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IN ThODUCTIUN

This report contains the results of studies* on the ecology and epi—
• zooiogy ~I Q-fever , plague, tularemia, bruceila, and Rocky Mountain

spotted fever in. the wildlife of the southern arm of the Great Salt Lake

• Desert in northwestern Utah , from January 1 to Decembe r 31, 1959 . It

also contains results of serological studies of blood from domestic ani-

mals frequenting this same area.

The overall research objective is to de terTnine, as far as possible,

the disease potential of the natural biotic coimiunity populations of the

study area . Special emphasis is placed on the ecological factors which

may play a role in the transmission of the above disease organisms to do—

mestic animals and man. In. order to accomplish this objective , the

research program is directed toward the study of these diseases in rela-

tion to: (1) susceptibility, carrier potential, and bactereazia of each

species of animal comprising the populations of the various biotic com-

munities; (2) the potential role of certain ectopara~ite populations as

vectors ; (3) the influence of the ecology of natural co~munity populations

on their spread and/or control; ~~ 
their prevalence and incidence in

these natural populations; and (5) the chemical control of wildlife ecto-

i*rasites.

Supplemental research supporting the major research program iu~1udes:

(1) colonization and rearing of native animals and ectoparasites; (2)

animal behavior; (3) agent virulence, and (4) maintenance of reference

collections of the biota studied.

* Studies by Ecology and Epizoology Research, University of Utah. ~iis

project was supported by U . S. Army Chemical Corps Contract No. DA—42—007—

4o3—GW~-427,

- •
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EXFERBEN TAIL Q FEVER INFEC TION

1 - IN NAI TIVE VERiEBRA~IES

Susceptibility of Six Species of Wild Rodents

Six species of wild rodents , dee r mice, Per omyacus maniculatus;

pinyon mice , ~~~. truei; meadow mice , $~crotus niontanus, desert wood

rat , Neotoma lepida; Great Basin pocket mice , Perognathus p~rvus;

and western harvest mice, k~eithrodozxt~~ys jnegalotia. were f ound to be

highly susceptible to subcutaneous infection with ~p~~ella burneti,

strain AD. Howe ve r , in all cases the infection was non-fatal and the

animals recovered. ~~ diagnosis of infection arid the determination of

an ID50 for each species ~~s based on the presence in the serum of corn—

plement fixing antibody titer of 1/64 or greater , 28 days after subcu—

taneous inocula tion of ~~. burneti. The data are shown in. Table 1, with

the ID~o5 and 95% confide nce limits calculated by the me thod of probit

ana lysis (Finney, 1950) . The ID508 are in terms of a previously deter—

mined 5C~ infective dose of the frozen Q. burne ti egg yolk sac slurry in

guinea pigs .

- • • - • ‘ • -
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Complement Fixing Antibody Production in Deer Mice

The produc t ion of complement fixing (CF) antibody was studie d in

deer mice afte r subcutaneous and intraperitoneal inoculation of high (107)

and low (103) guinea pig 11)50 doses of standard frozen yolk sac slurry

of C. burneti. Serum samples were coLl.ec ted at regular intervals for

periods up to 10 weeks and titered for CF antibody. An equal number of

• uninoculated control deer mice maintained in. close contact with the in—

fec ted mice we re bled and their ~era tested for CF antibody .

Figures 1 and 2 show the development of CF antibody in intraperi—

toneally and subcutaneously infected deer mice respectively. The effect

of dose size on CF antibody produc tion in deer mice was essentially the

same whether the mice were inoculated subcutaneoulsy or intraperitoneally. 
-

Animals inoculated with the high dose in general produced antibody to

higher titer than did mice inoculated with the lower do8e . However, the

only significant difference in titer appeared between the 16th and 28th

day . In th is period the animals of both groups posse ssed high CF anti-

body titers , but the titers of the low dose groups were significantly

lower. Since none of the control deer mice developed significant CF

antibody titers, contact ~ransmission of Q fever in this experiment ~ ts not

demonstrated.

The intraperitoneai-ly inoculated mice were observed for 10 weeks and

were found to maintain high CF antibody levels (1/64 to 1/512).
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Suscepti bility of Coyote Pups , Can s latrana leste s, to
Subcutaneous and Oral Infection

Fifteen coyote pups approximately 6—8 weeks old were divided into

five groups of 3 pups each. A sixth gr oup (VI ) had 2 pups. Animal s of

Groups I and II were inoculated subcutaneously with 1O~° ~~~ l0~’ guinea

pig 50% infective doses of standard Q. burneti egg yolk sac slur ry .

Group III pups were each fed one guinea pig in the febr ile stage of

acute Q fever infection. Group IV pups were each fed 5 guinea pigs in

the febrile stage of acute (.~ fever infection over a 2—week period . Gr oup

V pups were not exposed to either subcutaneous or oral Q fever infection,

but were maintained in the same room with the exposed PUP8 of Groups I

to IV, Group VI pups, which served as non—exposed controls, were housed

in a separate building free from contact with ~ny Q fever infected animals .

Each pup was caged separately and maintained on a diet of freshly killed

or frozen guinea pigs.

Approximately 4.5 ml of blood was drawn via the jugular vein of each

pup before beginning the experiment and at weekly intervals the reafter.

Three ml was saved for collection of serum for CF antibody determinations;

the remaining 1.5 in]. was inoculated intraperit oneally in. 0.5 ml amounts

into each of 3 deer mice. These mice were held for 4 weeks, then bled and

CF antibody determinations made on the serum samples collected. A CF

titer of 1/64 or greater was used to indicate infection with Q. burneti

• caused by rickettaia in. the blood of the coyote pup with which the partic-

ular mice were inoculated.

Six weeks after final exposure to C. burne~i~ the coyote pups were

killed by exsanguination under nembutal sedation and a post mortem exam-

ination performed. Samples of maxillary gland, spleen, liver, mesenteric

• ‘ - - 5-”- - _ _  
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lymph gland, kidney, lung, heart muscle, brain, and bone marrow (from the

femur) were ground with sterile sand in a mortar and suspended in norma].

saline 0 Aliquots of each tissue suspension were inoculated intraperiton—

eally into each of three deer mice. These mice were held for 28 days,

then bled and CF antibody determinations made on the pooled serum samples

of each gr c~up. The development of a titer of 1:64 or higher was used to

indicate Q fever infection caused by rickettsia in the tissue with which

the m ice had been inoculated.

Appropriate controls were used throughout the se expe riments .

Coyote pups inoculated subcutaneously with i~l0 guinea pig ID508 of

Q~ 
burneti (Group I) showed no overt signs of infection, but responded by

rapid production of complement fixing antibody , Thble ~~~ . .  The antibody

titer was mainta ined at a high level throughout the 6—w~ek period.

Pups inocu lated with 10k’ guinea pig ID50 doses developed an erratic

antibody response , probably indicating infection of a low and fleeting

nature (Group xi).

Pups exposed to oral infection developed either low or no CF anti-

body (Groups III and Iv), indicating a high degree of resistance to Q

fever via this route . The non—exposed control pups failed to develop CF

antibody titers during the course of this experiment.

Ricks-ttsia were demonstrated in the blood of all 3 coyotes of Group

I, one week after inoculation with 10:10 guinea pig ID50, and in one of

these pups at 2 and 3 weeks as well. None of the tissues of any of the

15 coyote pups contained ~~~. burneti at autopsy 6 weeks afte r the last

exposure to Q fever infection, Table 3.

- — - - 5- - 5-5--- ’- —5- -—. 5-~~~~—5--—-- 5- -~ - • -—-- .‘--
~----5-—-—’-”- -————- -
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ThBIE 2. .~oxiella burneti Complement Fixing Antibodies in Coyote s. Comp-
lement fixing antibody titers in coyote ~up sera after exposure to ~~~.

burneti via the oral and subcutaneous routes, Data are shown as the re—
ciprocal of the highest serum dilution causing 50% red blood cell lysie.
(—) indicates a titer of less than 1/64~

Weeks
post Gr9uP I _____ 

Grq~p II ______ 
Gro p UI 

_____

Exoosure l_ 2 3 1 _ 2 3 1 2 3

0 — — — - — — — — —
1 512 512 - — - — — — 64
2 1024 1024 512 256 256 — — 256 —
3 4096 256 128 — 64 — — — —
4 512 256 256 AC* — — —
5 512 128 512 — — 128 — — —
6 1024. 256 128 64 128 64 — —

* AC - Seriua uritic o&aplementazy

Group I~ Three pups inoculated subcutaneousl y with 1010 
~~~~~ pig fl)5o.

Group U . Three pups inoculated subcutaneously with l014 guinea pig ID5~.
Group III. Three pups each fed one infective guinea pig .

~~B1E 2 (continued)

Weeks
post Group IV  Group V 

______ 
Grot~,p VI

Exposure - 1 2 3 
- 
1 2 3 1 2

0 - - — — — — —
1 — - - - — — —

2 — - — - — — — —
3 64 - - - - — - —
4 - - - - 64 - - -
5 — — — — — — — —

6 - — - - — 64 - -
7 — — — — — — — —

8 64 - - 64 - - - -

Group IV. Three pups each fed a total of 5 infective guinea pigs over a
2-week period.

Group V. Three pups unexposed , but kept in the same room as exposed pupa.
Group VI, ‘iWo pups unexposed , and kept in a separate building .
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A more detailed study of the pathogenesis of Q. burneti in coyote pups

• exposed to oral and subcutaneous infection was conducted , using 5 animals.

• Three were inoculated subcutaneously with approximately 1010 ~~~ ea pig

Th508 of ~~ burnett yolk sac slurry , and two were each fed two Q fever in-

fected guinea pigs in the febrile stage of the disease • Each arhl—nlal was

bled at 2—5 day intervals for determination of CF antibody and rickettsemia

as described above. One of these subcutaneously inoculated pups was killed

at the end of 1 week, one at the end of 2 weeks, and one at the end of 3

weeks, respectively. One of the pups fed infected guinea pigs was killed at

the end of weeks and one at the end of weeks. Each pup was autopsied

and the various tissues assayed for the pre sence of ricks ttsia as described

above.

In two of the three subcutaneously inoculated pups, rickettsia were

demonstrated in the blood stream at 2, 4. and 7 day~ after inoculation , I’.-

spectively, ‘i~ble 4, In the third pup (No. 2), no ricks ttaia were isolated

from the blood. It is of interest that this latter pup had a pre—infe ction

titer of 1/128, indicating previous exposure to Q fever and a certain degree

of immunity; rable 5

Ricks tt sia were demonstr ated in the blood of one of the two pups 2

days after oral infection, but at no other tint Table 4

Ricke tts i.a were demons trated in. the maxillary gland, liver and spleen

of the subcuta ne ously inoculated pups killed ‘ days after inoculati on.

All tissues of the pup killed on the 14th day after inoculation were ster-

ile. As previously noted , this animal had a pie—inoculation titer , in-

dicating some iz~munity to infection,

_~i~~~~~~~~~~~~~~
- - _ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Neither of the two pups exposed to oral infection posse esed rick—

ettaia in their tissues 14 and 21 days after exposure , respectively.

T~BIE 4. ~tckettse~ia in Coyotes. Develope~nt and persistence of rick-
ettsemia in coyote pups experinentaUy infected with ~~.. ~~rn.ti via the
subcutaneous and oral routes.

Days 5- 

-

post Subi”taneous_Ino ”zlat&on Orä.). Ir~ection
Exposure No. 1 

- 
No. 2 _ No. 3 No. 1 No. Z —

0 — — — — —
2 - -
4 - - -
7 1~ 

- - - -
9 — — — —
U - - - -
14 - - - -
16 - —
2]. - -

TAB1~ 5. Antibody Formation in. Coyotes. Developme nt of CF antibody in.
coyote pups experimentally infected with ~~~. burneti via the subcutaneous
and oral routes. Data presented as the reciprocal of the highest serum
dilution that caused 50% lysis of sensitized sheep red blood cells. Only
titers of 1/64 or higher are coneidered to be significant.

Days
after - Subcutane ous_Ino~’uiation Oral I~t’ection

~xposure No , ~~~ No. 2 • No. I No . 1 No. 2

0 — 128 — — —

7 64 64 >256 — 64

14 128 256 6~ 64

21 ,256

~~~~~~~ i L i ~ 
-
~~_

-
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.5- -
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Susceptibility of Adult Bob— Cats, ~y~ ç rufus

Two adult bob-cats, each fed three Q fever infected gu inea pigs

in. the febrile stage of illness, were bled prior to infection and week—

• ly thereafter I or CF antibody determination and rickett8elnia analysis.

