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Serological parameters were compared in 15 cases of Coxiella burnetii infection
comprising 5 cases each of primary Q fever, chronic granulomatous hepatitis, and
endocarditis. The diagnosis was made on the basis of clinical history and serology
and on the isolation of C. burnetii phase I from biopsy specimens of liver and bone
marrow from two patients with granulomatous hepatitis and from the aortic valve
vegetations of five patients with endocarditis. The temporal sequences of
immunoglobulin levels, rheumatoid factor, and specific antibody responses to
phase II and phase I antigens of C. burnetii were evaluated as predictive
correlates of the three Q fever entities. Serum levels of immunoglobulin classes G,
M, and A were variable in all the entities of Q fever. Increased mean levels (in
milligrams per deciliter) of immunoglobulin G (IgG) and IgA were noted with
chronic disease in the sera of some patients, whereas IgM levels were not
significantly different from normal values. Rheumatoid factor was significantly
elevated in chronic disease but not in primary Q fever. The temporal sequence of
C. burnetii phase II and phase I antibodies were compared by microagglutination,
complement fixation, and indirect microimmunofluorescence tests. All of these
serological tests were useful in distinguishing primary from chronic disease. Thus,
the ratio of anti-phase II to anti-phase I antibodies was >1, _1, and '1 for
primary Q fever, granulomatous hepatitis, and Q fever endocarditis, respectively.
Moreover, the high phase-specific IgA antibody titers in the indirect microimmu-
nofluorescence test were diagnostic for endocarditis.

Coxiella burnetii causes infections in humans
that may be subclinical or acute (classical Q
fever) or lead to chronic disease (endocarditis or
granulomatous hepatitis) (3, 5, 18, 19, 20, 21, 26,
31, 33, 38, 40, 42, 45, 46). Recent reports of
human infection acquired from sheep have re-
newed concern about the occurrence ofQ fever,
particularly in its chronic form, in the United
States (4, 11, 23, 37).
Of diagnostic importance is the production of

antibodies against C. burnetii antigens in a tem-
poral manner, with phase II antibodies appear-
ing early and phase I antibodies appearing some-
what later in the course of infection (7, 14, 19,
25, 34). Presence ofphase I antibodies correlates
well in older age groups with the duration of
convalescence after the acute illness (34). Be-
cause the phase I surface component antigen is
probably less immunogenic than the masked
phase II antigen, the antibody response to phase
I antigen in patients convalescing from primary
disease subsides to low levels detectable by
complement fixation (CF) and microagglutina-

tion (MA) tests (7). Patients in whom persistent
or recrudescent infection leads to chronic dis-
ease have greatly increased anti-phase I titers
(14, 18, 19, 40, 42, 45), probably because of
constant antigenic stimulation. In fact, previous
studies have shown that a rising CF antibody
titer to phase I antigen reflects a state of chronic
disease that may develop into endocarditis (18,
19). Patients with chronic Q fever endocarditis
have increased serum levels of gamma globulin
(13, 42, 45), including immunoglobulin M (IgM)
and IgA (13, 42). CF phase I antibody titers of
greater than 1:128 (45) or 1:200 (42) are consid-
ered diagnostic for chronic Q fever.

In the present study, we evaluated the sero-
logical profiles of the three well-characterized
clinical entities of Q fever in humans, namely,
primary disease, granulomatous hepatitis, and
endocarditis. Our results showed that persistent-
ly elevated IgG and IgM antibody titers to phase
II antigens were characteristics of granuloma-
tous hepatic disease, whereas increased IgG
antibody titers to both phase II and phase I
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antigens characterized endocarditis. More im-
portant, the presence of specific IgA anti-phase
II-I was diagnostic for Q fever endocarditis.
Specific diagnostic titers of IgA antibodies were

not found in sera from patients with primary or

hepatic disease. IgM rheumatoid factor (RF)
was present in sera from patients with chronic Q
fever but not in sera from patients with primary
Q fever infections.

MATERIALS AND METHODS

Antigens and serological procedures. The following
purified antigens (28, 44) were each used at a concen-
tration of 200 ,ug/ml. Antigen 1 (phase I) was from C.
burnetii cells of strain Nine Mile that had been pas-
saged 306 times in guinea pigs, cloned from primary
chicken embryo cell culture plaques (27), and pas-

saged twice in chicken embryos. Antigen 2 (phase II)
was from C. burnetii cells of strain Nine Mile that had
been passaged 94 times in chicken embryos, cloned
from primary chicken embryo cell culture plaques, and
passaged three times in chicken embryos. Antigen 3
was from C. burnetii cells of strain Nine Mile that had
been passaged 306 times in guinea pigs, four times in
chicken embryos, once in a guinea pig, and three times
in chicken embryos and extracted with trichloroacetic
acid to remove any trace of phase I antigen and render
the antigen reactive only with phase II antibodies (8).
Antigens 1 and 2 were used in indirect microimmuno-
fluorescence (IFA) (32) and CF (1) tests, whereas
antigens 1 and 3 were used in the MA test (8).
The IFA test was carried out by the procedure of

Philip et al. (32) with rabbit or goat antisera labeled
with fluorescein isothiocyanate. IFA(G) tests were

performed with anti-human IgG prepared in rabbits
against chromatographically purified IgG rendered Fc
specific (30). IFA(M) and IFA(A) tests were per-
formed with ,u-chain-specific goat anti-human IgM
(Behring Diagnostics, Somerville, N.J.) and a-chain-
specific rabbit anti-human IgA (Miles Laboratories,
Inc., Elkhart, Ind.), respectively.

