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INTRODUCTION

Spotted fever is  a d isease of wild m am 
m als, man, and other anim als. The d isease  is 
caused by one of the r ick e tts iae , R ickettsia 
rick e tts i, and is  transm itted  by ce rta in  species 
of hard  ticks. R ickettsiae a re  considered an 
o rd er of bac te ria , of which they a re  among 
the sm allest. R ickettsiae, m ost of which a re  
obligate in trace llu la r p a ra s ite s , a re  unable to 
reproduce when separated  from  their host 
tis su e s  (the rick e tts iae  causing Q fever a re  
exceptions). The rick e tts iae  of spotted fever 
m ultiply in the endothelial ce lls  of a rte rio le s , 
venules, and cap illa rie s  throughout the body. 
Infection of spotted fever in man is  charac
te rized  as an acute feb rile  illness with sudden 
onset, a skin ra sh , high fever, and is  one of 
the m ost severe  of infectious d iseases in a reas  
with highly v iru len t s tra in s .

Human cases  have been reported , in 
recen t y ea rs , in 46 of the States of the United 
States. Spotted fever also occurs in Canada, 
Mexico, and South A m erica. Human cases  have 
occurred  in a ll months of the year, but a re  
m ore common in spring and ea rly  sum m er.

Sixty-five percen t (715 of 1,106) repo rted  
cases  in the United States during the period 
1960-64 occurred  in the 10 Appalachian States 
(Alabama, Georgia, Kentucky, Maryland, North 
Carolina, Pennsylvania, South Carolina, 
Tennessee, V irginia, and W est V irginia).

Fatality  in un treated  cases  is about 20 
percen t; this va ries , however, from  5 to 80 
percen t, depending upon the viru lence of the 
s tra in  of R. rick e tts i in different locations. 
Specific trea tm en t includes ch lo rtetracycline, 
chloram phenicol, and oxytetracycline.

Laboratory  diagnosis can be made by in
oculation of guinea pigs with blood drawn from  
patien ts for r ic k e tts ia l isolation, but is  m ost 
commonly made by sero logical te s ts  — the 
W eil-Felix  te s t  and the com plem ent-fixation 
test.

The rick e tts iae  causing the d isease  a re  
m aintained in ticks and the anim als on which 
they feed. Man is  an accidental host. Humans 
con trac t the d isease by being bitten by an in
fected tick. The incubation period is  usually 
4 to 8 days, with ex trem es of 2 to 12 days.
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HISTORY

Spotted fever has been known in Montana 
since 1872. The d isease was named Rocky 
Mountain spotted fever to distinguish it from  
epidem ic m eningitis and typhus which were 
also  som etim es called  spotted fever. This 
d isease  was known to be p resen t in two 
endemic a reas  in Montana — the B itter Root 
Valley and environs, and in a lim ited  a re a  in 
Carbon County a c ro ss  the continental divide 
(Cooley, 1932).

The theory that a tick is  the natural vector 
of spotted fever was f ir s t  advanced in 1902 
(Wilson and Chowning, 1902). The f ir s t  proof 
of tick  transm ission  of spotted fever was ob
tained by D rs. McCalla and B rerton  of Boise, 
Idaho, in 1905 (Hunter and Bishopp, 1911).

The famous experim ents of R icketts were 
begun in 1906. These experim ents proved that 
a fem ale tick (D erm acentor andersoni) could 
tran sm it spotted fever. Experim ents in 1907 
showed that m ale ticks could tran sm it the 
d isease as well as fem ale ticks, and that one 
attack  of spotted fever estab lishes a high 
degree of immunity to subsequent infection. 
T icks collected in the field w ere found to be 
infected with rick e tts ia . F u rther experim ents 
proved that r ic k e tts ia  may be acquired and 
transm itted  by the tick during any of the active 
stages, that som e of the larvae  of an infected 
fem ale a re  infected, and that spotted fever is 
probably transm itted  through the salivary  
secre tion  of the tick (Ricketts, 1906; R icketts, 
1907; P a rk er , Philips and Jellison , 1933).

Experim ents by Moore showed that the 
m inimum duration of feeding n ecessa ry  for 
a tick to infect was 1 -3 /4  hours, the average 
tim e requ ired  was about 10 hours, while 20 
hours of feeding alm ost always proved in
fective. M aver found that spotted fever can be 
transm itted  by nymphal D. va riab ills  infected 
as larvae, by adult D. parum apertus and by 
nymphs of Amblyomma am ericanum . T ra n s
m ission by adult D. albiplctus infected as 
nymphs was dem onstrated  by R icketts (Rick
e tts , 1911).

The etiological agent was described  by 
Wolbach in 1919, who named it D erm a- 
centroxenus r ic k e tts i in honor of Dr. R icketts,

who had made g rea t contributions to our 
knowledge of both spotted fever and typhus 
fever, and who lost his life in the conduct 
of investigations in Mexico (Wolbach, 1919). 
The severa l rick e tts io ses  transm itted  by 
arthropods a re  caused by infectious agents 
known as r ick e tts iae ; hence, the casual agent 
of spotted fever is  generally  re fe rre d  to as 
R ickettsia r ick e tts i (Wolbach).

The rabbit tick, Haem aphysalis lepo rispa- 
lu s t r is , was found to be the vector of spotted 
fever from  rabb it to rabb it (P arker, 1923). 
While the rabb it tick ra re ly  b ites man, it is 
im portant ind irectly  in that it  is  a potential 
vector under natural conditions and is  the only 
known vector that occurs in all p a rts  of the 
United States.

Spotted fever was thought to be a re la tive ly  
obscure d isease  confined to a lim ited  portion 
of the northern  Rocky Mountain region until 
1931. C ases of a typhus-like infection 
originating in ru ra l  sections of the e a ste rn  
States, which had heretofore  been diagnosed as 
endemic typhus, w ere found to be indistin
guishable im m unologically and clin ically  from  
Rocky Mountain spotted fever. The A m erican 
dog tick, D. v a ria b ills , was proved to be a 
vector of spotted fever in the ea ste rn  States 
in 1931 (Dyer, Badger, and Rum reich, 1931).

T hree human cases  of spotted fever oc
c u rre d  on G ard iner’s Island, New York; two in 
1912 and a th ird  in 1931. Although spotted fe
ve r was suspected, since each patient had been 
bitten by a tick, the diagnosis of spotted 
fever was re jec ted  because the tick species 
involved, D. v a ria b ills , was not then known to 
be a vector of spotted fever (Davis, 1947).

The total num ber of spotted fever cases 
repo rted  in the United States of A m erica has 
declined from  alm ost 600 cases  annually in 
1946 and 1947 to le s s  than 300 cases  annually 
in the period 1954 through 1964 (see F igure 1). 
The two im portant endemic foci a t p re se n t are  
the Rocky Mountain States: Montana, Wyoming, 
Idaho, Oregon, Utah and Colorado; and the 
Appalachian States: Alabama, Georgia, Ken
tucky, M aryland, North Carolina, Pennsyl
vania, South Carolina, Tennessee, Virginia
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Figure 1.
ROCKY MOUNTAIN SPOTTED FEVER

and W est V irginia. The num ber of cases  in 
the W est, especially  Montana and Wyoming, 
began to decline around 1944, with 21 cases  
occurring  in the w estern  endemic States in 
1964. The reason  for this decline in the 
w estern  endemic States is  speculative, but 
is  probably due to the use of antibiotic drugs 
during the p re-e ru p tiv e  stages of the illness. 
The residen ts  of these States a re  aw are that 
spotted fever is  p resen t in the ticks and take 
precautions. By way of con trast, the cases  of 
spotted fever in the S tates of the Appalachian 
region accounted for about two th ird s  (715 
of 1,106) of the spotted fever cases  reported  
in the United States during the period  1960-64.

CLINICAL ASPECTS: DESCRIPTION

Spotted fever is  one of the m ost severe  of 
a ll infectious d iseases. A ttacks range from  
m ild am bulatory and abortive form s to rapidly 
term inating fatal attacks. In vaccinated persons 
and young children, attacks a re  usually  mild 
and atypical.

In nonvaccinated adults, the incubation 
period  of the d isease is usually  4 to 8 days 
but may show ex trem es of 2 to 12 days. The 
m anifestations of the onset of the d isease  a re  
lis tle ssn ess , m alaise, headache, lo ss  of ap
petite , and a chilling sensation. Onset of the 
d isease  is  usually  abrupt. It is m anifested by 
a definite chill, pronounced headache, severe  
aches and pains in the m uscles, bones, and 
jo in ts, profound p ro stra tion  and a rapidly 
r is in g  fever that continues to mount into the 
second week. M uscle and joint pains are  
m arked, and in severe  form , nosebleed may 
occur early .

A d istinct ra sh  usually  appears on the 
th ird  day of the d isease. The ea rly  ra sh  may 
resem ble  the sligh t mottling seen in m easles. 
The ra sh  appears f ir s t  on the ankles and 
w ris ts , and spreads to the legs, a rm s , and 
c h est. The lesions a re  sm all discolored spots 
not elevated above the skin a t f ir s t  but la te r  
become ra ised  above the skin. The lesions are  
m ore pronounced on the ex trem ities . The 
palm s and soles and at tim es even the face 
and scalp become involved. The extension of 
the ra sh  usually  becom es com plete within 
two or th ree  days so that the en tire  body is 
covered. In severe  cases , the lesions rim 
together, becom e deep red  o r purp lish  in 
color and often necro tic . M asses of such

a re a s  may involve the en tire  body. The erup
tion gradually  fades as the patien ts recover, 
with the p ro cess  taking much longer in m ore 
severe  cases  of the d isease.

