, a series of tests were designed to

evaluate the ability of Q. variabilis to transmit PHF under
laboratory conditions.
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Experiment I:
collected adult

o.

Attempted transmission of PHF from field
variabilis to horses.

Materials and Methods
The experiment was started August 13, 1984.

Two horses

weighing ca. 360 kg. and 180 kg. (horse number DVlO and
DVll, respectively) were used in this experiment.

Areas (ca

25 cm in diameter) were shaved on the shoulder and rump of
each horse.

Stockinette cells were then glued (Duofast™

Tulsa, Oklahoma) over these areas to confine the ticks.
Four cells were glued to horse DVlO and three cells to horse
DVll.

The ticks used in this test were all collected by a

drag cloth from a farm pasture that had had cases of PHF in
past years and was judged to be in a high risk area for the
disease.

Fifty ticks were placed in each cell (25 females

and 25 males).

The ticks were allowed to feed to repletion

and to drop off naturally in the stockinette cells.

The

horses were observed for ca. six weeks for symptom of PHF.
Temperature was taken
three times a week.
antibodies to

~-

dai~y

and blood samples were taken

Serum was tested for the presence of

risticii by the indirect fluorescent

antibody test (IFA).
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Results and Discussion
Thirty-one replete female ticks were recovered from
horse DVlO {Table 7).

Twenty-five replete females were

recovered from horse DVll {Table 7).

There was no

indication that the horses were exposed to PHF by the
feeding ticks {ie., no increase in temperature and no
evidence of seroconversion

to~-

risticii).

The white blood

cell counts and temperatures recorded during the study for
each horse are presented in Tables 8 and 9.

At the end of

the observation period the horses were challenged with whole
blood from an infected horse and subsequently developed
signs of the disease.
The low recovery rate for the female ticks may be
partially explained because many of them were crushed as a
result of the horses biting the cells and rubbing them
against the sides of the isolation stall.

There are very

few places on a horse's back where that it cannot reach with
its mouth.
If the horses had been exposed to

~

risticii they

should not have been susceptible to rechallenge by the
disease within this time period.

Schmidtmann et. al.

(1986)

was unable to transmit the disease to two horses in a
similar study using 500
risk pastures.

~-

variabilis collected from high
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Experiment II:

Attempted transmission from mice to

horses via adult D. variabilis.

Materials and Methods
This experiment was conducted between September and
December, 1984.

Approximately 50

~.

variabilis nymphs were

placed on each of 10 white laboratory mice {ICR strain) that
had been inoculated with whole blood from a horse infected
with PHF and on 10 mice that had been inoculated with whole
blood from an uninfected horse.

The nymphs were placed on

the mice on day 3 post-inoculation.

In order to infest the

mice with ticks and to prevent grooming the mice were placed
in small restraining cages ca. 3.5 cm in diameter and 10 cm
in length.

The cages were constructed of .3 cm hardware

cloth rolled into a cylinder and sealed at each end with a
16 sq cm piece of the same hardware cloth {Fig. 21)
1946).

{Smith

The mice were left in the restraining cages for ca.

24 hrs. and then removed and placed in individual holding
cages constructed from .6 cm hardware cloth and were ca. 15
x 10 x 15 cm in size (Fig. 22).

The holding cages were

suspended from the top of a standard mouse cage ca. 2 cm.
from the bottom of the cage.

This prevented the mice from

eating the ticks as they completed engorgement and dropped
off.

The replete nymphs were collected and maintained in an

environmental chamber at ca. 90% R.H. and 21°c where they
molted to the adult stage.

After approximately two weeks
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post-molting, November 9, the resulting adults were placed
on three horses (all weighing ca. 180 kg) using the same
type of cells as described in Experiment I to confine the
ticks (one cell/horse).

Horse number 21 received 15 females

and 17 males from the infected mice.

Horse number 22

received 18 females and 18 males from the infected mice.
Horse number 23 received 5 females and 13 males from the
uninfected mice.

Horses were monitored in a similar manner

as described in Experiment I.
Results and Discussion
The number of replete nymphs recovered from the mice is
presented in Table 10.

The adult tick attachment rates at

24 hr. post-infestation on the horses are presented in Table
11.

The horses exposed to adult

~-

variabilis that had been

fed as nymphs on mice inoculated with blood from a horse
infected with

~-

risticii showed no signs of the disease.

The white blood cell counts and temperatures recorded for
each horse are presented in Tables 12, 13 and 14.

It should

be noted that only five replete females were recovered.

A

reason for the poor tick recovery may have been because they
were not reared on a controlled photoperiod and the test was
carried out in the fall when the ticks are normally
inactive.
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Experiment XXX:

Attempted transmission from mouse to

mouse via immature stages of rm
D. variabilis.
Materials and Methods
This experiment was conducted during December 1984 and
January 1985.

Dermacentor variabilis larvae were placed on

eight mice (infected) that had been previously inoculated
with a tissue culture suspension containing

~-

risticii and

on eight mice (uninfected) that had been inoculated with a
tissue culture suspension containing no organisms.
mouse was infested with larvae two times.
infestation was on day 3 post-inoculation.
infestation was on day 14 post-inoculation.

