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ABSTRACT Tularemia is a zoonosis caused by the bacterium Francisella tularensis.
Its specific diagnosis remains based on serological methods, while F. tularensis is
rarely detected in clinical samples by culture or PCR. The aim of the present study
was to evaluate the performance of the Serion enzyme-linked immunosorbent assay
(ELISA) classic Francisella tularensis IgG and IgM tests (Virion/Serion GmbH Institute,
Würzburg, Germany) and the VIRapid tularemia immunochromatographic test (ICT)
(Vircell, Granada, Spain) compared to that of the in-house microagglutination test
(MAT) and indirect immunofluorescence assay (IFA) currently used at the French Na-
tional Reference Center for Francisella. We evaluated 256 consecutive sera from 208
patients, including 51 confirmed and 23 probable tularemia cases, and 134 control
patients not infected with F. tularensis. The IFA tests displayed 72.5% sensitivity for
IgM (cutoff titer �80) and 74.5% for IgG (cutoff titer �160), and 99.3% specificity for
both IgM and IgG. Using cutoffs advocated by the manufacturer, the Serion ELISAs
displayed 88.2% sensitivity for IgM and 86.3% for IgG antibodies; specificity was
94.8% for IgM and 95.5% for IgG. Compared to MAT and IFA tests, the Serion ELISAs
allowed earlier detection of specific antibodies (1 to 2 weeks versus 2 to 3 weeks af-
ter the onset of symptoms). The ICT sensitivity and specificity were 90% and 83.6%,
respectively, when considering the cutoff advocated by the manufacturer. In conclu-
sion, the Serion ELISAs are useful as screening tests for tularemia diagnosis, but ad-
ditional confirmatory tests (such as MAT and IFA) are needed, especially in areas of
low endemicity.

KEYWORDS zoonosis, Francisella tularensis, tularemia, serology, immunofluorescence
assay, ELISA, immunochromatography

Tularemia is a zoonosis caused by Francisella tularensis, a Gram-negative intracellular
bacterium, categorized as a class A bioterrorism agent by the CDC (1, 2). Classically,

two subspecies of F. tularensis cause human infections: subsp. tularensis (type A, in
North America) and subsp. holarctica (type B, in the whole Northern hemisphere) (3).
However, the latter subspecies has recently been detected in Australia as well (4, 5).
Type B strains are usually associated with less severe symptoms and lower mortality
rates compared to type A strains (3). F. tularensis can infect or colonize a wide range of
animal species (especially small rodents and lagomorphs) and arthropods (especially
ticks and mosquitoes). It may also survive for prolonged periods in the environment.
Humans are contaminated with F. tularensis directly from infected animals (through
animal bites or scratches, handling, ingestion of contaminated meat, etc.), through
arthropod bites (mainly Ixodidae ticks and mosquitoes in restricted areas), or from F.
tularensis-contaminated environments (e.g., contact with contaminated soils or vege-
tables, contact with or ingestion of contaminated water).
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After a short incubation period (usually 3 to 5 days), tularemia manifests as flu-like
symptoms. Then, depending on the bacteria’s portal of entry, six clinical forms are
classically recognized (3, 6). The ulceroglandular form corresponds to a cutaneous
lesion at the site of F. tularensis inoculation, with subsequent development of regional
lymphadenopathy; the glandular form also corresponds to regional lymphadenopathy,
but the skin inoculation lesion is not detected; the oropharyngeal form corresponds to
pharyngitis with cervical lymphadenopathy after infection via the oral route; the
oculoglandular form is conjunctivitis with a periauricular or cervical lymphadenopathy
after conjunctival inoculation of F. tularensis; the pneumonic form results from inhala-
tion of a contaminated aerosol or the hematogenous spread of bacteria from other
infectious loci; and the typhoidal form is a severe systemic infection usually with high
fever and confusion but with no inoculation lesion or regional lymphadenopathy.
Complications may occur, including lymph node suppuration, severe skin and soft
tissue infections, keratitis, meningitis, encephalitis, pericarditis, endocarditis, peritonitis,
hepatitis, splenitis, osteoarticular infections, septic shock with rhabdomyolysis, and
acute renal failure.

