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ABSTRACT Serum polymerase chain reaction (PCR) for the detection of Coxiella burnetii
DNA has been suggested for rapid Q fever diagnosis. We evaluated the role of PCR
testing in serum in the diagnosis of acute Q fever in an endemic setting. We examined
patients suspected of acute Q fever tested for C. burnetii-specific serum real-time PCR
in a tertiary hospital between January 2019 toand December 2022. In the first half, PCR
orders were consultation-based by infectious diseases specialists, while in the second
half, they were guided by serology, positive IgM2, and negative IgG1 and IgG2, indicating
early acute infection. Logistic regression analyzed independent predictors for positive
PCR. PCR positivity rates were calculated using various clinical criteria in the diagnostic
algorithm. Out of 272 patients, 13 (4.8%) tested positive and 130 exhibited serologically
suspected early infection. Presentation during April-July and aspartate aminotransferase
(AST) > 3x upper normal limit (UNL) were independently associated with positive PCR
with an odds ratio (OR) = 15.03 [95% confidence interval (Cl), 1.58-142.46], P = 0.018 and
OR = 55.44 [95% Cl, 6.16-498.69], P < 0.001, respectively. PCR positivity rate was 8.5%
in serologically suspected early infection vs 1.4% in other serology, yielding OR = 6.4
[95% Cl, 1.4-29.7], P = 0.009. Adding AST > 3x UNL increased OR to 49.5 [95% Cl, 5.9-
408.7], P < 0.001 reducing required PCR tests for a single acute Q fever case from 11.8
to 3. Elevated AST in serologically suspected early Q fever is proposed to be used in a
diagnostic stewardship algorithm integrating PCR in serum in an endemic setting.

IMPORTANCE Our study suggests in a diagnostic stewardship approach the integration
of molecular testing (Coxiella burnetii targeted PCR) for the diagnosis of acute Q fever
in a reliable time in the endemic setting. Integrating PCR detecting Coxiella burnetii
in serum in routine testing of suspected early acute Q fever based on serology result
increased the PCR positivity rate significantly. Adding increased transaminases optimizes
PCR utility which is highly requested particularly in endemic areas.
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bacteria Coxiella burnetti. Although the infection has been documented worldwide, contributed equally o this article.
it has been reported with a wide range of endemicity (1). In 2019, about 1,000 cases of Q
fever were reported from European Union with the highest incidence rate reported from
Spain (0.7 per 100,000) (2). In the same year, about 210 cases of Q fever were reported
in the United States of America (estimated incidence of 0.06 per 100,000) (3). Israel has
been endemic for Q fever for many years, with the most recent estimated incidence
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being around 3 per 100,000 in 2022 and of more than 400 expected new cases in 2023
(4).

The clinical presentation of acute Q fever varies, mostly being asymptomatic (5).
Symptomatic patients may present with fever and other non-specific symptoms. A wide
spectrum of clinical manifestations has been reported with pneumonia and hepatitis
being the most typical (6). Less common manifestations include neurological (7) and
cardiac (8, 9) as well as other rare manifestations (1). This wide spectrum of clinical
presentation makes acute Q fever to be frequently included in the differential diagnoses
in the endemic setting.

The laboratory diagnosis of acute Q fever is based mainly on the detection of phase 2
C.Coxiella burnetii antibodies by serology testing. As the antibodies response takes time
to appear and serology-based diagnosis is not straightforward especially when based on
a single sample result (particularly in endemic places), the uncertainty about acute Q
fever diagnosis in real time leads frequently to additional unnecessary tests. Indeed, in
the majority of cases, the diagnosis of acute Q fever is made in retrospect with a repeated
serology test documenting seroconversion or a significant increase of IgG 2 antibodies
titer. This delay in diagnosis is frequently associated with prolonged hospitalization,
unnecessary and costly laboratory and imaging studies, and inappropriate/excessive
antimicrobial treatment such as therapy with beta-lactams for community-acquired
pneumonia.