Each

The first
The second
Approximately

1000 larvae were placed on each mouse at each infestation
day using the same procedure described for the nymphs in
Experiment II.

Replete larvae were recovered and allowed to

molt to the nymphal stage under the conditions described in
Experiment II except for the addition of a controlled 16 hr.
photoperiod.
signs of PHF.

The inoculated mice were not examined for
After allowing approximately two weeks post-

molting, the resulting treatment nymphs (recovered from
infected mice) and control nymphs (recovered from uninfected
mice) from the first infestation were placed on naive mice
(eight treatment and eight control).
nymphs were placed on each mouse.

Approximately 150

64

The treatment and control mice were examined for signs
of PHF on day 24 post-infestation at which time the percent
of live body weight for the spleen and intestinal track
(small intestine, large intestine and rectum).

Blood

samples for serology tests were taken and stored at -20°c
for later analysis by IFA tests.
At approximately two weeks post-molting, nymphs
recovered from the second infestation were placed on naive
mice, eight treatment and eight control.

Approximately 30

nymphs were placed on each mouse, all mice were monitored
daily for changes in feed intake and general appearance
(hair coat and depression).

A treatment and a control mouse

were killed serially on days 10, 12, 14, 17, 19, 21, 24, and
26 at which time the percent spleen and intestinal track
were determined and blood samples were taken as described
above.
Results and Discussion
The numbers of larvae and nymphs recovered from the
mice in each treatment for the first and second infestations
are presented in Tables 15 and 16 respectively.
First infestation:

Five mice in the treatment group

and one mouse from the control group died.

(Note:

It was

determined that those mice with more than 50 attached
nymphal ticks died, probably from exsanguination.
Infestation rates for subsequent experiments were then
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lowered to 30 nymphs per mouse.)

Due to the mortality

induced by the high tick infestation numbers, the results of
this part of the study are inconclusive.

There was a higher

mortality in the treatment group (those mice fed on by ticks
exposed to

~-

risticii in the larval stage by feeding on

inoculated mice).
in the control.

Five mice died as compared to one mouse
If those mice in the treatment group

received an infection from the ticks they may have become
more susceptible to tick feeding.

The serological tests

were never completed.
Second infestation:

The group mean for the percent

spleen (Treatment .52 and Control .46 percent of live body
wt.) and percent intestine comparisons (Treatment 4.90 and
control 4.99 percent of live body wt.) were not statisically
different (P=0.05).

There was one mouse in the treatment

group (killed on day 8 post-infestation) which had a
relatively large spleen (.95 percent of live body wt.).
This may indicate the mouse was infected with a disease.
The serological tests were never completed.
Experiment IV:

Intrastadial transmission from horse to

horse via adult D. variabilis.
Materials and Methods
This experiment was conducted during March and April,
1985.

Horse number 37 (weighing ca. 180 kg.) was inoculated
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with a tissue culture suspension containing
March 20.
adult

~.

~.

risticii on

on day 13 post-inoculation, 300 (150 females)
variabilis were placed on the horse in cells as

previously described.

The ticks that attached on day 1

post-infestation were marked with a white dot Liquid Paper™
(Liquid Paper Corp. Dallas TX,

75231) and the ticks that

attached on day 2 post-infestation were marked with a blue
dot Liquid Paper™.

On day 18 post-inoculation, 30 pairs of

partially engorged ticks marked with a white dot (attached
day 1 post-infestation) were removed and placed on horse
number 39, these ticks were observed to attach.

On day 19

post-inoculation another 25 pairs of partially engorged
ticks marked with a blue dot (attached day 2 postinfestation) were removed.
unexposed to PHF.
of PHF.

Both horses were previously

The ponies were observed daily for signs

Blood samples were taken for serological assay for

antibodies to

~.

risticii by the indirect fluorescent

antibody test.

Results and Discussion
Horse number 37 (inoculated) developed symptoms of PHF
after ca. 11-14 days.

The numbers of replete females

recovered for both horses are presented in Table 17.
Twenty-one replete females were recovered from horse number
39.

Horse number 39 developed no symptoms of PHF through 45

days post-infestation, but it did have a transient
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seroconvertion for antibodies to

~-

risticii.

The response

started on day 8 post-inoculation, peaked ca. day 11, and
had declined by day 35.

This pony was later challenged with

tissue culture suspension of

~-

risticii on day 47 post-

infestation and developed signs of the disease.

The

antibody titer and temperature response of horse number 39
are illustrated in Figure 23.

The white blood cell counts

and temperatures recorded for each horse are presented in
Tables 18 and 19.
This transient seroconversion would be expected to
remained positive for several weeks if a true infection of
PHF had been established in the horse.

Also the horse would

not be expected to have been susceptible to the disease
within the 45-day period.
have been exposed to

~-

This indicates that the horse may

risticii but it was not of a

sufficient quantity to establish an infection.
Experiment V:

Second attempt at mouse to mouse

transmission via nymphal rm
D. variabilis.
Materials and methods
This experiment was conducted in April and May, 1985.
A different strain of outbred mice (Sprague-Dawly CFl) was
inoculated with tissue culture containing
mice were inoculated with the organism

~.

risticii.