Quantitation of IgG, IgM, and IgA in human sera
was determined in a radial immunodiffusion assay

(Accra Assay; Miles Laboratories) as described by
Fahey and McKelvey (6).
RF interference. Removal of the RF of the IgM class

which could produce false evidence for the presence of
an IgM antibody to C. burnetii in the IFA assay with
fluorescein isothiocyanate-labeled IgM antibody was
accomplished by the method of Johnson and Libby
(17). Representative sera from patients with primary Q
fever, granulomatous hepatitis, or endocarditis (see
Tables 1, 2, and 3, respectively) were chromato-
graphed on Quick-sep columns (QAE-Sephadex A50;
Pharmacia Fine Chemicals, Inc., Piscataway, N.J.;
and IsoLab, Inc., Akron, Ohio) to separate and assay
the eluted IgM for C. burnetii by the IFA assay
without interference from IgG or RF.
RF titers of sera in this study were determined with

the Rheumatoid Titration test kit (Difco Laboratories,
Detroit, Mich.).

Isolation and confirmation of strains. Portions of
aortic valve, liver punch, or bone marrow biopsy
suspensions in brain heart infusion broth were inocu-

lated intraperitoneally into guinea pigs weighing 400 to
500 g each and into the yolk sacs of 5-day-old embry-
onated chicken eggs. Guinea pigs that responded with
fever (rectal temperature, _40°C) were killed on the
second or third day of fever. Suspensions of spleen,
liver, and kidney were inoculated into nonimmune
guinea pigs and embryonated eggs. Yolk sac suspen-
sions from inoculated eggs were subpassaged until
growth of rickettsiae was obtained to prepare purified
antigens for serological confirmations with standard C.
burnetii antiserum. Growth of C. burnetii in tissues
was monitored by direct staining of smear prepara-
tions with fluorescein isothiocyanate-conjugated guin-
ea pig anti-C. burnetii serum (29).

RESULTS
Brief clinical history. The patients in this study

were diagnosed as having primary Q fever (pa-
tients 1 through 5), granulomatous Q fever hepa-
titis (patients 6 through 10), and Q fever endo-
carditis (patients 11 through 15) (see Tables 1, 2,
and 3, respectively). No clinical data was avail-
able for the patients with primary Q fever (see
Table 1).

Patients 6 through 10 (see Table 2) were
diagnosed as having granulomatous hepatitis af-
ter hospital admission.

Patient 9 was admitted with a diagnosis of
endocarditis. Follow-up clinical investigation,
however, revealed hepatomegaly, splenomega-
ly, and negative blood cultures. The major spe-
cific antibody response in all patients was phase
II IgG. In addition, serum collected early in the
study from patient 7 showed a highly elevated
IgM phase II antibody response that suggested
recent infection (cf. Tables 2 and 5). The anti-
body profile of patient 9 showed high phase I
IgG titers by IFA and levels of phase I antibody
in the MA and CF tests that were consistent with
a diagnosis of endocarditis. Three patients had
low phase II IgA antibody titers ranging from 1:8
to 1:64. Also, some patients showed transient
anticomplementary CF reactions. Phase I C.
burnetii was isolated from bone marrow punch
biopsy from patient 10 and from a liver punch
biopsy from patient 9.

Percutaneous liver biopsy, paraffin-embed-
ded, serial thin sections from patients 6, 8, and 9
showed characteristic fibrin-ringed, doughnut-
shaped granulomatous lesions (not shown). The
wall of the doughnut consisted primarily of
fibrinogen, epithelioid cells, lymphocytes, and
polymorphonuclear leucocytes and an occasion-
al multinucleated giant cell (31). The center of
the granuloma showed no cellular detail and may
have been devoid of tissue.

Specific antibody profiles were obtained from
patients with Q fever endocarditis (see Table 3).
Patient 14 underwent a porcine aortic valve
replacement in September 1981 shortly after the
convalescent serum was collected. Patient 12
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TABLE 1. Reciprocal rheumatoid factor and C. burnetii titers in patients with primary Q fever infections
Reciprocal titer of indicated antibody by following test:

Pa- Bleeding MA CF IFA
tient date IgG IgM IgA
no. (mo/day/yr) Phase Phase Phase Phase

II I II ACa I Phase Phase Phase Phase Phase Phase
It I II I II I

1 4/29/77 <8 <4 <4 <8 <8 <8 64 <8 16 <8 <8 <8
5/27/77 <8 2,048 32 128 <8 8 4,096 2,048 256 512 <8 <8

2 3/01/78 <8 4 <4 <8 <8 <8 32 <8 64 <8 <8 <8
3/31/78 <8 512 4 64 <8 <8 512 <8 2,048 8 <8 <8

3b 9/24/76 <8 <4 <4 <8 <8 <8 <8 <8 <8 <8 <8 <8
9/27/6 <8 8,192 16 64 <8 <8 1,024 <8 128 8 <8 <8
10/21/76 <8 16,384 64 256 <8 <8 8,192 256 8 128 <8 <8
2/17/7 <8 16,384 32 256 <8 32 8,192 256 8 32 <8 <8
3/25/77 <8 2,048 32 128 <8 16 16,384 256 <8 <8 <8 <8
5/23/77 <8 256 8 32 <8 8 1,024 256 <8 <8 <8 <8