As the d isease  p ro g resses , m ental con
fusion, re s tle s sn e ss , dulling of the senses 
and lethargy p rogressing  to coma may be 
noted. M uscular twitching, fib rilla ry  trem o rs , 
pu rposeless m ovem ents and abnorm al neuro
logical signs may occur. Once fever has ap
peared , the tem pera tu re  r is e s  quickly. F evers  
of 104° F. to 105 °F. a re  common. R em issions 
of 1° to 3° F. may be observed in m orning 
tem pera tu res. The maximum tem pera tu re  will 
be reached, usually, during the second week 
of the d isease , anywhere from  the seventh to 
the fourteenth day. With recovery  the tem pera
tu re  usually falls  slowly afte r a feb rile  period 
varying from  2 to 3 weeks. Mild cases  may 
become afebrile  before the end of the second 
week of the d isease . At the onset and early  
in the course  of the d isease the pulse is  full 
and strong, averaging approxim ately 90 beats 
p e r  minute. When m yocardial weakening occurs 
in severe  cases  as a re su lt of toxemia, a loss 
of volume and streng th  of the pulse occurs. 
The blood p re s su re  falls as a re su lt  of my
ocard ial involvement and vascu lar collapse, 
and the f ir s t  h ea rt sound becom es muffled 
and indistinct. The pulm onary edema which 
then appears often indicates a fatal te rm i
nation within a few hours. The resp ira tio n s , 
a t f irs t, a re  norm al or but slightly increased . 
They acce lera te  in severe  cases. The re s p ira 
tion ra te s  often indicate the developm ent of 
pneumonia. T erm inal tem pera tu res of 108° F.,
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pulse ra te s  of 140 to 160 and resp ira tion  ra te s  
of 40 to 60 per m inute a re  not uncommon. A 
short incubation period, high pulse ra te , severe  
m ental changes, edema, absolute depression  or 
deficient secre tion  of urine, a petechial rash , 
and pneumonia a re  poor prognostic signs (Cox, 
1959; H arre l, 1949).

In some patients the acute changes c le a r  
up with convalescence, but in o thers the damage

to blood vesse ls , cen tra l nervous system , and 
brain  p e rs is ts  for longer than a year and 
may be perm anent. Even in mild cases  con
valescence is  slow and complete recovery  
from  severe  infection may req u ire  severa l 
months to a y ear o r longer. It is  generally  
considered that persons having recovered  
from  spotted fever a re  perm anently  immune.

CLINICAL ASPECTS: PATHOLOGY

Spotted fever is  essen tia lly  a specific 
generalized  in trace llu la r  infection of sm all 
pe riphera l blood vesse ls . In untreated  patients, 
the r ick e tts iae  c ircu la te  in the blood during 
the f ir s t  week and usually  p a r t  of the second 
week after infection. The r ic k e tts iae  f ir s t  in
vade the nuclei of the cap illa ry  endothelial 
ce lls , where they m ultiply and destroy  the 
ce lls . The lesions then extend along the 
intim a into a rte rio le s , where smooth m uscle 
ce lls  of the m edia a re  also  Invaded and 
destroyed. The destruction of smooth m uscle 
ce lls  is a m ost d istinctive fea tu re  of spotted

fever. With the death of the ce lls , n ec ro sis  
occurs in the intim a and the m edia of the blood 
v esse ls , causing clotting and escape of the 
blood. Small a re a s  of coagulation necro sis  a re  
then form ed, chiefly in the skin, the sub
cutaneous tissu es  and the cen tra l nervous 
system . In the cen tra l nervous system , a reas  
of dem yelination may be found adjacent to or 
rem oved from  the vascu lar lesions. Spotted 
fever produces g re a te r  damage to the skin, 
the subcutaneous tissu es  and the b rain  than 
does any o ther r ic k e tts ia l d isease  (Cox, 1959).

CLINICAL ASPECTS: TREATMENT

Spotted fever may p resen t a difficult 
therapeutic problem . If the patient has a 
h isto ry  of tick  exposure and is m oderately  to 
severe ly  ill, antibiotics should be s ta rted  
im m ediately. O therw ise, therapy consists  of 
m erely  relieving the sym ptom s until diagnosis 
is  estab lished  by the appearance of the rash .

The princip les for the m anagem ent of 
spotted fever a re  specific chem otherapy and 
supportive ca re . Attention to both is  man
datory for the se riously  ill patient f ir s t  seen 
late  in the d isease . For a m oderately ill 
patient seen during the f ir s t  week of d isease , 
supportive therapy may be less  energetic  and 
specific antibiotic therapy usually  suffices.

Antibiotic therapy  can be s ta r te d  when the 
ra sh  appears; its  value is p rog ressive ly  di
m inished afte r the f ir s t  week of the d isease. 
The antibiotics available do not kill the rick e tt
siae but m erely  suppress the growth of the 
r ick e tts iae . The antibiotics prevent fu rther 
damage caused by the organism  but do not 
re p a ir  damage that has already  occurred .

A spirin  and all sulfonam ides a re  definitely 
contraindicated throughout the course  of 
spotted fever, since the ir adm inistration  to 
human beings has increased  the severity  of the

illn e s s . Pen icillin  and streptom ycin have no 
value.

The antibiotics of choice a re  chloram 
phenicol, ch lo rte tracycline , oxytetracycline, 
and te tracycline . Each antibiotic is  available 
for oral, in travenous, and in tram uscu lar use. 
The in tram uscu lar route is  the lea s t p re fe rre d . 
T here  is  a c h a ra c te r is tic  period requ ired  for 
the broad spectrum  antib iotics to e lic it a 
clin ical response  — about one day in spotted 
fever.

Frequent turning of the patient will r e 
lieve p re ssu re  on prom inent bony p a rts  of the 
body, will p revent gangrene of the skin, and 
will also  delay the development of pneumonia. 
The adm inistration  of a p roperly  nutritious 
diet through frequent feeding is  im portant, 
since m alnutrition frequently develops In 
seriously  ill patients.

Pneum onia is  a com plication frequently 
noted in the course  of spotted fever. The pneu
m onitis responds to the antibiotic therapy, 
Oxygen may be helpful.

jNone of the antibiotics is  advised for the 
prevention of the d isease after a tick bite has 
occurred .
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CLINICAL ASPECTS: PROGNOSIS

In un treated  cases  the overall fatality  for 
the United States of A m erica has been about 
20 percen t, with the fatality  a lte red  by the 
viru lence of the local s tra in . As a general 
ru le , the prognosis becom es increasingly  poor 
with advancing age; the d isease is  especially  
severe  in individuals past 40 y ea rs  of age. 
Before antibiotics w ere available, the average 
fatality  for patients of 40 y e a rs  and over was 
about 41 percent, while that of patien ts under 
40 y e a rs  was only 13 percen t (Topping, 1941).

If chem otherapy is begun prom ptly and 
continued for severa l days past the re tu rn  of 
the tem pera tu re  to norm al, recovery  is usually 
com plete. Convalescence may be slow, and 
com plete recovery  may not occur for weeks, 
months, o r as long as a year, even in a 
re la tive ly  m ild infection. The host may con
tinue to harbor living rick e tts iae  for con
siderab le  periods of tim e a fte r recovery  
(H arrel, 1949).

It has long been the popular conception 
that spotted fever is a m ore highly viru lent, 
and, therefo re , a m ore fatal d isease  in the 
W est than in the E ast. Reported observations

from  labo ra to ries  lent support to th is belief 
because the rick e tts iae  isolated and repo rted  
in the W est w ere m ore pathogenic for guinea 
pigs than those iso lated  in the E ast. With the 
discovery in the early  1940’s that highly v iru 
len t and m ild s tra in s  of spotted fever r ick e tt
siae  existed in both a re a s , a study was made 
of human fatality  ra te s  in two w estern  States, 
Idaho and Montana, and in two e aste rn  States, 
M aryland and Virginia. During the period 
1930-39, Idaho and Montana repo rted  747 
cases , with a crude fatality  ra te  of 28.1 p e r
cent, while M aryland and V irginia reported  
661 cases , with a fatality  ra te  of 18.4 percent. 
In the two w estern  States, 50.2 percen t (375) 
of the total cases  occurred  in persons aged 
40 years  or over, 35.3 percen t (264) in the 
age group 15-39 years , and only 14.4 percen t 
(108) in persons under 15 y ea rs . In the two 
e aste rn  States this age d istribution is  alm ost 
rev e rsed , with the la rg e s t num ber of cases , 
46.8 percen t (310), occurring  in persons under 
15 y ea rs  of age; 28.5 percen t (189) occurred  
in the age group 15-39 years; and only 24.5 
percen t (162) in the group aged 40 o r over 
(Topping, 1941). . ~

Table 1.-—Spotted, fever. Cases occurring in certain western and eastern States, by age and fatality rate

State

N
um

be
r 

of
 c

as
es

N
um
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r o

f d
ea

th
s

Fa
ta

lit
y 

ra
te

Under 15 years 15-39 years 40 anc over

C
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es

Pe
rc

en
t 

of
 t

ot
al

D
ea

th
s

F
at

al
ity

ra
te

C
as

es

Pe
rc

en
t 

of
 t

ot
al

D
ea

th
s

Fa
ta

lit
y

ra
te

C
as

es

Pe
rc

en
t 

of
 t

ot
al

D
ea

th
s

Fa
ta

lit
y

ra
te

West:
I d a h o ................................ 293 101 34.4 27 9.2 7 25.9 108 36.8 22 20.3 158 53.9 72 45.5
Montana............................. 454 109 24.0 81 17.8 6 7.4 156 34.3 18 11.5 217 47.8 85 39.1