Ten

(treatments) and 25

mice received no inoculations (controls).

The treatment
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mice were divided into two groups (Table 4).
Tl received ca. 500 larval

~-

Those labeled

variabilis on day 7 post-

inoculation using the previously described procedure and
those labeled T2 receive no ticks but the later were placed
for 24 hrs into the restraining cages used to infest the
mice with ticks (restraining cages).

The control mice were

divided into three groups (five mice per group).
labeled Cl received ca. 500 larval

~.

The group

variabilis, the group

labeled C2 received no ticks but they were placed into the
restraining cages for 24 hrs. then maintained in separate
holding cages for the rest of the test, and the group
labeled C3 received no ticks and were not placed into
restraining cages (all housed in the same cage).

The ticks

were allowed to engorge and drop off naturally and they were
collected on day 13 post-inoculation.

The ticks were

maintained off the host under the conditions discussed in
Experiment III.
All the mice in the T and C groups were killed on day
13 post-inoculation and examined for signs of PHF.

The

examination consisted of comparing the percent spleen wt.
and the percent intestinal wt. (small intestine, large
intestine, and rectum) for each group.
Susceptible mice were infested with the resulting
nymphs, that were of two weeks post-molting age, in the
following manner.

Twenty mice were divided and labeled into

four groups (five mice/group):

(A) mice were fed on by
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ticks exposed to PHF, (B) mice were fed on by ticks not
exposed to PHF, (C) mice were not fed on by ticks but placed
into the restraining cages, and (D) mice were not fed on by
ticks nor placed into restraining cages.
placed on each mouse in groups A and B.

Thirty nymphs were
By day 7 post-

infestation, all the nymphs had engorged and fallen off.
All the mice in groups A-D were killed on day 17 postinfestation and the percent wt. comparisons made as
described in the earlier experiments.
In the second part of this experiment, mice were
infested with exposed or unexposed nymphs, that were of five
weeks post-molting age.

Twenty-eight mice were divided into

six groups: three to receive ticks that had fed on mice
inoculated with

~

risticii (El-3) and three to receive

ticks that had fed on control mice (Ul-3).
were placed on each mouse.

Fourteen nymphs

Groups El and Ul contained four

mice each and were killed on day 8 post-infestation.

The

standard samples (ie. spleen wt., intestinal wt. and blood
sample) were collected as previously described.

Groups E2

and U2 contained five mice each and were killed on day 12
post-infestation and the standard samples were collected.
Groups E3 and U3 contained five mice each and were killed on
day 27 post-infestation and the standard samples were
collected.

Percent weight comparisons were tested for

statistical significance (P=0.05) using ANOVA procedures
(Pree GLM, SAS Institute Inc. 1985).
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Results and Discussion
The numbers of engorged larvae recovered from the
inoculated and control mice are given in Table 20.

There

was a significant increase in the percent spleen wt. and
intestinal wt. in those mice inoculated with

~-

risticii,

indicating they did become infected {Table 21).

This was

not confirmed by serological tests.

Since the mice were

killed on day 13 post-inoculation they probably did not have
time to produce antibodies to

~-

risticii.

Of the 150 nymphs exposed in the first part of the
experiment (nymphs two weeks post-molting) 107 replete
nymphs were recovered from the mice feed on by exposed ticks
and 77 were recovered from the mice feed on by the unexposed
ticks.

The results of the examination of the mice fed on by

exposed ticks were inconclusive {Table 22).

In the second

part of the experiment (nymphs five weeks post-molting)
those groups of mice that received unexposed ticks all had
larger mean percent spleen wt.

This difference was not

significant when analyzed separately but when the three
groups were analyzed collectively the difference was
significant (P=0.008).

The serological tests were negative

indicating no transmission of PHF.

The decreased spleen

size in the exposed groups might indicate that the ticks
were affected as a result of feeding on the mice inoculated
with

~-

risticii.
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Experiment VI:

In-vitro feeding of PHF organism to

adult D.variabilis.
Material and Methods
This experiment was conducted during August and
September, 1985.

Twelve adult ticks (six females and six

males) were fed in-vitro a tissue culture suspension
containing PHF organism (2xlo 7 cells/100% horse serum 1 ml).
The tick confined to glass microscope slides using
transparent adhesive tape.

They were fed through capillary

tubes placed over the mouthparts as described by Burgdorf er
(1957).

During the feeding process the slides with the

ticks were on a microscope slide warming tray at 37 °c.
When not feeding the ticks were maintained on moist paper in
a temperature chamber at 35°c.

Each tick received two doses

of the tissue culture suspension at four hr. intervals,
which included a 1 ul/dose for a total of 2 ul or 4xlo4
cells.

Following feeding with the organism, the ticks were

exposed to whole blood twice daily until dissection.

Three

females and three males were dissected on day 5 post-feeding
and three females and three males were dissected on day 10
post-feeding.