A third bob-cat was not exposed to Q fever infecti on and was maintained

in a separate building as a control.

Only one of the two bob cats fed infected guinea pigs developed a

mild CF antibody response. In this animal, antib ody was present by the

third week and persisted through the sixth week when the animal was killed,

The other two bob cats failed to develop any CF antibody titer , Table 6.

The bob cat that developed the titer had ricks ttsiae in its blood

stream one week after exposure to oral infection , but not thereaf ter. Nei-

ther of the othe r two cats developed a ricksttsemia,

The tissues of all these bob—cats we~e sterile when tested six weeks

after the experi ment began .

Another bob-cat inoculated subcutaneously with approximately 1010

guinea pig 11)50 of ~~~. burneti was bled at 2—4 day intervals for 15 days

and the blood tested for rickett sia as previously described . Rickettsia

were isola ted from the blood of this animal at 2, 4, 7, and 9 days af ter

inoculation, but not at 11 and 15 days, On the 15th day the CF antibody

titer had risen from 0 to 1/64,

At autopsy on the 15th day, the only tissue containing viable ~~~.

burneti was the spleen .

- — —-~~~~~~~ —•• •~~~~~~— —‘-—— - -~~~~~~
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TABlE 6. ~ itibody ‘titers in Bob Cata. CF antibody production in. bob
cats exposed to oral (,I-.fever infection. Titers expressed as the re-
ciprocal of the highest serum dilution causing 50% lysis of sensitized
shee p red blood cells. (—) = titer of less than 1/64.

Weeks
post Bob Cat Bob Cat Bob Cat

~xposure No. 1 No. 2 No. 3

0 — — —
1 — — —

2 - — —
3 128 - —
4. 128 — —

• 5 128 — —
6 64 — —

Susceptibi ] ity of the 1~ed—tailed liawk, Buteo .-iamaicensis caluru s
to Oral Infections

A re d— ta iled hawk fed six Q fever infected dee r mice failed to de-

velop any signs of infection. There was no rise in. CF antibody titer

over a 28—day period . AU tissue s examined 28 day s after exposure to in-

fection were sterile.

2 — ~ NATIVE FLEAS

Technique s Employed

Fle a samples were place d in white glazed porce lain drop slide s

conta ining .1 ml of sterile saline . Each sample was then triturated by

grinding with the bottom surface of an abraded pyrex se rum tube (7x75 ian) .

After grinding, the triturate was diluted with another .25 ml of 8terile

saline contairu.ng i:i&~ parts penicillin and inoculated into the yolk

sacs of five (5 to 7—day old ) embryonateL hen ’s eggs. The eggs were cE ndled

daily, and after 10 days yolk sacs from each group of 5 eggs were ground

in Ten Broeck tissue grinders diluted with 1 ml of sterile saline and in—

•—- •-.——---- . -——-_-•———--—•- -—-—-—--••
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oculated into 5 new eggs. Slides were prepared and stained with Nachia—

vello t s stain from each successive yolk sac transfer , and examined lor

the presence of ricksttai ae .

Flea triturate s were also inoculated into healthy deer mice and guinea

pigs, Only part of the flea samples were tested by this method, and oi

those none of the test animals survived in our laboratory after an air

conditioning system failure on about the 10th day foll~~ing the challenges.

Fleas used in these expe riments were obtained from our colony and in

most cases were young adults. In all cases they had been without feeding

24—48 hours prior to a~i infected blood meal. In some exper iments fleas

were placed with an infected host for only short (20-3 0 minute ) pe riods, in

others for periods as long as 48 hours. Samples were examined microscopic—

afl y to de termine whe ther or not fleas had fed .

Effect of Teincerature on Flea Longevity

In order to determine flea longevity after removal from infected hosts ,

part of the fleas were stored at room tempera ture (17—27°C), and part at

40C. Optimum storage temperature for fleas used in these experiments has

not been. determined. Howeve r , fleas stored at the high temperatures had a

high death rate over a very short period (2—3 days), whereas fleas stored 
-•

at the lower temperature were maintained for several weeks, It seems prob-

able that the lower tempera tures during winter month s may influe nce disease

persistence in these ectoparasit~e8. ~ich work is neede d to solve this

problem, Special work is required in. order to determine the effects of

temp erature on Q fever organis ms in the ventriculi of fleas , and also the

disposition of the organi sms afte r entry into the digestive tract of the

flea.

2 5 -~~~~~~~~ iL~tL~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~lU~
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A related experixi~nt to de termine the longevity of normal fleas of the

species Orchopeps leucopus, at various temperature ranges Was initiated.

Four groups of 50 fleas per group were held in procaine vials sealed at

one end with rubber stoppers, and sealed at the other end by cotton plugs.

Temperatures investigated were (a) 5.6°C, (b) 18°C, (c) 37°C, and (4)

20-28°C’. The resultant longevity f igures of (a) and (b) were 42 days,

while those held at the higher temperatures, (c) and (d), died within a

3 and 5—day period. Since fleas were unable to feed in this experiment,

dessication and/or starvation seemed to be the major factor in their death.

Fleas from groups (c) and (d) were cleared of evidence of their last blood

meal, whereas fleas from groups (a) and (b) had remnants of this i~~al visible

up to 20 days after feeding.

Infection jn Tho Sj ecies of Fleas

Ele ven tests were designed and conducted to determine whether or not

~oxiel1a burneti could be isolated from fleas after feeding on infected hosts.

• These tests also indicated longevity of viable organisms in. fleas following

infective blood meals.

Three experiments were initiated to de termine the extent to which in.—

dividual fleas of the species Q. leucopus could transmit Q fever rickettsia

f rom infected pinyon mice to he althy deer mice (naked strain). Fleas were

placed on the host an imals for only short pe riods of time da ily over a 5—day

period.

seven experiments were conducted to determine if groups of 25 to 75

fleas could tra rimnit Q. burneti when allowed to remain in a nest with healthy

pinyon mice for extended periods of time .

-~_,•
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Since in all of the above testing, techn ique s were of necessi ty de-

veloped and improved subsequent to the progress of the experi ment , re sult s

obta ined are far -from complete . However, the above experiments have con—

tri~~ted information that has been utilized to develop technique s for

improved experimentation on those problems especially concerning the iso—

lation of ~~. 1x~rneti from fleas. Two tables (7 and 8), show the results

of the se studies.

Table 7 shows the results of Q fever infection and t ransmission. rates

of 1,225 fleas of two species, 0. leiicôpus and Thrassis bacchi gladioiis,

Samples of 78 fleas , in groups of 5 to 12 fleas each, were tested for the

rickettsia. Of these, six (7.6%) were found to be positive.

From the remaining fleas, 84 individual transmissions were attempted,

using one flea per healthy animal and 7 groups of 25 fleas per group per

host. There were no positive results . It is possible some infections

may ha Ve been undetected since it is extremely difficult to determine rick-

ettsial organisms ~aken from egg yolk oultures having fewer than 1x106

organisms per ml -of substrate , and it is further pvobable that fleas having

a low concentration of organi sms were overlooked and determined to be nega-

tive, Part of the above mentioned tests were furthe r determined by guinea

pig and deer mouse inoculation to establish pre sence of rickettsial in—

fection in. fleas , The larger part of the experimental animals challenged

in this manner were ki Lled approximately 11 days after inoculation by ex-

cessive heat in the laboratory. However , none of the an~ina1s showed a

clinical response to the flea inocula which would indicate Q fever infe c-

tion . Of tiiose which were not killed, sera samples were ta1~ n and stored

for future serologica l tests.

- 5 -  — — - 
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Q Fever Longevity in Fleas

Table 8 shows longevity results of Q fever infection obtained

from an experiment in which groups of 12 fleas were tested individually at

weekly intervals for C. burneti. Positive samples were obtained only dur-

ing the first two weeks of testing.

TABLE 7. ~“ranaznissions. ~ fever infection and transmission in two
species or native fleas .

Total Inf~cted/ ~~ansmissions
— Host Species Flea Species use4 tested animal

Peronvscus maniculat~is Orchopeps leucopus 350 1/15 0/50

P. n~a.nicu1atus ~~ras sis baçchJ. 250 1/10 0/55
Kladiolia

P. truei 0, leucopua 525 4/48 0/105

P. truei T. b. gladiolis 100 0/5 0/24.

____________________ Totals 1,225 6178 012% -

TABLE 8. LQngevj ty. Longevity of Coxiella burneti. in Orchopeas
leucopus x J.eas. *

~~~ Weeks after infection 
—

.

Host Spe cies 
- 

1 
—~ 2 3 4 5

l/l~ 3/12 0/12 0/12 - 0/12
Per~~vs.c~s truei

2/10 1112. 0112 
_________ _________

~‘. maniculatus 0/5 2/12
(naked stra in)

* Tested by egg yolk sac slide prepe~ration following first , second and
third passages in eggs .

a

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
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3~ - IN NA1TJE flCI~
Wq~k Lose

Approximately one year’s work comprising numerous expe riments with

native ticks was disru pted during the current report period, by death

of the vectors and hosts due to excessive heat , resulting from a me chan-

ical breakdown in the cooling system. Some of the lost vectors had been

holding virulent tularemia organisms in excess of two years . Others had

been just infecte d with plague and Q fever organisms . In s~~~ cases the

entire stoclc of certa in spe cies was lost.

Alth ough the following results are incomplete because of this loss,

an attemp t has bee n made to repor t the results at the tine of death of

the ectopa rasites. In some cases infection was evidenced but not con-

firmed . In others , th~ ticks were at , or too near , critical stages in

their life cycle to enable laboratory infections . In still others , the

entire basic rearing stock was lost, 1~ever the1ess , considera ble informa-

tion is presented in these ne cessarily inc omple te results .

Ixodes kingj

In an. experiment to test for ovarian transmission of Q fever by this

species of tick , adult females were fed on Coxiella bur ne ti—infected kan g—

aroo rats. Larvae hatche d from the eggs, but were killed by excessive

heat in the labor atory before they could be tested for the presence of the -

agent. ~

Derm acentor paruma pertus

In two experiments to test transmi ssion of Q fever by this species

of tick, an attempt was made to fee d larvae on Q. burne~i—infec ted deer

mice , but the larvae fa iled to att a ch , In. 8 othe r expe riments , kangaroo

~~~~~~~~~~~~~~~~~~~~~~~~ — - .-—--
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rats were substituted as infected hosts. Approximately 300 fed larvae

were recovered from Q fever infected kangaroo rats . Ten poois of 2 ticks

each we re triturated and inoculated into 2 guinea pigs each. Guinea pigs

f rom 8 of these pools developed temperatures in excess of 103°F. Excess-

ive heat in the laboratory killed the guinea pigs before they could be

tested serologically for antibodies against Q fever. The ticks were also

killed before they were tested for t ran smission of the agent to healthy

animals .