T o t a l ............................. 747 210 28.1 108 14.4 13 12.0 264 35.3 40 15.1 375 50.2 157 41.8

East:
Maryland.......................... 330 66 20.0 155 46.9 19 12.2 85 25.7 13 15.2 90 27.2 34 37.7
Virginia ............................. 331 56 16.9 155 46.8 21 13.5 104 31.4 8 7.6 72 21.7 27 37.5

T o t a l ............................. 661 122 18.4 310 46.8 40 12.9 189 28.5 21 11.1 162 24.5 61 37.6

Note: All c a s e s  and dea ths  a s  reported to the State Health  Officer;  Montana, Idaho,  and Maryland, 1930-39, inc lu s iv e ;  Virginia, 
1933-39, inc lus ive .
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Table 2.—Spotted fever. Cases occurring in certain western and eastern States, by sex  and age

Sex

N
um

be
r 

of
 c

as
es

Pe
rc

en
t

N
um

be
r o

f d
ea

th
s

R
at

e

Under 15 years 15-39 years 40 and over

C
as

es

Pe
rc

en
t 

of
 t

ot
al

D
ea

th
s

Fa
ta

lit
y

ra
te

C
as

es

Pe
rc

en
t 

of
 t

ot
al

D
ea

th
s

F
at

al
ity

ra
te

C
as

es

P
er

ce
nt

 
of

 t
ot

al

D
ea

th
s

Fa
ta

lit
y

ra
te

West:
M a le ....................... 624 83.5 182 29.1 55 7.3 5 9.0 239 31.9 32 13.3 330 44.1 145 43.9
Female.................... 123 16.5 28 22.7 53 7.0 8 15.0 25 3.3 8 32.0 45 6.0 12 26.6

T o ta l.................... 747 210 28.1 108 14.4 13 12.0 264 35.3 40 15.1 375 50.2 157 41.8

East:
M a le ....................... 401 60.6 83 20.6 170 25.7 23 13.5 124 18.7 17 13.7 107 16.1 43 40.1
Fem ale.................... 260 39.4 39 15.0 140 21.2 17 12.1 65 9.8 4 6.1 55 8.3 18 32.7

T o ta l.................... 661 122 18.4 310 46.8 40 12.9 189 28.5 21 11.1 162 24.5 61 37.6

When the fatality  ra te s  fo r the two a reas  
a re  com pared on the basis  of age, it  is  seen 
that there  is  very  little  difference. For the age 
group under 15 y ea rs  the fatality  ra te  was 12.9 
percen t in the E ast and 12 percen t in the W est; 
fo r the age group 15-39 years , 11.1 percen t in 
the E ast and 15.5 percen t in the W est; and for 
the group aged 40 and over, 37.6 percen t in 
the E ast and 41.8 pe rcen t in the W est. No 
significant d ifference in these ra te s  was found 
fo r the various age groups. It is  apparent, 
however, that there  w ere im portant d ifferences 
in the fatality  ra te s  for the groups aged 40 
y ea rs  and over in both a reas  as com pared to 
the ra te s  fo r the younger persons. Tables 1 
and 2 (from Topping, 1941) show the age and 
sex distribution in the two a re a s , as well as 
the fatality  ra te s . It will be noted that there  
a re  proportionately  m ore fem ales infected in 
the E ast than in the W est (Topping, 1941).

Since antibiotic trea tm en t becam e avail
able, the overall fatality  ra te  has declined 
from  20 percen t to about 6 percen t, as  shown 
in table 3.

CLINICAL ASPECTS

Inborn res is tan ce  to spotted fever has not 
been detected. An attack of spotted fever 
produces effective imm unity, but la te r  cases  
can occur. Recovery from  spotted fever does 
not confer c ro ss  immunity against o ther 
rick e tts ia l infections which occur in the United 
States of A m erica.

Vaccination within the year in which in-

Table 3.—Spotted fever. Reported cases  
and deaths by year

Y ear Cases Deaths
Case fatality 
per 100 cases

1949 ............................. 570 36 6.3
1950 ............................. 464 31 6.7
1951 ............................. 347 26 7.5
1952 ............................. 327 20 6.1
1953 ............................. 313 21 6.7
1954 ............................. 294 10 3.4
1955 ............................. 295 8 2.7
1956 ............................. 293 16 5.5
1957 ............................. 240 18 7.5
1958 ............................. 243 14 5.8
1959 ............................. 199 10 5.0
1960 ............................. 204 11 5.4
1961 ............................. 219 11 5.0
1962 ............................. 240 12 5.0

T o t a l  = 4 ,2 4 8  c a s e s  w i th  244 d e a t h s  for a f a t a l i t y  r a te  
of 5 .7  d e a t h s / 1 0 0  c a s e s .

: IMMUNOLOGY

fection is  acquired elim inates m ortality , and 
reduces clin ical severity . It is  questionable 
that the vaccine is  of value a fte r the infection 
has been acquired; it is of no value afte r the 
onset of illness. Its  use is  recom m ended for 
persons with known exposure to tick vectors 
of spotted fever and for certa in  laborato ry  
personnel.
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ETIOLOGY: PATHOGEN

R ickettsiae a re  sm all, gram -negative, 
pleom orphic, coccobacillary  m icroorganism s 
that m easure  0.3-0.5 m icrons in d iam eter. 
They a re  nonmotile, nonsporeform ing, and 
nonfilterable agents visible with the light 
m icroscope. B inary fission has been observed 
under e lectron  m icroscopy.

R ickettsia r ic k e tts i in yolk sac a re  best 
stained by the Giminez stain. In m am m alian 
tissue  they may be stained equally well by the 
M acchiavello o r G iesm a stain (Giminez, 1964).

All attem pts to cultivate R. r ic k e tts i on 
a rtific ia l m edia have been unsuccessful, but it 
grow s read ily  in tissue  cu ltu res and in the 
chorioallantois and yolk sac of developing 
chick embryo. The strik ing feature of R. rick 
e tts i in tissue  cu lture is  its  capability of in
vading the cell nuclei where it  grows in com
pact c lu s te rs ; often the en tire  nucleus becom es 
distended with organism s.

Spotted fever rick e tts iae  a re  k illed in a 
few m inutes by exposure to m oist heat at 
50°C. o r to chem ical agents, and in a few 
hours by dessication at room  tem pera tu res.

When a hard  tick ingests R. r ic k e tts i , 
there  is  a period during which the organism s 
invade the tick  tissues. The tick is  unable to 
tran sm it the rick e tts iae  through its  bite until 
the invasion has established rick e tts iae  in the 
tick ’s sa livary  glands. A norm al tick was fed 
on an infected host ju st long enough to insure 
ingestion of the r ick e tts iae . This tick was 
then tra n s fe rre d  to a susceptible host. The 
tick’s feeding was thus in terrup ted  but es
sen tially  continuous. The tick was unable to 
infect the new host for a period of from  9 to 
12 days. These ticks, which a re  unable to 
tran sm it the infection by biting during this 
period of r ic k e tts ia l invasion, nevertheless 
cause infection if ground then injected into 
susceptible an im als. Infection is not norm ally 
transm itted  by the sam e stage of the tick that 
acqu ires it: la rva l, nymphal, and fem ale adult 
ticks usually  com plete their engorgem ent 
during a single uninterrupted feeding on a 
single host. The r ick e tts iae  begin invading the

ETIOLOGY:

Spotted fever is  not an easily  recognized 
infection. The very  m ild infections and the 
rapidly  fulm inating types a re  quite difficult 
to diagnose clin ically . F u rtherm ore , in a reas  
where both spotted fever and m urine typhus

tick tissu es  when ingested and a re  now highly 
v iru len t and produce typical infections in lab
orato ry  an im als. After the tick has com pleted 
engorging itse lf  with blood and has dropped 
off the host, however, the rick e tts iae  gradually 
become le ss  v iru len t until they a re  of such low 
v irulence that they do not produce d isease  
symptom s when injected into labora to ry  ani
m als (no feeding by quiescent, molting ticks) 
but ra th e r  have an immunizing effect. The 
rick e tts iae , however, a re  capable of infecting 
fe rtile  chick eggs a t this stage. Som etim es the 
r ick e tts iae  m ay en tirely  lose their infectious 
quality and p e rs is t  in a nonsymptom -producing, 
nonimmunizing phase which can be demon
s tra te d  by the fluorescen t antibody technique 
only. The r ick e tts iae  pass the w inter (in ticks) 
in these low -virulence phases.

When these ticks em erge from  hibernation 
in the spring, the rick e tts iae , when demon
s trab le , do not produce d isease  symptom s when 
injected into labora to ry  an im als, but only pro
duce an immunizing effect. If these ticks are  
subjected to incubation or allowed to ingest 
blood, however, the rick e tts iae  again regain  
their ability to produce d isease  symptom s when 
injected into labora to ry  anim als. This tran s i
tion from  a low virulence hibernating phase to 
a highly v iru lent, sym ptom -producing phase 
following incubation or feeding is  term ed  
“ reac tiva tion”  (P arker, 1933).