4c 1/31/79 <8 <4 <4 <8 <8 <8 <8 <8 <8 <8 <8 <8
5/24/9 <8 4,096 32 128 <8 32 128 <8 256 32 <8 <8
6106/9 <8 4,096 32 128 <8 16 512 <8 1,024 32 <8 <8
6/29/79 <8 4,096 32 128 <8 16 1,024 64 1,024 16 <8 <8
4/17/80 <8 1,024 8 64 <8 <8 2,048 32 16 16 <8 <8

5 2/14/79 <8 <4 <4 <8 <8 <8 16 <8 16 <8 <8 <8
3107/9 <8 256 <4 32 <8 <8 256 <8 128 <8 <8 <8
3/30/79 <8 256 <4 128 <8 <8 1,024 <8 1,024 16 <8 <8

a AC, Anticomplementary.
b Onset of disease, 21 September 1976.
c Onset of disease, 2 May 1979.

underwent a porcine aortic valve replacement in
1977, and another porcine valve was inserted
because of destruction due to endocarditis in
July 1981. The aortic valve of patient 11 was
replaced in September 1981. Patient 13 had an
aortic prosthetic valve replacement in August
1976, and patient 15 underwent similar surgery
in December 1981.

Isolates of phase C. burnetii. Guinea pigs in-
oculated with aortic valve tissues from all of the
patients with endocarditis responded with fever
and C. burnetii antibodies. Subpassage of tissue
suspensions from inoculated animals into em-
bryonated eggs produced abundant growth of C.
burnetii identified by direct immunofluores-
cence and MA, CF, and IFA tests with standard
guinea pig antiserum. Growth of two isolates
(from patients 13 and 15) in embryonated eggs
approached 3 to 7 mg of purified antigen per g of
yolk sac tissue, a yield two to seven times
greater than that obtained with the laboratory-
adapted phase I Nine Mile tick strain (44).

C. burnetii isolates from heart valves also
showed variability in their staining with the
rickettsial stain of Gimenez (9). Yolk sac smears
containing numerous rickettsiae identified by
direct fluorescent staining showed only minimal
staining with carbol-basic fuchsin, whereas Nine

Mile and other C. burnetii strains grown in
embryonated eggs stained vividly.

Serological profiles for primary Q fever, granu-
lomatous hepatitis, and endocarditis. A compari-
son was made of the specific C. burnetii phase II
and phase I antibody titers in the three clinical
entities of Q fever as determined by MA, CF,
and IFA tests (see Tables 1, 2, and 3). All three
tests adequately diagnosed the entities and dis-
tinguished primary from chronic disease.

In patients with primary Q fever (Table 1), the
MA and CF tests showed characteristic rises in
antibody titers to phase II and also usually to
phase I antigens, but titers to the latter were
low. Anticomplementary activity was <8 in the
CF test. The IFA test usually showed rises in
IgG and IgM titers to both phase II and phase I
antigens. The strongest IgG antibody response
was against phase II antigen; however, in some
individuals, the IgM phase I titer approached or
was greater than the phase II titer. This activity
was not due to RF, since RF levels were <8 for
all primary Q fever cases. No IgA antibodies to
phase II and phase I antigens were detected. The
ratios of phase II to phase I titers by all tests
were generally much greater than 1.
Granulomatous hepatic Q fever (Table 2) was

characterized by extremely high MA and CF
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TABLE 2. Reciprocal RF and C. burnetii titers in patients with granulomatous Q fever hepatitis
Reciprocal titer of indicated antibody by following test:

Pa- Bleeding MA CF IFA
tient date IgG IgM IgA
no. (mo/day/yr) RF Phase Phase Phase

Phase II I II AC I Phase Phase Phase Phase Phase Phase
II I II I II I

6b 4/21/81 512 16,384 256 4,096 16 64 524,288 2,048 8,192 512 <8 32
6/18/81 128 4,096 128 2,048 8 128 2,097,152 512 512 128 <8 <8
7/20/81 256 32,768 256 512 <8 128 _4,194,304 256 128 64 <8 <8
9/18/81 128 131,072 512 2,048 <8 32 '4,194,304 1,024 512 128 <8 <8

7 8/18/81 c 512 8 64 32 32 256 8 256 64 8 <8
8/26/81 - 131,072 128 1,024 1,024 1,024 32,768 64 262,144 1,024 64 <8
9/02/81 - 131,072 128 512 64 64 65,536 128 131,072 512 32 <8
9/18/81 128 131,072 2,048 2,048 <8 32 262,144 128 131,072 1,024 32 <8
10/21/81 - 262,144 2,048 4,096 <8 32 262,144 512 131,072 2,048 32 <8
11/13/81 64 32,768 256 128 <8 <8 '-4,194,304 256 4,0% 1,024 16 <8
12/11/81 64 256 64 256 <8 <8 16,384 64 256 32 <8 <8
1/08/82 64 128 64 128 <8 8 16,384 128 256 64 <8 <8

8d 8/07/80 - 4,096 64 4,096 16 64 32,768 128 1,024 128 32 16
8/18/80 256 4,096 32 .'4,096 8 32 65,536 64 1,024 64 16 <8
8/25/80 128 32,768 64 16,384 16 64 262,148 512 1,024 128 <8 <8
9/03/80 32 16,384 64 4,096 <8 32 131,072 1,024 1,024 512 16 <8
9/18/80 128 8,192 32 2,048 <8 32 65,536 256 256 64 16 <8
12/11/80 32 16,384 64 4,096 <8 64 131,072 1,024 256 64 8 <8
1/31/83 128 128 <4 64 <8 <8 262,148 32 32 16 <8 <8