Confirmation of tularemia diagnosis can be obtained by direct detection of F.
tularensis in various clinical samples, either by culture or PCR assays, or by serological
techniques showing the presence of specific antibodies in patients’ sera (6, 7). Blood
cultures are useful in patients with F. tularensis bacteremia (8). However, isolation of F.
tularensis is obtained in less than 10% of patients, because clinical samples for culture
are either not available or collected after an effective antibiotic therapy has been
administered and because of the fastidious nature of this bacterium. Also, type A strains
of F. tularensis are biosafety level 3 pathogens, and their isolation remains hazardous for
laboratory personnel (9). PCR-based assays are useful for early confirmation of tulare-
mia, by detecting F. tularensis DNA from skin ulcers or from conjunctival or pharyngeal
exudates (6, 7). These assays may also confirm the diagnosis retrospectively by testing
resected tissues, such as suppurated lymph nodes. Due to the limitations of F. tularensis
culturing and PCR testing, diagnosis of tularemia remains most frequently based on
serological tests (6, 7). However, specific antibody titers are usually detected at signif-
icant levels only 2 to 3 weeks following symptom onset (10). Also, residual antibody
titers may persist for years, leading to false-positive results (11). Cross-reacting anti-
bodies have been reported mainly between Francisella, Brucella, and Yersinia enteroco-
litica species (12–14) and more recently, mimivirus capsid antigens (15), but titers are
usually low and not confounding. A major limitation of serological diagnosis of tula-
remia worldwide is the lack of standardization for F. tularensis antigen preparation and
for the serological methods used.

The aim of the present study was to evaluate commercially available serological
tests for tularemia diagnosis, including the Serion enzyme-linked immunosorbent assay
(ELISA) classic Francisella tularensis IgG and IgM tests (Virion/Serion GmbH Institute,
Würzburg, Germany) and the VIRapid tularemia immunochromatographic test (ICT)
(Vircell, Granada, Spain), and compare their performance to those of the in-house
microagglutination test (MAT) and indirect immunofluorescence assay (IFA) we cur-
rently used at the French National Reference Centre for Francisella.

MATERIALS AND METHODS
Patients and clinical samples. The present retrospective study was conducted in accordance with

the Standards for Reporting of Diagnostic Accuracy (STARD) guidelines to assess the diagnostic accuracy
and the clinical value of the respective assays (16, 17). As a National Reference Center for Francisella, we
receive various clinical samples for tularemia diagnostic assessment, using specific culture, PCR, and
serological tests (18). In this study, we evaluated 256 consecutive serum samples that were collected
between 2006 and 2015 from 208 French patients. These patients included 124 men and 84 women (sex
ratio, 1.47), with a mean age of 45 years (range, 5 to 95 years).

Tularemia case definition. Tularemia cases were defined according to the WHO recommendations
(19). In a patient with clinical and epidemiological findings compatible with tularemia, a confirmed case
corresponded to (i) a positive F. tularensis culture; (ii) a seroconversion or a 4-fold or higher rise in specific
antibody titers, as determined by the microagglutination test (MAT) and/or the indirect immunofluo-
rescence assay (IFA), between two sera collected at least 2 weeks apart; or (iii) a positive F. tularensis PCR
test. A probable case corresponded to a single positive serological titer (using MAT and/or IFA) in a
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patient with clinical and epidemiological findings compatible with tularemia. Patients with nonspecific
clinical symptoms (usually a fever without any other symptom), absence of risk exposure for tularemia,
negative tularemia diagnostic tests or a single positive MAT and/or IFA test, and resolution of symptoms
without the need for administration of an appropriate antibiotic therapy were considered not infected
with this pathogen, and served as non-tularemia controls.

Serological methods. We used in-house MAT and IFA methods previously elaborated in our
laboratory for detection of anti-F. tularensis antibodies in patients’ sera (18). One MAT detects both
specific IgM and IgG antibodies, whereas two separate IFA tests are needed, one to detect IgM (IFA-IgM)
and one for IgG (IFA-IgG) antibodies. Both techniques use the F. tularensis subsp. holarctica LVS strain
(NCTC 10857) as the antigen (18). Briefly, the LVS strain was grown on Polyvitex-supplemented chocolate
agar plates (bioMérieux, Marcy l’Etoile, France), incubated 3 days at 37°C, in 5% CO2-enriched atmo-
sphere, in a biosafety level 3 laboratory. Bacterial growth was harvested and homogenized in phosphate
buffer saline (PBS) (Sigma-Aldrich, St. Quentin Fallavier, France), and bacteria were inactivated by adding
4% formaldehyde for 48 h at 4°C. Formaldehyde was removed by centrifugation at 16,800 relative
centrifugal force (RCF) for 10 min and resuspension of the bacterial pellet in PBS, three times. The final
bacterial pellet was resuspended in PBS at 1 McFarland optical density, and stored at �80°C until use.
The cutoff titers are �80 for the MAT and IFA-IgM, and �160 for the IFA-IgG (18).