In anothe r expe rimen t , appr oximately 50-100 nymphs of this tick

were placed on each of 4 ~.bu rne t i—infected kangaroo rats. Seventy—four

engorged nymphs were recove red. Six of these were triturated in saline and

inoculated into 2 guinea pigs each. Une or both guinea pigs f rom each pair

de velope d temp eratures in excess of 103°F , but die d of excessive heat in

the laboratory before serological tests could be conducted . The ticks also

died , af ter 59 had molted to adults .

Ornithodoros he rnial

Three of 4 adult ticks of this species in one experiment , and one

o~ 4 in another , fed to repletion on Q~. burneti—i nfected guinea pigs. Be-

cause of scarcity of these specimens, none of these ticks were tested for

infection before they were killed by excessive heat in the laboratory.

In anothe r experiment , 40 larva e were placed on a ~~~. burns ti—infect.—

ed wood rat , N eotome , le pida, of which 31 fed . A sample of three of these

we re tested individually by inoculation into two guinea pigs each. All pigs

developed t empera ture s be twee n lO40and 105°F. (~ie pig fr om each pair was

sacrificed and spleen impressions showed Q feve r orga nisms . The rema ining

pigs and ticks were killed by high temp eratures in. the laborato ry.
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Ornithodoros parkeri

In three experiments with this species of ticks 10, 8 and 12 nymphs

respectively were successfully fed on Q. burneti-infected guinea pigs.

Two ticks from the last group were tritu rated individually and inocula-

ted into 2 guinea pigs each. (tie pig from each pair de ve loped a temp-

era tuze in excess of 103°F, but all 4 pigs died of excessive heat before

the organism could be recovered. The ticks also die d before they could

be fed on healthy animals for possible tran ~nission of the or8ani~~.

Otobius lagpphilus

Of approximately 2,000 larvae of this species of tick which were

placed on a Q. burne ti—infected jack rabbit, 105 were recovered as fed

nymphs. Trie host rabbit died , apparently of an organism other than Q~
.

bu rne ti.. An organism was isola ted from spleen tissue but was lost before

identification was comple ted. Samples of the remaining ticks indicated

they apparentl y we re infecte d with the same organism , but the ticks were

killed in the laborato ry by excessive heat , an.d the organism could not

be re—isolated ,
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EX}~ RI~~N TAL PLAGUE 1NFECflON

1 - IN NA ’ITJE MA~ 4AIS

Susceptibilit y of Native Rodents to Expe rimental Pla~gue Infection

Experimental infection of neadow mice , M~crotus montanus, with ~~~t—

eurella pestis (Alexander strain), subcutaneously, elicited a very he te r-

ogeneous response similar to that pre viously described in dee r mice . An

1D50 of 4.3x102 organisms was obtained , but the 95% confidence limits were

8 to 4.2x103 organisms .

Bushy—tailed wood ra ts, Neo toina cine re a, were resistan t to a dose as

high as 103 organisms inoculated subcutaneously. Lack of a sufficient

numbe r of animals prevented the establishment of an 
~~50 for this species.

Cha ra cterization of Two Enzootic Strains of . pestis

Two strains of P . pestis isolated from fleas (DPG—] ) and a kangaroo

rat (DPG—2), were tested for virulence for several species of animals ,

Table s 9 and 10. The characterization of these strains has not been com-

pleted as of this writing, but the preliminary data indi cate that both strains

are perhaps slightly less virulent than the Alexander strain, Fig. 3. This

was espe ciai.ly apparent in deer mice inoculated intraperitoneally. There

was no difference in virulence of the 3 sti ains when assayed by sub~ut.aneous

inoculation into deer mice.

There was some indication that strain DPG—l is IiIore virulent than

DPG—2 for white mice and dee r mice (i.P ) .  However, conclusive evidence is

still lacking.

- 5 - - - — -
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TA BlE 9. Virulence of Plague in. Rodents, Virulence of Pasteurella
pestis enzootic strain DPG—3. for laboratory and wild rodents . Data pre-
sented as the ratio of number of deaths to the number of animals used.
lD5~ and 95% confidence limits calculated by Probit Analysis.

Nr ’ther of org~~~ ne inoculated x 9.3 11)50

— 
Specie s ~~~ ~~~~~~~ .j .~~~ 10~ 102 10 1 0.1 (95% C L)

Guinea Pig 3.6
(subcutaneous) 6/6 8/8 5/7 7/8 7/6 0/6 0/6 (1 to 407)

White Mice
( subcu taneous) 7/8 7/8 5/6 5/6 3/4 <10

White rats
( subcutaneous) 7/8 6/8 <9.5x102

Percsa.yscus maniculatu~ 8/~ 5/8 ~/8 0/8 3/8 0/8 0/8 9.4x103
(subcutaneous) 89 to l.2x104

P. maniculatus 28
(intraperitoneal) 8/8 7/8 8/8 3/8 (8—96)

Dipodoi~y~ ordj i
(subcuta ne ous) 0/8 0/8 0/8 ~9.5x1O5

I). microps
(subcutaneous) 0/7 0/7 ~9.5xlO4

TABlE 10. Virulence of P1a~ue in Rodents (continued). Virulence of ~~st.-
eurella pestis enzootic strain DPG—2 for laboratory and wild rodents . Data
presented as the ratio of number of deaths to the total number of animals
used. l1)~o and 95% confidence limits calculated by Probit Analysis.

_j ~~nber of or’~anisms x l.2 ____ 1.1)50
Species 10~ i~5 10~ 103 102 101 10 (95% C L)

Guinea Pigs l.7x10
(subcutaneous) 10/13. 7/8 5/8 8/8 2/1) 0/6 0/6 (3.1x102—8.9xlCø)

White rats
( subcutaneous) 3/3 4/4. 1/7 l0~

White mice 2 .4.x.l0
( subcutaneous) 6/7 6/6 5/6 4/11 0/8 (l.0x103—4.5xl03)
)eer mice
(subcutaneous) 6/7 0/8 0/8 0/8 0/7 0/6 5xlc$+

‘eer mice 589
(intraperitoneal ) 7/8 5/8 2/8 1/8 (98 — 3.5x103)

)ipodoaws ordii
( subcutaneous) 0/8 0/8 0/8 l.2x106

). microps
(subcutaenous) 1/5 1/5 0/4 1/2x106

~~~~~~~~~~~~
----

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~ - .4



— 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 — I N NA’~ VE FIEAS

Qrchopeas se*Lentatus

A number of transmission experiments with this species reported in

the 1957—58 Annual Report of this program showed no positive plague

transmission after testing a to tal of 1,700 fleas ) either in groups or

in tests using individuals. Studies with this vec tor were continued

during this report period. Three expe riments were conducte d in which 25

fleas per exper iment were fed individually . In. these 7 (70%) of a sample

of 10 fleas exhibited plague organisms after feeding on infectud pinyon

mice hosts , In subsequent expertn~ nts , none of these fleas transmitted

plague to healthy pinyon mice or deer mice .

In anothe r experi ment designed to test the serial transmission abil-.

ity of infected fleas , a group of 70 fleas were fed on infected deer mice .

They were placed on a diff erent host dail y for a period of 10 days be-

ginning afte r the fir st evidence of blockage in. the flea. The fleas ac-

quired unrestricte d feeding over the 10—day period p~’ior to proventricular

blockage , On the 6th day sample s from 16 fleas were tested individually

for plague orga nisms~ Results showed that 56% were infected , One trane—

mission occurred on the 7th day after the serial feeding was initiated.

This was the first and only plague trans mission recorded for this species

in this laboratory, Table U. It is interesting to note that even though

each flea had fed on several healthy host an imals, the one which trans.-

mit ted, tran smitted to only one of the hosts at a specific time.

Monopsyllus w. wagneri

Since the colony of thi s species is relatively new in. this labora—

tory and the numbers pr oduced are few , only three transmission .xperiments

with indivi duals were conducte d.

--
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In each of these 3 expe riments , 24 fleas were exposed to L. ~estis

infe ction by feed ing on infected pinyon mice. Samples of each group of

fleas showe d 66% infection after feeding . In one experiment , a single

flea transmitted the disease organism; in another , there were two trans-

missions ; ~nd in the third , none . The se expe rimental resul ts indicated

that M . wagneri is a capable plagu e vector in this area. In genural , this

specie s is abundant on deer mice throughou t the local bioti c coizmunit ies,

occurring in juniper brush and shadscale—gray moii.y-greasewood most Ire—

~,uexitly during spring and fall months . From all indications it occurs in

other coxn~unities during the same periods, and probably follows the same

seasonal pattern of activity . Inter esting ly enough , th is species has been

known to infest hosts othe r than dee r mice quite frequently and is collected

along with several different species of fleas on deer mice during all seas-

ons of the year . Since the dee r mouse is the most widespread rodent species

in the study area, this flea may be important epizoologically.

TABLE 11. Plague Infection in Native Fleas
__________________ _________________ — 

Infected/ ThansmissionsJ!~sedHost Flea Species - No. tested individual group

F~ronys cue truei Monopsyflus w.
wagneri 120 5/ 8 1/24 —

Oriyc hoinys
leucogaster IL. ~~, w~gp~erj~ 80 6/8 0/24 -

P. ma ulatus U. w. wagneri 200 5/8 2/24 —

. inaniculatus Orchopegs
se~ ientatua 100 7/10 0/75 -

P. truei 0. sexdenta tus 100 9/16 0/15 1/70 

—- V
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3 — fll NATIVE TICKS

Orn ith odoros he rinsi

Fifty—eigh t first insta r nymphs of this tick species were placed

on a guinea pig dying of ~~. pestis infection. Seven failed to show

any sign of a blood meal, 12 partially fed , and 39 fed more or less to

repletion. The re sults of this exper iment will be given in a subsequent

report.

~1ULAk~~LIA INFECTIU~ ~4 NA TIVE TICKS

Otobius lagophilus

An experi ment with this species of tick which was begun September

12, 1957, was culminated in. August 1959, when exce ssive heat killed the

remaining ticks. A total of 262 fed nymphs had been re covered from two

jack rabbi ts which had died of tularemia O~tober 13, 1957. Samples of

these ticks were tested for t~~ pre sence of ~~~. tularensis on Nov. 14,

1957; January 6, July 2, and October 2, 1958; Janua ry 17, J une 24, and

August 20, 1959 . All mice inoculated with ticks from this experiment

died of tularemia • This experiment also indicated that ~~. tu].arensis in—

Lection had an adverse effect on ticks. Of the 262 nymphs harvested, 53
(21%) failed to molt to adults. Of 109 uninfected ticks used as controls ,

only 12 (11%) did not molt. of the 103 infected females that molted , only

6.]. (59%) laid eggs . Of the 67 control females that molted, 56 (85%) laid

eggs . Although no counts were made, visual appraisal from clutch sizes

indicate d that the infected females laid not wore than half as many eggs

per tick as the controls .

- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - ..-~~-~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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In order to test ovarian transmission, two pools of 200 eggs each

from 15 and 12 infected females were inoculated into healthy deer mice

with negative results. A pool of 200 larval ticks hatched from eggs

from these infected females did not transmit tulareinia when fed on a sus—

ceptib le jack rabbit.

Other adult ticks from this exper iment were placed in the cage litte r

of two Ord and two chisel—toothed kangaroo rats, resulting in transmission

of the disease to all of the rats . Since the adult ticks of this species

do not feed , the most plausible explanation of the infection is through

ingestion of the tick by the rats . Inasmuch as both species of kangaroo

rats are common hosts to the i~miature stages of the rabbit tick Derma cen tor

Paruma certus, and inasmuch as the latter is an efficient vector of tular—

emia, it is not impossible tha t ~.tobiu s lagophilus. while not a direct ve c-

tor , may play a part in na ture as a rese rvoir of P. tu larensis. ~til]. othe r

adult ticks f rom this experiment were maintained to study the persistence

of tularemia organisms.

From Octo oer 13, 1957, the day the infecting host rabb it died , until

i~ugu st 20, 1959, the last day on which ticks of this experiment were tested,

tularemia organisms were f ound in all ticks tested , a period of b76 days. It

was concluded from these data that , once infected , ticks of this species re-

main infected for life.

Ornithodoros hermsi

Three ticks of tnis species which had been previously fed on a guinea

pig dying of tularemia , we re fed to rep letion on deer mice (naked strain) 
-

in an attempt to transmit ~~. tularensis. No transmission s re sulted. ~~cks

subse ji~ent1y died of excessive heat.