Over the past years, molecular tests have been used in the diagnosis of Q fever, where
polymerase chain reaction (PCR) has been introduced mainly in the diagnosis of the
chronic persistent form of the disease as well as for monitoring treatment response (10,
11). In acute Q fever, several studies have focused on the accuracy of PCR (12-14), its role
in epidemiologic surveillance (15) or in outbreaks in small cohorts (16, 17). No data are
available on the role of PCR in the diagnosis of acute Q fever in an endemic setting.

The objective of this study was to assess the added value of C. burnetii-specific
real-time PCR in serum in the diagnosis of hospitalized patients with suspected acute
Q fever in an endemic setting. We evaluated the yield of PCR testing in cases with
serologically suspected early acute Q fever compared to a restricted testing approach
mandating an infectious diseases (ID) specialist approval. In addition, we looked for
clinical and laboratory parameters that might improve the integration of serum PCR
testing in the diagnostic algorithm of patients with suspected acute Q fever.

MATERIALS AND METHODS
Setting

We retrospectively identified all adult patients (age > 18 years) with suspected acute Q
fever who had been tested for C. burnetii PCR in serum between 1 January 2019 and 31
December 2022. The study was conducted at Rambam Health Care Campus (RHCC), a
tertiary university-affiliated hospital with 1,000 beds, located in Haifa, the largest city in
the north of Israel, a region with a high prevalence of Q fever.

Up to the end of 2020, C. burnetii serum PCR has been in use at RHCC microbiol-
ogy laboratory for the diagnosis of suspected acute Q fever according to ID special-
ist approval (consultation-based approach). Since January 2021, routine testing of C.
burnetii PCR has been performed for all serology specimens with a result suspected
of early infection of acute Q fever in hospitalized patients (serology-based approach).
The definition of serologically suspected early infection was the presence of phase 2
IgM (IgM2) and absence of phase 2 and phase 1 1gG (IgG2 and IgG1) as detected in
enzyme-linked immunosorbent assay (ELISA), used as the screening test in the hospital
laboratory.
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Study design

This study retrospectively analyzes data from a prospective database of Q fever. We
compared the yield of serum PCR testing to detect acute Q fever in each of the two
periods, consultation-based vs serology-based periods.

In addition, we focused on the group of patients with serologically suspected early
acute infection. Clinical and laboratory characteristics of patients with positive and
negative PCR results within this group were compared to identify independent factors
associated with positive PCR.

In a subgroup analysis for patients with serologically suspected early infection who
had clinical and serological follow-up, we evaluated the diagnostic accuracy of the PCR
in serum in the diagnosis of acute Q fever by calculating the sensitivity, specificity,
positive predictive value, and negative predictive value. The reference standard for
diagnosis of acute Q fever was defined as a composite of appropriate clinical illness along
with serology dynamics compatible with acute Q fever, i.e., seroconversion or fourfold
increase in phase 2 IgG within 3-6 weeks. Moreover, we compared the characteristics of
patients according to the PCR result as compared to the final diagnosis—true positive
(TP), true negative (TN), and false negative (FN) looking for factors that could differenti-
ate between these groups.

Finally, we compared PCR positivity rates applying serological and clinical criteria
looking for the optimal situation in which the integration of PCR testing will be
beneficial. Based on these results, we suggest a laboratory diagnostic algorithm in which
the integration of PCR in serum might be helpful in rapid diagnosis of acute Q fever in
the endemic setting.

Microbiology testing

Real-time PCR for the detection of C. burnetii was performed in serum samples targeting
IS1111 a 295-bp fragment of the transposase gene of the C. burnetii IS1111a element
(18). DNA extraction was performed on the QlAcube instrument (Qiagen, Crawley, UK) up
to the end of 2021 and on MagLEAD 12gc extraction system (Percision System Science,
Japan) thereafter. Each sample was tested for inhibition by testing globin as an internal
control. Cycle threshold (Ct) value cutoff < 35 was reported positive, while the value >45
was reported negative. For borderline results (at least one of the duplicates with Ct value
36-44), the test was repeated and reported as weak positive if similar result was achieved
(Ct>35and Ct < 45).