9e 9/19/81 64 2,048 512 128 <8 512 65,536 16,384 512 256 <8 <8
9/25/81 128 2,048 512 256 <8 512 262,144 8,192 512 512 <8 <8
10/11/81 256 65,536 512 4,096 <8 1,024 262,144 32,768 4,096 1,024 <8 <8
11/23/81 256 65,536 4,096 2,048 <8 512 '4,194,304 131,072 4,096 512 <8 <8

iOf 4/01/81 128 4,096 512 64 32 32 4,096 16 512 128 16 <8
4/30/81 128 4,096 256 1,024 64 64 131,072 512 256 32 16 <8
5/28/81 64 1,024 32 1,024 32 64 65,536 256 128 16 16 <8
6/04/81 64 1,024 32 1,024 32 64 65,536 256 128 16 <8 <8
6/11/81 128 1,024 32 1,024 32 64 65,536 128 64 16 16 <8
8/06/81 64 1,024 32 1,024 32 64 65,536 128 64 16 <8 <8

a AC, Anticomplementary.
b Liver punch biopsy; granuloma present 21 April 1981.
c , Not done.
d Liver punch biopsy; granuloma present 18 July 1980.
Liver punch biopsy; granuloma present 29 September 1981. Phase I C. burnetii isolated.

f Bone marrow biopsy; ph I C. burnetii isolated 1 April 1981.

titers against phase II antigens and moderately
high titers against phase I antigens. All but one
of the patients (patient 9) had anticomplemen-
tary activity, particularly in sera collected early.
The IFA test often showed rises in IgG, IgM,
and IFA titers to phase II and phase I antigens.
The extremely high antibody response was

against phase II antigen, whereas phase I titers
were significantly higher than in primary Q
fever. All of these patients' sera had significant
levels of IgM activity against phase II and phase
I antigens. Most of the activity was determined
to be RF in the standard assay and fractionation
experiments (see Table 5). Transitory but low
('64) levels of IgA antibody were noted in some

of these patients. The ratio of phase II to phase I
titers was '1.
Q fever endocarditis (Table 3) was character-

ized by extremely high MA and CF titers against
phase II and phase I antigens. Anticomplemen-
tary activity was not detectable in the CF test.
The IFA test gave high undulating levels of IgG,
IgM, and IgA titers to phase II and phase I
antigens. Most sera had moderate to high levels
of IgM reactivity against phase II and phase I
antigens. This activity was determined to be RE
in the standard assay and the fractionation ex-

periments (see Table 5). In contrast to titers seen
in patients with primary disease and granuloma-
tous hepatitis, high levels of IgA titers against
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TABLE 4. Levels of immunoglobulins in patients with Q fever by radial immunodiffusion assay

Disease entity and Bleeding date Immunoglobulin level (mg/dl)a
patient no. (mo/day/yr) IgG IgM IgA

Primary
3 (onset, 9/21/76) 9/24/76 713 64 140

2/17/77 990 150 150

4 (onset, 5/2/9) 5/24/79 1,350 222 125
6/29/79 1,100 325 137

Granulomatous hepatitis
7 8/26/81 450 130 380

10/21/81 670 72 400

8 9/18/81 1,700 200 460
12/18/81 730 97 550

9 10/11/81 370 72 160
11/23/81 370 83 190

Endocarditis
11 9/17/81 5,300 72 >1,000

9/30/81 6,700 47 >1,000

12 3/13/81 4,500 63 >1,000
7/10/81 3,800 35 >1,000

13 8/19/76 1,770 190 302
3/09/77 1,176 116 228

14 Convalescent 1,500 40 770

15 10/lO9 1,600 350 470
12/11/79 1,400 180 440

a The approximate normal range (mean) of immunoglobulins in adults is 770 to 1,500 (1,142) mg/dl for IgG, 60
to 208 (102) mg/dl for IgM, and 134 to 297 (210) mg/dl for IgA (data provided by Accra Assay, Miles
Laboratories).

phase II and phase I antigens were noted in
patients with endocarditis. The ratio of phase II
to phase I titers was '1
Immunoglobulin concentrations. Levels of

immunoglobulin in patients with Q fever, as
determined by RIA, are shown in Table 4. The
levels of immunoglobulin during the course of
infection and convalescence in two patients with
primary Q fever were within the normal range,
except for slightly elevated IgM in the convales-
cent serum of patient 4. In patients with granulo-
matous Q fever hepatitis, IgG and IgM levels in
serum were usually within the normal range.
The IgA levels in the sera of patients 7 and 8
were elevated. Determination of immunoglob-
ulin levels in the sera of five patients with
chronic Q fever endocarditis revealed signifi-
cantly elevated IgG and IgA levels. All IgG
levels were elevated or in the high range; IgG
levels in serum were 2.5 to 4.5 times the upper
limits of the normal range in patients 11 and 12.

IgA amounts varied from the high in the normal
range to 3.5 times the upper limits of the normal-
range. IgM levels in the sera of these patients
varied from low to high in the normal range.