~~~~~~~~~~~~~ ~~~~~~~~~ — —---~~~- -- — — ----—-- -- - - - -~~~~——-.---- -
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SIUDIES (14 ThE ECuWGY OF Wli~)LIFE

Food Habits of Rodents

Certain rodents were reported by Vest and ~áarchette (1956 )1 to ~

readily infected with tularemia after ingesting infective rodent f ies~ . In

V

. 

orde r to de termine the likelihood of wildlife obtainin g infection i~- u ’u i s

manner, studies of the seasonal food habits of wildlif e were condw’ ted

through the late winter and early suia~er months of thi s r ep or t  psr ~ c~~. The

results indicate a variation of diet during each season a.n the var ious

biotic communities studied.

The result s showed the diet of the ubiquitous deer mouse foilowe d the

same general patte rn in each of the 3 natural biotic c o u j ~u r i t -~c D , i~Le O~~~ t

in each case consisted mainly of seeds , with a minor VL V -~~~t e~~~~t ~~~ a rt ~~~r~~

pods during later winter and early spring~ but graduall y reversed the ~~r

portions later in the spring as more arthropods baca~e ‘ai3~~-Le~ ~~~~~~~~~~

TaBL~ 12. Food of Deer J~i~~ -. Uppe r figure is vo1u.r~~t r i:  ~J e T r e r ~~~~~~~~
.
~~ , j ç ~~~~~~ y

figure (in parentheses ) represents percent f r’~ ~ue r e ~~f r r e~.~~
Stomachs

C znmu~nity examined Period Seeds Leaf~~~~Ar~~ r i N € ~niatode~~
Vegetated 20 March 82 2

Dune ~J~~~~~~LflL ~~~~~~~7 Apri.J. 55
V 

__ _--~~~ - -

9 May 2fl 7~ 2
_ _ _ _ _  _ _ _ _ _  _ _ _  ~~~~2) __(

~~

)__

~~~~~

L -

Juniper 3 March 66 33
Brush —_____ 

(66 ) 
-  ________

8 Apr.U. 22 78
_______ (68L ~~~~~ 4~~~ 20) ~~~~~~~~~~~~~~~~~~~~~~~~~~

May 2 5  82_____ _j _(zo

~

) 
- - 

(90) 
~~~~~~~~~~~Shadscale — 18 ~iarch 36 13

budsage _______ 
(100) 

_____ 
(67 ) ( 5)

10 April 1 87
__________ ___________________ ~~~~~~~ 0.00)

1 Vest, E. D. and N~ J . i~archett -e , I *d .  IransnJ~ri..u of P a sf e ur e l~t tu
larensis among de sert rodents ~ t -o u~:b inf ~~cti~re :a r ~~asse 3~ -T t ~~- : ~~~~~
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The Ord kangaroo rat ’s diet showed a similar patte rn of change , Thble

13. Dur ing March (prior to the budding of plants ) the volume of seeds de-

creased in the stomach contents and leafy material from plants became the

major constituent of the diet. In a few instances there were arthropod re-

mains found in the rat ’s stomach, but they are predominantly vegetarian.

TABlE 13. Food of Ord kan~~roo rats: U ppe r figure represents volumetric
percentage ; lower figure (in parentheses) represents f re quencies of occur-
rence .

Stomachs 
- ________ _______ ___________ ________

Coi~iuunity examined Period seeds Leaf Arthropods ~4eaatodesVegeta ted 20 March 98 2
Dune 

_ _ _ _  LlOo) Lls) ______V _____

36 April 82 13 2 3
________ 

(81) L2oi Cs) (~ )
20 May — 

23. 73 6 1

____ ____ _________  _______  
( 55) 195) (30) 

_______

Juniper 10 March 81 19
Brush 

_______ 
( 90) (3o) 

__________ ________

8 April 30 ~~ o

_______ 
( 50) C75) (31) 

________

14 May 22 65 12 1
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

(i~2) 192i (L1~2) 17)
Shadscale— 10 March 93 2 5
budsage 

________ 0.OQ) (20) 
- 

(10) 
_________

9 April 83 3 14
___________ __________ ________ 

(ioo) (22) (ob ) 
________

The chisel—toothed kangaroo rat ’s diet consisted primarily of leafy

material , Table 14. During March there was a paucity of study material;

however , they still consumed seeds , which would be ne cessary because the

green plants were still dormant. occasionally email quantities of arthro—

pod remains were f ound in their stomach con tents.

The food of the long— tailed pocke t mouse during the latte r part of

April waS abou t half seed , and h alf arthropod material, Table 14.

r~ V~~_ 
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The harvest mouse diet included seeds , leaves , arth ropods and nema—

todes during March. In April, the diet remained about tk~ same except

f or the absence of leafy materia.1~ Table 14.

TABlE 14. Food. of Other Rodents: Food of the chisel-tootk~ d kangaroo
rat , long—taile d pocke t mouse , and harvest mouse in var ious biotic com-
munities of Dugway Proving Ground . Uppe r figure is volumetri c percent—
age; lower figure (in paren the ses) represents frequencie s of occurrenc e .

6~omachs
Conmunity examined 1 Period Seeds Leaf Arthropods Nemat.odes

____________ 

Dipodc~iys microps — Chisel—toothed kangaroo rat

Junipe r 3 April 100
Brush 

_________ ______ 
(100) 

_____ ___________ ____________

V 

Mixed 8 April 11 88 2
Brush 

_________ ______ 
(12) (87) (12) 

____________

Shadse~le—
budsage 8 March 36 63

_______ 
(75) (8’7 ) 

___________ _____________

10 April 16 81 3
___________ _________ ______ 

(50) (90) (40) 
___________

___________ 
Pero~nathu s_fo~~o~j~~ — Long-tailed pocke t mouse

Mixed brush 13 April 47 53
____________ _________ ______ 

(85)  
_____ 

(77) 
____________

___________ 
Reithro~~ntomys inegai.otis_- Harvest mouse 

___________

Vegetated II March 48 26 9 17
Dunes 

______ - (55)  (27) (L~5) (27)

9 April 58 36 6
(78 ) (67 ) (II)
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Chemical Control of Rodent Ectoparasites

~itudies to detez~ni.ne the residual effect of dieldrin, a chlorinated

hydrocarbon insecticide , sprayed at the rate of 0.75 pounds per acre, in

a vegeta ted dune area wit h ground spray equij~nen t, were continued duri ng

this report period. The Ord kangaroo rats, Dipodomys ordii. captured

907 days after application of the spray showed the residual effect of the

dieldrin still produced a significant reduction of their ectoparasites.

Nine hundred and seven days after the sprayin g , the total ectoparasite in—
I

dex of kangaroo rats from the sprayed plot was 15.12 , while the index from

the non—sprayed plot was 89.60. Table 15 shows the incidence of each

group of ectoparasite s 907 days after application. Fig. 4 shows the re sid-

ual effect of the diei.drin on Urd kangaroo rat ectopa rasites taken period-

ically from 340 to 907 days after application of spray .

TABLE 15. Control of Ectoparasites. Effects of dieldrin (0.75 pounds per
acre ) on rodent ectoparasites, 907 days afte r application .

_______ 
Ectoparasite_~~dex 

___________

Area Fleas ~~cks - Mites Lice Total

Sprayed 0.02 7.4 1.0 6.7 15.12

Unsprayed 2.8 64.5 2.7 19.6 89.60

Vl 
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Chemical Control of Ecto~~rasites

90.

— — — — Non—sprayed
80

__________ 
Sprayed

70

+3
Co

~ 6o
Co
Co

4.3
•rl
Co

1

50

° 40.

I

20 V

/
,

-. 
— — — — — — —

300 z4.do 54~)0 6&) ‘TbO 8b0 9do 1000
July Nov Mar Oct Mar

Days afte r spraying
Fig. 4. Eff~cts of dieldrin on rodent ecto pa rasi tes in the vegetated
dune community (applied at the rate of 0.75 lbs . per acre with ground
spray equip ment).
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Rodent Popu1ation~-i of BiQtic Communities

The populations of rodents of eight biotic communities we re studied

during this report period , in 5—acre plots. Each animal was marke d and

release d in orde r to disturb the natural populations as little as possi-

ble • The grea sewood, pickleweed , shad s cale-gray moily—greasewood , and

shad ecale—budsage con tinue d to show low to moderate popula tion densities

of rodents • The vegetated dune , juniper brush , and mixed brush exhib-

ited much higher populations. Thea~ results are suim~arized in Fig. 5°

The specie s composition of these c~~munit y populations are shown

in Table 16. As shown in this table , Urd kangaroo rats , chise L-toothe d

kangaroo rate, and deer mice are the most abundant animals in the com-

munities, and have the most continuous populations .

Table 17 sin ws the number of captures of rode nt s in each c ommunity ,

Rode nts captured four or more times are probably resident to the area.