For serology testing, the screening test that was used in RHCC microbiology
laboratory was enzyme-linked immunoassay (ELISA (Serion Diagnostics, Germany) which
tests for phase 2 IgM and phase 2 and phase 1 IgG. For any positive 1gG result, an
indirect immunofluorescence assay (IFA) testing was performed for confirmation and
titer determination using an in-house test at the national reference laboratory for
rickettsiosis.

Statistical analysis

Data were analyzed using SPSS version 26. Patients' characteristics were summarized by
standard descriptive summaries using medians with interquartile range for continuous
variables and counts and percentages for categorical variables. The x* test was used
to assess the correlation between potential predictors and serum PCR for Q fever.
Binary logistic regression was used for multivariate analysis. Variables with P < 0.05 in
the bivariate analysis were included in the binary logistic regression. The association
was considered significant if its coefficient in the binary logistic regression equation
remained significant at P < 0.05. All statistic tests are two-tailed, P value 0.05 was
considered statistically significant [95% confidence interval (Cl)] for all tests.
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RESULTS

Between January 2019 and December 2022, 4,388 sera were tested for Q fever serol-
ogy at RHCC microbiology laboratory. Overall serology tests during the study period
classified according to results and proportion of samples tested by PCR and their
positivity rates are presented in Table 1. The most prevalent result was IgM-/IgG—
which was observed in 83%, while serology of possible early infection, IgM+/1gG—
was observed in 5.3%. PCR was tested in 272 (6.2%) of overall sera of patients
with suspected acute Q fever; 96 during the consultation-based period and 176
during serology-based period. Positive PCR results in serum were detected in 4.8%
(13/272) in the overall, comprising 2% (2/96) in the consultation-based period and
6.3% (11/176) in the serology-based period, P = 0.14. The demographic data, comor-
bidities, and clinical presentation of patients were similar in both periods, except for
lower C-reactive protein (CRP) levels in the consultation-based period with a median
of 5.4 (mg/dL) compared to 8.3 in the serology-based period (P = 0.04; see Table S1
at https://figshare.com/articles/figure/Supplemental_material-_The_integration_of_Cox-
iella_burnetii_PCR_testing_in_serum_into_the_diagnostic_algori/25303375/1). No
difference was observed in the PCR positivity rates between the two extraction systems
used during the study period in which PCR positivity rates were 9/188 (4.8%) and 4/88
(4.8%) with the QlAcube instrument and the MagLEAD system, respectively.

Overall, 130/272 patients had a serology result of phase 2 IgM+, IgG—, consistent
with suspected early infection of acute Q fever; 22 in the consultation-based period and
108 from the serology-based period. PCR positivity rate at this group of patients with
suspected early infection was 8.5% (11/130) compared to 1.4% (2/142), for patients with
any other serology result, with an odds ratio (OR) [95% Cl)] of 6.4 [1.4-29.7], P = 0.0009.
Comparison of the characteristics of patients with positive and negative PCR results in
this group is presented in Table 2. The basic demographic characteristics including age,
gender, and ethnicity were similar. Presentation between April toand July was observed
in 10 cases (91%) of the PCR positive group compared to 51 (43%) in the PCR negative
group, P = 0.002. Although there was a statistically significant difference in leukocyte
count on presentation, values in both groups fell within the normal range. The median
CRP was increased in both groups,; 9.1 mg/dL in the PCR positive and 5.0 mg/dL in
the PCR negative group, with P = 0.05. Significantly higher levels of liver enzymes were
observed in the PCR positive group compared to PCR negative group. Notably, the
proportion of patients with aspartate aminotransferase (AST) and alanine transaminase
(ALT) above threefold the upper normal limit (>3x xUNL) was significantly higher in the
PCR positive group. In multivariate logistic regression analysis including presentation
between April toand July, AST > 3x xUNL and CRP, it was independently observed that
presentation between April toand July and AST > 3x xUNL were associated with positive
PCR with OR [95% Cl] of 15.03 [1.58-142.46], P = 0.018 and 55.44 [6.16-498.69], P =<<
0.001, respectively. Data of Ct were available in 12/13 positive PCR cases with a mean of
35.8 + 6.0 [range: 24-42]. In five out of 12 samples (42%), PCR was positive (the Ct value
was <35), while in seven (58%), the PCR result was weak positive (Ct between 36 and
44). The association between the duration of fever and Ct values is illustrated in Fig. S1
at https://figshare.com/articles/figure/Supplemental_material-_The_integration_of_Cox-
iella_burnetii_PCR_testing_in_serum_into_the_diagnostic_algori/25303375/1,

