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Abstract

Toxoplasmosis may be a life-threatening infection, particularly in pregnancy and in immunocompromised
patients. The biological diagnosis of toxoplasmosis is challenging, and has been revolutionized by molecular
detection methods. Here is presented the data of a multicenter study involving four centers to assess the
performances of a commercial PCR assay as compared to four in-house PCR assays using Toxoplasma gondii
standards, 20 external quality control specimens and 133 clinical samples. This clinical cohort includes well
characterized clinical samples corresponding to different clinical situations: confirmed congenital toxoplasmosis
(44 samples), toxoplasmosis in immunocompromised patients (25 samples) and chorioretinitis (5 samples).
Furthermore, 59 samples from patients without toxoplasmosis were included as negative controls. The analytical
sensitivities of the five methods tested were very similar; and the limit of Toxoplasma DNA detection was
around 0.01 T. gondii genome per reaction for all the methods. The overall concordance between the commercial
PCR and the four in-house PCR assays was 97.7 % (130/133). The clinical sensitivity and specificity were >98%
and could be increased for the commercial kit when PCR was performed in multiplicata to detect low parasitic
loads. In conclusion, the commercial PCR assay shows suitable performances to diagnose the different clinical
forms of toxoplasmosis.

previously infected immunocompromised hosts

(solid organ transplants, hematopoietic stem cell
Introduction transplar_1ts, AIDS_ p_atients) may cause life-
threatening complications such as cerebral or
disseminated toxoplasmosis. In both situations, the
biological diagnosis is challenging and has greatly
beneficiated from molecular methods > 2. Currently,
molecular detection of Toxoplasma infection relies
on laboratory-developed or 'in-house' real time PCR
assays . Although they represent sensitive methods
23 they suffer from lack of standardization. Efforts
towards Toxoplasma-PCR standardization and
quality management include the use of
commercialized PCR assays. Their performances,
however, are variable and require proper evaluation
by expert laboratories >® - the more so since
Toxoplasma parasitic loads in clinical samples are
often low, which requires that PCR assays show a

Toxoplasma gondii is a worldwide distributed
protozoan parasite causing toxoplasmosis *. Human
transmission pathways include (i) the consumption
of raw/undercooked meat containing cysts or
food/water contaminated by oocysts shed in the
cats’ feces, (ii) vertical transmission of tachyzoites
or (iii) the transplant of organ/hematopoietic stem
cells containing cysts. The infection is most often
asymptomatic in healthy individuals. However,
there are two severe clinical issues in Toxoplasma
infection: (i) a primary infection occurring in
pregnant women may infect the fetus and cause
congenital toxoplasmosis (CT), leading to
miscarriage,  chorioretinis  or  malformative
syndrome; (ii) the reactivation of cysts in
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high sensitivity. For example in CT, the median
concentration in the amniotic fluid (AF) has been
reported to be around 10 tachyzoites/mL °. In this
study, the technical performances of the TIB
MolBiol® LightMix® Kit Toxoplasma gondii PCR
assay (Roche®, Meylan, France) were compared
with those of reference laboratory-developed real
time PCR assays in three distinct clinical settings:
CT (using amniotic fluid and placenta),
toxoplasmic chorioretinitis (using aqueous humor),
and toxoplasmic infection in immunocompromised
patients (using blood, cerebrospinal fluid and
miscellaneous samples).

Materials and methods

Study scheme

The study was conducted in accordance with the
regulations of the local medical ethics committee of
the Hospital University Center (CHU) of
Montpellier, France, in line with the revised
Helsinki Declaration. Written consent was obtained
before any amniotic fluid sampling. This study was
performed in the Departments of Parasitology-
Mycology of four Academic Hospital Centers
(Montpellier, Grenoble, Rennes and Bordeaux),
hereafter referred as center A, B, C and D
respectively. Centers A, B and C are members of
the "Molecular Biology Pole" of the French
National Reference Center for Toxoplasmosis
(http://cnrtoxoplasmose.chu-reims.fr/, last access
April 07, 2021). Center D uses the TIB MolBiol®
method in routine practice. All four centers are
proficient centers for the molecular diagnosis of
toxoplasmosis.