This conclusion is based on observati on and de taile d studie s of estab-

lished home ranges of the individual rodents. The rodents captured from
V one to three times are eithe r juvenile rodents that soon leave the area .

or transients tha t pass through it. During the f ive—year study , the

population s of these permanent plots have been rather consistent from year

to year in both the specie s trapped and the population densities of each

spe cies. It follows from these data that epizootics of virulent organ~

isms probably have not affected these populations .

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
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V 1500 . - 
Rodent Popula tions of Biotic Communities

1400:. -

1300 V 
T 7 Recaptures

~ oo _____ 

Individuals

1100

1030

900. -

800

~~700.

z 600 .

500 -

LI.30 .

330. —

200 .

Fig. 5. Bar graph showing the number of indi vidua l rodents captured and the
number of recaptures on 5—acre plots of 8 biotic communities during 1959.
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TABLE 16. Rodent Composition of Biotic Communities Species composition of
rodent populations of biotic communities during 1959 .

8 Co

~~ i i

~~~~~~~~~~11 I14 ~~~~~~~~~~~~~~ ii
0 Co 0) 0) a .~~~

ANIMAlS .

~~~ 
V

Citellus townsendjj* 0 0 0 0 0 0 0 0 0

C. leucurus 35 0 0 0 9 7 33 0 84

Eutamias minimus 0 0 0 8 0 10 0 0 18

ThomQWys bottae* 0 0 0 0 0 0 0 0 0

Perognathus longimeinbris 22 0 0 1 0 46 0 17 86

~ . parvus 0 0 0 0 o 0 1 8 9

P. formosus 0 0 0 0 0 0 0 18 18

Microdipodops megaceithalus 0 0 2 0 0 7 0 0 9

Dipodomys ordii 8 35 0 0 0 42 L52 49 286

D. microps 0 0 0 9 68 50 3 69 199

Reithrodontomys megalotis 0 0 1 4 0 6 5 3 19

Perosz~yscus maniculatus 6 6 5 20 2. 4 48 14 104

Po truei* 0 0 0 0 0 0 0 0 0

Ckiychomys leucogaster 0 0 0 0 1 5 2 13 22.

Neotcina lepida 1 0 0 0 0 0 14 1 16

Totals 72 41 8 42 79 ~77 258 192 869

No. of Spe cies 5 2 3 5 4 9 8 9 12

* These species we re found during previous studies, but not during this year.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V
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TABlE 17. Rodent Captures in Biotic Ccininunit~.es. Showing the captures
V of rodent s in the biotic communities during the summer of 1959.

1959 No. of rodents 
_________

V 2 o r 3 4 o r mor~ Total Total
Vegetation Once times time 8* individual~ Capture s

Greasewood 38 28 5 72 128

Pickleweed 10 13 18 4]. 166

Shad scale—
gray molly 4 2 2 8 19

Shade cab —gray
mo2.ly—greasewood 20 12 10 42 108

Vegetated dune 57 39 81 177 858

Junipe r brush 82 53 123 258 1488

Mixed brush 69 5]. 72 192 792

V Shads cale—budsage 24 24 3]. 79 312

Total 304 222 342 869 3,87].
* Rodents captured 4 or more times are considered resident to the area.

Community Distribution of Wildlife Collected for Disease Studie s

‘ihe relationship of wildlife species and their habitat is shown in

~~b1e 18. The mixed brush community exhibits the greatest number of

species and total individ ua’s captured , while the shadscale—gray molly

exhibits the least.

The locations of trapping sta tions in the na tural habitat and in

domestic areas are shown in TAbles 19 and 20.

S
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TABLE 18. Wildlife Di eaae Survey . Wildlife species collected for disease sur-
vey studies , tabulated accord ing to the gez~ ral habitat from which collected.

•
~ ? -~-

~~ .0 ~~~ 0

d ~4 14 U)

MAM~ 
_ _ _

Is pus californicus 30 46 8 47 210 1 66 40~Sylvilagus riuttaflii 2 1 1 1 5
S. audubonii 7 3 12 3 25
Citellus leucuru~ 3 63 74 4 5 21 3.]. 31 2.12
Sutamias nLinimus 10 21 4 8 4.3
E . dorsalis 23 23
1~rognathus longimembris 24 42 7 4 6 83
~. parvus 43 45 2 90
P. formosus 1 41 16 2 1 61
Microdipodops

aceitalus 5 5
Dipodanys ordii 130 53 29 17 16 2 20 267
~~. microps 52 77 16 60 16 24 245
Reithrodontcmiys
megalotis 1 8 15 6 10 4 6]. 105

l~ romyscus crinitus 2 41 38 81
P. manicula tus 115 15 180 161 5 49 4 3 10 2 544
P. truei 4 134 138
Onychomys leucogaster 2 2 2 1 1 8
Neotana lepida 3 22 17 2 1
N . cinerea 1 1
Ondatra zibethicus 1 1
Microtus montanus 4 4
~~~~musculus 1 1 2
Ere thizpp, dprsatu m 2 2
C~nis latrans 1 1 

~ - 3
TA~ddea taxus 1 1 1 1 4

V 

&~~~ ru.fus 2 3. 3
Felis catus 6 6
Odocoileus hemionus 13 13

BIk~DS
Buteo jamaicensis 2 2
~~~~~ chrysae to~ 2 2
Columba livia 2 1 3
Corvus corax 2 2 2 6

Total Specie s ~~ j~~ 8 j~ ~~~ 5 32
Total Number ,~~~~~~~~ .~~~~~~L. ..~ i ~IL A~. .~ 1. ~~~~~~ 1~7 69 12.44.1

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~
_
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TABlE 19. Vertebrates Collected. Number of la~omorpha , rodents and
vertebra tes collected f rom each of the major wildlife collecting areas
on Dugway Proving Ground and adjacent areas

_ _ _ _ _ _ _ _ _  
Dugway Proving Ground

Collectin& Area Laganorphe Rodents Other vertebrates Total

C~me1back Mountain 1 81 7 89
~~ ‘22  1.5 15
I)up~y Valley 1 54 3 58
Government Creek 10 87 9 106
Granite Mountain 1 42 43-
Little Davis Mountain 35 62 5 102
Old River Bed 43 29 72
South Cedar Mountain 4 45 4 53
~~st Grid 25 25
Wig Mountain 37 30 1 68

____________________ _ _ _ _ _ _ _ _ _ _  
Adj acent Areas _ _ _ _ _ _ _ _ _

Callao 59 329 7 395
Cedar Cit7 67 67
Clover 1 73 74
)eep Creek 16 16
)uche sme 39 39
)ug-i~ y Mountain 3 19 22V 
!illmore 3 69 72
~ish Springs 1 52 1 54
Gandy 18 18
Gold tRill 42 129 171
Haqksville 4 4
Johnson Pass 4 29 5 38
Lookout Pass 46 2 48
~orth 8kW.]. Valley 35 93 128
~orth Wendover 44 173 217
4orth Wig Mountain 30 30
Old River Bed 18 18
5impson Moun ta in 3 1 4

V 
south Skull Valley 24 20 34
3outh Wendover 6 106 13.2

V ~3outh Willow 1 29 30
Trout Creek 24. 24
J ta h Lake 13 13
~ernon 1k 37 _ _ _ _ _ _ _ _ _ _ _ _  51

Total. 438 1,827 45 2,310

~~~~~~~J~~ V~~~~~V : V~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV
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TABLE 20. Rodents Collected in Dug~ay Buildings. The following rodents
were captured in and adjacent to the following inhabited buildings on
Dugwey Proving Ground.

.0 L
~~

V 

Locality 
~~~ 

_ _ _  

ii ~~1 

_ _ _  _ _ _  

IlL 
_ _ _  _ _ _ _

BAKER AI~ A
Bldg 2O2B ___ ___ — . 2 _ _ _ _  _ _ _  _ _ _  1 3

DOG AREA
Bldg 4OlO 11 11

4090 _ _  ~~~~~~~~~~~ _ _ _  _ _  _ _  _ _  2

~A8I AREA
Animal clinic 4 4
Headquarters _____ ____ — 1 

_____ _____ ____ ____ 
1

GPI-1 AREA
Bldg 3200 13 13

32014. 3 1 13 4. 2 3 26
3206 2 32 34
3208 15 15

V 3210 7 7
Flea Cellar 6 6
Garbage Pit 5 5
Rabbit house 2 2

Total 3 3. 2 3.15 4. 2 3 1 )31.

~~~~~~~~~~ VV V:~~~~
V
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V Native !~~na1a Collecte4 Alive for Exieriznental Use

During this year, 1,007 native ma~nn~ls have been collected for ex-

perimental use , f ood habit studie s, or for colonization . ~~~re were or~
species of rabbit , 17 species of rodents , and 2 species of carnivore s,

as listed in Thbie 21.

TABLE 21.. Live Mamn~ js Collected

Lagcinorphs
Sylvilagus audubonil — ~~UdUL .~V cottontail  42

Rodents
Citellue leucurus — Antelope around s uirrel .   40
Eut.amias minimus — Leaat chiprnunk . . .  .  .  . . . . .  8
E. dorsalis — Cli.If chipmu.nk  46
~~rognathua longimenibrj s — Little pocket mouse . . . . . . . .  42
j .~~~r vu e — Gr e a t Basin pocket mouse   177
.~~~. £~~nosus — Long—tailed pocket mouse .  .  .  .  .  . .  27
Microdipodops megacephalus — Kangaroo mouse  .  .  .  . .  2

V 
Dipodcin.ys ordii — Ord kangaroo rat . .  .  .   324
,Q. microps — Chisel—toothed kangaroo rat  .    96

— Reithrodontanys megalotis — Harvest mouse     58
Perom.yscus crinitus — Canyon mouse -  .   2
P. maniculatus — Dee r nLouse . . .  .  .  .  .  .  .   71
~~~. true_ i. — Pinyon mouse . . . .    19
Qiychcinys leucogaster — Grasshopper mouse .  .  .  .  .   17
Neotoma lepida — De sert wood rat .   .  .  .   26
~j. cinerea — Bushy—tailed wood rat .     3.
Microtus- m o n t a n u s— 1~ adow mouse . . . . . . . . . . . . . . . 9

‘ibtal . . . . . 1,007
~ppu1ation Fluctuations of the Jack Rabbit

Studies on the population fluctuations of the jack rabbit , LeVpus

californicus desertic~la, were continued in the selected areas rear Camel—

back Mountain, on Dugway Proving Ground . There we re more jack rabbits 
V

observed during the monthly censuses this year than in any othe r year that

has been studied since 1953.

~

-

~
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COLU4IZA~~ 1~ r NA TrV3 ~ C1OPARASI~~S

k~~aring Colonie5

Six native species of ticks and 5 native species of fleas have been

successfully reared and maintained throughout the period of this report.

One of the tick species, Haemaphysalis 1epori~—palustri~ was completely

b e t  when the laboratory air conditioner failed during the suwasr. One of

the flea colonies dwindled in numbers , but was restoc ked by new specimens

taken fro m natural hosts ,

A flea species, 1~eringis par~~ri~ was successfully reared in nests

with kangaroo rats for the first time in this laboratory, but developnent

of the colony was slow.