TABLE 1 The overall serology profile results and their proportion from those tested by PCR and
corresponding positivity rates

Serology Overall serology result Samples tested by PCR PCR positive
profile N (%) N (%) Nn (%)
IgM—IgG— 3,631 (83) 110 (3) 2(1.8)

IgM+ IgG— 249 (5.6) 130 (52) 11(8.4)
IgM— 1gG+ 341(7.7) 27 (8) 0(0)

IgM+ 1gG+ 167 (3.8) 6 (3.6) 0(0)

Total 4,388 272 (6.2) 13 (4.8)
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TABLE 2 Comparison between positive and negative PCR results in patients with serologically suspected early Q fever infection (with IgM2+/1gG-)

Positive PCR Negative PCR Univariate analysis  Multivariate analysis
Variable N=11 N=119 P value OR [95% Cl], P value
Age 47 [26, 67] 47 [32, 66] 1.00
Male 6 (54.5) 68 (57.1) 1.00
Jewish 10 (91) 87 (73) 0.28
Rural residence 0(0) 30(25.2) 0.06
Presentation between April and July 10(91) 51 (43) 0.002 15.03 [1.58-142.46],0.018
Charlson comorbidities index 6 [0, 6] 4(2,8] 0.87
Malignancy 1(9) 12(10) 1.00
Cerebral vascular accident (CVA) 1(9) 11(9.2) 1.00
Congestive heart failure 2(18) 14 (11.7) 0.61
Ischemic heart disease 2(18) 8(6.7) 0.20
Diabetes 1(9) 12(10) 1.00
Chronic kidney disease 2(18) 21(17.6) 1.00
Valvular heart disease 2(18) 7 (5.8) 0.56
Vascular aneurysm 2(18) 1(0.8) 0.24
White blood cell count (10°/uL) 6.7[4.6,7.2] 8.0[5.6,11.2] 0.01
Hemoglobin (g/dL) 12.4[11.5,14] 12[10.1,13.2] 0.52
Platelets (103/uL) 181[173,273] 221[146, 328] 0.97
Aspartate AST (U/L) 191[112,283] 45 [30, 86] 0.001
AST > 3x UNL (U/L) 10 (91) 20(17.2) <0.001 55.44 [6.16-498.69], <0.001
ALT (U/L) 254111,499] 501[19,127] 0.01
ALT > 3x UNL (U/L) 7 (63.6) 24 (21) 0.005
Alkaline phosphatase (U/L) 136 [95, 214] 90 [67, 165] 0.18
GGT (U/L) 134 [97, 546] 68[31,219] 0.01
Bilirubin (umol/L) 0.3[0.3,0.7] 0.6[0.4,0.8] 0.20
Creatinine (mg/dL) 0.7[0.5,0.9] 0.7 [0.6,0.9] 0.87
Sodium (umol/L) 137 [136, 139] 137 [135,139] 0.95
CRP reactive protein (mg/dL), normal < 0.5 (N=126) 9.1[6.2,12.3] 5.0[1.5,12.0] 0.05 1.55[0.67-3.55],0.30
Length of hospital stay (days) 4.1[3.5,5.0] 6.0[3.0,11.7] 0.029

demonstrating that all cases were detected during the first two2 weeks of fever with a
trend of increasing Ct values with increasing time since fever onset.