The tissues collected from the ticks were the

salivary glands, midgut, malpighian tubules and reproductive
organs.

These tissue samples were fixed and prepared for
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examination by light microscopy and electron microscopy.
Hemolymph samples were taken for fluorescent antibody tests.

Results

and Discussion

The results of all examinations indicated no evidence
that the organism was present in any of the ticks.

The

artificial conditions under which this experiment was
conducted may have been inadequate to achieve infection.

Conclusions
If Dermacentor variabilis was a principle vector of PHF
it should have been able to transmit the disease under some
of these conditions.

Thirty-six mice and three horses were

exposed to ticks that had fed on mice or a horse that had
been exposed to

~-

risticii.
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Table 7.

Number of replete female~- variabilis
recovered in experiment I from the horses
infested with field collected adults.
Days Post-Infestation
9
10 11 12 13 14-21

Total

7

8

DV 10 (200)

5

1

3

3

3

3

4

9

31

DV 11 (150)

2

9

7

4

2

0

0

0

25

Horse Number
(Infestation)
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Table 8.

White blood cell count and temperature for
horse number DVlO in experiment I conducted
in 1984.

Date

Total WBC

Unk
8/13
8/14
8/15
8/16
8/17
8/18
8/19
8/20
8/21
8/22
8/23
8/24
8/28
8/30
9/01
9/02
9/04
9/06
9/11
9/13
9/18
9/20
9/25
9/27
9/28
10/02
10/03
10/04
10/05

6341
8860
9002
9433
9217
11800
9310
7508
7124
9857
9449
9773
9362
7514
9295
9136
8302
8434
9873
8565
8383
7297
8725
5933
6194
6135
6699
5164
4147
4663
1 No data

Percent
Percent
Neutrophiles Lymphocytes
57
29
66
30
79
14
67
27
54
38
73
26
65
33
57
35
57
32
71
24
76
17
68
24
66
30
59
30
61
31
57
35
56
41
74
18
53
42
42
51
62
34
43
52
57
39
65
26
74
20
79
9
62
28
79
19
74
22
83
15

Temperature
OC
N/D 1
N/D
37.6
37.7
37.2
38.0
37.3
37.2
37.7
37.4
37.2
37.3
36.7
37.2
37.3
N/D
37.2
38.9
37.3
37.4
37.6
37.4
37.4
38.0
38.2
39.1
38.2
38.7
N/D
N/D
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Table 9.

White blood cell count and temperature for
horse number DVll in experiment I conducted
in 1984.

Date

Total WBC

8/13
8/14
8/15
8/16
8/17
8/18
8/19
8/20
8/21
8/22
8/23
8/24
8/28
8/30
9/01
9/02
9/04
9/06
9/11
9/13
9/20
9/25

8223
5611
6782
6703
6576
5821
14900
4788
5001
4988
6205
5515
5490
4958
5384
5506
11400
6428
4020
4255
8487

10900
1 No data

Percent
Percent
Neutrophiles Lymphocytes
59
41
63
36
75
24
75
20
78
18
81
13
72
25
74
20
56
43
71
23
74
20
68
25
30
68
70
24
54
43
40
52
64
28
71
24
71
25
72
25
56
39
21
70

Temperature
OC
N/D 1
N/D
N/D
N/D
N/D
N/D
N/D
N/D
N/D
N/D
N/D
N/D
N/D
N/D
37.0
37.3
37.8
37.2
38.0
37.8
38.1
38.3
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Table 10.

Number of replete nymphal ~- variabilis
recovered in experiment II from mice
injected with blood from a horse infected
with ~- risticii.
7

Days Post-Injection
10
11
12
8
9

13

Total

Treatment
(Infestation) 1
Injected (250) 0

29

14

17

2

6

0
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Control (250)

0

15

0

0

0

0

18

3

1 Five mice per treatment group and ca. 50 nymphs
per mouse.

Table 11.

Attachment rates of adult ~- variabilis to
the horses 24 hr. post-infestation in
experiment II, the ticks were fed as nymphs
on mice inoculated with blood from a horse
infected with ~- risticii.

Horse Number

Infestation
(females,males)

No. Attached 24 hrs
Post-Infestation
(Percent Attachment)

21

32 (15,17)

21 (70 %)

22
23(Control)

36 (18,18)
18 (5,13)

21 (58 %)
18 (100 %)
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Table 12.

Date
11/09
11/13
11/15
11/20
11/23
11/26
12/03
12/05
12/07
12/10
12/12
12/14
12/17
12/19

White blood cell count and temperature for
horse number 21 in experiment II conducted
in 1984.

Total WBC
13000
10600
12100
11200
10250
7407
8747
10600
9326
10800
10600
9489
13100
10800

Percent
Percent
Neutrophiles Lymphocytes
70
26
67
25
68
29
58
24
45
34
32
52
39
47
47
39
46
42
53
34
60
30
49
35
40
46
49
39

Temperature
OC
38.0
37.7
37.7
37.8
37.6
37.6
37.4
37.3
37.3
37.3
37.4
37.4
37.6
37.6
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Table 13.