During the su~uzx~ r of 1958, samples of nesting litter from squirrel flea

V rearing units were placed In earthenware containers and stored In an under-

ground rearing room, 34°—69°F. it vms suspected that the sumu~ r squirrel

flea , Hopbopsyllus anomalus. must winter over in one of its isinature stages.

In Februa ry a portion of debris fr an one of these units was brought into

the laboratory and heated to 70°—80°F. In two days, larvae appeared in the

litter, and on the third day about 6 adults appeared. Apparently the cooler

conditions in the underground roan served to retard development, aiding the

fleas to survive the winter in the imma ture stages. It is Inte resting to

note that both hatching and metamorp hosis in this species were induced by

these lower temperature s during the linter time when this flea is not normal-

ly active.

It seemed probable that temperature might help to regalate the season.-

al development of other fleas, also. Because Rhadinopsylla heiseri has

been found on antelope ground squirrels during winter months only, an attempt

_ _ _ _  _ _ _ _ _ _ _  - A
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was made to study the effect of temperature on its development. Litter and

debris fran squirrel. nests infested by this flea were taken during the win-

ter , and stored . The nests were kept in both underground and laboratory

rearing units from one winter to the next . No larvae nor adult s could be

found in the nest litter , eithe r in suniner or the following winter. Appar—

ently suitable rearing conditions had not been provided. In addition,

fleas were implanted on squirrels in artifi cial burrow case s in the labora—

tory. Fleas were also placed with squirrels in nest boxes, in the under-

ground roan. From these nest boxes, which were covered with earth,

V 
squirrels were free to leave their nests at will and , by means of the en-

closed tunnel, reach an outdoor cage to bask during warm periods of the

day . Unde r these conditions , fleas survive d for a maximum of 80 days , and 
V

larvae were f ound in the litter.

Foxeila ignota placed with a pocke t gopher in a mouse cage partially

filled with prep are d sandy litter containing larval nutrient media, sur-

vived a maximum of 45 days, but larvae were not found in the cage litter

during nor after the above period.

In life history studies with ticks, feeding times were established

on approxima tely 250 ~~~. he rmsi larvae. Molting time was recorde d at 6—17

days after feeding. In the laborato ry, oviposition by Q. parkeri occur-

red during April .

ARTIF IC IAL FEEDING (P FLEAS V

An experiment was designed to develop techniques of feeding fleas

of the species Orcho peas leucopus through artificial membrane s. Citrated

rabbit blood was pooled in a plastic recepta cle and warmed in a wat er

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~ ~~~~~~~~~~~~~ - -  V V~~V~~~~~
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bath held at 34.7° to 35.5°C. A skin s~mbrane f ran a pinyon mouse was

stretched over the end of a flea—holding chamber which was lowered to rest

over the pooled citrated blood .

Of 39 adult laborato ry reared fleas never exposed to a host , 28 (72%)

fed . The above results have since been dup licated in further experiments

using the same device .

3F~’ECIS OF HUMIDIT! ON FlEA COLONIZATI(11

An experiment was designed and conducted to assess the effects of V

humidity on the development of ~~. 1eucoi~ s fran egg to adult stage . In

this study a wooden chamber l6x8x9 inches, with a hinged lid comprising one

half of the entire top area of the chamber, was used . At the enclosed end

of the chamber, four small metal water containers served as a source of

moisture. Four jars each containi ng 250 flea larvae in reari ng medium were

situated within the chamber as follows: (a) placed adjacent to water con-

tainers; (b) 4 inches from jar (a); (a) 4 inches from (b); and (d) adja cent

to out side opening of box and partially exposed to outside drying effects

of roan air. A cloth mesh was placed over each jar to prevent escape of 
-

adult fleas.

Counts were made after 21 days, as follows : Jar (a) conta ined 157 V

adults; jar (b) U; jar (c) 7; and jar (d) none . Since Jar (a), having the V

highest number of adults at the end of the time period , had only approxi-

mately 2/3 f the total number uf fleas initially introduce d into the ex-

peri ment , V
~~t is possible tha t all of the fleas were not counted. However ,

the re~ ilts show a relationship be tween development of immature stages of V

fleas and the moisture content of the atmosphere around them.

~~~~~~~~~

. ~~~~~~~~~~~~~~~~~~~~~~~ 
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EPIZOOLOGICAL SUiWEY (.P WIlDLIFE AND LIVESTOCK

During the current report period a systemati c collection of wild ani—

male was made to study the incidence of enzootic diseases in native animals

and livestock . The areas sampled extended from eastern Nevada to

Stockton , Utah; north to Lucin, Utah; and south to Gar4y and Vernon , Utah.

From each sampling area the animal s were pooled according to species and

community type . ‘fl~ tissue s of the wildlife specimens were examined for

plague, ~~. Vpestie; tularenia, ~~. ~ ilarensis; anthrax , Bacillus anthracia ;

bruceilosi.s, Brucella ap.; Q fever , ~~. burneti ; and Rocky Mounta in spotted

fever , Rickettsi a r ickett sii. The se rwn specimens of wildlife and domestic

animals were tested individually for Rocky Mountain spotted fever and Q

fever complement fixing an tibod ies, and for tulare mia and brucella agglu—

tinins.

The techniques used for isolation of the infectious orga nisms and

the serolog ical, methods and interpretations of result s corresponded to

those of the Rocky Mountain Laborato ry. The annual reports of Dr. H. G. V

Stoenner to the Chie f , E and E Branch , BW Ope ration s Division , Dugway V

Proving Ground , Dugway , U tah , dated 17 May , 1955 to 20 July, 1956, swnmar—

ize these methods. (he modification of previous methods was the use of

coizmzercial antigens , since the antigens used by the prior contractor were

not available in the quan tities ne€ ded . The (1—fever , American (Nine Mile )

strain, and Rocky Mountain spotted fever antigens were obtained f rom

Lederle Lab ora tories. The ~~~~~. abortu s tube agglutination antigen was

provided by the U. S. Department of Agriculture . Antigen for the ~~,. ~~~~~~

V l&rensis tube agglutination test was pre pared from strain Schu A accord-

ing to the procedures of Dr. 1). B. Lackman, k~ocky Moun tain Laboratory.

-_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V —- -- ~~~ ~~~~~~~~~~~~ -
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On the basis of a positive antibody resp onse in guinea pigs inoculated

with tissue homogenates of’ collected animal s, the apparent presence of the

organis ms studied is recorde d in ~~b1e 24. Their distribution in the col—

lection areas is summarized in Ihble 25. Similar data relating to the

apparent presence of the causative agents of Rocky Mountain spotted fever ,

(1 fever, and tu lazemia, in pools of ectoparasites are presented in 1kble 27.

~ Fever ,j ’~nYiAl1~ hi i rnø ti :

The increase in incidence and distribu tion of Q fever since 1954 was

summarized by Vest , et al. , l,959•1 ‘fte diagnostic results obta ined during

the present report period tend to indicate a greater incidence of Q fever

and extend the known in.fected rodent species to include the pinyon mouse ,

~~,. truei. Of 3,309 wildlife serum samples tested, 233 (7% ) had complement

fixing antibody titers for Q fever of 1:16 or greater , 1~bles 22 and 23. 
- 

-

In the appa rent endei~ic areas of Fish Springs, Gold Hill, North ~~ndover

and South Wendover, the incidence of Q fever complement fixation antibody

titers of 1:16 or greater in wildlife sera has increased as much as six—fold

over the 1958 resu1t8.

Evidence ~f the presence of ~~,. burneti. in 15 wildlife tissue pools was

demonstrated by Q fever complement f ixing antibodies of 1:16 or greater in

guinea pigs after inocula tion of tis sue homogenates, Thbles 24. and 25.

Ric1~ettsiae were isola ted from five of the orig inal tissue pools by reinocu—

lation into guinea pigs or hamsters, as indicated in ~~ble 26. TWo of these

strains, 2145 and 2269, have been cultured in the yolk sacs of 7—day old

Vest, E. D., F. T. Gardner, B. D. Thorpe, 1~. W. SidweU , and R. Ushijima.
Epizoological survey of certain endemic diseases in the southe rn part of
the G”eat Salt Lake Desert. Ecolo~~r arid Epizoology serie s, No. 42, June
30, 1959 . Ecolog ical Re search , University of Utah.
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embryczia ted hen ’s eggs. Second passage egg yolk sacs were harvested, homog-

enized , and injected intraperito neally into 5 guinea pigs . Of the 5 guinea

pigs challe nged with strain 2145, none developed a temperature of L04°F or

greater during the first two weeks following the challenge . One of the 5

guinea pigs challenged with strain 2269 develope d a fever of 104 .2°F on the

8th day fol1~o’i4ng challenge ; anothe r animal e~thibited a temp era ture of

1(4.3°F on the 12th day following challeng e . These febrile re sponses per-

sisted for less than 24 hours . The remaining 3 challenged guinea pigs ex-

hibited no temperatures of 1C4~! or greater. Othe r overt 8~mptom8 of in-

fection were not obse rved . The complement fixing antibody titers of these

challenged guinea pigs are summarized in Figs . 6 and 7. Characteristics of

these ~~ burneti isolated did not app ear to be significantly different from

those isolated from animals collected in the same areas , as reported by

Stoenner , et al., (l,959),1 and Stoenner and Lackman (1960) 2

The apparent presence of ~~~. burn eti ias not ed in a pool of fleas from

animals collected in North Skull Valley and a pool of fleas fr om animals

collected in South Cedar Mounta ins, ~~b1e 27. This was determined on the

basis of developmant of complement fixing antibody in the serum from g~zinea

pigs with these flea pooi homogenates. 
V

All of the 196 sheep se ra tested for Q fever complement fixing anti—

bodie s were negative, while 91(4.6% ) of the 1,965 cattle sera tas ted were

found to have (1 fever complement fixing anti body titers 3f 1:16 or greater ,

Table 28.

1Stoenner, H. G., R. Holdenried, D. Lackma.n, and J. S. Oreborn, Jr., 1959.
The occurrence of Coxiella bu~rnet~~ Brucella and other pathogen. a~~ng fauna
of the Great Salt La1~o Desert of U tah. Amer. J. Trop. ~~d. Hyg . L~(5):590-.596.

2 Stoenner, H. G. and D. B. Lackman . 1960. Th. biologic properties of 
~~~jolla burneti.i ieolated from rodents collected in U tah. A~~r. J . Hyg. 71(1):

45-51.
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TABlE 22. Incidence of Disease as Indica ted by Serology, Incidence of Co~~alla
birneti (Q fever), Rickettsia rickettsii (Rocky Mountain spotted fever) , and
Pasteurella tularensis (tularemia), infections as de termined by antibody titers
in the sera of native animal species in Western Utah and Eastern Nevada.

