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Validation of an Enzyme Immunoassay for
Serodiagnosis of Acute Q Fever

D, Waagl*, J. Chulayz, T. Marrie> , M. Englandl, J. Williams*

An enzyme immunoassay was validated for the serodiagnosis of acute Q fever. Minimum
positive tests were determined for both serial dilutions and a single dilution of patient
sera. To establish the specificity of the test, 152 serum samples were tested from in-
dividuals with no evidence of past Coxiella burnetiiinfection. Diagnostic titers were set at
> 128 for the IgM and IgG responses to phase |, at 2 512 for the IgM response to phase Ii
and at > 1,024 for the IgG response to phase Il Coxiella burnetii. These titers gave a faise-
positive rate of < 1 %. Alternatively, testing a single dilution of sera (1:128) gave specifici-
ties ranging from 97.3 to 98.7 %. Tests with the greatest sensitivities, using serially
diluted early convalescent-phase sera, were the IgM (84 %) and IgG (80 %) responses to
phase Il Coxiella burnetii, At a single serum dilution, 92 % of early convalescent sera had
a positive IgG response to phase Il Coxiella burnetii. With a high specificity and good sen-
sitivity, the EIA can be used to diagnose acute Q fever with a single convalescent serum

specimen. The duration of a positive response was greater than five years.

Q fever, caused by the intracellular bacterium
?O{cielia burnetii, is generally an acute and self-
mited febrile illness that rarely causes a chronic
debilitating disease. Although domestic livestock
Usually acquire and transmit Coxiella burnetii,
Omestic pets can also be a source of infection (1-

- Infection is most commonly acquired by
breathing infectious aerosols. Less frequent por-
tals of entry include ingestion of infected milk (5)
and parenteral acquisition caused by the bite of
an infected tick (6). Coxiella burnetii infection
May be asymptomatic or characterized by fever,
Pheumonia, headache, myalgias, arthralgias,
COugh, asthenia, hepatitis and occasionally
SPlenomegaly and meningoencephalitis (7, 8).

he differential diagnosis of acute Q fever pre-
Sents unique problems for the clinician because

ere are few characteristic signs or symptoms
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that distinguish it from other febrile illnesses,
such as influenza and pneumonia caused by my-
coplasma or chlamydia infection.

Because cultivating Coxiella burnetii or working
with the native microorganism can be hazardous
to laboratory personnel, the diagnosis of Q fever
is usually based on serological testing. Although
specific cellular immune responses may be
suppressed in cases of acute Q fever, humoral im-
mune responses appear to continue unabated
during infection (9, 10). Due to the relative ease
of assaying serum samples for antibodies, sero-
logical profiles of patients with Q fever have been
established (10). Thus, clinicians frequently en-
counter situations where a presumptive diagnosis
of acute Q fever is considered likely enough to
warrant treatment.

While the complement fixation assay (CFA) is
generally regarded as the most specific serologi-
cal assay for Q fever, the indirect fluorescent anti-
body assay (IFA), the microagglutination assay
(MAA) and the enzyme immunoassay (EIA) can
provide positive results earlier in the course of an
infection (11). Recent results showed good corre-
lation between the IFA and EIA when testing
sera from acute Q fever patients and patients di-
agnosed with other bacterial diseases (12). Deter-
mination of antibodies against phase I and phase
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11 Coxiella burnetii may help distinguish between
acute and chronic Q fever (10).

Although a fourfold rise in the convalescent sero-
logical titer against the suspected microorganism
is generally accepted as indicating a causal rela-
tionship with a particular illness, we are
frequently asked to confirm a diagnosis of Q fever
based on titers from a single convalescent-phase
serum sample. We have analyzed convalescent-
phase sera from cases of acute Q fever and from a
population of Q fever-susceptible individuals
with no evidence of past or present infection with
Coxiella burnetii to establish serological criteria
for clinical diagnosis of acute Q fever using a
single serum specimen.

Materials and Methods

Positive Patient Sera. A total of 51 serological specimens
were tested from patients diagnosed with Q fever by
fourfold or greater rises in IFA serological titers. Of
these, 40 serum samples were collected over four months
from 16 patients during the course of an investigation of
a Q fever outbreak on Prince Edward Island, Canada,
which occurred in the fall of 1986 (13). Of the remaining
11 samples, nine convalescent-phase sera from persons
diagnosed with acute Q fever were obtained from the
Centers for Disease Control (CDC; Atlanta, USA). Two
convalescent sera obtained from laboratory-infected per-
sons were provided by The Salk Institute (Swiftwater,
PA, USA).