Date
11/9
11/13
11/15
11/20
11/23
11/26
12/03
12/05
12/07
12/10
12/12
12/14
12/17
12/19

White blood cell count and temperature for
horse number 22 in experiment II conducted
in 1984.

Total WBC
7126
9799
7500
8542
7850
10800
7720
7965
7467
8749
6752
6868
7331
6343

Percent
Percent
Neutrophiles Lymphocytes
71
21
63
29
52
39
44
38
42
38
47
38
49
35
58
31
46
42
37
52
54
37
63
29
53
39
36
54

Temperature
OC
37.8
37.7
37.3
37.6
37.6
37.3
37.7
36.8
37.2
37.1
36.9
37.1
37.4
37.5
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Table 14.

Date
11/9
11/13
11/15
11/20
11/23
12/03
12/05
12/07
12/10
12/12
12/14
12/17
12/19

White blood cell count and temperature for
horse number 23 in experiment II conducted
in 1984.

Total WBC
7059
10600
11700
12700
8200
8398
9171
9822
7250
7116
8178
8192
7841

Percent
Percent
Neutrophiles Lymphocytes
59
35
44
43
61
27
61
27
43
33
43
51
31
55
32
49
43
46
43
55
43
53
36
54
22
67

Temperature
OC
37.8
37.9
37.9
38.6
37.7
37.9
37.6
37.8
37.9
37.7
37.8
38.0
37.9
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Table 15.

Number of larvae recovered in experiment III
from mice inoculated with a tissue culture
suspension ~- risticii .
First Infestation
7

Days Post-Inoculation
9
10
11
Total
8

Inoculated (8000)

391

541

805

N/D 2 100

Control (8000)

0

199

875

563

Treatment
(Infestation) 1

64

1837
1701

Second Infestation
17

Days Post-Inoculation
18
19
20
21
Total

Inoculated (8000)

466

1990 1363 565

Control (8000)

1509 1580 672

153

47

4431

0

3914

1 Eight mice per treatment group and ca. 1000
larva~ per mouse.
No data collected.
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Table 16.

Number of nymphs recovered from mice in
experiment III, ticks were fed as larvae on
mice inoculated with a tissue culture
suspention of ~- risticii.
Ticks From the First Infestation
3

Days Post-Infestation
10
4
5
6

Total

Exposed (1200) 1

0

494 2 122 3 46

11

673

Control ( 1200)

0

63

0

243

Treatment
(Infestation)

84

96 4

Ticks From the Second Infestation
3

Days Post-Infestation
10
4
5
6

Total

Exposed (1200) 1

0

9

75

115

9

208

Control (1200)

0

9

63

106

10

188

Treatment
(Infestation)

mouse

1 Eight mice per group and ca. 150 nymphs per

2Three of the eight mice in this group were dead
exsanquination from tick feeding.
Two of the remaining five mice in this goup were
dead due to exsanquination from tick feeding.
4 one mouse of the eight in this goup was dead due
to exsanquination from tick feeding.
due

t~
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Table 17.

Number of replete female~- variabilis
recovered in experiment IV from a horse
inoculated with ~- risticii and the number
of replete female D. variabilis recovered
following interrupted feeding on the
inoculated horse and completing engorgement
on an uninoculated horse.

6
(13)

Days Post-Infestation
(Days Post-Inoculation)
7
8
9
10
11
(14) (15) (16) (17) (18)

13 Total
(20)

1

8

Horse Number 1
(Infestation)2
37 (80)
39 (30)

13

11

6

1

7

47

3

7

3

3

5

21

1 Horse number 38 was inoculated with ~- risticii
and horse number 39 was fed on by ticks which were
remov~d after partial engorgement from horse number 38.
The infestation number is the number of adult
females allowed to complete engorgement on each horse.
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Table 18.

White blood cell count and temperature for
horse number 37 in experiment V conducted in
1985.
Percent
Percent
Neutrophiles Lymphocytes
N/D
N/D
32
56
54
41
53
38
62
33
42
39
55
43
38
53
43
55
35
57
39
55
29
65
30
65
29
70

Temperature
OC
37.9
37.5
37.9
37.8
39.7
38.8
38.3
38.1
37.8
39.0
39.1
39.3
38.7
37.3

Date

Total WBC

3/20
3/22
3/27
3/29
4/01
4/03
4/05
4/08
4/10
4/12
4/15
4/17
4/19
4/22

N/D
8869
5197
5139
4311
8151
8480
14400
14200
8071
8178
11800
12500
9095

Table 19.

White blood cell count and temperature for
horse number 39 in experiment V conducted in
1985.

Date

Total WBC

4/08
4/10
4/12
4/15
4/17
4/19
4/22
4/24

9532
9574
9634
8416
7565
9547
6781
7138

Percent
Percent
Neutrophiles Lymphocytes
58
36
58
37
38
50
51
39
60
39
56
39
42
51
49
41

Temperature
OC
37.3
37.8
37.6
38.1
37.9
37.8
37.4
37.7
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Table 20.