The Serion ELISA classic Francisella tularensis IgG and IgM tests (Virion/Serion GmbH Institute,
Würzburg, Germany) are two commercial kits allowing the specific detection of either IgM or IgG
antibodies predominantly directed at the bacterial lipopolysaccharide. They are referred to here as the
Serion ELISA-IgM and ELISA-IgG tests. They were performed according to the manufacturer’s recom-
mendations. However, the optical densities were read using the BEP III apparatus (Siemens Healthcare,
Saint-Denis, France). Briefly, serum samples were diluted in flat-bottom microtiter plates. For the IgG
ELISA plate, the samples were diluted at 1:100 in two steps (1:20 then 1:5) in the buffer (DILB) provided.
For the IgM ELISA plate, the samples were diluted 1:100 in rheumatoid factor (RF)-absorbent and
incubated at ambient temperature for 15 min to remove any rheumatoid factor, which may give
false-positive reactions. The positive controls provided for IgM and IgG were tested at each run. The
manufacturer advocates using cutoff titers for optical densities (OD) �0.449 for IgM and �0.619 for IgG,
which correspond to an expected 99% sensitivity for both antibody types, and �99% specificity for IgM
and 96.9% for IgG.

The VIRapid tularemia test (Vircell, Granada, Spain) is an immunochromatographic (ICT) test detecting
both IgM and IgG type anti-F. tularensis antibodies. This test was performed using 20 �l of pure serum
sample per cassette, according to the manufacturer’s recommendations. The results are determined
visually and semiquantitative: 0 for negative, 0.5 for weakly positive, and 1 to 3 for positive, strong
positive, and very strong positive, respectively. A result of 0.5 or higher is considered positive by the
manufacturer.

The sensitivity, specificity, ROC analyses, and Cohen � concordance between tests were performed
using the R software (version 3.3.1).

RESULTS

Among the study’s 208 patients, 51 were confirmed tularemia cases (37 men, 14
women; sex ratio, 2.64) based on isolation of an F. tularensis strain (26 cases), serocon-
version or a 4-fold (or higher) rise in antibody titers (18 cases), or a positive F. tularensis
PCR test (7 cases). Twenty-three patients were classified as probable tularemia cases.
Tularemia patients corresponded to the following clinical forms: ulceroglandular (27
cases), glandular (8 cases), oculoglandular (2 cases), oropharyngeal (12 cases), pneu-
monic (7 cases), typhoidal (16 cases), and undetermined (2 cases). The remaining 134
patients were considered not infected by F. tularensis (Table 1).

The MAT displayed 75.3% sensitivity and 98.5% specificity. However, the sensitivity
varied in the different groups of patients: 65.4% in patients with a positive F. tularensis
culture, 72.2% for those with a seroconversion or a 4-fold (or higher) rise in antibody
titers, 100% in the 7 patients with a positive F. tularensis PCR, and 83.3% in probable
cases.

TABLE 1 Patients and serum samples evaluated in this study

Patient group
No. of
patients

No. of serum
samples

No. of males/
no. of females

Sex
ratio

Median age
(range [yrs])

No. of positive serum samples/no.
tested for MAT and/or IFA (%)

Positive F. tularensis culture 26 37 21/5 4.2 64 (8–95) 17/26 (65.4)
Seroconversion or �4-fold increase

in antibody titers
18 41 11/7 1.57 51 (25–76) 18/18 (100)

Positive F. tularensis PCR test 7 15 5/2 2 46 (17–87) 7/7 (100)
Probable tularemia cases 23 29 13/10 1.3 50 (17–84) 23/23 (100)
Negative controls 134 134 74/60 1.23 40 (5–82) 5/134 (3.7)

Total 208 256 124/84 1.47 45 (5–95) 69/208 (33.2)
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As for the IFAs, using previously defined cutoff titers (�80 for IgM and �160 for IgG),
we found a sensitivity of 72.5% for IgM and 74.5% for IgG, while the specificity was
99.3% in both cases (Table 2). Halving the cutoff titers resulted in higher sensitivity
values (78.4% and 88.2% for IgM and IgG, respectively) but a lower specificity (98.5%
and 97.0%, respectively). Doubling the cutoff titers resulted in a very low sensitivity of
56.8% for both IgM and IgG.