T here appears to be four genera l s tra in s  
of R. r ick e tts i which differ in the ir virulence 
to guinea pigs (and presum ably  to humans). 
These s tra in s  have been designated as s tra in  
R (highly v irulent), s tra in s  S and T (mildly 
v irulent), and s tra in  U (nonvirulent), although 
there  seem s to be some doubt that s tra in  U 
is  R. r ic k e tts i . Guinea pigs injected with any 
one s tra in  develop immunity to any of the other 
th ree  s tra in s . R. r ic k e tts i when grown in the 
yolk sac of the developing chick embryo 
produces a substance toxic fo r m ice: this 
“ toxin”  is  neu tra lized  by an tiserum  (Bell and 
P ickens, 1953).

DIAGNOSIS

a re  p resen t, an additional difficulty is  en
countered because of th e ir m arked clinical 
s im ila rity . Spotted fever should be suspected 
during the tick  season in c a ses  of febrile  
d isease  that occur in those persons whose
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occupation o r habits expose them  to ticks. 
Close examination may show the p resence  of 
a tick o r an indurated a rea  rep resen ting  the 
site  of a tick bite. The differential diagnosis 
is  difficult, since it entails consideration of 
ce rta in  eruptive d iseases, as well as  o ther 
r ick e tts ia l and tick-borne d iseases. Spotted 
fever ra sh  may resem ble  that of m easles, 
meningococcal m eningitis, s c a r le t fever, ty
phoid fever and septicem ic conditions as well 
as certa in  drug ra sh es . M easles is  the d isease 
m ost frequently confused with spotted fever 
(R ivers and H orsfall, 1959).

In the United States of A m erica, the other 
r ic k e tts ia l d iseases  likely to cause difficulty 
in diagnosis a re  rickettsia lpox  and m urine 
typhus. R ickettsialpox is  charac te rized  by an 
in itial lesion at the s ite  of the m ite bite. 
M urine typhus occurs mainly in the late 
sum m er and fall in the southern and south
ea s te rn  States and is  ch a rac te rized  by the 
developm ent of a rash , f i r s t  on the trunk and 
la te r  on the ex trem ities . The two tick-borne 
d iseases  which should be considered a re  
Colorado tick fever and tu larem ia. T here  is 
usually  no ra sh  associated  with Colorado tick 
fever. The developm ent of an u lce r a t the site  
of tick  attachm ent, accom panied by en large
m ent of the regional lymph nodes, suggests 
tu larem ia  (R ivers and H orsfall, 1959).

The isolation and identification o fr ic k e tt-  
siae by inoculation of anim als o r chick embryo 
a re  too complex and uncertain  fo r general 
laborato ry  use. Etiological diagnosis can be 
m ade by specific serologic reactions (comple
m ent-fixation) which a re  available in m ost 
State labo ra to ries . When specific immunologic 
te s ts  a re  to be used, specim ens a re  obtained 
during the acute and convalescent stages. This 
method has the disadvantage that a t le a s t two 
weeks a re  req u ired  for the test, and, if 
specific antibiotic trea tm en t has not been 
s ta rted  by th is tim e, the patient often becom es 
very  seriously  ill, and may die.

It has been the common p rac tice  to base 
diagnosis of spotted fever on clin ical fea tu res, 
epidem iologic data (history of tick bite, o r of 
crushing ticks while deticking dogs), and the 
nonspecific evidence offered by the W eil- 
Felix test.

The W eil-F elix  te s t  is  helpful in estab
lishing presum ptive diagnosis in d iseases 
caused by m em bers of the typhus and spotted 
fever groups of ricke tts iae . The typical 
responses obtained with suspensions of 
P ro teus bacillus OX-19, OX-2, and OX-K

s tra in s  and convalescent se ra  from  patients 
with r ick e tts ia l d iseases  a re  given in Table 4.

The W eil-F elix  response in spotted fever 
m ay be of severa l types — a high OX-19 
and a low OX-2, o r an elevation of both 
OX-19 and OX-2, or, occasionally, a low 
OX-19 and a high OX-2. Sera of patien ts with 
rickettsia lpox  o r Q fever fail to agglutinate 
any of these organism s.

The W eil-Felix  agglutinins may appear 
as  early  as  the 5th or 6th day a fte r  onset of 
fever in those d iseases  in which the reaction  
becom es positive, and they a re  a lm ost always 
positive by the 12th day. These antibodies 
generally  reach  th e ir  maximum in early  con
valescence and then decline rapidly to non
diagnostic levels in one to severa l months.

Table 4.—Usual Weil-Felix agglutination reaction 
observed in rickettsial diseases

Disease OX-19 OX-2 OX-K

Epidemic typhus .......................... + + + + + 0
Murine ty p h u s ................................ + + + + + 0
Scrub typ h u s................................... 0 0 + + +
Spotted fever group....................... + + + + + 0

+ + + + + 0
Rickettsialpox................................ 0 0 0
Q fever ............................................ 0 0 0

A r is e  in antibody tite r , dem onstrated  in 
a s e r ie s  of two or m ore se ra , is  essen tia l 
for the diagnosis of rick e tts ia l d iseases  when 
the W eil-Felix  reaction  is  used. In terp reta tion  
of re su lts  on the basis  of te s ts  on a single 
serum  is not justified  unless the t i te r  is  high, 
that is , well above 1:160. The W eil-F elix  
reaction  frequently  fails to provide even p re 
sumptive evidence for separating spotted fever 
from  m urine typhus.

The specific serologic techniques of g rea t
e s t  im portance in the diagnosis of rick e tts ia l 
infections a re  the com plem ent-fixation and 
agglutination te s ts  that u se  r ick e tts ia l m a
te r ia ls  as antigens. Diagnostic com plem ent- 
fixation p rocedures a re  available for each of 
the common r ic k e tts ia l d iseases. Group- 
specific antigens, which a re  available for 
d ifferentiating infections caused by the 
epidem ic-m urine typhus group from  those of 
the spotted fever-ricke tts ia lpox  group, a re  
le s s  expensive than the type-specific  antigens, 
but they usually  fa il to provide exact identi
fication of d iseases resu lting  from  rick e tts iae
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with common antigens such as R. prowazeki 
and R. m ooseri o r R. r lc k e tts i , R. a k a rl, and 
R. concori. In many geographical a re a s  only 
one m em ber of a re la ted  group of rick e tts iae  
is  p resen t; here  group-specific  diagnostic 
antigens a re  adequate (Smadel and Jackson, 
1964).

A four-fold or g rea te r  r is e  in C -F  t ite r  
between acute and convalescent phase serum  
specim ens is  considered diagnostic. If an acute 
phase serum  is not available, a specim en 
taken 4-6 weeks after onset and one taken 
12-14 weeks afte r onset may reveal a decline 
in tite r  that has diagnostic significance. When 
only a single convalescent phase se rum  is 
available, significance is  given to a tite r  
g re a te r  than 1:160. In some cases , however, 
C -F  antibodies have p e rs is ted  in significant 
t i te r  for many years .

Since the advent of specific antibiotic 
therapy for spotted fever, personnel in lab
o ra to rie s  have experienced increasing  diffi
culty in detecting clin ical spotted fever by 
m eans of the C -F  te s t. The Rocky Mountain 
Laboratory found that antibiotic therapy in
te r fe re s  with the developm ent of C -F  anti
bodies to a g re a te r  extent than with the pro
duction of P ro teus agglutinins. This fact 
in c reases  the diagnostic value of the W eil- 
Felix  tes t. Caution should be observed in 
in terp re ting  negative findings in C -F  te s ts  
when the patient has received  antibiotic therapy 
(Lackman and Gerloff, 1953).

The fluorescent antibody technique can be 
used to detect It. r ick e tts i in ticks. Laboratory  
Branch, CDC, is  developing a F-A technique 
fo r detection of ea rly  infections while the 
r ick e tts iae  a re  s till p resen t in the blood of 
humans.

EPIDEMIOLOGY: GENERAL

Spotted fever is  transm itted  to man by the 
bite of an infected tick and by contamination 
of the skin with crushed  tissues o r feces of 
infected ticks.

In the United States, spotted fever is 
transm itted  to man by th ree  ticks: the Rocky 
Mountain wood tick, D erm acentor andersoni, 
in the Rocky Mountains; the A m erican dog 
tick, D. v a rlab ilis , from  east of the Rocky 
Mountains to the E ast Coast; and the lone s ta r  
tick, Amblyomma am ericanum , in the south 
cen tra l p a rt  of the United States of A m erica. 
The larvae and nymphs of D. andersoni and D. 
v arlab ilis  feed on sm all m am m als, but not 
usually  on man, while the adults feed on 
la rg e r  m am m als and man; all th ree  stages 
of A. am ericanum  will feed on man and large 
m am m als, notably deer, cattle, h o rses , and

dogs; all a re  frequently p resen t on the sam e 
host. This species shows little  host p reference .

The ticks act as the re s e rv o ir  of spotted 
fever: R. r ic k e tts i is transm itted  from  one 
generation to the next through the egg; and is  
passed  from  one stage to the next. This 
m echanism  helps to m aintain the infection in 
the ticks, and sp reads the infection somewhat.

The rodents, rabb its, and h a res  upon which 
the different stages of the tick feed serve  to 
sp read  the d isease from  infected ticks to 
uninfected ticks: these anim als show a ric k e tt-  
s iasem ia  after being bitten by an infected tick 
and a re  able to infect uninfected ticks.

Usually le s s  than one percen t of the ticks 
in an a rea  a re  infected — an infection ra te  
among ticks as high as five percen t is con
sidered  to be ex trem ely  high.