Depending on the number of days after the onset of
acute Q fever symptoms that sera were collected, all of
the serological specimens were categorized as early con-
valescent phase (days 19-30), intermediate convalescent
phase (days 67-75) or late convalescent phase (days 98-
107). Twenty-five early convalescent phase, 14 interme-
diate convaleseent phase and 12 late convalescent phase
sera were used in this analysis. No more than one serum
specimen from each patient was included in each group.
No samples were available in the intervening time inter-
vals.

Patient sera from the Canadian acute Q fever outbreak
were also obtained 223 to 251 days (n = 7) and 2,051 to
2,062 days (n = 8) after the onset of acute Q fever. These
samples were used to evaluate the EIA as an epidemi-
ological screening technique for determination of pre-
vious cases of acute Q fever.

Negative Patient Sera. In addition to sera from the well-
defined cases of acute Q fever described above, 152 serum
samples were obtained from persons presumably suscep-
tible to Q fever who had no evidence of a previous Cox-
iella burnetii infection. The CDC provided 39 convales-
cent control sera from patients with febrile illnesses other
than Q fever. Of those 39 samples, ten sera were from
individuals diagnosed with ehrlichiosis (Ehrlichia chaf-
feensis), five had spotted fever (Rickettsia rickettsii), five
had murine typhus (Rickettsia typhi), nine had legion-
naires’ disease (Legionella) and ten were from normal

controls. In addition, the CDC also provided six acute
serum specimens having IFA titers of < 16 from si¥
patients with acute Q fever.

Thirteen acute serum samples (one sample per patient)
from the Canadian outbreak of 1986 had been collected
fewer than eight days after onset of Q fever and tested
negative for antibodies against Coxiella burnetii by the
IFA. Five serum samples were obtained from five in-
dividuals who later developed Q fever (4 serum samples
were from The Salk Institute and 1 was from the United
States Army Medical Research Institute of Infectious
Diseases [USAMRIID]). Two of these samples may have
been drawn during the incubation period of acute Q
fever; they were obtained two and five weeks before
clinical diagnosis of acute Q fever. The remaining three
samples were obtained from healthy individuals 6 to 14
months before acute Q fever was diagnosed.

Eighty-nine serum samples from healthy individuals were
obtained from volunteers at USAMRIID. These in-
dividuals consisted of males and females between the
ages of 18 and 55 who had no clinical history of Q fever.
They also had a negative skin test reaction to Coxielld
burnerii antigens and had no evidence to suggest previou$
exposure to Coxiella burnetii antigens as measured by
the tymphocyte proliferation assay.

Positive and negative control sera (1 each) were included
in each daily EIA. No effort was made to exclude in-
dividual sera from analysis on the basis of patient age,
sex or geographic location.

Enzyme Immunoassay. An EIA was used to test serum
specimens for the presence of specific IgA, IgG and 1gM
antibodies to Coxiella burnetii. Serum specimens were
tested for reactivity to Coxiella burnetii phase I Nin¢
Mile strain, clone 7, whole cells; phase I Nine Mile strain,
clone 4, whole cells; and phase I Ohio strain lipopoly-
saccharide (LPS) (14). The phase I and phase II viable
Coxiella burnetii were purified from hen yolk sacs by
density gradient centrifugation (15). Microorganisms
were suspended in phosphate-buffered saline (PBS) con-
taining 0.25 M sucrose and were killed by irradiation
(2.1 Mrads) while on dry ice. Formalin was added to 2
final concentration of 1 %, and the suspension was stirred
continuously at 4°C for 48 h. The formalin was removed
by dialysis against sterile water (3.5 kDa molecular mass
cutoff) for five days at 4°C with daily changes of water
Coxiella burnetii LPS was prepared from irradiated and
formalin-treated cells as previously described (14).