As for the Serion ELISAs, using the cutoff titers advocated by the manufacturer, we
found a sensitivity of 88.2% for IgM and 86.3% for IgG, and a specificity of 94.8% for IgM
and 95.5% for IgG. To obtain 97.8% specificity (close to 98%), cutoff titers had to be set
at �0.9 for IgM and �1.4 for IgG with corresponding sensitivities of 86.3% for IgM and
84.3% for IgG (Table 2). Receiver operating characteristic (ROC) curves for IFA-IgM,
IFA-IgG, Serion ELISA-IgM, and Serion ELISA-IgG tests are shown in Fig. 1. The negative
predictive values (NPVs) and positive predictive values (PPVs) according to tularemia
prevalence in the ELISA-IgM and ELISA-IgG tests, using either the lower or higher cutoff
titers, are presented in Fig. 2.

The sensitivity and specificity of the VIRapid tularemia test were 90% and 83.6%,
respectively, when a color intensity of 0.5 (as shown in the manufacturer’s user guide)

TABLE 2 Sensitivities, specificities, and positive and negative likelihood ratios of
serological methods investigated according to cutoff titers

Method Cutoff titer Sensitivity (%) Specificity (%) LR�/LR�

IFA-IgM 1:40 78.4 98.5 52.3/0.22
1:80 72.5 99.3 103.6/0.28
1:160 56.8 99.9 568/0.43

IFA-IgG 1:80 88.2 97.0 29.4/0.12
1:160 74.5 99.3 106.4/0.26
1:320 56.8 99.3 81.1/0.44

ELISA-IgM 0.449 88.2 94.8 17/0.12
0.9 86.3 97.8 39.2/0.14
1.35 84.3 98.5 56.2/0.16

ELISA-IgG 0.619 86.3 95.5 19.6/0.12
1.4 84.3 97.8 38.3/0.16
1.8 70.6 98.5 47.1/0.30

FIG 1 ROC curves for detection of IgM or IgG anti-F. tularensis antibodies using immunofluorescence assays (IFAs) or ELISAs. AUC, area
under the curve.
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was used as a cutoff titer. Sensitivity and specificity were 90% and 92.5%, respectively,
when using a cutoff at a color intensity of 1.

The kinetics of anti-F. tularensis antibodies during infection were evaluated for 20
tularemia cases (28 serum samples) for which the date of symptom onset could be
determined. For this subgroup of patients, specific antibodies were detected earlier in
the course of the disease with the Serion ELISA and VIRapid tularemia tests compared
to the MAT and IFA tests (Table 3). During the first 2 weeks following symptom onset,
the sensitivities were 15.4% (2/13 positive-tested samples) for the MAT and IFA-IgM
tests and 0% (0/13) for the IFA-IgG test. The sensitivity of the VIRapid tularemia test was
20% (2/10). For the Serion ELISA-IgM and ELISA-IgG tests, the sensitivities were 38.5%
(5/13) and 30.8% (4/13), respectively, when the cutoff titers recommended by the
manufacturer were used. Sensitivities were 38.5% (5/13) and 15.4% (2/13) with the use
of the cutoff titers determined in this study to obtain a specificity close to 98%.

We compared the concordance between the MATs, IFAs, and Serion ELISAs. There
was a very good concordance between the MAT and the IFA-IgM (� � 0.91) and the
IFA-IgG (� � 0.80) tests. We also found good concordance between the MATs, the IFAs,
and the Serion ELISAs (using the manufacturer’s cutoff titers): � � 0.77 between the

FIG 2 Negative predictive values (NPVs) and positive predictive values (PPVs) according to tularemia
prevalence of ELISA-IgM (top)and ELISA-IgG (bottom) tests, using either the lower cutoff titers recom-
mended by the manufacturer (dashed line) or the higher cutoff titers of 0.9 for IgM and 1.4 for IgG (solid
line) defined herein to increase specificity.