EPIDEMIOLOGY: MAMMALS

C ertain  species of te r re s tr ia l  m am m als, 
p a rticu la rly  rodents, have long been suspected 
of being involved in the epidemiology of spotted 
fever because (1) they a re  essen tia l hosts 
for the perpetuation of the ixodid ticks and 
(2) antibodies against spotted fever rick e tt
siae  have been dem onstrated in s e ra  from  some 
of these sm all an im als. Although many iso
lations of R. r ick e tts i had been made from  
patien ts and ticks, no isolations of spotted 
fever rick e tts iae  w ere reported  from  a native

wild m am m al in the United States of A m erica 
until 1954 when a s tra in  of R. r ick e tts i was 
iso lated  from  a meadow vole, M icro tus 
pennsylvanlcus. trapped in V irginia (Gould and 
M eisse, 1954). Isolations of R. rick e tts i w ere 
made from  a snowshoe rabbit, Lepus 
am ericanus, a golden-m antled ground sq u irre l, 
C ltellus la te ra lis , and five yellow-pine chip
munks, Eutam las am oenus, trapped on the west 
side of the B itte r Root Valley, Montana, in 
1961 (B urgdorfer, et. a l., 1962).
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In a recen t study of the ecology of spotted 
fever in V irginia, isolations of R. r ick e tts i 
w ere made from  an easte rn  cottontail, 
Sylvilagus floridanus, two meadow voles, M. 
pennsylvanicus, a white-footed m ouse, P e ro -  
m yscus leucopus, a cotton ra t, Sigmodon 
hisp idus, and an opossum, Didelphis virginiana 
(D orer, e t a l., 1964).

Isolation of R. rick e tts i from  wild anim als

Table 5 .—Mammals whose sera have been fc

has been very  difficult. Most of the anim als 
from  which the r ick e tts iae  have been isolated 
have been young anim als. The detection of 
antibodies against R. rick e tts i has been much 
m ore successful. Antibodies against spotted 
fever have been detected in the se ra  of m ost 
of the m am m als which serve as hosts of the 
tick  vecto rs, as shown in Table 5 (Anonymous, 
1960; D orer, e t a l., 1964).

to contain C-F antibodies (or spotted fever

Lepus americanus.................... Snowshoe rabbit Peromyscus c r in i tu s ............... Canyon mouse
Lepus californicus .................. Blacktailed jackrabbit Peromyscus le u c o p u s ............ White-footed mouse
Sylvilagus floridanus............... Eastern cottontail Peromyscus maniculatus . . . Deer mouse
Sylvilagus nuttalli .................... Nuttall cottontail Peromyscus t r u e i .................... Pinon mouse
Sylvilagus auduboni................. Desert cottontail Pitymys p inetorum .................. Pine mouse

Citellus leucuru s ..................... Antelope ground squirrel Sigmodon h i s p i d u s .............. .. Cotton rat
Citellus columbianus............... Columbian ground squirrel Blarina brevicauda ................. Short-tailed shrew
Eutamias m inum us ................. Least chipmunk Canis familiaris ....................... Domestic dog
Eutamias dorsalis .................... Cliff chipmunk Vulpes f u l v a ............................. Red fox
Eutamias a m o e n u s ................. Yellow-pine chipmunk Urocyon cinereoargentus . . . Gray fox
Perognathus longimembris . . Little pocket mouse Procyon lotor ............................. Raccoon
Perognathus parvus ................. Great Basin pocket mouse Mephitis m ephit is ..................... Striped skunk
Perognathus form osu s ............ Long-tailed pocket mouse Didelphis virginiana ............... Opossum
Dipodomys ordi.......................... Ord kangaroo rat Odocoileus virginianus . . . . White-tailed deer
Microtus pennsylvanicus . . . Meadow vole

EPIDEMIOLOGY: TICKS

R ickettsiae ingested by a tick invade the 
ce lls  of the epithelial lining of the midgut, 
and penetrate  the in testinal wall to be c a rr ie d  
by the open c ircu la to ry  system  to all organs 
of the body. The blood of a tick (hemolymph)

Figure 2.
TICK TRANSMISSION OF PATHOGENS

is  contained within a single cavity and con
tac ts  all tissu es . T herefore, all o rgans, in
cluding the reproductive system  and salivary  
glands, can be invaded by the rick e tts iae . 
Invasion of the reproductive system  resu lts  
in transm ission  from  tick to egg (transo- 
varia l) and to succeeding stages (in terstadial). 
Invasion of the sa livary  glands fac ilita tes 
transm ission  to m am m alian hosts. A tick 
can inject rick e tts iae  into a v e rteb ra te  host 
when the sa livary  gland has been invaded by 
ricke tts iae .

Tick Transmission of Rickettsiae
The m outhparts of ticks a re  sho rt and can

not read ily  penetrate  a capillary . When the 
m outhparts have been in serted  into a host, the 
tick se c re te s  enzym es and anticoagulants. The 
enzym es d igest tissue  ce lls  and cap illary  
w alls. Thus, tissue  ce lls  as well as blood 
ce lls  a re  ingested by the tick. Some ticks 
may fill to a th ird  of th e ir capacity on tissue 
fluids before obtaining blood. Since a certa in
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period  is requ ired  fo r the enzym es to digest 
cap illa ry  w alls, a tick  cannot im m ediately 
tran sm it rick e tts iae .

The r ick e tts iae  which survive the w inter in 
a tick a re  p resen t in a nonsymptom -producing 
form , and do not produce sym ptom atically 
recognizable infections until the level of viru
lence is  ra ised , e ither by heat o r by the 
ingestion of blood. This is  known as “ reac 
tivation .”  It may be a m atter of some hours, 
o r even days, a fte r a tick  attaches itse lf 
before reactivation  occurs. Thus, if a tick 
which has become attached is  rem oved within 
a few hours, the danger of infection is 
m ateria lly  reduced.

The p resence  of rick e tts iae  in the in
testina l tra c t  and hemolymph of ticks can be 
im portan t in the tran sm ission  of spotted 
fever. If an infective tick is  crushed  between 
the fingers when handpicking ticks from  dogs, 
the rick e tts iae  can produce an infection through 
the unabraded skin. Feces of infective ticks 
a re  very  infectious, and many infections have 
probably resu lted  from  the contam ination of 
the skin with tick feces.

If a tick is  attached to the body, REMOVE 
IT IMMEDIATELY. Many p rac tices  have been 
employed for tick rem oval. The desired  r e 
sult, however, is  m ost easily  and quickly 
accom plished by gently pulling the tick off 
with the fingers. T here  is  little  danger that 
the m outhparts will be left in the skin, so 
fa r  as m ost of the tick vecto rs of spotted 
fever a re  concerned. T here is  a definite 
danger of breaking off the m outhparts of ticks 
which have long hypostom es, such as Ixodes 
paciflcus on the w est coast and Amblyomma 
am ericanum  on southeast coast, Gulf Coast, 
and south cen tra l States. A fter rem oving the 
tick, i t  is  best to examine it to see if the th ree  
separa te  shafts of the m outhparts a re  still 
on the tick. If a sm all p a rtic le  of skin o r 
flesh  is found still attached to the m outhparts 
between the palpi, it  is evidence that no p a rts  
have been broken off in the flesh. If it  is 
found that a p a r t  has been left in the wound, 
a minute piece of flesh, sufficient to include 
the p a rt, should be rem oved e ither with fine 
s c is so rs  or a very  sharp  knife, f i r s t  s te r il
izing the instrum ent. If p a rts  a re  left in the 
flesh, the wound will be very  slow in healing 
and may even lead to ra th e r  serious com pli
cations. When forceps and s te r ile  instrum ents 
a re  available, ticks of any species can be 
rem oved easily  by pulling the tick gently so 
as to make a tent of the skin surrounding

the site  of attachm ent and then slipping the 
point of a s te r ile  needle o r knife blade under 
the m outhparts. The instrum ent is  then ra ised , 
thus rem oving the m outhparts with a minimum 
of tissue . The s ite  of the bite should be 
trea ted  with iodine o r some other antiseptic to 
p reven t a secondary infection. A s ilv e r n itra te  
pencil, which can be obtained at m ost drug
s to re s , is  convenient for outdoor use . The 
tick should be kept alive in a clean bottle or 
tin box so that it  m aybe shown to the physician 
if necessary .

Figure 3.
DERMACENTOR MOUTHPARTS

D ig it s  of Chelicera 

L Sheath of Chelicera 

-Hypostom e

' B a s is  Capituli

Figure 4.
CORRECT TICK REMOVAL

1. Grasp tick near  mouthparts  and lift  gently  upward and forward.
2. Inse r t  need le  be tween sk in  and tick and pry out t ick.
3. D is in fec t  s i t e  of b i te  immediately.

Do Not Squeeze Body of  T ick  With F o rceps  

Do Not Break Tick

Do Not Rub Site of Bite P rio r  to Complete Disinfection
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Ticks as Reservoirs of Spotted Fever
The tran so v aria l transm ission  of spotted 

fever is im portant in m aintaining the ric k e tt
siae  within a tick population. The exact im
portance of such passage va ries  between 
species of ticks. In recen t te s ts , a ll experi
m entally and naturally  invaded fem ale D. 
andersonl transm itted  R. r ick e tts i to alm ost 
100 percen t of th e ir  progeny. The r ick e tts iae  
w ere reta ined  throughout the developm ental 
stages of the f i r s t  two succeeding generations 
(Burgdorfer, 1963). T ransovaria l passage of 
R. rick e tts i occurred  in only 30 to 40 percen t 
of infective fem ale D. v a rla b ilis , and the 
num ber of invaded eggs from  each fem ale 
varied  widely: only 2.5 to 5 pe rcen t of the 
eggs w ere invaded in about a th ird  of the 
ca ses ; only 10 to 20 percen t of the eggs 
w ere invaded in about half of the ca ses ; and 
about 25 to 50 percen t of the eggs w ere in
vaded in the rem aining sixth of the cases . 
The resu lting  larvae, nymphs, and adults con
tained r ick e tts iae  in about the sam e propor
tion (P rice , 1954).