The study scheme comprised four parts. The first
part aimed at testing the TIB MolBiol® method
using simulated calibrated specimens from external
quality assessments and was performed by center
A. The second part of the study consisted in
determining PCR efficiencies and analytical
sensitivities based on serial dilution assays using
two standards for Toxoplasma detection and was
performed by centers A and B. The third part aimed
at testing clinical samples and involved the four
centers. The results obtained using TIB MolBiol®
were compared with those obtained in routine in
each center. The fourth part is a prospective study
performed by center D.

Lyophilized standards and external

Quality Control samples

Two standards were used for the molecular
detection of Toxoplasma. The first one was a
standard described by Varlet-Marie et al. *°, based
on a 10-fold serial dilution assay to include six
concentrations ranging from 10,000 to 0.1 T. gondii
per mL. The second one was the DNA standard
provided by the commercial kit, which includes a

row of six standards ranging from 10° to 10 target
molecules per PCR tube. In both cases, each serial
dilution concentration was tested in triplicate. The
TIB MolBiol® assay was performed with and
without the internal control provided by the
manufacturer. Twenty external Quality Control
samples, 13 positive and 7 negative samples, were
also included.

Clinical samples

In total, 133 clinical samples were included in the
study, collected within the frame of routine practice
of the four participating centers. They comprised 76
AF, 16 placenta, 14 whole blood, 6 aqueous humor,
7 cerebrospinal fluid (CSF), 8 bronchoalveolar
lavage fluid (BALF), 5 tissue biopsy and 1 lymph
node puncture samples. In total, 73 positive and 60
negative samples were included. CT cases were
clinically classified as defined by the European
Research Network on Congenital Toxoplasmosis
group . Cases of toxoplasmosis in
immunocompromised patients were assessed
according to the European Group for Blood and
Marrow  Transplantation Infectious Diseases
Working Party classification 2, allowing the
distinction between Toxoplasma infection and
disease. Ocular toxoplasmosis was also confirmed
using a comparative Toxoplasma western blot
(LDBio Diagnostics, Lyon, France)™.

DNA extraction

The DNA extraction procedure was adapted to the
specimens. Center A used the Tween-Nonidet-
NaOH method for the paucicellular fluids (AF,
aqueous humor and CSF), as previously described
“and a protein precipitation method for tissues and
cellular specimens (whole blood, cord blood, and
placenta). Briefly, placenta/tissues were ground,
trypsinized, filtered, washed, and lysed with
proteinase K (Euromedex®, Souffelweyersheim,
France) in Tris-SDS (2-3uL/100puL of final
solution); buffy coat fractions (300pL), isolated
from cord blood and whole blood specimens after
centrifugation for 10 min at 1750g, were also lysed
with proteinase K. DNA was prepared with the
protein  precipitation  solution kit (A795A,
Promega®, Charbonniéres-les-Bains, France) 2
Centers B and C used DNA minikit (#51304;
Qiagen®, Courtaboeuf, France) and center D used
the Roche® MagNApure Compact as described by
the manufacturers. According to previous published
data, DNA extracts were kept frozen at -20°C until
the study ** (Table 1).
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Table 1. Routine PCR assays characteristics in the four participating centers

Center A Center B Center C Center D
Extraction "TNN" thermolysis ™ or
"Promega" protein  Qiagen® DNA minikit Roche® ¢ MagNApure
LI 2b Compact
precipitation method
PCR Reischl etal. I’ Reischl etal. ' Rollaifrt-Gangneux et Costaetal. ®
al.
Thermocycler Light Cycler 480 Il Light Cycler 2.0 Light Cycler 480 Light Cycler 2.0 (Roche®)
(Roche®) (Roche®) (Roche®)
PCR mix LightCycler® 480 Probes Light Cycler® Tagman Universal Light Cycler® FastStart
Master (#04707494001) FastStart DNA Master  Master Mix DNA Master HybProbe
HybProbe (#4305719; Applied (#03003248001)
(#03003248001) Biosystems,
Villebon-sur-
Yvette)

3 for paucicellular fluids, ° for tissues and cellular specimens, ¢ Total_NA_plasma_100_400_V3_2 protocol with 200 and 100

pL for sample and elution volume respectively

Table 2. Comparison of routine and TIB MolBiol® methods using serial dilutions of the standard

of the National Reference Center for Toxoplasmosis

Concentration

) 10000 1000 100 10 1 01
R N 6/6 6/6 6/6 6/6 4/6
st Comeantsd! 19703 235406 26705 296408  328+12 356+19
TIB MolBiolwith IC N 6/6 676 6/6 576 16
Eff=99% Cpmeantsd 20001 240401 27401 306403  331#21 359

