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Studies On Q Fever: Persistence of Complement-Fixing Antibodies After
Naturally Acquired Infection.*

S. EDWARD SULKIN AND E,LIAS STRAUSS.

From the Department of Bacter'iology and 11nn~~(;nology and the Depart'lnent of Med'icine,
Southwestern Medical College, Dallas, Texas.

lVlost of the information available with re­
gard to the persistence of eomplement-fixing,
agglutinating, or neutralizing antibodies in
Q fever has come :from the study of infections
acquired accidentally by laboratory workers.
Bengtsonl demonstrated the persistence of
complement-fixing antibodies in the sera of
2 laboratory workers 10 months after infec­
tion with Q 'fever. Huebner2 reported that
14 individuals infected with Q fever in 1940
at the laboratory of the National Institute of
Health escaped infection in the 1945-1946
outbreak. However, some of these individuals
presumably were exposed to the agent in the
laboratory at various times betw,een the 1940
and 1946 outbreaks, and in addition, some of
them may have been immunized with a vac­
cine which, it is believed, had some pro­
tective effect against R. burneti. In the Q
fever outbreak in the Respiratory Diseases
Commission laboratory,3 rickettsial agglu­
tinin titers tended to decline after 2 months
but in some cases were detectable 3 to 4
months after infection.

Little information is available concerning
persistence of antibodies following Q fever
acquired under natural conditions. Austra­
lian workers4 demonstrated rickettsial agglu­
tinins in the sera of 2 individuals 17 months
after naturally acquired Q fever; complement­
fixation tests were not performed.

An outbreak of Qfever acquired under
natural conditions at Amarillo, Texas, in

* These studies are being aided by grants from
the Lederle Laboratories Division, American
Cyanamid Company, Pearl River, N.Y., and the
Rose Lampert Graff Foundation, Los Angeles,
California.
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March, 1946,'6 presented an opportunity to
obtain data on the persistence of comple..
ment-fixing antibodies against R. burneti. It
was felt that 'Such data would be of value in
the interpretation of the results of serological
surveys for Q fever.5

The technique of the complement-fixation
test, employing as antigent yolk sacs of em­
bryonated eggs infected with R. burneti
(American Nine Mile), is described else­
where.5 The end point 'Of the test was read
as the highest serum dilution showing at least
3+ fixation.

Post-convalescent blood specimens were
obtained from a group of 17 persons who
were ill with Q 'fever in March, 1946. The
diagnoses were established on the basis of
clinical illness compatible with Q fever, iso­
lation of R. burneti from the blood of several
patients, and a rise in titer during con­
valescence of complement-fixing or neutral­
izing antibodies for R. burneti.6 The blood
samples obtained 5 to 7 weeks after onset of
illness were tested in the laboratories of Dr.
Herald R. Cox of Lederle Laboratories Divi-

3 Commission on Acute Respiratory Diseases,
.Am. J. Hyg., 1946, 44, 123.
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J. V., J. A. M. A., 1947, 1,33, 813; b. Irions, J. V.,
and Hooper, John M., J . .d. M . .d., 1947, 13,3, 815;
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t The authors are indebted to Dr. Herald R.
Cox, Virus and Rickettsial Section, LederIe Labora­
tories Division, American Cyanamid Company, for
generously supplying the yolk sac antigen (lot No.
Q 9M-5-16) used in these studies.
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TABLE I.
Persistence of Oomplement-Fixing Antibodies
Against R. burneti Antigen in :Subjects III with

Naturally-Acquired _9 Fever.

Titer recorded as highest serum dilution yielding
3+ ,or greater fixation.

* Not tested in dilution greater than 1: 32.
+ Positive C.-F. test; titer unknown.
t 8 was lowest serum dilution measured.

--- Nat tested.

sion, American Cyanamid Company, and Dr.
J. V. Irons, Texas State Health Department.
Elevated titers of complement-fixing anti­
bodies were present for 17 months after in­
fection' as shown in the accompanying table.
In all but 3 subjects tested 6 months after
illness, titers of 32 or greater 'were obtained;
in only one subject did the titer fall below 8.
Likewise, 17 months after infection, titers
of 32 or more were obtained in the serum
of 5 of the 7 individuals tested.

An of the complement-fixation tests vverc
perfor,med with antigens of the same strain
of R. burneti prepared from the infected yolk
sacs of embryonated ,eggs. However, different
lots of antigen were used for the tests on the
,early (5-7 weeks) convalescent specimens and
the late or post-convalescent specim,ens (6 and
17 months). It is recognized that exact com­
parison cannot be made of titers obtained in
different laboratories or even in the same
laborator,y at different times. Nevertheless,
experience has indicated that the general
trend of the titers has Icomparative signifi­
cance.

Discussion. The demonstration that high

Titer at indicated time after illness

titers of complement-fixing antibodies may
persist for 17i years after naturally acquired
Q fever is important in both clinical and epi­
demiological studies of this disease. The
clinical diagnosis of Q fever is difficult,
particularly in sporadic cases. Diagnosis
depends largely on the isolation of the rick­
ettsia or on the results of serological studies.
Because antibodies may persist for long per­
iods the results of serological studies made
during convalescence from a presumed attack
of 'Q fever may be misinterpreted. As with
other serological tests, the demonstration of
a rise in antibody titer in convalescent phase
as compared with acute phase blood speci­
mens is of greater diagnostic value than a
high titer present in a single specimen ob­
tained during convalescence.