It would appear that tran sovaria l passage 
of R. r ic k e tts i to offspring of D. andersoni 
and the sim ultaneous feeding of infective and 
norm al ticks on host anim als rep re sen t 
efficient m echanism s by which th is agent is 
d issem inated naturally . It would seem  logical, 
therefore , to find a re la tive ly  high percentage 
of infective ticks in a re a s  w here spotted fever 
is  endemic. In the B itter Root Valley of Mon
tana, however, where the ecology R. r ic k e tts i 
has been studied longest, an average of only 
1 to 3 percen t infective ticks has been r e 
ported . The highest percentage ever recorded  
was 13.5 percen t in ticks collected on the west 
side of the valley (Burgdorfer, 1963; Philip, 
1959).

T ransovaria l passage can supplem ent 
transm ission  by an infective tick to a v e rte 
b rate  host, but, in the absence of a suitable 
infected host, cannot indefinitely m aintain 
spotted fever in a tick population. T ranso 
v aria l passage can s ta r t  new lines of in
fective ticks and d istribu te  R. r ic k e tts i widely 
in a tick population. In addition, an infective 
m ale can p ass  R. rick e tts i to a norm al 
fem ale during copulation, thus facilitating  in
vasion of the eggs a t the sam e tim e. F u rthe r
m ore, an infective m ale may m ate with and 
allow the r ick e tts iae  to invade m ore than one 
fem ale, thus s ta rtin g  severa l new lines of 
infective ticks.

In terstad ia l passage is the ability of the 
rick e tts iae  to pass  through the egg to the 
larva l stage, o r, if acquired during the larval 
o r nymphal stage, to pass  on to subsequent 
stages. In terstad ia l passage m aintains, as well 
as d istribu tes, spotted fever in a tick  popu
lation. It is  very  im portan t in d istribu ting  
spotted fever to verteb ra te  hosts. Spotted fever 
is  ra re ly  transm itted  by the development stage 
which acquired the organism . Hard ticks 
usually  feed to repletion in one uninterrupted 
feeding, then do not feed again while in that 
stage. Thus, a tick could not norm ally  tra n s
m it R. rick e tts i without in te rstad ia l passage.

The ability  of ticks to survive adverse 
w eather conditions contributes to the m ain
tenance of spotted fever within a tick popu
lation. In general, the larval and nymphal 
stages of a th ree -h o st tick usually  have to 
feed within a y ear and ra re ly  survive the w inter 
without a blood m eal. The adult, however, can 
usually  survive fo r two or th ree y ea rs  without 
feeding. This ability of the tick to survive thus 
enables R. r ic k e tts i to survive the w inter, and 
also  m aintain the r ick e tts iae  for long periods 
of tim e in the absence of a suitable v e rteb ra te  
host.

Adults of D. varlab ilis  have been found 
to live th ree  y e a rs  without a blood m eal. In 
an experim ent, D. varlab ilis  larvae  w ere fed 
on guinea pigs which w ere infected with a 
s tra in  of R. r ic k e tts i of low virulence. Several 
lo ts of these ticks w ere kept in longevity 
tubes which w ere placed in the ground in 
October, two weeks after molting to adults. 
The tubes w ere rem oved at the end of A pril 
and kept on the ground under shady foliage. 
This cycle was repeated. At two-month in te r
vals, 12 ticks from  each lot w ere tested  in 
groups of 4 for rick e tts iae . All lo ts began to 
lose their infectiveness quite rapidly  after 8 
m onths. None of the ticks showed any rick e tt
siae  by the end of 16 months. F u rthe r tes ts  
w ere conducted to determ ine if rick e tts iae  
could be dem onstrated  in these ticks. All lo ts 
w ere negative (P rice , 1954).

Factors Affecting Spotted Fever Infection Rates
A focus of infected ticks is  re la tive ly  

fixed and localized. W idespread epidem ics, 
such as those associated  with some m osquito- 
borne d iseases, therefo re , have not occurred .

In the w estern  endemic States, the main 
vecto r of spotted fever is  D. andersoni. Adults 
of th is tick feed p rim a rily  on large  wild
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m am m als (mountain goat, deer, elk) as well 
as range cattle , while the im m ature stages 
feed p rim arily  on sm all wild rodents. This 
feeding p reference  tends to keep the ticks 
away from  a re a s  of human habitation, since 
the host anim als a re  m ost frequently found 
in a re a s  away from  human habitation. In the 
e a s te rn  endemic States, the main vector is 
D. v a riab llls , a much m ore dom esticated 
tick. Adults of this tick  feed on dogs, cows, 
and h o rses , while the im m ature stages feed 
on sm all rodents such as meadow voles, and 
rabb its. This feeding p reference  tends to 
bring  the ticks into a re a s  around human 
habitation, since the host anim als a re  f re 
quently found in a re a s  around human habi
tations. This d ifference in tick ecology seem s 
to p a rtly  account for the higher human inci
dence repo rted  fo r the easte rn  endemic States 
than for the w estern  endemic States.

Annual incidence of spotted fever de
pends partly  on the abundance of infected 
ticks, p artly  on m eteorological conditions, and 
partly  on unknown facto rs.

No m arked co rre la tio n  has been observed 
between the abundance of ticks and the preva
lence of cases . It is  probable that p revalence 
of infection, o ther fac to rs  being equal, is m ore 
c losely  re la ted  to the percentage of ticks 
containing sym ptom -provoking rick e tts iae  than 
to tick abundance.

It is probable that spotted fever seldom 
dies out in a locality un less agricu ltu re  be
com es so intensified that the wild anim al hosts 
necessa ry  to m aintain a tick population a re  
essen tia lly  exterm inated. As ag ricu ltu re  de
velops, there  is  likely to be a drop in p rev
alence in some a re a s  and an increase  in 
o thers (P arker, 1933).

As agricu ltu re  declines in an a rea  and as 
fa rm s o r even portions of farm s a re  re tire d  
from  cultivation, g ra sse s , weeds, and shrub 
growth very soon occupy fields that have been 
tilled  for years . The vegetative cover provides 
an environm ent well adapted to support large 
populations of the meadow vole (one of the 
principal hosts of the im m ature ticks) as well 
as o ther less-favo red  hosts. The sam e tra c ts  
afford b e tte r protection for foxes and other 
wild anim als which serve  as hosts for adults 
than did the original, c leared  fields. This 
increase  in favorable environm ental a re a s  
naturally  supports a g re a te r  population of 
rodents, and, consequently, of ticks that a re  
dependent upon such hosts for survival 
(M acCreary, 1945).

M eteorological conditions affect the abun
dance of ticks. Very dry y ea rs  a re  unfavorable 
fo r ticks, resu lting  in a reduction in the tick 
population, and thus in few er infected ticks. 
T icks are  also  not as active in dry y ea rs , so 
the probability  of an infected tick finding a 
human host is also  reduced. Conversely, very 
wet y ea rs  a re  very  favorable for ticks, r e 
sulting in an increase  in the tick population, 
and thus an in crease  in infected ticks. Ticks 
a re  also m ore active in very wet y e a rs , so the 
probability  of an infected tick finding a human 
host is  also  increased .

Tick Vectors of Spotted Fever
The ticks which a re  vecto rs of spotted 

fever a re  hard  ticks, m em bers of the fam ily 
Ixodidae. Spotted fever is  spread  by ticks: 
D erm acentor anderson i, D. v a ria b ilis , D. oc- 
c identalis, D. parum apertus, Amblyomma 
am ericanum , and Haem aphysalis lepo rispa l- 
u s tr is .  These ticks feed on rabb its and various 
rodents as well as  o ther anim als. All a re  th re e -  
host ticks which tran sm it spotted fever from  
m am m al-to-m am m al, and also from  tick -to - 
tick via tran sovaria l and in te rstad ia l passage.

The A m erican dog tick, D. v a ria b ilis , is 
the p rincipal vector of spotted fever east of 
the Rocky M ountains. This tick  is  widely 
d istribu ted  e a s t of the Rocky Mountains and 
is  also  found on the Pacific Coast, as shown 
by the accompanying map. Its  life cycle r e 
qu ires from  4 to 12 months. Most adult ticks 
attach to and engorge on m edium - to la rg e 
sized anim als. The p re fe rre d  host is  the 
dom estic dog. Adult ticks a re  also occasionally 
found on ca ttle , h o rses , ca ts , and foxes, and, 
exceptionally, on sm alle r  m am m als. While the 
adult ticks attach to man, man is  no m ore 
than an accidental o r s tray  host. The larva l 
and nymphal stages engorge p referab ly  on 
sm all m am m als, especially  meadow voles and 
white-footed m ice. The larval ticks never bite 
man, while a few attem pts by nymphal ticks to 
engorge on man have been recorded.
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Figure 6.
AMERICAN DOG TICK (DERMA CENTOR VARIABILIS)

The Rocky Mountain wood tick, D. 
andersoni, is  the principal vector of spotted 
fever in the Rocky Mountain States. This tick

is  found in the Rocky Mountain region, as 
shown by figure 7. Its life cycle req u ires  
2 to 3 y ea rs . Adult ticks attach to and engorge 
on h o rses, cattle , sheep, mountain goats, 
deer, elk, b ea rs , and coyotes. The larva l and 
nymphal ticks feed m ainly on ground sq u irre ls , 
chipmunks, pine sq u irre ls , and m ice. Only 
the adult tick b ites man.