_ _ _ _ _ _ _  
Q Fever R~L~F Thiaremia

Number Number P~r Number Per Number P~r
Species examined positive cent positive cent positivE cent

Le pus califoniicus
Black-tailed jack rabbit 510 57 11.1 269 52.7 1 0.02
Sylvi ag~~ nuttailii
Nuttall cottontail 4 1 25.0 2 50.0 — —
S. audubonl.j.
Audubon cottontail 26 5 19.0 4 15.0 — —Citellus leucurus
Antelope ground squirrel 236 7 3, 0 79 33.0 — —

~utamias minimus
V Least chipeunk 53 — — 3 5. ’~ 1 1.8

~~. dorsalis
Cliff chipmunk 27 1 3.7 7 25.9 — —

Fe rogna thus ~~~~g~~~~~~~ris
Little pocket mouse 68 1 1.4 5 7.3 — —
Great Basin pocket mouse 97 15 15.4 14 14,4 — V 

—
~~~~, fox,aosus

Long—tailed pocket mouse 65 1 1.5 9 13.8 — —Microdipodops megace phalus
Kangaroo mouse 10 — — 1 10.0 —Dipodornys ordii
Ord kangaroo rat 416 30 7.2 83 19.9 — —Q~ mic rope
Chisel—tooth kangaroo ral 4.06 22 5.4. 88 21.6 — —

l~eithrodontomys segalotis
Harvest mouse 1(Y2 9 8,8 9 8.8 — —Pero niyscus crinitus
Canyon mouse 75 3 4.0 15 20.0 — —

~~~,, amniculatus
Deer mouse 957 63 6.5 176 18,3 3 0~7

F, tr~iai
Finyon mouse 139 4 2.8 28 14,7 3 2.1

Onychomys leuco~aeter
Grasshopper mouse 8 1 12.5 — — — —Neotowa le~ida
Wood rat 53 5 9.4 16 20.1 — —Qndat.ra zibe thicus
Muskrat 1 — — — — — —

Mic rotu.~’ montanue
I~ adow mouse 4. — — — — - —

Sub—total 3,257 225 
_ _ _ _ _  

8C~ 8
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TABlE 22. Incidence of Disease as Indicated by Serology (continued)

I I- 

— Q Fever RMSF 1Ularemia
Number Number Per Number Per Number Per

Specie s exaii~in~d i~ositive cent positive cent positiv~ cent
• Sub—total 3,257 225 808 8

Mum musculus
House mouse 1 — — — — — —V 

Erethizon dorsatum
PorcupIne 1 — - - — - —

Canis latrans
V Coyote 3 1 33 .3 1 33.3 — —Vulpes macrotis

Xit fom 1 — — — — — -
~ .xidea taxus
Badger 4 — — — - 1 25.0
Spilogale ~racilis
Spotted skunk 1 — — — — - —

Lynx rufus
Bob ca t 3 — — — — — —

Fells catus
Domestic cat 6 - - - - - -

Odocoileus hemionu~Mule deer 15 7 46.6 — — 2 13.3
Buteo jAn~a4r ~efln j~~
Red-tailed hawk 2 — - - — - -

~guj 1a chrysae toe
Golden eagle 2 — — — — — —

Columba livia
Domestic pigeon 3 - - - - - — V

Corvus ~~~axRaven 7 - - - - - -
Euphagus cyanocephalus

Brewer blackbird 1 — - - — — —
Zonotrichi& 1. gambelii V

Gambel sparrow 2 - - - - - -

Total 3,309 233 7.0 809 24.4 11 0.4
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TABLE 23. Distributi on of Disease as I~dicated b~y Serology. Incidence of Cox-
iella burneti (Q Fever), Ricketteia rickettsii (Rocky Mountain spotted fev iJ ,
and Pasteureila tularej isie (t~a1aremi~~ infection s as de te rmined by antibody
titers in native animal sera from the 33 jor areas trapped in Utah and Nevada.

1 Q F~ver_ - RMS?___  ~flüa r~mj a
Number Per Per Per

Area examined Positive cent Positive cent Positive cent

Callao 367 33 9.8 86 23.4 1 0.3
Camelback Mountain 93 2 2.1 1 1.0 -

~D 2 2  20 1 5.0 3 15.0 — —
Cedar City * 65 3 4.6 18 27.6 — —

Clover 144 11 7.6 2L~ 16.6 — —
Deep Creek 1 1 00.0 1 100.0 — —
Duchesne 38 — V — 1 2.6 —
Dugway Mountain 18 - — 5 27.7 — —
Dugway Valley 51 2 3.9 9 17.6 — —
Fillmore * 70 5 7.1 11 15,7 — — 

V

!ish Springs 43 Ii 25.5 18 41,8 — —
Gandy * 18 — — 4 22.2 — — V

Gold Hill 164 22 13.4. 95 57.9 — —
Government Creek 4.54 lB 4.0 96 21.1 1 0.2
Granite Mountain 35 - - 8 22.8 - -
Hanksville * 4, - - — — — —

Johnson Pass 37 4 1.0.8 5 13.5 3 8,1
Little Davi s Mountain 122 9 7.3 31 25.4 1 1.6
Lookout Pass 45 4 8.8 13 28.8 4 8.8
North Skull Valley 240 12 5.0 78 32.5 - —
North ~~ndove r 196 35 17.8 80 40,8 — —
Old River Bed 288 7 2.4 58 2001 — —
Sheeprock Mountain 1 — — — — — —

• Simpson Mountain 18 1 5.5 3 16.6 — —
South Cedar Mountain 279 8 2.8 44 15.7 — —
South Skull Valley 47 3 6.3 12 25.5 — —
South Wendover 104 17 16.3 24 23.0 — —
South Willow * 30 3 10,0 13 43.3 — —
lbst Grid 36 1 2.7 2 5.5 — —
Trout Creek 24 1 4,1 7 29.1 — —
Vernon 106 1 0.9 7 6.6 1 1.0
Wig Mountain 127 14 13.2 52 40,9 — —
Wildcat Mountain 24. 1 4.1 — — —

Total. 3,309 233 7.0 809 24.4 11 0.4

* Outside regular sampling areas.

L 
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TAB~~ 24. Incide~ice oX Disease (~rRanisms in Wildli.t’e • Incidence of Coxiella
burneti (Q Fever), Rickettsia rickettsii (Rocky Mounta in spotted Lever), Pasteur-
ella tularensis (tularemia)*, and ~ruceUa sp. (brucellosis), in 22 spe cies of
native animal s, as indicated by antibody tite rs in guinea pigs 42 days after
parentera]. injection of animal tis sues.

V dumber o1~ Q Fe~er 
V

aMm~~s Number of Per Number of Pe r
Species ~~~~~~~~ Positive pools cent Positive p~oo1i cent

La pus cal iforni cue
Black—taile d jack rabbit 442 2 0.5 65 14.7

Cite flue leucurus
Antelope ground squirrel 221 2 0.9 15 6.7

~utamias minim’us
Least chipmunk 4.7 — — 3 6.3

~~. dorsalis
Cliff chipmunk 20 - - 2 10.0

Pe rogna thus 1or~gjmembris
Little pocket mouse 85 2 2.3 6 7.1

P . parvus
Great Basin pocke t mouse 89 — — — —P. formosus
Long—tailed pocke t mouse 62 — — — —
~icrodjpodops nejzace phalus
Kangaroo mouse 5 — — 2 3.2

)ipod omys ordii
V Ord kangaroo rat 250 1 0.4 24 10.0

~, microps
Chisel—tooth kangaroo rat 249 4 1.6 18 7.2
Reithrodontomys meVgalotis

Harvest mouse 106 — — 2 1.8
Peromyscus crinitus
Canyon mouse 80 — — 4 5.0

~~. maniculatus
Deer anouse 611 — — 35 5.7

P. true~jPInyc~n mouse 134 1 0.7 5 3.7
*wch~~~s leuco,gas ter
Grasshopper mou se B — — — —

V 
~ieotoma lOVpida
Wood rat 46 ** — — 3 6.5
j. cinerea
Bushy—tailed wood rat 1 — — —
licrotus mont.anua
1~~adow mouse 4. — — — -
rethizon dorsa turn
Porcupine 3 — — 2 66.6
Canis latrans
Coyote 2 1. 50.0 2 100.0

V ~elis catti a
Donestic cat 6 — — 1 16.6

V )docoileue heniionus
Mule deer 10 — — 2 20.0

Total 2.J.i8l i 15 0.5 1.93 7~,7
* There were no isolations of ~~. tularensis. nor any serological evidence of tu- ’
lareniia in the tissue injec ted guinea pigs.
~ Bzuce]J.a neot~~~e (strain 9F201) was isolated from the South Wendover area by
direct plating of the tissue s on agar . No detectable infection was manifest in
the tissue injected guinea pigs.

— 
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~~BIE 25. Distribution of Disease Organisms. Incidence of Coxieila burnetj
(Q Fever) , Ricke ttsia ricketteii. (Rocky Mountain spotted fever) , Pasteurs].la V

tularensie (tu1aremia)~I, and Bru cel].a ep. (brucelloeie), organisms, by locality,
in native animals collected from 31 areas In Western Utah and Eastern Nevada ,
as determined by antibody titers in guinea pigs 42 days after parenteral in-
jection of the animal tissues.

Number of Q, Fever RMSF____

animals Number of Per Number of Per
Area ~~~~~~~~~~~~~~~~~~~~ positive pools cent positive pools cent

Callao 371 3 0.8 49 23,2
Carnelback Mounta in 84 — — 4 4.7
CD 22 20 — - - —
Cedar City 64 — — 5 7.8

V Clover 72 — — — —
)uchesne 30 — — 1 3.3
)ugway Mountain 23 - - - —
ugway Valley 72 2 2.7 13 18.0
~i1lmore 72 — — 1 1.3
~ish Springs 50 1 2.0 2 4.0
~andy 14. — — 1 7.].
old Hill 179 4 2.2 27 15.0

Governnent Creek 292 — — 17 5.8
Granite Mountain 38 - - 1 2 • 6

V fanksville 4 — — — —
rohason Pass 35 — — 2 5.7
.ittle Davis Mountain 122 — — 4 3.2

— ..ookout Pass 47 — — — —

~orth Skull Valley 132 — — 1 0.7
V forth Wendover 212 1 0.4 15 7.1

)ld River Bed 104 - — 13 12.5
~impson Mountain 3 - — 1 33 ,3
~outh Cedar Mountain 49 — — 1 2.0
south Skull Valley 29 — — 5 17.2 V

V ‘south Wendover 117 ** — - 6 5.1
south Willow 29 — — 1 3.4
lest Grid 20 — - 3 15.0
Trou t Creek 20 1 5.0 2 10.0
Jtah Lake 13 — - — —
rernon 52. — — 5 9.8
Vig Mountain 113 — — 13 11.5

Total 2,481 15 0.5 193 7.7
* There were no indications of ~~ . tularen eis. nor any serological evidence of

tularemia in the tissue—injected guinea pigs.
** Brucella neotomae (strain 9F 201) was isolated fr om a wood rat, Nsot~~a

lepida. by direct plating of the tissues on agar . No detectable infection was
manifest in the tissue—Injected guinea pigs.
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TI!~.BIE 26. Coxiella burneti Isolations

___________________  V 
Maximum Maximum Spleen

Q Fever Rodent Area of Confirmatioz febr ils CF impreasioc
strain specie, capture animal reSponse Titer amsar

1517 P. rogna thus
lcngimsmbrii Callao Hamster none 1/6k 71

1471 Dioodoaiys Duguay
ordi.i Valley Hamster none 1/64 71

1619 D. micropa Gold Hil Hamster none 1/64 71
2145 Lepus Trout

californicue Creek Guinea pig none 1/128

2269 ~~~. microps Callao Guinea pig none 1/512

-7---
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Rocky Mountain Spotted Fever, k~ic~~ ttsia rickettsii.