L R=098 IC Cp mean +sd__Neg 273104 266401 271401 277401 2770

: 2

B poaetwelct oy 6/6 6/6 6/6 416 16

5 Koo Cpmeansd 19801 239401 27802 315103  339%04 353
RO N 313 313 313 313 13
S Cpmeantsd  21.0#02 241302 271301 304305  338%l1 35

© “TIB MolBiol with IC N 373 373 373 33 173

Z  Eft=03% Cpmeansd 20702 237404 26608 30.1%07  334+16 335

8 R*=0.98 IC Cp mean +sd__Neg Neg 270801 289401 205802 20702

|

"Cp means" should not be compared between different centers but only within the same center. % IC: internal control

supplied with the TIB MolBiol® kit. w/o: without. Cp: crossing point. Sd: standard deviation

PCR methods

The reference PCR methods were based on
hybridization probes (Fluorescence Resonance
Energy Transfer technology) for centers A, B and
D, and hydrolysis probe (TagMan) for center C.
Centers A, B and C used a laboratory-developed
real-time PCR targeting the non-coding repetitive
sequence rep529 ™ in the experimental conditions
described by Reischl et al *" in centers A and B,
Robert-Gangneux et al. *® in center C and Costa et
al. ¥ in center D. The experiments were performed
on a Light Cycler 480 (Roche®) in center A and C
and Light Cycler 2.0 (Roche®) in centers B and D
(Table 1). In agreement with good laboratory
practices, the laboratory-developed PCR assays
included positive controls, negative controls, DNA
extraction controls (human beta-globin gene
revealed in SYBR green as described by Saiki et al.
2 for center A, quantification of DNA by
spectrophotometry for center B and DiaControl
IDNA YD (Diagenode s.a. Liege, Belgium) for

center C, and PCR inhibition internal controls (low
concentration T. gondii DNA in a separate tube for
center A, BacterioPhiX for center B and DiaControl
IDNA YD (Diagenode) for center C). The TIB
MolBiol® assay (LightMix® Kit Toxoplasma
gondii (EC) order no. 40-0217-32) was used
according to the manufacturer's recommendations.
It targets a 134-bp fragment from a repeated
element of T. gondii genome (not specified by the
manufacturer); the resulting PCR fragment of T.
gondii is analyzed with LightCycler® Red 640
labeled probes. This kit includes a negative control
(NTC), an internal control (IC) also named
extraction control target (ECT) or spiked extraction
control (SEC), which can be added to the sample
before extraction (10pL) or in the PCR reaction mix
(0.5pL), and a standard row made of target DNA in
six different concentrations. The control reaction
generates a product of 300 bp, detected using
LightCycler® Red 690 labeled hybridization
probes. The use of a color compensation file
generated with the LightMix® Color Compensation
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HybProbe 530/640/690 kit (order no. 40-0318-00)
is a prerequisite to detect the control reaction.

Data and statistical analysis

Crossing point (Cp) values were calculated using
the "absolute quantification/second derivative
maxima" (LightCycler® 480 Software release
1.5.1.62, Roche®). The performances of the PCR
were evaluated by calculating the linear measuring
range (regression analysis, R?) and the efficiency
(Eff=10C5P)_1)  Agreement and correlation
between the two methods for the positive
specimens were evaluated by Bland-Altman and
correlation plots. Bland-Altman plots #* are a
graphical representation of the difference of PCR
crossing point (Cp) values in abscissa plotted
against the mean of Cp values in ordinate, here for
all samples analyzed using a laboratory-developed
method (Center A-C) and the commercial kit 2.