In the subgroup analysis of the patients with serologically suspected early infection;
41/130 (31%) patients had clinical and serology follow-up in whom the PCR result was
compared to the final diagnosis. Eighteen patients were diagnosed with acute Q fever;
11 had positive PCR (TP = 11) and 7 patients had negative PCR (FN = 7). Twenty-three
patients had other diagnoses (TN = 23), and no patient with positive PCR was diagnosed
with other than acute Q fever (FP = 0). The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) were 61%, 100%, 100%, and 77%,
respectively. Characteristics of these three groups (TP, TN, and FN) appear in Table S2
at https://figshare.com/articles/figure/Supplemental_material-_The_integration_of_Cox-
iella_burnetii_PCR_testing_in_serum_into_the_diagnostic_algori/25303375/1. Of notice,
no difference in duration of symptoms was observed with a median of 9 days in all three
groups, while the only difference was in elevated transaminases, mainly AST which was
higher in TP group compared to both TN and FN groups. Indeed, reassessment of the
PCR positivity rate by adding the AST > 3x xUNL in serologically suspected early infection
increased the OR to 49.5 [95% Cl, 5.9-408.7], P= << 0.001. In this scenario, the number
of PCR tests that was needed to be performed would be reduced from 130 to 30 in our
cohort, translated to 77% of minimizing of total tests that were performed and leading
to a decrease in the number of tests needed to perform in order to diagnose a one
case of acute Q fever from 11.8 (130/11) to 3 (30/10). Comparison of PCR positivity rates
according to periods, serology, and elevated AST is illustrated in Fig. 1. Paired serology
tests were found in 74 patients of whom 28 had final diagnosis of acute Q fever, 13
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FIG 1 Positivity rates of PCR across various clinical scenarios.

who had positive PCR, and 15 with negative PCR. For acute Q fever negative PCR group,
the serology profile result of first test was as follows: one had IgM—/IgG—, seven had
IgM+/1gG—, and seven had IgM+/IgG+. None had IgM—/IgG+.

Based on the results, we suggest a diagnostic algorithm that incorporates AST >
3x xUNL into the PCR testing protocol for Q fever in patients with suspected acute
Q fever, identified through serology results of IgM+, IgG— particularly in the endemic
setting as presented in Fig. 2.

DISCUSSION

In the present study, we found that in the endemic setting, including suspected early
acute Q fever serology (IgM+, IgG—) in decision-making process for serum PCR testing
for hospitalized patients with clinically compatible Q fever yielded a higher positivity rate
compared to an approach based solely on clinical suspicion and ID consultation. This
finding highlights the challenge in making the diagnosis of acute Q fever on a clinical
basis, especially in an endemic setting. Consequently, prioritizing PCR testing should be
supported by additional well-defined criteria such as serology results and elevated AST
as proposed in our diagnostic algorithm.

The high specificity and PPV endorse the use of serum PCR in serologically suspected
cases. This finding is supported by similar results from previous studies demonstrating
the high specificity of PCR in serum for diagnosis of acute Q fever ranging between 90%-
and 100% (12-15). FromOn the other side, the relatively low sensitivity and NPV in our
study as had been reported from other studies (12, 14), should be considered when
interpreting a negative PCR result. Based on our results, negative PCR should be followed
by a repeated serology test to exclude acute Q fever.

In settings of a high demand for Q fever testing, such as during an outbreak or in
an endemic area, starting with a screening serology test such as IgM2 is reasonable as
has been proposed previously (19). The low specificity of IgM that cross-react with other
infectious and non-infectious etiologies alongside the expected increased costs and
efforts needed for the implementation of routine use of both IFA and PCR in endemic
setting necessitates a diagnostic stewardship approach as we proposed in our algorithm.
The addition of increased AST > 3x xUNL, decreases the number needed to test from
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FIG 2 Proposed algorithm for diagnosis of acute Q fever in an endemic setting.