The EIA was similar to that described previously (13)-
Optimum dilutions of Coxiella burnetii antigens were
previously determined by titration in carbonate-bicar-
bonate buffer, pH 9.6. Fifty pl of antigen per well (1.25 g
dry weight) were dispensed into selected rows of 96-well
microtiter plates (Immunolon I1, Dynatech, USA). The
antigens were dried in the wells by incubating the plates
at 37°C overnight in a dry air incubator, The plates wer¢
stored until use (up to 12 months) in plastic sleeves at
room temperature. All wells of the antigen-coated ml-
crotiter plates were blocked before use with sodium cat-
bonate-bicarbonate buffer containing 0.25 % gelatin (60
bloom) (250 ul/well), and the plates were incubated at
37°C for 1 h. The microtiter plates were washed five
times with PBS-Tween {0.05 %) between each step, with
a plate washer (Microplate II; Skatron, USA). Conva-
lescent-phase test sera were diluted twofold in the mi
croplate wells at dilutions ranging from 1:64 through 1:32,
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768 with PBS-Tween containing 0.5 % gelatin as the
diluent (final volume in wells was 50 pl). Normal sera
Were diluted from 1:16 through 1:32, 768. The plates were
Mcubated for 1 h at 37°C and washed as described above.

ne hundred pl of class-specific goat anti-human im-
Munoglobulin  conjugated to alkaline phosphatase
(Kirkegaard and Perry, USA) was added to each well.

lates were then incubated an additional 1 h at 37°C.

he conjugate had been titrated against 10 ng of human
Mu, gamma or alpha heavy chain per well. The highest
dilution of conjugate giving an optical density reading of
1.0 (at 405 nm) after incubation for 1 h at 37°C was used
a5 the working concentration.

The plates were washed, and enzyme substrate (p-nitro-
Phenylphosphate disodium, one 5 mg tablet/10 ml of
uffer; Sigma, USA) in diethanolamine buffer (0.03 M,
PH 9.8) was added in a volume of 100 pl. The plates
Were incubated for 1 h at 37°C. The enzyme reaction
Was stopped by adding 50 pliwell of 3 M sodium hy-
droxide. The color change was assessed in a MR600 mi-
CIoplate reader (Dynatech) at a test wavelength of
S nm and a reference wavelength of 630 nm. Blanks
were read from a well containing only enzyme substrate,
ltration endpoints were determined by noting the
ighest serum dilution with a minimum difference of 0.05
absorbence units between the nonantigen- and antigen-
Containing wells. For statistical purposes, convalescent
S¢ra with endpoint titers of < 64 were assigned a titer of
2,‘and normal sera with endpoint titers of < 16 were
assigned a titer of 8. Sera without endpoints were retested
at dilutions through 1:262, 144. Cumulative titers (recip-
Tocals of sample dilutions up to and including the end-
Point titer) were determined, and the percentage of sera
Positive at a particular titer was plotted against that titer.
Or example, if a serum sample had an endpoint titer of
56, that sample was scored positive at titers of 64, 128
and 256, The IgA, IgG and IgM titers to phase I and
Phase I cellular antigens and Coxiella burnetii LPS were
Svaluated.

We tested an alternative serodiagnostic method which
Would conserve reagents and allow more serum samples
1o be tested per day. This would be important in epi-

emiological screening for Q fever prevalence or inacute

) fever epidemics. Sera were evaluated at a single 1:128
dilution, The optical density (OD) was determined, and
the OD of the adjacent nonantigen-containing well was
Subtracted from the OD of the phase II Nine Mile- and
from the phase I Nine Mile-containing well to give the
40D for the IgG and IgM responses.

Spectficity. The specificity of the EIA was determined
by analysis of the sera collected from 152 individuals
who had a negative Q fever skin test, a negative history
and a negative in vitro test (LPA) for Q fever. Serum
specimens were included from patients with other estab-
lished clinical diagnoses. By evaluating antibody titers,
the specificity of the test was set at 99 % or greater by
choosing diagnostic titers exceeded by < 1 % of these
sera.

The mean AOD at a serum dilution of 1:128 plus three
standard deviations was determined for serum specimens
from the 152 individuals, including those diagnosed with
non-Coxiella burnetii bacterial diseases and those nega-
tive for Q fever. This value is the minimum diagnostic
AOD. If the AODs of these serum specimens were nor-
mally distributed, 1 % of the specimens would statisti-
cally be expected to exceed the diagnostic AOD. The
specificity of the test was empirically determined as the
percentage of sera from 152 Q fever negative individuals
exceeding the diagnostic AOD.

Sensitivity. The sensitivity of the EIA was determined
by analysis of the 51 sera collected from individuals
having a laboratory-confirmed diagnosis of acute Q fever.

Sensitivity was calculated as the percentage of sera (early,
intermediate or late convalescent, or sera obtained 8

months or 5.5 years after the onset of acute Q fever)
meeting or exceeding the minimum diagnostic criteria

(titer or AOD).