Evaluation of autoimmune disease during Q
fever. IgM in serum is usually present in low
concentrations as compared with IgG. Antigen-
specific IgG can interfere with serological tests
and IgG-IgM interactions, and IgM RF, an auto-
antibody to the Fc fragment of IgG, can cause
false-positive titers.
The data in Table 5 reflect the interfering

effects of IgG antibody on detection of the
specific IgM response in two of the three clinical
entities of Q fever. The IgM titer in the sera of
five patients with diagnosed primary Q fever
was nearly equivalent in fractionated and un-
fractionated sera, whereas the IgM titer in pa-
tients with granulomatous hepatitis and endocar-
ditis showed interference of IgG antibody on
specific IgM titers. The effect was most pro-
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TABLE 5. Reciprocal titers of IgA and IgM in unfractionated and QAE-Sephadex-fractionated sera of three
clinical entities of Q fever as determined by IFA

Reciprocal titer of indicated immunoglobulin in:

Unfractionated serum Fractionated serum
Disease entity Bleeding date IgA IgM IgA IgM

Phase Phase Phase Phase Phase Phase Phase Phase
II I II I II I II I

None (control)a 10/ll/8 <8 <8 32 <8 <10 <10 40 <10
2/11/80
3/22/80

Primary
1 4/29/77

5/27/77

<8 <8 16 <8 <10 <10 40 <10
<8 <8 8 <8 <10 <10 20 <10

<8 <8 16 <8 <10 <10 20 <10
<8 <8 256 512 <10 <10 160 160

<8 <8 64
<8 <8 2,048

<8 <10 <10 40 <10
8 <10 <10 640 <10

<8 <8 <8 <8 <10 <10 40

<8 <8 1,024 16 <10 <10 320

Granulomatous
hepatitis

6

7

7/20/81

9/18/81
10/21/81

<8 <8 128 64 <10 <10 40

32 <8 131,072 1,024 <10 <10 320
32 <8 131,072 2,048 20 <10 160

16 <8 1,024 512 10 <10 80 20

<8 <8 4,096 1,024 10 10 <10 <10

16 <8 512 128 20 <10 80 20

8,192 _16,384
8,192 16,384

_16,384 _16,384

2,048 16,384 320 640 20 20
2,048 16,384 640 640 20 <10
16,384 1,048,576 640 640 20 <10

4,096 16,384 1,024 512 40 160 20 <10

<8 64 1,024 1,024 <10 80 <10 <10

Convalescent 1,024 4,096 128

10/10/79 1,024 1,024 4,096
10/19/79 1,024 4,096 4,096
12/11/9 1,024 2,048 128

64 40 160 20 <10

256 640 1,280 20 <10
512 320 640 40 <10
256 640 1,280 20 <10

a The control was vaccinated on 8 August 1978.

nounced in the sera of patients with endocardi- fraction, whereas titers as high as 1:131,072
tis. In these sera, very low (1:10 to 1:40) specific were noted in the unfractionated sera.

antibody titers to C. burnetii phase I or phase II In patients with granulomatous hepatitis and
antigens were detected in the isolated IgM frac- endocarditis, the bulk of the specific antibody
tion, even though titers as high as 1:1,048,576 was in the IgG antibody fraction. Segregation of
with the IgM conjugate were noted in the unfrac- IgA antibody in the chromatographic separation
tionated sera. The IgG interference with IgM- was incomplete, as almost equal titers of IgA
specific titers in the sera of patients with granu- antibody to C. burnetii were found in the IgG
lomatous hepatitis was significant. Specific IgM and IgM fractions with the IFA test.
titers (<1:10 to 1:320) were found in the IgM Other evidence for autoimmune or immune
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TABLE 6. Serological profiles of Q fever'
Levels of: Antibody response

Disease entity Phase II Phase I AC RF
IgG IgM IgA activity R

Igb IgG IgM IgA Igb IgG IgM IgA

Primary U U U M M LtoM - L L L
Granulomatous U U UorE MtoH H MtoH|-toLLtoM LtoMLtoM -toL -toL +

hepatitis
Endocarditis E U EtoHE H MtoH LtoMLtoMMtoH MtoH M MtoH - +

a U, Unchanged; E, elevated; HE, highly elevated; L, low; M, moderate; H, high; -, absent; +, present.
b Ig, Total immunoglobulin.

complex disease was noted in attempts to visual-
ize C. burnetii organisms with anti-human IgM
or IgG in sections of the excised valves. The
entire section of tissue fluoresced, owing to
enormous amounts of IgG or IgM which could
not be removed from the tissue by washing in
saline or buffer at pH 2.5. In the washed tissue,
rickettsiae could be detected by indirect immu-
nofluorescence only with guinea pig serum from
animals hyperimmunized against C. burnetii and
with fluorescein isothiocyanate-conjugated rab-
bit anti-guinea pig serum. The picture revealed
by staining with anti-human IgG or anti-human
IgM suggested reactions of the patient's IgG and
IgM with his own tissue or of IgM antibody
against homologous IgG.

DISCUSSION
The results of this study indicate that (i) the

choice of antibody assay method is critical for
proper evaluation of specific antibody levels to
C. burnetii; (ii) at least three clinical entities ofQ
fever can be distinguished by IFA of specific
IgG, IgM, and IgA; and (iii) autoimmune mecha-
nisms are induced during primary and chronic Q
fever as demonstrated by this study and previ-
ously by other investigators (18, 20, 26, 31, 40,
42, 45).