Figure 8.
DERMACENTOR ANDERSONI ROCKY MOUNTAIN WOOD TICK

The lone s ta r  tick, Amblyomma am eri-  
canum , is the p rincipal vector of spotted fever 
in the south cen tra l and Gulf Coast States.

This tick is  abundant in the Gulf Coast States, 
and is  plentiful along the South Atlantic Coast 
and in p a rts  of Oklahoma, A rkansas, and 
M issouri, as shown by figure 9. Its life cycle 
req u ires  about 2 y ea rs . This tick shows little  
host p reference. All stages bite man and other 
la rg e  m am m als, notably deer, cattle , ho rses, 
and dogs. Adult ticks do not commonly occur 
on the sm alle r  m am m als, but both larval and
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nymphal stages feed on rabb its, sq u irre ls , 
foxes, raccoons, and skunks, as well as quail 
and wild turkeys.

Figure 10.
AMBLYOMMA AMERICANUM LONE STAR TICK

The rabb it tick, Haem aphysails lep o rls-  
p a lu s tr is , is  one of the m ost common and 
widely d istribu ted  ticks in North A m erica. It 
is  found in all of the United States of A m erica 
except possibly Hawaii. Its life cycle req u ires  
about 75 days. Although the rabbit tick  ra re ly  
b ites man, it  is  very  im portant in the natural 
m aintenance of spotted fever. The rabb it tick

Figure 11.
HAEMAPHYSALIS LEPORISPALUSTR1S RABBIT TICK

is  the only tick which occurs in all p a rts  of 
North A m erica where spotted fever has been 
recognized. It in fests num erous species of 
rabb its, h a re s , and ground-frequenting b irds. 
Its m ost im portant hosts a re  the snowshoe 
rabb its, cottontails, and ruffed grouse. All 
stages can be found on the sam e host.

The “ rabb it de rm acen to r,”  D. parum - 
ap ertu s , is  m ost abundant in w estern  Texas, 
southern New Mexico, Arizona, and California, 
and fa irly  abundant in some p a rts  of Utah and 
Nevada. Its range is  shown in figure 12.

Its  life cycle req u ire s  about 12 months. Jack 
rabb its  a re  the principal hosts of larvae, 
nymphs, and adults, partly  because of the 
g re a te r  abundance of these m am m als in the 
d e se r t  regions inhabited by th is tick. Other 
kinds of rabb its  a re  excellent hosts. This 
tick ra re ly  b ites man or dom esticated anim als, 
but is  im portant in the natural m aintenance of 
spotted fever.

Figure 13.
DERMACENTOR PARUMAPERTUS RABBIT DERMACENTOR

The Pacific  Coast tick, D. occidentalis, 
is  a common wood tick  in w estern  C alifornia 
and southw estern Oregon. Its  range is shown in 
figure 15. Its  life cycle req u ires  about 3 
months. D eer, cattle , and ho rses  a re  the
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Figure 14.

principal hosts of the adult ticks, although 
th is tick frequently b ites man. Rabbits and 
sm all rodents a re  the principal hosts of the 
larva l and nymphal stages. The nymphs will 
attach to ca ttle  and ho rses and have attem pted 
to bite man. This tick is  a suspected vector 
of spotted fever.

SPOTTED FEVER SURVEYS: MAMMALS

Surveys may be made to determ ine which 
m am m als a re  serving as re se rv o irs  of spotted 
fever. Some specim ens should be collected for 
identification. L ive-catch  trap s  should be used 
to take the anim als alive. The anim als a re

SPOTTED FEVER

Ticks suspected of being infected with 
spotted fever can be collected from  host 
anim als, by using a flannel drag o r by a new 
technique using dry ice. The fluo rescen t-

anesthetized, ec toparasites  collected, and a 
blood sam ple taken. The se ra  is  separa ted  
from  the whole blood, frozen, and sen t to a 
labora to ry  for com plem ent-fixation tes ts . 
These surveys a re  mainly used for resea rch .

SURVEYS;: TICKS

antibody technique is  used to determ ine the 
p resence  of R. r ic k e tts l in these ticks. These 
surveys a re  m ainly used for re se a rc h .

SPOTTED FEVER: DISTRIBUTION AND INCIDENCE

Spotted fever is known to occur in the 
United States, Canada, Mexico, and South 
Am erica.

In recen t y ea rs  (1960 tom id-1965) spotted 
fever has been repo rted  from  44 States of the 
United States of A m erica, being unreported 
from  Alaska, Connecticut, Hawaii, Maine, 
Vermont, and W isconsin. Spotted fever has 
never been repo rted  from  Alaska, Hawaii, 
Maine, and Vermont. This distribution of cases  
is  shown in figures 16 and 17.

Spotted fever has been reported  in each 
month of the year. Most of the spotted fever 
c a ses  a re  reported  in late  spring and sum m er,

corresponding to the activity period  of the tick 
vecto rs.

The seasonal distribution of spotted fever 
in the United States, and in the Appalachian 
States, builds to a peak in June and rem ains 
high through August, while in the Mountain 
States spotted fever peaks in May through 
July, thus reflec ting  the e a r l ie r  period of 
activity  of the tick vecto rs . This is illu s tra ted  
in figure 18.

The repo rted  incidence of spotted fever, 
1960-64, was 1,106 cases  (221/year). The 
num ber of cases  of spotted fever repo rted  have 
declined from  alm ost 600 c ases  yearly  in 
1946 and 1947, to le s s  than 300 cases  annually, 
1954-64.
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Figure 16.
ROCKY MOUNTAIN SPOTTED FEVER CASES 

1951-55

Figure 17.
ROCKY MOUNTAIN SPOTTED FEVER

C o un ties  With 1 or More Reported C a s e s ,  United S ta tes ,  1963

Figure 18.
SEASONAL DISTRIBUTION, REPORTED CASES OF SPOTTED FEVER, 1962-1963

The Mountain States reported  19 cases  
of spotted fever in 1964 and 82 cases  during 
the period 1960-64; the Appalachian States 
reported  169 c a ses  in 1964 and 715 cases  
during 1960-64.

The incidence of reported  cases  of spotted 
fever for the en tire  continental United States 
was about 1 and 1.5 cases  p e r  m illion popu
lation for the periods 1960-64 and 1964, 
respectively . Twelve States repo rted  an in
cidence of spotted fever a t lea s t twice that of 
the national incidence: Colorado, Idaho, Mon
tana, and Wyoming of the Mountain States; 
Oklahoma of the southw estern States; and 
Delaware, D is tr ic t of Columbia, Georgia, 
M aryland, North Carolina, T enessee, and 
V irginia of the southeastern  States. V irginia, 
North Carolina, and Montana repo rted  the

highest incidence of spotted fever during this 
period.

Most of the cases  of spotted fever in the 
Rocky Mountain S tates occur in men, while in 
the southeastern  States about as many cases  
of spotted fever occur in women and children 
as in men, as shown by the data in Table 2. 
The distribution of the cases  by sex and age 
can be explained by the habits of the tick 
vecto rs . The tick vector in the Rocky Moun
tain States is D. andersoni, which is  found 
in a re a s  away from  human habitation, thus the 
only persons exposed a re  those who en ter 
these a reas , e ither through occupation o r for 
rec rea tio n . The tick  vector in the ea ste rn  
States is  D. v a ria b ilis , which is  alm ost a 
dom estic tick, being found frequently around 
human habitations.
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Table 6.—Distribution and incidence of reported cases of Spotted fever in the 
United States of America, 1960-64 and 1964

State
Estimated 1962 
population in 

millions

Cases reported Cases/million/year

1960-64 1964 1960-64 1964

Alabama ........... ........................................................................ 3.4 24 4 1.41 1.18
0.2

Arizona...................................................................................... 1.5 1 0.12
Arkansas .................................................................................... 1.8 18 2 2.00 1.11
California.................................................................................... 17.0 7 3 0.08 0.17
Colorado .................................................................................... 1.9 27 7 2.84 3.68

2.6
Delaware.................................................................................... 0.5 7 2 2.80 4.00
District of Columbia................................................................ 0.8 10 3 2.50 3.75
F lorida ....................................... ,. . * ..................................... 5.5 4 1 0.14 0.18
Georgia...................................................................................... 4.1 63 17 3.07 4.15

Idaho............................................................................................ 0.7 10 2 2.85 2.85
I ll in o is ......................................... ........................... ................ 10.1 29 7 0.57 0.69
Indiana...................................................................................... 4.7 36 18 1.53 3.83
Iow a............................................................................................ 2.8 4 0.28
Kansas ...................................................................................... 2.2 9 3 0.82 1.36
Kentucky................................................................................... 3.1 28 3 1.80 0.97
Louisiana................................................................................... 3.3 1 1 0.06 0.30

1.0
Maryland .................................................................................... 3.1 64 18 4.09 5.81
Massachusetts........................................................................... 5.2 4 2 0.16 0.38

