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In s tud ies of early  outbreaks of Q fever in Aus
tra lia  and Europe, various sources of infection were 
suggested , but the epidemiology rem ained somewhat 
obscure. A ustralian c a se s  were asso c ia ted  with 
contact with ca ttle ; however, natural infection in 
ca ttle  w as not dem onstrated with certain ty  (1-3). 
In the United S ta tes, an outbreak occurred in 1946 
among slaughterhouse em ployees in Amarillo, T ex. 
A single shipment of ca ttle  was presumed to be 
the source of infection in th is  outbreak, but again, 
the natw ally  infected source could not be identi» 
fied . In the spring of 1947, observations by Young
(4) provided evidence of an endemic focus of infec
tion in southern C alifornia. He observed ca se s  of 
Q fever, diagnosed clin ica lly  and la ter confirmed 
sero logically , following arid seaso n s and dust 
storms. A brief field study by Shepard and Huebner
(5) d isc lo sed  additional c a se s , and furthermore, 
serologic evidence of infection in dairy ca ttle  was 
found.

Through concerted efforts of the Public Health 
Service, the C alifornia State Departm ents of Health 
and Agriculture, and the L os Angeles City and 
County Health Departm ents, an ex tensive study 
of Q fever in the L os Angeles area was undertaken. 
One of the firs t findings of th is  group w as the 
iso lation of C oxiella burnetii from the milk of a 
high percentage of dairy ca ttle  in the area (6). 
T hus, for the firs t time, the causative agent of 
Q fever was iso lated  from cattle  with which human 
c ase s  had had either d irect or indirect associa tion .

After the discovery of natural infections among 
dairy ca ttle , it became of prime importance to 
obtain a complete knowledge of the nature of Q 
fever infection in th is  sp e c ie s . Infected dairy 
ca ttle  probably had been examined on many occa
sions by practicing veterinarians , y e t they were 
unaware tha t a new d ise a se  w as presen t. The car
c a s s e s  of infected  ca ttle  had been processed  
through local packing p lan ts , yet veterinary inspec
tors had observed no unusual pathology during 
the ir post-mortem exam inations. T hus, a basic 
knowledge of the symptomatology and pathology
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of th is  d isease  w as desirab le . As a p rerequisite  
to eventual control, the pathogenesis and epi:*ae
tiology of the d isease  must be well understood.
Some of the a sp e c ts  of th is  d ise a se  possib ly  could 
be investigated  in the endemic area; however, 
because of the adverse effect on operational econ
omy, m ost dairymen were reluctan t to cooperate on 
well controlled s tu d ies . Furtherm ore, observations 
on the experim ental d ise a se  in ca ttle  would provide 
useful leads in such field  investigations as were 
possib le  to conduct. H ence, controlled experim ental 
s tud ies in the laboratory were n ecessary  to obtain 
a thorough knowledge of bovine Q fever.

EXPERIMENTAL STUDIES IN CATTLE

Experim ental s tu d ies  of Q fever in ca ttle  were 
in itia ted  by Parker and a sso c ia te s  (7-9) in mid*1947 
a t the Rocky Mountain Laboratory, Hamilton, Mont. 
The first attem pt to in fect ca lves involved four 
he ifers  inoculated in travenously, in tranasally , 
in travaginally , and by feeding contam inated bran, 
re spec tive ly . Large doses were employed, yet 
a ll four ca lves were refractive to infection.

After C. burnetii was recovered from milk of 
naturally infected  cows in California, an attempt 
was made to infect two lac ta ting  cows by inocu
lation via the te a t canal or by in jecting  C. burnetii 
in to  the mammary gland sub stan ce . Inoculated 
quarters of these cows continued to shed rickett
s iae  for extended periods, varying from 17 days 
to 200 days after inoculation.

A nonpregnant lacta ting  cow became infected 
after introduction of a mixture of a yolk-sac culture 
of C. burnetii and semen (artific ia l insem ination) 
into the cerv ical canal. The milk of a sing le  quarter 
became infectious and remained so for more than 
400 days.S ince the urine of th is  cow was infectious 
for a brief period after inoculation, i t  was postu 
lated , at that time, that infection may have occurred 
through contam ination of the te a t orifice with 
infective urine. T hese  were the f irs t su ccessfu l 
attem pts to in fect lac ta ting  cows.

The symptomatology of the experimental d ise a se  
in ca ttle  has varied considerably, depending upon 
the dosage and stra in  of C. burnetii, and upon the 
route of inoculation. Cows inoculated with the 
Nine Mile s tra in  of C. burnetii v ia the tea t canal
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m anifested no c lin ica l symptoms, w hereas cows 
inoculated by the same route with a comparable 
dosage of a C alifornia s tra in  developed c lin ica l 
symptoms of brief duration, characterized chiefly 
by m astitis , fever, depression , and anorexia. Cows 
and ca lves inoculated intraderm ally with either 
the Nine Mile stra in  or a  C alifornia s tra in  a lso  
developed c lin ica l illness«  L acta ting  cows which 
became infected after gen ita l exposure or through 
inhalation  of C. burnetii m anifested no c lin ica l 
illn e ss . In all probability , the natural d isease  in 
ca ttle  is not a s s o c i a t e d  with any m a r k e d  
symptomatology.