Little is known of the natural mode of
infection with Q fever in this country. It is,
therefore, conceivable that the p,ersistence of
elevated titers of antibodies in the subjects
tested may be the r,esult of ,continued con­
tact with the rickettsial agent, subsequent
to the initial illness. The unusual high titer
in case No.7, referred to in the table, sug­
gests some such mechanism.

To determine whether or not Q fever may
be endemic in the Amarillo area, 175 blood
speciInens from presumably normal in­
dividuals were tested for complement-fixing
antibodies. These blood samples were col­
lected for routine serologica'l tests for syph­
ilis and were obtained from the Amarillo City
Health Department laboratory. Approxi­
mately 8% of these specimens showed com­
plement-fixing antibodies against R. burneti.
Only 2 individuals, however, had high titers
(1 :64 or more) and it was subsequently
determined that both of these individuals had
had IQ fever during the epidemic. Clinical
histories of previous illness were not avail­
able from other subjects who exhibited posi­
tive complement-fixation in low titers, and
it is not possible, therefore, to assess the
significance of these reactions.

Summary. Complement-fixation tests using
an antigen of R. burneti (American Nine
Mile) were performed on sera from a group
of persons known to hav~ had Q fever in
1946 in Amarillo, T,exas.High titers of com-
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plement-fixing antibodies ,vere demonstrated
17 months after illness.

The authors are indebted to Dr. John ~L Hooper

and J\1:1'. Jack Wyatt of the Amarillo City Health
Depal'tnlent for their kind cooperation. The com­
plement-fixation tests ,vere perfornled by Eliza­
beth Lee Watson.
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Effect of Digitoxin On Creatinine and Histamine Output of the Isolated
Heart.*
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(Introduced by E. 1\1. K. Geiling.)
From the Department of Pharmacology, University of Chicago.

In the course of some experiments on the
isolated hearts of rabbits, cats and rats which
were perfused with digitoxin to measure the
amounts of fixation of the drug, some unex­
pected observations were made. In using the
modified Baljet reaction1,2,S to determine the
digitoxin colorimetrically, it was found that
the intensity of the color in the perfusate was
increased over that produced by the digitoxin
in the perfusion fluid. This suggested the
possibility that creatinine, which also gives
the Baljet reaction, might be present in the
perfusate. This was found to be the case.
It was also observed that the perfusate con­
tained a substance which caused a drop in the
blood pressure of an anesthetized cat and a
contraction of the isolated guinea pig in­
testine suspended in atropinized Tyrode solu­
tion. This led to the supposition that the
perfusate contained histamine. Various in­
vestigators have found that the contracting

* This work was supported by grants from the
Life Insurance Medical Research Fund and the
Office of Naval Resea.rch N6ori-20, Task Order
No. 11. The digitoxin used in this experiment vvas
kindly supplied by Dr. K. I{. Chen of the Lilly
Research Lahoratories, Indianapolis, Ind.

t Hoffman La Roche Fellow.
:f: Guggenheim Fellow.
1 Bell, J. 0., and !{rantz, F. K., J. Pharm. and

Exp. Therap., 1945, ,83, 213.
2 Krantz, F. K., and Bell, J. C., Fed. Proc., 1947,

6,346.
3 Elmquist, A., and Liljestrand, A., Acta Physiol.

Scandinav., 1946, 12, 53.
4 Eisa, E. A., J. Roy. Egyptian M. lA., 1947,
30,189.

heart muscle produces histamine; 4,5,6 ho\v­
ever, this observation could not be confirn1ed
by other workers.7 Since the creatinine and
histamine output of the heart muscle might
be related to its physiological activity, it
seemed worth while to perform experin1ents
in which the release of these 'Substances could
be correlated with the action of cardiac gly­
cosides.

Experimental. The effect of digitoxin in
a final concentration of 1:40,000 was studied
on isolated rat, cat, and rabbit heart prepa­
rations. The animals were sacrificed by a
blow on the head, and the heart ,vas im­
mediately removed and washed in oxygenated
Ringer-Locke solution. The hearts were per­
fused through the coronary arteries by n1eans
of a cannula inserted into the aorta. The
temperature of the perfusion fluid was kept
at 36-39°,C. Samples of pel!fusate were col­
lected at intervals before and after the intro­
duction of digitoxin into the system. Digi­
toxin was dissolved in 95% alcohol. Five ml
of this solution contained 25 mg which di­
luted to 1000 ml gives a final concentration
of 1: 40,000. Control measurements showed
that this amount of alcohol did not affect the
motility of the heart and did not influence
the creatinine and histamine output. The
volume of fluid perfused per unit of tissue
was not affected by digitoxin. In the case

5 Marcu, I., C. R. Soc. de Biol., 1939, 130, 573.
6 Anrep, G. V., Barsoum, G. S., and Talaat, ~f.,

J. Physiol., 1936, 86, 431.
7 C.ode, C. E., Evans, C. L., and Gregory, R..A.,

J. Physiol., 1938, 92, 344.