11.8 to 3 in our cohort. Although not addressed in our study, such an approach seems
to improve the cost-effectiveness of the integration of PCR in serum, but this should be
further evaluated. This is particularly important in the endemic setting where making
the diagnosis on a clinical basis is challenging, often leading to its consideration in
the differential diagnosis of variable clinical syndromes as mentioned previously. This
approach is further supported by the high demand for serology tests in the endemic
setting as presented in Table 1 in which an average of 100 tests per month were ordered
in our hospital. Patients with acute Q fever might have a serology profile of either
IgM—/1gG—, IgM+/1gG—, or IgM+/1gG+, depending on the time point in which serology
was taken in relation to illness course and factors related to variable host immune
reaction, making a single sample serology result highly challenging for interpretation.
Therefore, our proposed algorithm suggests either repeating the serology test after a
while in order to show seroconversion/significant antibodies rise or testing for PCR where
we expect to have a high yield of this test (in IgM+/IgG— with elevated AST as supported
by our study results).

It is important to emphasize that our suggested algorithm is derived from hospital-
ized patients,; thus, it is suggested to be applied in a similar setting. Typically, patients
are hospitalized usually one1 week or more after the onsetstart of a non-resolving fever.
In addition, abnormal laboratory results, mainly elevated transaminases, may contribute
to selection bias for hospitalization and even prompt serology testing for Q fever. In
contrast to previous studies (14, 20), we found that elevated AST, rather than duration of
iliness, was significantly associated with positive PCR. Here to emphasize, that the vast
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majority of sera that were tested by PCR in our study were with 1gG negative (88%) as it
is already known that PCR yield falls dramatically at the time IgG is detected (17),; thus,
duration of symptoms was relatively short and homogenous in the whole cohort. Still,
the association between elevated AST and positive PCR might be related to other factors.
One possible explanation for this finding might be that bacteremia of C. burnetii are
more prevalent in cases involving hepatitis compared to those without hepatitis, such
as isolated pneumonia where the infection may be contained in the respiratory tract
and lung. Such differences might be related to different routes of acquiring the infection
as had been suggested in an animal model study (21). Whether elevated AST could be
used as a criterion for testing also in the absence of IgM2 (IgM—/IgG-) should be further
evaluated in future studies.

Our study has limitations. First, being a single and tertiary center study, might
affected the type of patients included in our cohort, although the clinical characteristics
of our patients did not have major differences compared to cohorts of acute Q fever
that were reported from other non-tertiary hospitals in Israel (22, 23). Second, data that
were collected retrospectively limiting our ability to evaluate the overall clinical impact
of making a diagnosis with positive PCR in acute Q fever. A previous small study had
reported the shorter time to diagnosis in acute Q fever when diagnosis was made by PCR
compared to serology (4 days compared to 17 days, respectively) (16). The shorter length
of hospital stays in the positive PCR cases compared to negative PCR cases in our study
might be attributed to the rapid definite diagnosis achieved by PCR. Third, including
only hospitalized patients probably represents more severe cases of acute Q fever with
longer duration of symptoms with the expected detection of IgM2 antibodies already
upon presentation. For ambulatory milder cases of acute Q fever, a different diagnostic
algorithm might be needed, focusing on the seronegative cases (with a corresponded
shorter course of illness). Here to highlight that in the present study, we did not check
PCR routinely in the group of cases with totally negative results (IgM—, IgG-), in which
the number of positive PCR cases might be higher than that in the group of suspected
early infection (IgM+, IgG-). As the totally sero-negative group consistituted 83% of the
ordered tests for Q fever serology at our hospital, routine testing of PCR in this group
is unreliable. Further studies should address clinical and laboratory criteria that could
assist in directing the use of PCR in this large group of cases. Finally, as it had been
learned from other aspects of Q fever research, data coming from a restricted geographic
area should be re-assessed in other areas in order to provide external validation. This
is especially true knowing the variability in clinical manifestations of the diseases in
different countries (1).
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