Number of replete larvae recovered from mice
inoculated with a tissue culture suspension
of~- risticii in experiment V.

Treatment
(Infestation) 1
Inoculated (1500)
Control (1500)

10
_2

Days Post-Inoculation
11
12
13
Total

196 4 213
373

328

3

409
704

1 Five mice per group and ca. 300 larvae per mouse.
2 Replete ticks were observed on day 10 but not
colle~ted until day 11 post-inoculation.
All mice in both treatment and control groups
were killed and no attempt was made to recover ticks
remaining on the bodies.
4 one mouse out of 5 in that group was dead.
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Table 21.

Percent of live body weight for the spleen
and intestine {small intestine, large
intestine and rectum) of mice inoculated
with ~- risticii and infested with Q.
variabilis larvae in experiment v.

Treatment
Group {n)

Ticks
Exposed

Mean %
Spleen 1

Mean %
Intestine 1

T2

~-

risticii (4) None

1. 45±0. 21a 2

16.60±1.85a 2

Tl

~-

risticii (5) 500

1. 33±0. 24a

16.13±0.69a

0.51±0.07b

12.94±1.78b

CJ Undisturbed (5) None

0.42±0.0Sb

11. 57±1. 14b

C2 Caged only (5)

0.40±0.05b

12. 23±1. 56b

Cl None (5)

500
None

1 samples collected 13 days post-inoculation
2Means ± standard deviation, those means followed
by the same letter are not significantly different
{P < 0.05) SNK.
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Table 22.

Percent of live body weight for the spleen
and intestine (small intestine, large
intestine and rectum) of mice fed on by
nymph ~- variabilis in experiment v.

Treatment
Group (n)

Ticks
Exposed

Mean %
Spleen

Mean %
Intestine

Nymphs 2 weeks post-molting
Samples collected 17 days post-infestation
B Unexposed (5)
A Exposed (5)
c Caged only (5)
D Undisturbed (5)

30
30
None
None

0.39+0.07a 1
0.39±0.06a
0.34±0.0Sab
0.27±0.04 b

ll.90±2.12a 1
10. 24±1. 32a
11. 20±1. 85a
10. 45±1. 03a

Nymphs 5 weeks post-molting
Samples collected 8 days post-infestation
Ul Unexposed (4)
El Exposed (4)

14
14

0.57±0.07a
0.40±0.lla

9.87+1.47a
9. 69±1. 3la

Samples collected 12 days post-infestation
U2 Unexposed (5)
E2 Exposed (5)

14
14

0.45±0.09a
0.40±0.07a

9.44±1.50a
10.37+0.98a

Samples collected 27 days post-infestation
U3 Unexposed (5)
E3 Exposed (5)

14
14

0.37±0.05a
0.28±0.04b

8.24±1.2la
8.28±0.55a

1Mean + Standard deviation, those means followed
by the same letter are not significantly different
(P < 0.05) SNK.
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Figure 21.

Restraining cages used to oonfine the mice for 24 hours
during tick infestation experiJTEnts.

Figure 22.

Holding cages the mice were maintained in during the
tick infestation experiments.
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Temperature and Antibody Titer
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Figure 23.

Temperature and antibody titer to ~- risticii
for horse number 39 which received adult ~
variabilis parially fed on horse number 37 which
was infected with ~- risticii.

CHAPTER V
SEROLOGICAL SURVEY OP FIELD RODENTS
COLLECTED PROK PARKS WITH A PAST HISTORY
OP POTOMAC HORSE FEVER
In Chapter 2 Dermacentor variabilis was identified as a
potential vector of Potomac Horse Fever (PHF).

If~

variabilis is the vector, small field rodents might be
involved in the epidemiology of the disease since they are
the primary hosts of the immature stages of
(Sonenshine et al. 1966).

~.

variabilis

Since Ehrlichial organisms are

not known to be transovarially transmitted and only the
adult stage feeds on large animals such as horses (Scott
1978) they would need to become infected as a nymph or
larvae.

This hypothesis is supported by the fact that

laboratory mice are susceptible to PHF (Jenkins et al.
1985) •
The purpose of this study was to determine if field
rodents are infected with PHF and hence a potential
reservoir host of the disease.

Materials and Methods
Sherman folding live traps (Sherman Traps Inc.
Tallahassee, Florida) were set on three farms with a past
history of PHF in Maryland.

The traps were set out at

monthly intervals from February to October, 1985.
90

The
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number of traps set at each farm was determined by the
available habitat of the field rodents.

Therefore, farm A

had 40 traps, farm B 40 traps, and farm c 10 traps.

The

target species were the white-footed mouse Peromyscus
leucopus and the meadow vole Microtus pennsylvanicus which
are the primary hosts of immature

D· variabilis (Sonenshine

et al. 1966).
Apple slices and peanut butter, mixed with rolled oats
were used for pre-baiting and trapping.

Twice as many sites

were pre-baited as would be needed for trapping, then only
those sites that had positive feeding activity were used the
next evening for trap placement.