Table 6 shows a summary of the serological
profiles of the three clinical entities ofQ fever in
humans, which is meant to provide a range of
values for comparison of single and serial sam-
ples from patients. Host response to C. burnetii
infection is characterized by an early rise in
antibody titer to phase II antigen and a later rise
in antibody titer to phase I antigen. In primary Q
fever, phase II antibody usually persists in mod-
erate titers for 3 months to 1 year, whereas
phase I antibody titers remain at low to moder-
ate levels (Table 1). The development of chronic
Q fever may be expressed as granulomatous
hepatitis or endocarditis or both. We have
shown that these clinical entities ofQ fever may
be recognized by serological profiles of phase II
and phase I antibodies.
The host factors involved with the develop-

ment of chronic Q fever is not understood, but

autoimmune pathogenesis may play a role.
Expression of autoimmune disease may be rec-
ognized as RFs which comprise auto-antibodies
of the IgM class that react with the Fc portioln of
IgG. IgG antibody that is bound specifically to
antigen may bind RF, and the bound RF may
cause a false-positive reaction for IgM antibody
in the IFA assay (17, 35, 36). RF antibodies
found in chronic diseases are probably caused
by the duration of the infection and the high
serum elevations of IgG (24, 36) that first binds
to antigen. RF antibody reacts with the Fc
portion of the bound IgG antibody, and the
class-specific antibody to human IgM recognizes
the RF antibody. Turck et al. (42) observed RF
in four of five chronic Q fever patients. Salomen
et al. (36) documented that RF antibodies inter-
fered with detection of specific IgA antibodies as
well as IgM antibodies in rubella and influenza
infections. In IgA antibody assays, immunoglob-
ulin clusters composed of specific IgG antibod-
ies and RF molecules may cause steric hin-
drance to the binding of IgG antibodies (36). The
high apparent specific IgM titers in Q fever
endocarditis and hepatic disease are due to the
auto-antibody to the Fc fragment of IgG.
The same phenomenon was apparently not

found in experimentally infected guinea pigs, for
Tokarevich and co-workers did not find RF-like
antibodies in their animals (41). A soluble com-
ponent of C. burnetii has been reported to form a
circulating immune complex in the sera of ex-
perimentally infected guinea pigs (43) and in the
sera of patients with acute Q fever (20). Kazar et
al. (18) suggested that the high levels of phase I
antibodies in chronic Q fever occurred in re-
sponse to immunopathological changes rather
than a manifestation of immunity. It is well
known that serum antibody levels that vary
widely in different patients with the same dis-
ease are undoubtedly influenced by specific
pathological processes.

It is obvious from the results obtained in this
study that high levels of humoral antibody do
not always prevent the occurrence of chronic
disease. Some people exhibit classical primary
infection without complications. Others experi-
ence primary infection that progresses to chron-
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ic disease characterized by circulating immune
complexes, liver dysfunction, splenomegaly,
and hepatomegaly. Still others with anomalous
or damaged rheumatic heart valves develop val-
vular disease and endocarditis (3, 5, 18, 19, 20,
26, 31, 33, 38, 40, 42, 45).

Koster et al. have demonstrated specific unre-
sponsiveness to C. burnetii antigen in vitro with
lymphocytes from patients with Q fever endo-
carditis (F. T. Koster, J. C. Williams, and J. S.
Goodwin, submitted for publication). In con-
trast, all patients with self-limiting primary Q
fever or granulomatous hepatitis had brisk lym-
phocyte proliferation to C. burnetii antigens as
well as to control antigens. The cell-mediated
immune system in Q fever endocarditis must
therefore be compromised by a host defect or a
particular characteristic of the pathogenic strain
of C. burnetii. The participation of a T cell-
monocyte suppressor circuit was incriminated
for lymphocyte unresponsiveness associated
with Q fever endocarditis (Koster et al., submit-
ted for publication).

C. burnetii is an obligately intracellular para-
site of eucaryotic cells and is activated to multi-
ply and carry out sporogenic differentiation in
the phagolysome (10, 22). These capabilities
may allow the organism to coexist with and take
advantage of immunological defenses (12, 15;
Koster et al., submitted for publication).
The presence of specific humoral C. burnetii

IgA antibody in patients with Q fever endocardi-
tis is diagnostic. It has been established that
precursor IgA B cells are present in gut- and
bronchial-associated lymphoreticular tissue (2).
After antigen sensitization, these precursor B
cells pass from the bronchial tissues through the
mesenteric lymph nodes. From the thoracic duct
lymph, the B cells reach the blood circulation
and are found in the spleen (in the murine model)
and later in distant mucosal tissues (2). The
mechanisms of synthesis and transport of C.
burnetii IgA antibody in the sera of patients with
Q fever endocarditis are unknown.

It is tempting to speculate that the pathogenic-
ity of Q fever infections in some patients is
immunologically potentiated by the antigen-anti-
body reaction in tissue, resulting in tissue dam-
age. Lumio et al. (20) found 10 of 11 patients
tested to have titers of auto-antibody. In this
study, all patients with Q fever granulomatous
hepatitis or Q fever endocarditis had significant
levels of RF. This factor is seldom evident until
after 6 to 8 weeks of illness (39). The most
pathogenic immune complexes are those that are
soluble, either at antigen equivalence or slight
antigen excess (16). These same complexes have
been found to be effective in activation of the
complement system (16). Participation of im-
mune complexes in the clinical pattern of granu-
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lomatous hepatitis Q fever may be evidenced by
the transient anticomplementary reaction in the
sera of these patients. Transient anticomplemen-
tary activity was observed in the sera of experi-
mentally infected guinea pigs in which immune
complexes were demonstrated (43). Our serolog-
ical profiles of patients with chronic Q fever
strongly suggest that immune complex disease
should be considered a feature of the disease.
The serological profiles obtained by MA, CF,

and IFA serological tests adequately differenti-
ate the three entities of Q fever disease in
humans. We strongly recommend routine use of
the IFA, IgG, IgM, and IgA assays in the
diagnosis and treatment of Q fever disease.