During the year 2.959 there was an increase in the number of wildlifs

sera exhibiting complement fixing antibody reacting with Rocky Mountain

spotte d feve r (RMaf ) antigen, ‘I~b1es 22 az~ 23. The increased incidence

tends to be localized in the areas of Callao, flugway Valley, Fish Springs ,

Gold Hill, Old River Bed , North Skull. Valley, North Wendover , South lien—

dover , and Wig Mounta in. In the remaining sampling areas , the incidence

of k~ sf appeared to be near that of previous years. However , too few

animals were ~ampled and tested to draw significant conclusions. The in-

cidence of these antibodie s was greatest in the black-tailed jack rabbit s

the ground squirrel , and the two species of kangaroo rats. A lesser in-

crease in the numbe r of individual s with se rum antib ody was noted in the

case of deer mice collected from the above mentioned areas. There was also

a noticeable increase in the incidence of positive se rum samples from the

canyon mouse , the pinyon mouse , and the de sert wood rat. The incidence of

RMsf positive sera f rom other spe cie s of wildlife showed no great diverg-

ence f rom past observations. V

During the same pe riod the re has been a significant incre ase in the

number of wildlife infected with RM sf as dete rmine d by antibody titers of

1:16 or greater in guinea pigs challe nged with tissue homogenates, Thblea

24 and 25. The number of wildlife animals which exhibited evidence of

infection increa sed 15% above the previ ous year t s sampling. This increased

incidence in wildlife infections appeared to occur in the same areas as

those where incre ased ruim be rs of animals exhibiting antibodies wsrs tra pped.

It may he no ted that the Callao, Dugway Valley, Fish Springs , Gold Hill ,

and North Skull Valley areas, according to pre vious annual reports, bay.

had a greater number of animals infected than othe r sampled areas. It
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app ears tha t wildlife in the Caflao , Dugway Valley and Fish Springs areas

may have recentl y expe rienced an epizootic of this disease . It is prob—

able that the wildlife from the Old River Bed, Wig Mountain, Granite Moun—

tam , and Wendover areas may also have been involved .

The number of ectopar asite pools containing RMsf rickett siae as de-

termined in these studies apparently was not greater than found in previous

years, Table 27.

Cattle sera ex~.znine d during the report period showed an appare nt in-.

crease in incidence of RMsf antibody titer s of l~l6 or greater . This was in

ccaupari sou to data collected on relatively few sample s obtained in previous

years . Eighty—three of 1,964 cattle sera and five of 196 sheep sera tested

this year were found to be positive , Table 28. No positive sera were found V

in 176 cattle specimens tested the previous year 0

TABlE 28. SeroloRical Evidex sce o,~j)isease in Livestock. The incidence of
infections in cattle and sheep as dete rmined by positive ant ibody titers.
____________  _________  - 

Number of Posit4 ’re TLters * 
____________Species No, tested Q Fever RILsf Thlareinia Brucella

Cattle 1,964 91 83 497 182

Sheep 196 0 5 0 0

Total 2,160 9i 88 1 497 182

* Positive ~~ters: Q Fever and RMsf — l~16 or greater
Thiaremia - l~40 or greater
Brucella abort us — 1:80 or greater

• ~~~ 
V V 
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V ~~~gue , Pasteurella pestis:

Strain 9# 71 of P. testis was isolated during 1959 from a pool of

V tissues of two Ord kangaroo rats , ~~~. ordii . trapped May 7, seven miles

north of Callao, Tooele County, Utah . This was in the same general

area where ~B 755 was isolated by workers at Rocky Mountain Laboratory

in May, 1957 . The Callao area may be considered a~ a focus of enzoot ic

sylva tic plague, since it is the only area where it has been found thus

far in the survey. Repeated trapp ing of ar~ln~~1 s in this region has

failed to yield additional evidence of infected an imals. No not~c.ab1.

change in the rodent population has been observed that ~~u1d indicate an

epizootic in the area .

~~ plague bacillus had been isolated from the tia~ues of th. Ord

kangaroo rat on only one previous occas~.on (1939), in Dona Ana County,

New Mexico.1 It was also found once in the ectoparasitea (fleas) taken 
V

V fran Dipodomys species near Morton , Cochran County , Texas in 1947. 2

The existence of sylvatic plague in kangaroo rats is of interest because

of the relative insusceptibility of the species to experimental intra— and

subcutaneous injections, the 1D50 being greater than io~ organisms. Sue ,

ceptibility studies of the two ieolates , 9F 71 and 7E 755, in selected V

native wild rodent s and laboratory animals are summarized in Table 29.

Eskey, C, R. and V. H. Haas. 1939. Plague in the weste rn part of the
United States. Pub . 111th. Rept. 54 :1467—1481.

2 Plague infection reported In the United States in 1946. Pub. 111th.
Rept . 62:1336—1340 (1947).
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TABLE 29. Pasteurella pestis Virulence • A comparison of the W~tj of
three strains of Pasteurella pestis in selected laboratory animals and
wild rodents .

Approximate number of organi si for an 1D5~StraIn Strain Strain
Species ~~ 755 ~~ 71 Alezand.r

)rd kangaroo rat
Dipodosurs ordit ~~~~ ,10”~

~hisel—tooth kangaroo ra
D. micro ps >l0~ lOu 107*

)eer mouse 
V

PeroQvscup, manicula tus iO~ 10~Swiss albino mouse
~~~ m~iscu1us <102 iO~ < 101

Albino rat
aattus rattus (102 ~~4 -

~iinea pig 1Cayja cobaya 410 iO~
* Largest number of bacteria injected.

All az’in& a were injected subcutaneously In the inguinal region.

Thiaremia, Pasteurella tularensis:

One strain of ~ ,. tularensis (% 161) was isolated from a pool of

30 ticks taken fran ll black-tailed jack rabbits , 
~~~
. californicue, Tabi.

27. These animals were collected in the D’ugway Valley area during November,

1959. This strain was foun d to be fully virulent for white mice , guinea

pigs, albino rabbits and deer mice. Studies of this isolate and one (8F260)

isolated in 1958 were made , and the resulting data are summarized in Table

30.

A
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TABLE 30. Pasteurella tularen4~ Virulence. Approximate ID1 in
• selected laboratory animals ‘and wild rodent s of two strains o?~Pas t—

eure lla tu lar ensis native to the Great Sal t Lake Desert area.

V Approximate number/organisms constituting an W1~~Animal specie s Stra in 8F 260 Strain 9E 161

Deer mouse
Perotnyscus manicula tus <~l0~

Swiss albino mouse
Mus musculus

Guinea pig
Gavin cobaya i~lO1 ~~io1

Albino rabbit <101 <101

P. tularensie agglutinating antibody at a titer of 1:90 was detected

in ~.itó sera of two guinea pigs injected with a homogenate of ticks taken

from 1), micrVcps, D. ordii. C. leucuz~us, and L. ~~~~~~~~~~~~~ collected in

the Old River Bed area, Table 24. Using the sai~e homogenate, repeated

attempts to isolate the organi sm and to induce antibody f ormation in other

guinea pigs . failed.

Agglutinating antibody titers of 1:40 or greater we re detected in the

sera of U animals ( six species) trapp ed in f ive areas durin g 1959. The

data are shown in Table s 22 and 23. This is the first time since the epi—

zV ologica]. survey commenced in 1954 that se ra from tra pped na tive animals

have shown antibodies against £. tularensis. Repeated attempt s to isola te

the organism from the tissue s of the serol ogically positive animal s have

failed. The areas from which the animals were trappe d were rather wide—

• spread , e.g., Johnson Pass is about 15 miles north west of Lookout Pass

and Vernon ; Little Davis Mountain is 10 miles northwest, and Callao is 60

miles southwest. The animals involved were dee r mice , mule deer, badger,

chijwink, and jack rabbit.
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A total of 1,964 cattle and 196 sheep sera were tested for ~~~. tular ..

ensis agglutinins , AU sheep sera were negative. However, 308 (15.2%)
V of the cattlo sera demonstrated titers of 1:40 and 89 (9.6%) demonstra ted

titers greater than 1:40, Table 23.

The tularemia tube agglutination teat performed in this laboratory

was compared with the test performed at Rocky Mountain Laboratory where much

of this same type of work has been done • Each laboratory titered the sane

cattle sera and it was concluded that 3pizoology Laboratory’s test may be a

two—f old serial dilution more sensitive,

Anthrax - Bacillus anthracis:

There was no evidence of B. anthracis in the tissues of the animals or

the ectoparasites collected during 1959,

Brucellosis — Brucella sp, V

One strain of Brucefla neotomae (9F 201) was isolated fran the tissnes

of a wood rat trapped in the South Wendever area in June , 1959, Tables 24 and
V 25~ The strain was isolated by plating the tissues directly on Tryptose—phos—

phate agar. The injection of the tissue s of this wood rat into several pairs

of guinea pigs failed to induce a detectable infection. The strain was tenta—

tively identified as Br. neotomae byVthe technique of Stcenner and Lackman?

This identification was later oonfirmed by workers at Rocky Mountain Laboratory.

This is the second tinw the organism has been isolated by direct plating of

tis sue s which , when injected into guinea pigs, failed to manifest evidence of

infection.

1 Stoenner, H, G. and D. B. Laclcxnan. 1957. A new species of Brucella isolated
from the desert wood rat , Neotoina lepida Thomas. Am, J , Vet. Bee. 28(69)~947-.951.
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Previously , ~~~~. ne otomae isolations we re i.~ade ~ rom ar~ ua1a coilec ted in the

Granite Moun tain and Gold Hill areas. The isolation of the organism from

the ~~ndover area could be indicative tha t this pathogen m ay  be endemic in

desert wood rats of the southwest sec~iorL of ~he Great Sal t Lake De sert.

Susceptibility stud ies of this organism in selec Led animals are re-

ported in ‘I~b1e 31 It will be noted tha t the host, N. lepida, was only

rela tively susceptible to the organi aui when give n intra peritoneall y. Othe r

routes of inoculation were not attempted .

Br . abortus agglutinating antib odies at a tite r of 1:40 or greate r

we re not found in the sera of the wild rodents or the sera of guinea pigs

challenged with tissue and ectopa rasite homogenates. ~Ihe se results are in

accord with those of previous years.

AU of the 196 sheep sera tested for ~~~~. abortu s agglutinins were nega-

tive, while l~2 (9.2 % ) of the l,9~ 5 cattle sera tested we re positive at

titers of 1:80 or greater , ~~ble 29,

Ti~k3L1~ 31. Brucelia neotomae Virulence. Susceptibility of select.ed animals
to Brucella neotomae strain 9F 201.

A~proXimate numbe r of organisms
Animal Species constituting an LD5~

swiss albino mi~~Mus musculus (101
)eer mice

Peromyscus maniculatus 102

~uinea Pig
Cavia cobaya.

)esert wood rat
Neotoiua lepida 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Data are based on studies using from 150 to 200 animals of each species.

Infection was determined by producti on of agglutinating ant ibody, and the

isolation of the organism from vital organs 2]. days and more after challenge.