Results

Comparative assessment using standards

for PCR detection

Two centers (A and B) compared the TIB
MolBiol® method and their reference diagnostic
method by testing the standard of the NRC-T
network ("TG25040, 1x10* parasites per mL, type
Il strain, Montpellier 2014") *°. Between three and
six reactions were used for testing each of the
standard's concentrations (10,000, 1000, 100, 10, 1
and 0.1 T. gondii genome equivalents (T)/mL)
(Table 2). Results obtained using all methods were
identical down to 1 T/mL, but slightly lower for the
A

&0

35 S
y=-33313x+ 38236

x - R »0.9994
> ° Et=101-1510P¢). 109 g1
25 -
N >
: a
15
10

0 2 3 4 5 6

commercial kit when wusing the 0.1 T/mL
concentration (Table 2). The lower threshold of
Toxoplasma DNA detection (defined as the lowest
concentration where >50% of the reactions remain
positive) ® was 0.1 T/mL for the laboratory-
developed method of center A, and 1 T/mL for the
laboratory-developed method of center B as well as
the TIB MolBiol® method in both centers (Table
2). This threshold was not reached when the TIB
MolBiol® DNA  standard was included
(Supplementary Table 1). The relationship between
the Cp and the DNA concentration was linear over
6 log units (r2>0.99) for both standards. The PCR
efficiencies of the commercial kit were equivalent
for the two standards (Eff=93% and 99%
respectively) (Figure 1). The TIB MolBiol®
commercial kit includes an internal control (IC).
The possibility of an internal competition between
the IC and low concentrations of the target was
investigated by testing the DNA standard both with
and without the IC. In the 'with IC condition’, IC
was added in the PCR tube with the sample
extracted DNA, and not added directly in the
sample as an extraction control. No difference in
sensitivity was observed whether using or not using
the IC with the TIB MolBiol® method
(Supplementary Table 1). Similarly, no difference
was seen when testing the standard of the NRC-T
with or without including this IC, still using the TIB
MolBiol® method (Table 2). Of note, when testing
the highest concentrations of Toxoplasma DNA, the
IC was not amplified (Table 2 and Supplementary
Table 1). This also occurred with clinical samples
when the Cp was <24.

y=-35092x+ 3319

R=0.9994
* eft=100-1/519P) 1297 74
-
-
*
o
1 M) 1 ¥4 3 4 5 1]

Figure 1. Linear measuring range and PCR efficiency from serial dilution assays. A. serial
dilution assay from LightMix® Kit Toxoplasma gondii (EC). B. serial dilution assay from the

NRC-Toxoplasma
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Figure 2. Bland-Altman and correlation plots representing the concordance between the Cp
values obtained using laboratory-developed methods and the commercial kit for the

molecular detection of T. gondii. Bland Altman plots for center A-C. The pink lines represent the means and
+1.96 standard deviations. Correlation plots: Cp values of the laboratory-developed methods were plotted against the values
obtained with the commercial kit (Center A-C). Linear regressions with their equation and R? values are presented for center

A-C.

Comparative assessment using External

Quality Control samples

Centers A-C tested 20 External Quality Control
samples produced by the NRC-T; these were
lyophilized spiked AF samples, of which 7 negative
and 13 tittered at different concentrations, ranging
from 10015 T/mL to 54 T/mL. The results
obtained using TIB MolBiol® were in agreement
with the expected results and each of the reference
methods, with two exceptions. Indeed, Center C
found two falsely negative results, one using the
commercial kit and one using its own laboratory-
developed method (Supplementary Table 2). The
falsely negative result obtained by the routine
method concerned a sample of spiked AF at
14+£5T/mL sent in duplicate; the duplicate sample
was found concordantly positive by the routine and
the TIB MolBiol® methods. The other discrepant

result, found falsely negative using TIB MolBiol®,
was a spiked AF at 5+4T/mL that was sent in
triplicate, the remaining three samples were found
concordantly positive by the routine and the TIB
MolBiol® methods. At such a low concentration,
the Poisson law may apply and finding two out of
three samples positive should be considered as
acceptable.

Comparative assessment using clinical

samples

In total, in the four centers, 133 clinical samples
were included in the study, issued from DNA
collections or prospectively tested (cf. Materials &
Methods and Supplementary Table 2). The results
were concordant between the commercial kit and
the reference method for 130/133 (97.7%) samples.
These included 59 negative and 74 positive samples
(Table 3 and Supplementary Table 2).