ACKNOWLEDGMENTS
We are indebted to the following physicians and surgeons

for tissues and biopsy material: Thomas J. Marrie, Depart-
ment of Pathology, Medicine and Microbiology, Victoria
General Hospital, Halifax, Nova Scotia, Canada; Robert K.
Kimbrough, Department of Medicine and Surgery, Good
Samaritan Hospital and Medical Center, Portland, Oreg.; R.
Kundargi, Permanente Medical Group, Clinical Laboratory,
Sacramento, Calif.; Mike Matlock and Paul Siddoway, Veter-
ans Administration Medical Center, Seattle, Wash.; S. Bibi,
Memorial Hospital Modesto, Modesto, Calif.; Robert Parsons
and James Williams, Veterans Administration Medical Cen-
ter, Albuquerque, N.M.; George H. Reed, Cardiovascular
Diseases, St. Patrick Hospital, Missoula, Mont.; Fritz D.
Schoenknecht, Division of Clinical Microbiology, University
Hospital, University of Washington, Seattle; and Peter Pappas
and Gregory Brown, University of Washington Hospitals,
Harborview Medical Center, University Hospital, Seattle.

LITERATURE CITED
1. Casey, H. L. 1965. Standardized diagnostic complement

fixation method and adaptation to micro-test. Public
Health monograph no. 74, Public Health Service publica-
tion no. 1228, U.S. Government Printing Office, Washing-
ton, D.C.

2. Cebra, J. J., R. Emmons, P. J. Gearhart, S. M. Robertson,
and J. Tseng. 1978. Cellular parameters of the IgA re-
sponse. Adv. Exp. Med. Biol. 107:19-28.

3. Clark, W. H., E. H. Lennette, 0. C. Rallsback, and M. S.
Romer. 1951. Q fever in California. VII. Clinical features
in one hundred eighty cases. Arch. Intern. Med. 88:155-
167.

4. Curet, L. B., and J. C. Paust. 1971. Transmission of Q
fever from experimental sheep to laboratory personnel.
Am. J. Obstet. Gynecol. 114:566-568.

5. Delaney, J. C., and H. L. Roberts. 1975. Q fever endocar-
ditis and chronic liver involvement. Practitioner 214:243-
245.

6. Fahey, J. L., and E. M. McKelvey. 1965. Quantitative
determination of serum immunoglobulins in antibody-agar
plates. J. Immunol. 94:84-90.

7. Fiset, P., and R. A. Ormsbee. 1968. The antibody response
to antigens of Coxiella burneti. Zentralbl. Bakteriol. Para-
sitenkd. Infektionskr. Hyg. Abt. 1 Orig. 206:321-329.

8. Fiset, P., R. A. Ormsbee, R. Silberman, M. Peacock, and
S. H. Spielman. 1969. A microagglutination technique for
detection and measurement of rickettsial antibodies. Acta
Virol. 13:60-66.

9. Gimnnez, D. F. 1964. Staining rickettsia in yolk-sac cul-
tures. Stain Technol. 39:135-140.

10. Hackstadt, T., and J. C. Williams. 1981. Biochemical
stratagem for obligate parasitism of eukaryotic cells by
Coxiella burnetii. Proc. Natl. Acad. Sci. U.S.A. 78:3240-
3244.

11. Hall, C. J., S. J. Richmond, and E. 0. Caul. 1982.



1098 PEACOCK ET AL.

Laboratory outbreak of Q fever acquired from sheep.
Lancet i:1004-1006.

12. Hinrichs, D. J., and T. R. JerreUs. 1976. In vitro evalua-
tion of immunity to Coxiella burnetii. J. Immunol.
117:996-1003.

13. Hobbs, J. R., R. G. Somerville, and D. A. McSwiggan.
1967. Rickettsial endocarditis and IgM globulin. Lancet
i:1108-1109.

14. Hunt, J. G., P. R. Field, and A. M. Murphy. 1983.
Immunoglobulin responses to Coxiella burnetii (Q fever):
single-serum diagnosis of acute infection, using an immu-
nofluorescence technique. Infect. Immun. 39:977-981.

15. Jerreis, T. R., L. P. MaIlavia, and D. J. Hinrichs. 1975.
Detection of long-term cellular immunity to Coxiella
burneti as assayed by lymphocyte transformation. Infect.
Immun. 11:280-286.

16. Johnson, K. J., and P. A. Ward. 1982. Biology of disease.
Newer concepts in the pathogenesis of immune complex-
induced tissue injury. Lab. Invest. 43:218-226.

17. Johnson, R. B., Jr., and R. Libby. 1980. Separation of
immunoglobulin M (IgM) essentially free of IgG from
serum for use in systems requiring assay of IgM-type
antibodies without interference from rheumatoid factor. J.
Clin. Microbiol. 12:451-454.

18. Kazar, J., S. Schramek, and R. Brezina. 1977. Analysis of
serum immunoglobulins in a patient with chronic Q fever
and endocarditis. Bratisl. Lek. Listy. 67:109-113.

19. Kimbrough, R. C., R. A. Ormsbee, M. Peacock, W. R.
Rogers, R. W. Bennetts, J. Raaf, A. Krause, and C.
Gardner. Q fever endocarditis in the United States. Ann.
Intern. Med. 91:400-402.

20. Lumlo, J., K. Penttlnen, and T. Pettersson. 1981. Q fever
in Finland: clinical, immunological and epidemiological
findings. Scand. J. Infect. Dis. 13:17-21.

21. Luoto, L., M. L. Casey, and E. G. Pickens. 1965. Q fever
studies in Montana. Detection of asymptomatic infection
among residents of infected dairy premises. Am. J. Epide-
miol. 81:356-369.

22. McCaul, T. F., and J. C. Williams. 1981. Developmental
cycle of Coxiella burnetii: structure and morphogenesis of
vegetative and sporogenic differentiations. J. Bacteriol.
1j7:1063-1076.