TABLE 3 Proportion of positive tests for 28 serum samples collected from 20 tularemia patients at different time intervals from the onset
of clinical symptoms

Method (cutoff titer)

% positive tests (no. positive serum samples/no. tested) at:

1st wk 2nd wk 3rd and 4th wks 2nd mo Overall

MAT (�80) 0 (0/7) 33.3 (2/6) 75 (6/8) 85.7 (6/7) 50 (14/28)
IFA-IgM (�80) 0 (0/7) 33.3 (2/6) 62.5 (5/8) 85.7 (6/7) 46.4 (13/28)
IFA-IgG (�160) 0 (0/7) 0 (0/6) 87.5 (7/8) 100 (7/7) 50 (14/28)
ELISA-IgM (OD � 0.45) 14.3 (1/7) 66.7 (4/6) 100 (8/8) 100 (7/7) 71.4 (20/28)
ELISA-IgM (OD � 0.9) 14.3 (1/7) 66.7 (4/6) 100 (8/8) 100 (7/7) 71.4 (20/28)
ELISA-IgG (OD � 0.62) 0 (0/7) 66.7 (4/6) 100 (8/8) 100 (7/7) 67.8 (19/28)
ELISA-IgG (OD � 1.4) 0 (0/7) 33.3 (2/6) 100 (8/8) 100 (7/7) 60.7 (17/28)
VIRapid (band intensity � 0.5) 14.3 (1/7) 33.3 (1/3) 100 (4/4) 100 (7/7) 61.9 (13/21)

Evaluation of Tularemia Serological Diagnostic Tests Journal of Clinical Microbiology

January 2018 Volume 56 Issue 1 e01440-17 jcm.asm.org 5

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/j

cm
 o

n 
12

 J
an

ua
ry

 2
02

3 
by

 1
30

.1
90

.3
1.

22
1.

http://jcm.asm.org


MAT and ELISA-IgM; � � 0.79 between the MAT and ELISA-IgG; � � 0.75 between the
IFA-IgM and ELISA-IgM; and � � 0.78 between the IFA-IgG and the ELISA-IgG. The
concordance coefficients did not change significantly when higher cutoff titers were
used for the Serion ELISAs (i.e., 0.9 for IgM and 1.4 for IgG). Likelihood ratios (LRs) were
also highly favorable for MATs (LR� � 50.2, LR� � 0.25), IFAs, and ELISAs (Table 2).

DISCUSSION

The aim of this study was to evaluate commercial assays for serological diagnosis of
tularemia in humans. These tests were evaluated in a cohort of 208 patients whose
clinical samples were sent to our national reference laboratory for tularemia diagnostic
testing. All serum samples were tested using our in-house MAT and IFA tests, and
tularemia diagnosis also relied upon F. tularensis culture and PCR testing of various
clinical samples when available. According to the WHO definition (19), 51 patients were
proven cases of tularemia and 23 patients were probable cases. Tularemia diagnosis
was rejected in the remaining 134 patients, who served as negative controls in this
study. Most of the confirmed and probable tularemia cases were males (50/74, 67.6%),
with a median age of 55 years (range, 8 to 95 years), who suffered from the ulceroglan-
dular or glandular form (34/74, 45.9%) of tularemia. This patient population was
representative of the usual epidemiological and clinical aspects of tularemia in France
(18). Interestingly, however, severe diseases with F. tularensis bacteremia were observed
only in men (16 cases), with a median age of 67 years, compared to a male/female sex
ratio of 1.29 and a median age of 50 years for the remaining 58 patients.

In the population studied, our MATs displayed 75.3% sensitivity and 98.5% speci-
ficity. The IFAs displayed sensitivities of 72.5% for IgM (cutoff titer �80) and 74.5% for
IgG (cutoff titer �160), and a very high specificity of 99.3% for both types of antibodies.
The low sensitivities found for the MAT and IFA tests were related to the fact that only
acute-phase sera were available for patients with culture-proven tularemia. These
serological tests are used in our laboratory for confirmation of tularemia cases, espe-
cially in patients for whom F. tularensis culture and PCR tests are not feasible or are
negative. Because tularemia is a rare disease in France, we have previously determined
cutoff titers to obtain specificities higher than 98% (18). In contrast, significant antibody
titers are usually detected only after 3 to 4 weeks following symptom onset.