A site for pre-baiting was

identified as a rodent run (meadow voles) in the grass or
signs of an entrance to a burrow under a rock or log (whitefooted mice).

The traps were set out just before dark and

were picked up just after sunrise.
the rodents were anesthetized with
the axillary artery.
antibodies to
antibody test.

~.

Following collection,

co 2 and bled by severing

Serum was tested for the presence of

risticii by the indirect fluorescent
The bodies were then stored in pint plastic

containers and frozen.

After freezing, the ectoparasites

were removed from the animals by agitation of the bodies in
70% ethanol for three minutes.

The ectoparasites were then

sorted under the dissecting microscope.
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Results and Discussion

Sixty-five meadow voles and 40 white-footed mice were
collected from eight trap nights in February to October.
Their seasonal distributions are illustrated in Figures 23
and 24 respectively.

The only tick collected from the field

rodents was Dermacentor variabilis.

There were 322

D·

variabilis larvae collected from meadow voles, their
seasonal distribution is illustrated by Figure 25.

There

appears to be a bimodel occurrence of larvae, one peak in
early spring and a second in summer.
in

This is known to occur

D· variabilis (Sonenshine et.al. 1966).

There were 110

D· variabilis nymphs collected from meadow voles, their
seasonal occurrence of is illustrated in Figure 26.

The

serological analysis of the blood from meadow voles was
negative for antibodies to Ehrlichia risticii during this
period.

Only six fleas were collected from meadow voles so

their season distribution was not presented.
There were only 2 larvae and 11 nymphs of D· variabilis
taken from white-footed mice for the entire season hence
their seasonal occurrence was not presented.

There were 35

fleas, Orchopeas howardii, collected from white-footed mice,
their seasonal occurrence is illustrate in Figure 27.

Again

the serological analysis of the blood from white-footed mice
was negative for the presence of antibodies to Ehrlichia
risticii during this collection period.
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If

D· variabilis or one of the other tick species that

utilize these field rodents were involved in the
transmission of this disease, it would be logical to assume
that out of the 105 samples trapped over the collection
period there should be at least one positive.

Bozman et al.

1967 reported on a serological survey of mammals collected
from RMSF endemic areas in Virginia.

Out of 129 pooled

white-footed mouse serum samples, 28 were positive and out
of 62 pooled meadow vole serum samples, 16 were positive for
spotted-fever complement-fixing antibodies.
This study was part of a larger serological survey
which included pets and domestic animals on endemic farms in
the area.

Other researchers have found eight cats, three

pigs, and one goat that were positive for PHF antibodies (M.
Robl et al submitted for publication), and it is possible
that one or all of these animals may serve as reservoir host
for PHF.

However, the vector is still unknown.

Conclusions

The results of this study gave no indication that
meadow voles, white footed mice, or D. variabilis associated
with them are involved in the epidemiology of PHF.
evidence does not support the theory that

This

D· variabilis

might be transmitting the disease in nature.
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Figure 24.

The monthly trap collections of the meadow vole
Microtus pennsylvanicus in southern Maryland.
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White Footed Mice
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Figure 25.

The monthly trap collections of the white-footed
mouse Peromyscus leucopus in southern Maryland.

96

15

No. of Larvae per Vole

-+- Farm A
~

Farm 8

--*'- Farm C

10
Q)

0

>
'-.
Q)

0

I::
0

_J

5

o'-~-s-~----s;--~-e-~---<::::::..---iV-----==~~-.--~
2,24
3,20
4, 18
5, 10
6,25
7,27
8, 18
9,25
10,7

Date

figure 26.

The average number of Q. variabilis (larvae per
host) removed from meadow voles in southern
Maryland.
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No. of Nymphs per Vole
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Figure 27.

The average number of Q. variabilis (nymphs per
host) removed from meadows voles in southern
Maryland.
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Figure 28.

The average number of Orchopeas howardii (adults
per host) removed from white-footed mice in
southern Maryland.

CHAPTER VI
GENERAL DISCUSSION

The results of my research have yielded little positive
information for the incrimination of a specific arthropod
vector of Potomac horse fever, although some interesting
correlations have been observed.

At the beginning of my

investigation, in the spring of 1984, the causal agent of
the disease was unknown.

It was thought to be of viral

origin because of its elusive nature, and black flies were
thought to be the most likely vector because of the apparent
association with the Potomac River.

In the fall of 1984,

the causal agent was identified as a Rickettsia belonging to
the genus Ehrlichia (Rikihisa and Perry 1984, 1985, and
Holland et al. 1984, 1985a) and because of this, ticks
immediately fell under suspicion.
Objectives 1 and 2, the qualitative and quantitative
examination of arthropods attacking horses in the PHF
endemic area were discussed in Chapter 2.

The results of

this investigation indicated Q. variabilis as the best
candidate vector for further field and laboratory
investigation.
Under objectives 3 and 4 ,demonstration of infective
individuals in nature and laboratory transmission were
discussed in chapter 4 for Q. variabilis.

Following several

laboratory and field investigations, its vector potential
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has become increasingly difficult to prove.

It does not

appear to be able to transmit this disease.