Results

Enzyme Immunoassay Specificity. IgM, 1gG and
IgA antibody titers to Coxiella burnetii phase 1,
phase II and phase I LPS antigens were deter-
mined for 152 sera from patients with bacterial
diseases other than Q fever and from individuals
with no history or laboratory evidence suggestive
of past Coxiella burnetii infection. Not more than
1 % of these normal sera were positive for phase
II antigen at dilutions of 1:512, 1:1,024 and 1:128
for IgM, IgG and IgA, respectively (Table 1). The
phase 1 antigen was less reactive, and <1 % of
normal sera were positive at dilutions of 1:128,

Table 1: Summary of EIA endpoint titers to support a clinical diagnosis of acute Q fever.

Sensitivity
Antibody/antigen  Diagnostic False- -
titer positive results Early intermediate Late
(n=152) (%) {n=25) (n=14) n=12)
1gA/M 128 1 44 93 83
1gGHl 1,024 0 80 93 100
igM/Il 512 1 84 57 58
lgAnt 64 ¢ 4* 14* 17
1gG/ 128 1 24 71 83
Ig/i 128 1 48 57 50

*Too few samples were lested at lower dilutions to evaluate the sensitivity of the assay at lower antibody titers.
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Table 2: Geometric mean endpoint titers of igA, 1gG and igM to Coxiella bumnetiiphase |, phase ll and

lipopolysaccharide.?

Antibody/antigen Normal® (SD) Early* (SD) Intermediate® (SD) Late® (8D)
1gA/l 8 (0) 32 (1) 39 (2) 36 (1)
IgA/N 9 (1) 105 (4) 464 (3) 683 (6)
igA/LPS 8 (0) 32 (0) 32 (0) 32 (0)
1gG/ 10 (2) 53 (2) 297 (5) 724 (7)
19G/I 39 (4) 1,938 (5) 12,473 (4) 23,170 (3)
IgG/LPS 9 (1) 32 (0) 32 (0) 34 (1)
igMn 9 (2 132 (4) 186 (4) 102 (3)
tgMAll 21 (3) 1,144 (4) 594 (5) 456 (3)
IgM/LPS 8 (1) 40 (2) 37 {2) 32 {0)

2Human convalescent-phase sera with endpoint titers < 64 were assigned a titer of 32, and normal sera with

an endpoint titer < 16 were assigned a titer of 8.

YSera collected from individuals with no evidence of prior Q fever.

¢Sera collacted 19-30 days after onset of acute Q fever.
9Sera collected 67-75 days after onset of acute Q fever.

®Sera collected 98107 days after onset of acute Q fever.

SD: geometric standard deviation.

Table 3: Sensitivity of the EIA using diagnostic AOD value
to evaluate antibody response to Coxiella burnetiiantigens
inconvalescent sera from patients with acute Q fever which
met or exceeded the diagnostic AOD at a 1:128 dilution of
serum.,

Percent sensitivity
Antibody/antigen
Early Intermediate Late
lgG/l 52 86 100
igG/il 92 93 100
gyl 48 71 50
Igh/il a8 71 43

1:128 and 1:64 for IgM, IgG and IgA, respectively.
Less than 1 % of normal sera reacted positively to
Coxiella burnetii LPS at dilutions of 1:64 for IgM
and IgG (data not shown). No signal was detected
in the IgA response to LPS, even at the lowest
dilution of sera (1:16; data not shown). We chose,
as diagnostic titers, recipracals of those dilutions
where a false-positive rate would not be expected
toexceed1 % (Table1).

Using diagnostic AOD values of 0.134, 0.036,
0.098 and 0.033 for the IgG response to phase 1
and phase II antigen and the IgM response to
phase I and phase II antigen, respectively, 97.3,
98.7, 98.7 and 98.0 % of the 152 Q fever negative
sera were identified as negative. Statistically, we
expected a 1 % false-positive rate. However, the
actual false-positive rate was between 1.3 and 2.7 %
for the four tests that we performed.

Enzyme Immunoassay Sensitivity. Sera obtained
at various times after the onset of acute Q fever

were tested for antibodies reactive with Coxiella
burnetii phase I, phase II and LPS antigens.
Geometric mean IgA and IgG titers to phase II
antigen and IgG titers to phase I antigen progres-
sively increased after onset of acute Q fever
(Table 2). Mean IgM titers to phase II Coxiella
burnetii were highest when testing early convales-
cent sera, while the IgM response to phase I
Coxiella burnetii peaked when intermediate con-
valescent sera were tested.