The pathology of the d ise a se  was studied  in 
four normal lacta ting  cows inoculated with a C ali
fornia s tra in  of C. burnetii v ia  the tea t canal, and 
sacrificed  a t varying in tervals after inoculation . 
Gross lesions a t autopsy were limited chiefly to 
the mammary gland and regional lymph nodes® 
Inoculated quarters of the cow sacrificed  during 
the acute phase of infection were very edem atous 
with heavy serous accum ulations in  the subcutan
eous tis su e  of the udder. A marked serous lympha
d en itis  was noted in the regional lymph nodes 
receiv ing lymph drainage from the inoculated quar
te rs . In cows sacrificed  during the chronic phase, 
only a serous lym phadenitis of lymph nodes receiv
ing lymph drainage from infected quarters was ob
served . H istopath©logically, a subacute in te rs titia l 
m astitis  was the most co nsisten t finding.

In early stu d ies , certain  experim ental data 
suggested  that 0  fever in ca ttle  was a localized  
infection of the mammary gland, the rick e tts iae  
gaining entrance v ia  the tea t canal. T hus, the 
milking p rocess could be an important factor in 
its  spread. To te s t th is th e s is , five cows with 
normal mammary glands were repeatedly exposed 
by dipping their te a ts  in infectious milk both 
before and after milking (hand milking). During 
and subsequent to the 9-month period of exposure, 
frequent te s ts  of milk for in fectiousness revealed  
e ssen tia lly  no evidence of infection. Furthermore, 
there w as no serologic evidence that any of the 
five cows had become infected . T hese five cows 
were then exposed in sim ilar fashion to milk con
tain ing both C. b u r n  e t i i  and Streptococcus 
agalactiae  for a period of 4/2 months. T h is was 
done to ascerta in  w hether concurrent bacteria l 
m astitis  predisposed ca ttle  to Q fever infection, 
and also  to determine whether these  cows would 
contract strep tococcal m astitis , a d isease  whose 
portal of entry is the te a t canal. Three anim als 
acquired strep tococcal m astitis , w hereas none

contracted Q fever. On the b as is  of th is  experi
ment, it appears that the p rocess of hand milking 
is  n o t  an important factor in the cow-to-cow 
spread of 0  fever.

In view of the negative re su lts  obtained in the 
preceding experim ent, other probable rou tes of 
infection were explored. Two lac ta tin g  cows were 
exposed by supraconjunctival in stilla tio n  of 0.1 mi, 
of a SO'4 d i l u t i o n  of a  y o l k - s a c  culture o:. 
C. burnetii (California stra in ). After such exposure 
and an additional one given 61 days la ter, e s se n 
tia lly  no evidence of infection w as dem onstrated 
in either cow.

The sp inose ear tick , Otobius megnini Duge, is  
indigenous to southw estern United S ta te s  and there
fore includes both endemic areas in T exas and 
C alifornia. Je lliso n , et al. (10) reported the iso
lation  of Q fever r ic k e tts ia e  from tick s  of this 
sp ec ies  collected from ca ttle  on infected dairies 
in southern C alifornia. Although the ro le  of this 
tick in the epizootiology of Q fever has not been 
thoroughly investigated , laboratory attem pts to 
transm it Q fever to ca ttle  with th is  tick have been 
e ssen tia lly  negative. Of four cows which were 
h o sts  to the infected nymphs or larvae which were 
progeny of infected fem ale tick s, only one develop
ed specific  complement-fixing antibodies; however, 
C. burnetii w as not recovered from either milk or 
blood of th is  cow.

The dermis of ca ttle  read ily  supports the growth 
of C. burnetii. T h is  was f ir s t  dem onstrated in two 
bull calves inoculated intraderm ally with 1 ml. of 
a  10 percent yolk-sac cu lture . T hese calves ex
perienced a febrile reaction  and a ricke ttsem ia  of 
brief duration, and local skin lesions were pro
duced at the s ite  of inoculation. Similar re su lts  
were obtained in a lac ta tin g  pregnant cow exposed 
by the same route. Other observations on th is  cow 
included the following: (a) abortion occurred the 
7th day after inoculation and C. burnetii were 
recovered from the p lacen ta , (b) the milk of all 
quarters contained Q fever rick e tts iae  for about 
2 w eeks, and (c) the urine, particularly  during the 
3d w e e k  after abortion, was infectious. .The 
presence of C. burnetii in the urine could represen t 
ac tua l  e l im ination  of the organism in the urine or 
C o n t a m i n a t i o n  with postparturient uterine 
d isc h a rg e s .

Since the air-borne spread  of Q fever r ick e tts iae  
w as suggested in previous outbreaks of Q fever, 
it  was desirab le  to determ ine whether ca ttle  could 
be infected by inhalation  of C. burnetii. In the 
first attem pt, a pregnant lac ta tin g  cow was exposed
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