If it can, it

does not transmit PHF as readily as it does other diseases
such as Rocky Mountain spotted fever.
The likihood of

D·

variabilis being involved was

further diminished by the investigations discussed in
Chapter 5.
stages of
~-

None of the primary hosts for the immature

D·

variabilis was found to carry the antibodies to

risticii.
The other species identified in Chapter 2 as deserving

closer investigation have yet to receive close laboratory
and field investigation.
Other species of biting arthropods which were not
collected in the survey and described in Chapter 2, such as
mosquitoes, tabanids, lice, and mites must also be
considered as potential vectors.

Because all of the species

in that survey, with the exception of Stomoxys calcitrans
had a time lag of greater than what is seen in other
diseases (ca. 2 weeks), there is a strong possibility that
the true vector is another species not collected in our
survey.
Rickettsia are not known to be transmitted biologically
by bite by any arthropods other than mites and ticks.

This

information lends little support to the involvement of
insects in the transmission of PHF.

This disease has no

indication of being contagious or mechanically vectored.
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Therefore, the most likely candidate vector is a tick or
possibly a mite which was not detected in our
investigations.
The ultimate goal of epidemiological studies is to
illuminate key factors involved in the dynamics of disease
occurrence which may be manipulated to reduce the incidence
of disease.

In vector-borne diseases this may be

accomplished using several methods (Anderson 1981).
are:

These

(1) reduction of the vector population, (2) reduction

of contact with the primary host, (3) administration of
chemotherapeutic agents to reduce the period of time the
primary host is infectious, and

(4) vaccination of the

primary host to induce acquired immunity artificially.
Mathematical models have been developed to evaluate the
results of manipulation of these factors (Anderson 1981).
These models may be used to evaluate control procedures and
to test the feasibility of future control and eradication
plans.

Models with limited quantitative basis can be used

to evaluate the degree of understanding for the system being
studied.
For the development of a model of PHF, several factors
on the epidemiology of the disease need to be quantitatively
examined.
identified.

First and most obviously the vector(s) must be
Closer examination of the other 4 species of

suspect vectors may prove to be more difficult in the
laboratory, especially for the Simulium .film· since they are
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not as adaptable to confinement or to an artificial
environment.

An alternative method might be to field

collect host-seeking adults to use in maceration tests.

To

do this would require collecting large numbers of adults,
and sorting them by species, location, and date of
collection.

The sorted (pooled) specimens could then be

macerated into a suspension and injected into a model host.
The model host could then be bled after 20-30 days for
serological tests.

If successful, this method would also

provide valuable quantitative information on the proportion
of infected vectors.

Some problems with this procedure are

(1) the percent infection in the natural vector population
is unknown so the number of negative specimens needed to
reject a species as a potential vector is unknown, and (2)
without an infected vector as a control for the screening
procedure, the required sensitivity of the model host and
handling procedure is also unknown.

This may be controlled

by using a species that will feed on a artificially infected
host in the laboratory and immediately macerate the engorged
specimens to test the procedure with organisms in the midgut
of the specimens.

However, this still has limited

application to naturally infective vectors which might have
fewer organisms concentrated in the salivary glands.
An alternative method to the one described above is to
inoculate a horse in the endemic area and collect the
naturally occurring potential vectors from the horse during
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the time of peak rickettsimia.

Collection could be

accomplished using the trap described in Chapter 2.

The

collected specimens could then be ref ed on model hosts or
macerated and injected into model hosts following an
incubation period from O to X number of days.

In this way

the specimens would be known to have been exposed to a
rickettsimic host.
While it could provide the most and most useful
information, the first procedure has high potential of
producing negative data which would be difficult to
interpret. A procedure such as the second described above
would provide useful information regardless of the outcome
(negative or positive).

If the specimens which were

macerated immediately and injected into a model host were
all negative, this would indicate that the screening
procedure is not sensitive enough or that the horse is a
dead end host.

If the same specimens were positive and

those specimens macerated after 24 hrs. post-collection and
injected into susceptible model hosts were negative, this
would indicate that that species is unable to maintain an
infection and is probably not the vector.

If a species were

found that could maintain an infection for longer than 72
hrs., this would indicate that that species could maintain
an infection and would have the highest potential as a
vector.
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There are other important questions about the
epidemiology of PHF needed to estimate the parameters
discussed by Anderson (1981).
(1) What is the total number and distribution of horses
in the endemic area?
(2) What are the immigration and migration rates
(transportation rates) of horses?
(3) What is the course of the rickettsemia in the horse
and can it have a reoccurrence?
(4) What is the length of immunity?

Whitlock et. al.

1984 reported on three recovered horses that when
rechallenged 14 months following recovery failed to become
sick.
(5) How long do horses remain seropositive after
infection?

The same three horses discussed in item (4)

remained seropositive for the 14 month period.
(6) What percent of cases go undetected?
(7) Are there reservoir hosts?
(8) Does this disease exist in true endemic areas
across the country?
All of this information would be required for the
production of a mathematical model of PHF and will be
required for a complete understanding of the epidemiology of
this disease.
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