At a diagnostic titer of 512, 84, 57 and 58 % of
early, intermediate and late convalescent-phase
sera, respectively, were positive for IgM anti-
phase II antibody. Table 1 shows the sensitivity of
the IgG, IgM and IgA responses of Q fever conva-
lescent-phase sera to phase II and phase 1 Coxiella
burnetii antigens. The sensitivity of the IgM re-
sponse to phase II Coxiella burnetii was highest
when early convalescent-phase sera were tested.
In contrast, sensitivities of the IgG and IgM re-
sponses to phase I Coxiella burnetii were highest
when the late and intermediate convalescent-
phase sera, respectively, were tested. Sera reacted
poorly with Coxiella burnetii LPS antigen; a maxi-
mum of 25 % of sera from acute Q fever patients
was positive (data not shown).

When the early, intermediate and late convales-
cent-phase sera were evaluated by diagnostic
AQD, the sensitivity of the test ranged from 43 t0
100 % (Table 3). The most sensitive test for meas-
uring a positive response with early convalescent-
phase sera was the IgG response to phase II
Coxiella bumetii, where 92 % of the specimens
tested positive.
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Table 4: Comparison of the sensitivity of the titer and diagnostic AOD methods to identify laboratory-
confirmed cases of acute Q fever 8 months (n =7) and 5.5 years (n = 8) after disease onset.

Percent sensitivity

Antibody/antigen Titer AOD
8 months 5.5years 8 months 5.5 years
IgGn 86 100 86 100
IgG/I 100 100 100 100
lgM/I 14 0 29 0
Ighani 43 25 43 13

Sera from patients who developed acute Q fever
sym}?toms approximately 8 months and 5.5 years
Previously were tested for antibodies reactive to
Phase I and phase IT Coxiella burnetii. The ability
10 detect a high percentage of individuals pre-
Viougly diagnosed with acute Q fever suggests
that the EIA is a good epidemiological screening
tool, All the serum specimens collected 8 months
and 5.5 years after the onset of acute Q fever had
4 positive IgG response to phase II Coxiella bur-
"etii (Table 4). However, only a minority of these
Specimens were positive for IgM antibodies to
Coxiella burnetii antigens.

Discussion

A useful serological assay for Coxiella burnetii in-
fection can identify persons who have (had) Q
fever (sensitivity), while correctly excluding per-
Sons who do not have Q fever (specificity). In
Eeneral, as the sensitivity of the serological test in-
eases (by lowering the qualifying diagnostic
liter), the specificity of the assay tends to
crease, which produces more false positives.
Ur objective in validating this serological assay
Was to determine diagnostic titers to specific an-
t}g_ens that maximized both sensitivity and speci-
licity. A disease where the signs and symptoms
are not characteristic (such as Q fever), occurring
' a setting where the probability of a Q fever-like
Uness actually being Q fever is rather low,
€mands that the specificity of the serological
ssay be high to reduce the number of false-
Positive results. This ensures that useful informa-
tion is provided to clinicians evaluating a case.

A recent study showed that the specificity and
Sensitivity of the Q fever EIA was equivalent to
t}le IFA when used to evaluate sera from con-
'med cases of acute Q fever and other bacterial
diseases (12). In addition, the IFA gave good sen-

sitivity (50 and 70 % of acute Q fever cases, re-
spectively) when testing sera three and four
weeks after the onset of clinical acute Q fever
(16). Therefore, use of either test is based largely
on personal preference. Because the EIA can be
automated, the ability to test large numbers of
sera in an epidemiological survey or a disease out-
break would favor this assay. While others report
the ability to diagnose Q fever by complement
fixation or IFA two weeks after onset (17-20), we
did not have serum samples that allowed us to
evaluate the sensitivity of our EIA at that time.

We chose to compare two methods for determin-
ing a positive test, first by generating a diagnostic
titer by serial dilution of the specimen where no
more than 1 % of the sera from individuals with
no evidence of Coxiella burnetii infection tested
positively. As an alternative, a test format involv-
ing a single dilution of serum may be sufficiently
sensitive and specific, be more convenient and
conserve reagents.