23. MeUldejohn, G., L. G. Reimer, P. S. Graves, and C.
Helnick. 1981. Cryptic epidemic of Q fever in a medical
school. J. Infect. Dis. 144:107-113.

24. Messner, R. P., T. Laxdal, P. G. Quie, and R. C. Wil-
lUama. 1968. Rheumatoid factors in subacute bacterial
endocarditis-bacterium duration of disease or genetic
predisposition? Ann. Intern. Med. 68:746-756.

25. Murphy, A. M., and L. Magro. 1980. IgM globulin re-
sponse in Q fever (Coxiella burneti) infections. Pathology
12:391-396.

26. Okun, D. B., N. C. J. Sun, and K. R. Tanaka. 1979. Bone
marrow granulomas in Q fever. Am. J. Clin. Pathol.
10:117-121.

27. Ormsbee, R. A., and M. G. Peacock. 1976. Rickettsial
plaques assay and cloning procedures. Tissue Culture
Association Manual 2:475-478.

28. Ormsbee, R., M. Peacock, R. Philip, E. Casper, J. Plorde,
T. Gabre-Kidan, and L. Wright. 1977. Serological diagno-
sis of epidemic typhus fever. Am. J. Epidemiol. 105:261-
271.

29. Peacock, M., W. Burgdorfer, and R. A. Ormsbee. 1971.

Rapid fluorescent antibody conjugation procedure. Infect.
Immun. 3:355-357.

30. Peacock, M. G., P. Fiset, R. A. Ormsbee, and C. L.
Wisseman, Jr. 1979. Antibody response in man following a
small intradermal inoculation with Coxiella burnetii phase
I vaccine. Acta Virol. 23:3-81.

31. Pelligrin, M., D. Delsol, J. C. Auvergnat, J. Familiades, H.
Faure, M. Guiu, and J. J. Voigt. 1980. Granulomatous
hepatitis in Q fever. Hum. Pathol. 11:51-57.

32. Philip, R. N., E. A. Casper, R. A. Ormsbee, M. G. Pea-
cock, and W. Burgdorfer. 1976. Microimmunofluores-
cence test for the serological study of Rocky Mountain
spotted fever and typhus. J. Clin. Microbiol. 3:51-61.

33. PoweDl, 0. W. 1961. Liver involvement in "Q" fever.
Aust. Ann. Med. 10:52-58.

34. Powell, 0. W., and N. D. Stalhman. 1962. The incidence
and significance of phase I complement-fixing antibody in
Q fever. J. Hyg. (Cambridge) 60:359-364.

35. Rasmussen, L., D. Kelsall, R. Nelson, W. Carney, M.
Hirsch, D. Winston, J. Preiksaitis, and T. C. Merigan.
1982. Virus-specific IgG and IgM antibodies in normal and
immunocompromised subjects infected with cytomegalo-
virus. J. Infect. Dis. 145:191-199.

36. Salomen, E. M., A. Vahevi, J. Suni, and 0. Wager. 1980.
Rheumatoid factor in acute viral infections: interference
with determination of IgM, IgG, and IgA antibodies in an
enzyme immunoassay. J. Infect. Dis. 142:250-255.

37. Schachter, J., M. Sung, and K. F. Meyer. 1971. Potential
danger of Q fever in a university hospital environment. J.
Infect. Dis. 123:301-304.

38. Spicer, A. J. 1979. Investigation of Coxiella burneti infec-
tion as a possible cause of chronic liver disease in man.
Trans. R. Soc. Trop. Med. Hyg. 73:415-417.

39. Svartz, N. 1961. The rheumatoid factor and its signifi-
cance. J. Am. Med. Assoc. 177:120-124.

40. Tobin, M. J., N. Cahill, G. Gearty, B. Maurer, S. Blake,
K. Daly, and R. Hone. 1982. Q fever endocarditis. Am. J.
Med. 72:396-400.

41. Tokarevich, N. K., A. V. Zhebrun, S. L. Khazenson, and
N. G. Roshchina. 1980. Determination of immunoglobulin
classes of antibodies against Coxiella burnetii by protein
A from Staphylococcus aureus. Acta Virol. 24:218-221.

42. Turck, W. P. G., G. Howitt, L. A. Turnberg, H. Fox, M.
Longson, M. B. Matthews, and R. Das Gupta. 1976.
Chronic Q fever. Quart. J. Med. 45:193-217.

43. Willlams, J. C., M. G. Peacock, and C. L. Kindmark.
1981. Detection of Coxiella burnetii soluble antigens by
immunoelectrophoresis: demonstration of antigen in the
sera of guinea pigs during experimental Q fever, p. 103-
114. In W. Burgdorfer and R. L. Anacker (ed.), Rickettsi-
ae and rickettsial diseases. Academic Press, Inc., New
York.

44. Williams, J. C., M. G. Peacock, and T. F. McCaul. 1981.
Immunological and biological characterization of Coxiella
burnetii, phase I and II, separated from host components.
Infect. Immun. 32:840-851.

45. Wilson, H. G., G. H. Neilson, E. G. Galea, G. Stafford,
and M. F. O'Brien. 1976. Q fever endocarditis in Queens-
land. Circulation 53:680-684.

46. Wisniewski, H. J., M. W. Kleiman, D. B. Lackman, and
E. R. Krumbiegel. 1969. Demonstration of inapparent
infection with disease agents common to animals and
man. Health Lab. Sci. 6:173-177.

INFECT. IMMUN.