When the cutoff titers advocated by the manufacturer were used, for the same
group of patients the Serion ELISAs displayed 88.2% sensitivity for IgM and 86.3% for
IgG; specificity was 94.8% for IgM and 95.5% for IgG. These are lower sensitivity and
specificity levels than those reported by the manufacturer, i.e., sensitivity of 99% for
both IgM and IgG, and specificity greater than 99% for IgM and 96.9% for IgG. This
difference could be partly related to the use of an automated procedure (the BEP
III system) whereas these kits are intended to be used manually. However, in most
diagnostic laboratories ELISAs are now performed in automated systems, which usually
ensure greater reproducibility of test results. It is more likely that the observed
differences in sensitivity and specificity are related to different characteristics between
the patient population tested by the manufacturer and our cohort of patients. As for
the VIRapid tularemia test, we found a sensitivity of 90% and a specificity of 83.6%,
using the cutoff titer advocated by the manufacturer (i.e., a color intensity of the test
line at 0.5 or higher). These values were much lower than those claimed in the
manufacturer’s user guide, i.e., 99.13% sensitivity and 98.58% specificity. Increasing the
cutoff at a color intensity of the test line at 1 or higher did not change the sensitivity
(90%) but increased the specificity (92.5%). In our hands, the VIRapid tularemia test was
not specific enough to serve as a screening test for tularemia in a reference diagnostic
laboratory.

A few studies have evaluated commercial serological tests for tularemia diagnosis.
Chaignat et al. (20) evaluated the performance of three commercial assays: the Serazym
anti-Francisella tularensis ELISA (Seramun Diagnostica GmbH, Heidesee OT Wolzig,
Germany), the Serion ELISA classic F. tularensis IgG and IgM tests (Virion/Serion, GmbH
Institute, Würzburg, Germany), and the VIRapid tularemia test (Vircell, Granada, Spain).
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These tests were evaluated at the same time as an in-house MAT, taken as the
reference. Serum samples were collected in Serbia from a consecutive series of 110
tularemia patients. The sensitivities and specificities of the tests evaluated were,
respectively, 97% and 91.5% for the Serazym ELISAs, 96.3% and 96.8% for the Serion
ELISA-IgG tests, 94.8% and 96.8% for the Serion ELISA-IgM tests, and 97% and 84% for
the VIRapid tularemia tests. Interestingly, for the three latter serological assays, we
found lower sensitivities but similar specificities. The higher sensitivities found by
Chaignat et al. (20) might be explained by the fact that only patients with typical
tularemia clinical manifestations and a positive MAT were included in their study.
Tularemia may correspond to various clinical manifestations, some of which are poorly
specific (3, 21). Our cases had more variable clinical patterns, including nonspecific
symptoms, but were defined as confirmed or probable tularemia cases according to the
WHO definition (19). Performing serological tests in patients with typical symptoms
of tularemia in a country of high endemicity such as Serbia may have resulted in
overevaluation of their performance. Another study from Kiliç et al. (22) reported a
sensitivity of 99.3% and a specificity of 94.6% for the VIRapid tularemia test. However,
this study involved 106 tularemia cases (mostly oropharyngeal forms) occurring during
a tularemia outbreak. This is quite different from the situation of our study where
tularemia cases were independent and sporadic. Also, tularemia cases were defined as
the combination of compatible clinical findings and a MAT titer of 160 or higher.

To evaluate the kinetics of anti-F. tularensis antibodies during infection, we deter-
mined the proportion of positive serological tests among 28 serum samples collected
from 20 tularemia patients for which the date of symptom onset could be accurately
determined. Our goal was to determine the most appropriate serological tests for early
detection of specific antibodies in patients’ sera. The MAT and IFA-IgM tests were
negative for serum samples collected during the 1st week of symptom progression and
positive for 33.3% of those collected during the 2nd week, giving an overall sensitivity
of 15.4% for the first 2 weeks of the course of the disease. The Serion ELISA-IgM test was
positive for 14.3% and 66.7% of serum samples collected during the 1st and 2nd weeks
of symptom progression, respectively, giving an overall sensitivity of 38.5% for the first
2 weeks of the disease course. Specific IgG antibodies were also detected earlier with
the ELISA-IgG test compared with the IFA-IgG test (30.8% versus 0% for the first 2 weeks
of the disease course). Earlier detection of specific anti-F. tularensis antibodies using the
ELISA method was previously reported (10, 23). Using an in-house ELISA and a lipo-
polysaccharide (LPS) extract from the F. tularensis subsp. holarctica LVS strain as the
antigen, Eliasson et al. (23) reported a sensitivity of 50% for detection of IgM and/or IgG
antibodies 10 days after the onset of clinical symptoms. The VIRapid tularemia test also
allowed earlier detection of specific antibodies compared to the MAT and IFA-IgM tests
(20% sensitivity for the first 2 weeks of disease progression compared to 15.4% for the
MAT and IFA-IgM tests). Kiliç et al. (22) reported higher sensitivities for the VIRapid
tularemia test, at 20% during the 1st week following symptom onset and 67.4% during
the 2nd week. Altogether, the results of the present study and those of previous reports
in the literature demonstrate better performance of the ELISAs (compared to the MATs
and IFAs) in detecting anti-F. tularensis antibodies in serum samples collected from
tularemia patients during the first 2 weeks of symptom progression. However, earlier
detection of low titers of anti-F. tularensis antibodies may be associated with a higher
risk of false-positive results. Thus, positive ELISA results should be confirmed by MAT or
IFA on the same serum or negative ELISA results by MAT or IFA on a subsequent serum.