Due to the low sensitivity of the IgM and IgG an-
tibodies in recognizing phase I Coxiella burnetii
within one month of disease onset, tests for these
antibodies provide little information to assist in
the diagnosis of recent acute Q fever. The sensi-
tivity of antibody responses to Coxiella burnetii
LPS was too low to be useful in the diagnosis of
acute Q fever. In contrast, IgM and IgG responses
to phase I microorganisms were sensitive (84 and
80 %, respectively) and specific (2 99 %) using ti-
trations of early convalescent-phase sera. When
sera were scored positive or negative by diagnos-
tic AOD, the EIA was 1 to 2 % less specific than
when sera were evaluated by endpoint titration.
However, the sensitivity was improved for this
single dilution method. Eighty-eight and 92 % of
sera from acute Q fever patients tested positive
for IgM and IgG antibodies, respectively, to phase
H Coxiella burnetii. The cost of greater sensitivity
of the single dilution screening method was lower
specificity compared to the titration method.



426

Eur. J. Clin. Microbiol. Infect. Dis.

While our results showed that the IgG and IgM
responses to phase II Coxiella burnetii were the
most sensitive in diagnosing Q fever using early
convalescent-phase sera, determining a signifi-
cant antibody response to phase I Coxiella bur-
netii could help clinicians distinguish the acute
from the chronic forms of the disease (10). Includ-
ing phase I antigen in a test battery for acute Q
fever may also help determine whether the infec-
tion is recent. Because a higher proportion of
early convalescent-phase sera had titers for phase
IT than phase I microorganisms in this study, the
presence of antibody to phase II Coxiella burnetii
and the absence of antibody (IgG) to phase I
Coxiella burnetii supports a diagnosis of acute Q
fever infection occurring within the preceding six
months.

If the diagnosis of acute Q fever (current or retro-
spective) is the primary objective and only a
single test is to be used, we found that the most
sensitive test is the IgG antibody response to
phase II Coxiella burnetii. By the diagnostic AOD
method, the IgG response to phase II was the
most sensitive from early convalescence through
a period 5.5 years after the onset of acute Q fever
symptoms. By the titration method, this anti-
body-antigen combination was also the most
sensitive test, except for sera drawn in early con-
valescence, when the IgM antibody response to
phase II Coxiella burnetii was marginally better.
Clinicians desiring a single test which is sensitive
when using early convalescent sera and less sensi-
tive for sera drawn later should measure the IgM
response to phase Il Coxiella burnetii.

We were surprised at the persistence of IgM anti-
bodies to phase II antigen in cases of acute Q
fever. Fifty-eight percent of late convalescent-
phase sera had levels of IgM antibodies to phase
IT whole cells which we considered diagnostic
(Table 1). Twenty-five percent (2/8) of sera col-
lected from individuals involved in the Canadian
outbreak had diagnostic IgM antibody levels to
phase II but not to phase I Coxiella burnetii more
than five years after the onset of acute Q fever
(Table 4). These individuals currently have no
evidence of chronic Q fever and are completely
recovered. We did not test for rheumatoid factor
in this study. However, in a different study which
was blinded, we did not identify any false-positive
results in sera from persons with a variety of
bacterial diseases (12). Persistence of the IgM re-
sponse to Coxiella burnetii has also been noted in
some, but not all, serological studies using the
IFA (18). With the IFA, the IgM response to
phase I antigen persisted for 27 weeks, but the

IgM response to phase II antigen was not de-
tectable beyond 17 weeks. In another study, the
IFA IgM response to phase I and phase II Coxiella
burnetii disappeared in most patients after 10 to
12 weeks (9). However, 3 % of patients with acuteé
Q fever still had significant IgM titers after 52
weeks. Other researchers report that specific
complement fixation and IFA IgM titers from a
majority of patients involved in an outbreak of
acute Q fever in England persisted for more than
six months (17). Therefore, with the EIA and
IFA, a positive IgM (or IgG) titer to Coxiella bur-
netii may not necessarily indicate a current case of
acute Q fever.

In summary, we determined empirically serologi-
cal diagnostic titers for the serodiagnosis of acuteé
Q fever by EIA. This assay showed a high level of
specificity (=99 %). Using these criteria, the sen-
sitivity of the assay was good (80 to 84 %) for con-
firming cases of acute Q fever using early conva-
lescent-phase sera. Screening the sera at a dilu-
tion of 1:128 for IgG and IgM responses to phase
I Coxiella burnetii also provided a specific and
sensitive evaluation for acute Q fever. The diag-
nostic AOD method is a very sensitive and effi-
cient method for screening sera for past cases of
Q fever. Readers wishing to use the EIA should
similarly validate their test using their stand-
ardized diagnostic antigens because test reagents
may differ among laboratories.
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