8.0
Minnesota.................................................................................... 3.5 2 0.11
Mississippi................................................................................. 2.2 3 2 0.27 0.91
Missouri ................................................................ ................... 4.3 8. 1 0.37 0.23
Montana .................................................................................... 0.7 18 6 5.14 8.57
Nebraska.......................................................... ......................... 1.5 1 0.13
Nevada ...................................................................................... 0.3 2 1.33
New Hampshire............................ .. ......................................... 0.6 1 0.33
New Jersey................................................................................. 6.2 31 16 1.00 2.58
New M exico .............................................................................. 1.0 2 0.40
New York.................................................................................... 17.4 28 2 0.32 0.11
North Carolina........................................................................... 4.7 162 43 6.89 9.15
North Dakota.............................................................................. 0.6 2 1 0.67 1.67
O hio............................................................................................ 10.1 38 12 0.75 1.19
Oklahoma.................................................................................... 2.4 43 8 3.58 4.06
Oregon......................................................................................... 1.9 9 2 0.95 1.05
Pennsylvania . . . . ................................................................ 11.4 38 15 0.67 1.32
Rhode Island.............................................................................. 0.9 1 0.22
South Carolina........................................................................... 2.4 15 2 1.25 0.83
South Dakota.............................................................................. 0.7 3 1 0.86 1.43
Tennessee ................................................................................. 3.6 98 28 5.44 7.78
Texas ......................................................................................... 10.1 8 2 0.16 0.20
U tah............................................................................................ 1.0 5 1 1.00 1.00

0 4
Virginia ...................................................................................... 4.2 206 35 9.81 8.33
Washington................................................................................. 3.0 2 0.13 • • • •
West V irgin ia ........................................................................... 1.8 17 4 0.89 2.22
Wisconsin .................................................................................... 4.1
Wyoming...................................................................................... 0.4 17 3 8.50 7.50

United States to ta l................................................................... 185.6 1,106 277 1.19 1.49
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PREVENTION: GENERAL
Spotted fever, ecologically entrenched in 

the United States of America, constitutes a 
perpetual hazard to the American people. Yet, 
with present knowledge, eradication of the 
disease does not seem economically feasible.

There are a number of things that can be 
done to minimize the hazard of spotted fever 
both now and in the future:

1. Human contacts with infected ticks can 
be minimized, particularly  during the 
period of maximum incidence of 
spotted fever, by thoughtful scheduling 
of recreational activities, jam borees, 
encampments, and outdoor conven
tions.

2. Human contacts with infected vectors 
can be limited by environmental and 
chemical control at sites regularly 
visited by large numbers of people.

3. Reduction in spotted fever infection 
in humans is possible by promoting 
prompt and proper tick removal from 
humans,

4. Human incidence of spotted fever can 
be reduced by proper and careful 
deticking of dogs and other domestic 
animals.

5. Personnel in laboratories and clinics 
where spotted fever organism s are 
being handled or where they might be 
encountered unexpectedly should ex
erc ise  extrem e caution.

6. The etiology, epidemiology, and sta
tus of spotted fever in the United 
States of America should be further 
investigated, knowledge developed in 
other countries in controlling tick- 
borne rickettsial diseases should be 
interpolated, to thereby increase 
knowledge and competence in con
trolling spotted fever.

7. A coordinated disease control pro
gram  can be initiated, using any and 
every economically feasible tech
nique, evaluating each technique 
insofar as possible by its effect on 
spotted fever, and watching for any 
other effective technique which can be 
used.

8. Citizens in areas of high incidence 
can be alerted to the spotted fever 
hazard by education. This education 
can best be accomplished through the 
public schools.

PREVENTION: MAMMAL CONTROL

Mammal control has not effectively re -  past, and does not appear to be economically 
duced the incidence of spotted fever in the feasible at the present time.

PREVENTION: TICK CONTROL
Ticks suck blood and transm it spotted 

fever, tularem ia, relapsing fever, and other 
diseases to man. Toxic tick saliva may cause 
paralysis in man. Hard ticks harbor on and 
under vegetation; soft ticks, in or near the 
host’s nest. Either may infest homes. Re
move attached ticks with care. Disinfect the 
bite. In disease areas, or if bite reaction is 
severe, consult a physician.

An individual may obtain some degree of 
protection against ticks by keeping the clothing 
buttoned, by tucking the trouser legs into the 
tops of the socks or boots, and by tucking the 
shirttail into the trousers. The individual 
should avoid sitting on the gound or on logs in 
brushy areas. Inspecting the clothing and 
body and removing ticks before they attach 
will protect against exposure to spotted fever, 
tick paralysis, and other tick-borne diseases.

Clearing or burning brush along paths and 
keeping weeds and g rass cut in recreational 
areas reduces the likelihood of tick infesta
tion. In residential a reas closely-cut lawns 
and well-kept yards help control both ticks and 
their small rodent hosts.

If ticks become attached, the sim plest 
method of removing them is by a slow steady 
pull (using tweezers or forceps, not bare 
hands) that will not break off the mouthparts 
and leave them in the wound. There is no 
certain  way to make a tick detach its mouth- 
parts. Certain m aterials have been found, 
through experience or experimentally, to cause 
a tick to loosen its mouthparts. All of these 
m aterials, however, do require a period of 
time, so it is best to simply remove the tick 
with tweezers or forceps. An antiseptic should 
always be applied to tick bites just as to
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other open wounds. If the hands have touched 
the tick during removal, wash them thoroughly 
with soap and water since the tick secretions 
may be infective.

Many repellents have been tested against 
ticks, but no known chemical is effective 
against all species. The application of a re 
pellent to exposed skin provides little protec
tion against ticks since they crawl underneath 
clothing and attach on untreated portions of the 
body. The application of repellents to the entire 
body might prevent attachment for a few hours, 
but such extensive treatm ents are  im practical 
and might be injurious. For these reasons, 
clothing treatm ents with repellents are  sug
gested instead of skin treatm ents. Indalone, 
diethyl toluamide, dimethyl carbate, dimethyl 
phthalate, and benzyl benzoate provide up to 
90 percent protection. The repellency of M- 
1960, the present m ilitary clothing treatm ent, 
to ticks is due prim arily  to the presence of 
butylacetanilide, although the benzyl benzoate 
and butyl ethyl propanediol are also moderately 
good tick repellents. Clothing should be 
saturated with a solution or emulsion of the 
repellent by dipping the garm ent into it or by 
pouring on enough to saturate the garment. 
A five percent solution or emulsion will pro
duce a deposit of about 2 gram s a square foot 
on denim, ordinary cotton khaki or light wool 
clothing. About three pints are  required to wet 
thoroughly a complete outfit of sh irt and 
trousers  of these fabrics. After the clothing 
has been wetted, it should be wrung out by 
hand, hung outdoors, and allowed to dry 
thoroughly before it is worn. Properly treated 
clothing will provide good to excellent protec
tion against ticks, as well as chiggers and 
mosquitoes, for several days to a week if it 
is not subjected to wetting by rains or by 
wading in stream s or lakes. Clothing should 
be thoroughly washed and re -trea ted  at weekly 
intervals or before infrequent outdoor excur
sions.

Many of the ticks in an infested area can 
be controlled by applying an insecticidal spray 
or dust to the ground or vegetation. The most 
satisfactory m aterial for this purpose is DDT, 
as it provides a high initial kill and a lasting 
residual action. It may be applied as a spray 
or as a dust, whichever is more convenient. 
By either method, from two to three pounds of 
DDT per acre should be applied.

It is usually necessary to spray only along 
paths and roadsides where ticks are  found,

or are  likely to occur. Where ticks appear on 
dogs or man frequently, all the paths, road
sides and edges of open lawns and fields 
should be dragged. If the area  is large, the 
spraying may then be confined to the spots 
shown by observation and dragging to be 
heavily infested. If the area  is small, all the 
suspected paths, roadsides, and edges of open 
places may be sprayed without undue expense.

To spray large areas indiscriminately is 
wasteful and unnecessary. Furtherm ore, where 
wide, continuous areas are treated, solutions 
that are too weak for effective tick control 
sometimes have to be used to avoid danger 
or injury to wildlife.

The equivalent of one-third of an ounce of 
pure DDT spread over a strip  of roadside 
vegetation 100 feet long and 2 feet wide is a 
dosage which has produced good tick control 
for several weeks. This is conveniently applied 
in small areas w ith a l-  to 3-gallon compressed 
a ir  sprayer at a rate  of about 3 m iles per 
hour (100 feet in about 23 seconds). Where 
long stretches of roadside are  to be treated, 
power equipment may be used to advantage. 
Twenty-four gallons of a 2.5 percent emulsion 
will trea t a strip  4 feet wide and 2 m iles long.

Even heavier dosages could be used with
out danger to wildlife when applied to narrow 
roadside strips. If the f irs t treatm ent is ap
plied early  and if the tick population builds up 
again because of reinfestation, a second treat
ment may be necessary after several weeks.

Dogs and cats may be freed of ticks, 
using a liquid or dust containing about 0.75 
to 1 percent rotenone, or dusts containing 
3 to 5 percent malathion. Dogs, but not cats, 
may also be treated with dusts containing 1 
percent lindane, 2 to 3 percent chlordane, or 
5 percent DDT.

A new development in the control of ticks 
on dogs is the use of one of the less toxic 
organic phosphate insecticides, ronnel, as a 
system ic insecticide. In pill form this is sold 
only by or on order of a licensed veterinarian. 
For a 10-pound dog, one 500 m illigram  tablet 
is adm inistered every two days for four 
treatm ents, then 1 tablet weekly thereafter to 
prevent reinfestation.

Tick control is economically feasible and 
bionomically practical only on lim ited areas 
or along human pathways.
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