Tularemia is a rare zoonotic disease in France, where the annual incidence of human
infections is close to 0.13 cases per 105 inhabitants (18, 24). The low specificities of the
Serion ELISA and VIRapid tularemia tests we obtained in our study population would
certainly correspond to low positive predictive values (PPVs), although the PPV could
not be calculated because the true prevalence in the population tested remains
unknown. The same reasoning applies to other countries that have tularemia ende-
micity with low prevalence of the disease, especially in most European countries (25).
As a national reference center, we need high-PPV diagnostic tests to accurately confirm
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suspected tularemia cases. We therefore determined ROC curves from the results
obtained with the Serion ELISAs and new cutoff titers allowing approximately 98%
specificities in our patient cohort. Using cutoff titers of optical density (OD) �0.9 for the
Serion ELISA-IgM and OD �1.4 for the Serion ELISA-IgG, we obtained 97.8% specificity
for both ELISAs, while the sensitivities were 86.3% and 84.3% for the ELISA-IgM and
ELISA-IgG, respectively. Thus, even using these higher cutoffs, the ELISAs remained
more sensitive than the IFAs. In areas where tularemia has a low prevalence, an
approximately 95% specificity of the ELISAs would result in a significant number of
false-positive results and a low PPV. As an example, when using the Serion ELISA-IgG
test in a population with a 10% tularemia prevalence, the negative predictive value
(NPV) and PPV would be 98.6% and 66.2%, respectively, for the cutoff advocated by the
manufacturer (OD �0.619), but 98.3% and 80.9% for an OD �1.4 as the cutoff (Fig. 2).
The IFA-IgG test would give a NPV of 97.2% and a PPV of 92.5% in the same situation.
Altogether, there was a very good correlation between the results obtained with the
MAT, IFA, and Serion ELISAs, and highly favorable likelihood ratios.

In our routine practice, serum samples from patients with suspected tularemia are
still tested using the combination of microagglutination and IFA methods (18). The
microagglutination test is still considered a reference test for serological diagnosis of
tularemia (19), although it does not allow separate quantification of IgM and IgG titers.
The IFA method allows separate detection and quantification of specific IgM and IgG
antibodies. However, it is time-consuming and difficult to standardize, especially be-
cause the antigen tested often varies from one laboratory to another, and fluorescence
reading and quantification remain subjective. Commercialized ELISAs for detection and
titration of anti-F. tularensis IgM or IgG antibodies are easier to automate and stan-
dardize. The results obtained in the present study and previously published studies
show that, compared to the MAT and IFA techniques, the ELISAs allow earlier detection
of specific antibodies but display lower specificities. Because all these serological tests
detect predominantly anti-lipopolysaccharide antibodies, serological cross-reactions
with Brucella spp. and Y. enterocolitica should be considered. The ELISAs are useful for
screening a large number of serum samples, while the MAT and IFA tests could serve
as confirmatory tests for samples with positive ELISAs. A similar proposal was previously
made by Porsch-Özcürümez et al. (26) but using an in-house Western blot as the
confirmatory test. In our hands, the VIRapid tularemia test displayed much lower
specificity than the MAT, IFA, and ELISA tests, and its use in hospital laboratories should
be discouraged. However, this test is a valuable tool for field studies, allowing easy and
rapid screening of people and animals with potential F. tularensis infection.
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