Table 3. Consistency between the TIB MolBiol® and reference methods using characterized clinical

samples
TIB MolBiol
Positive Negative Total

o Positive 32 0 31
8= Negative 0 44 44
=
< Q Total 31 44 76

£ —
g E Positive 12 0 12
§ § Negative 0 3 3
o L
o S | Total 12 3 15

()

&« Positive 9 0 9
8
S Negative 0 5 5
a)

Total 9 5 14
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I Positive 6 2 8
25 -
S Negative 0 0 0
g2
< Total 6 2 8
W Positive 2 0 2
3;’ Negative 1 4 5
- Total 3 4 7
Positive 6 0 6
LL .
A Negative 0 1 1
Total 6 1 7
3 Positive 5 0 5
c g Negative 0 0 0
05
Total 5 0 5
% Positive 1 0 1
E 2 Negative 0 0 0
28
=3 Total 1 0 1
-
_ Positive 72 2 74
£ Negative 1 58 59
|_
Total 73 60 133
The three discrepant results were found in center A
and D; they were made of two falsely negative Discussion

results of TIB MolBiol® (center A and D) and one
falsely positive result of TIB MolBiol® (center D).
The first false negative of TIB MolBiol® were
found inconstantly positive (1/6 PCR reactions) in
routine and negative using TIB MolBiol® (0
positive PCR/L PCR reaction performed). It
concerned an aqueous humor from a chorioretinitis
confirmed by a positive comparative immunoblot
and by a concordant positive PCR using both assays
in the vitreous. This case highlights how the
parasite burden can be extremely low. The second
case was also an aqueous humor with a low parasite
burden (3/3 positive PCR reactions in routine vs 0/1
by TIB MolBiol®). Of note, in both cases, TIB
MolBiol® was performed in simplicate due to the
low volume of extracted DNA in this kind of
samples. The third discrepancy was a BALF sample
(center D), positive in 1 out of 3 reactions (Cp=35)
using the kit but negative using the laboratory-
developed method (0/4 PCR reactions); since
toxoplasmosis was clinically ruled out in this
patient, this likely represents a falsely positive
result from the TIB MolBiol® assay.

The concordance between the Cp values obtained
using laboratory-developed methods and the
commercial kit for the molecular detection of T.
gondii was assessed. Ten concordantly positive
samples analyzed in center A, 22 in center B and 19
in center C were included in the study. The Bland
Altman plots and linear regression showed very
good agreement with a single sample outside the
+1.96 standard deviation area and a high R? (Figure
2).

Commercial kits are now widely used for the
molecular diagnosis of toxoplasmosis. Indeed, they
most often offer convenient turnkey protocols
which may be an advantage for the accreditation of
medical microbiology laboratories. However their
performances cannot be taken for granted and
should be analyzed by independent expert
networks. All participating centers belong to the
"Molecular Biology Pole" of the NRC-T; they are
regional reference centers for the molecular
diagnosis of toxoplasmosis, and all laboratory-
developed methods have been published % & 192223,
Participating centers compared the TIB MolBiol®
method with their own laboratory-developed
method used in routine diagnosis. For this, (i) the
standard lyophilized preparation of T. gondii used
as a common standard within the NRC-T network
10 “and (ii) 133 patients samples obtained in various
clinical settings were used. First of all, the respect
by this PCR assay of essential rules was verified. In
agreement with laboratory quality management,
TIB MolBiol® included a negative control and an
internal control (IC). Of note, we actually added
this control in the PCR reaction mix rather than
before DNA extraction. This attitude is frequently
found in centers being part of a shared
microbiology technical platform. Indeed, a single
extraction control is used for all the PCR assays and
target-specific positive controls are used as IC to
check for the presence of inhibitors. The kit also
included a standard row to estimate the quantity of
the target sequence in clinical samples. TIB
MolBiol® is the first Toxoplasma commercial kit

Molecular diagnosis of toxoplasmosis



including hybridization probes (FRET). The use of
hybridization probes allows amplified fragments to
be analyzed using melting curves, which is a major
advantage over hydrolysis probes ?*, but does not
prove to be particularly useful in routine practice.
This implies that this kit was developed solely for
the Roche® LightCycler® devices. Regarding
practicality, the major drawback of this kit is that it
necessitated the reconstitution of several reagents,

including MgCI2; in addition, a 10X PCR master
mix had to be purchased separately. Finally, it did
not include heat-labile Uracil-N-Glycosylase to
limit carryover DNA contamination. However,
since the master mix is not included, this step can
be added using a master mix which contains uracil
instead of thymidine; one must then check the
absence of effect of this on the sensitivity of the
assay.

In total, taking into account the twenty EQA samples and the 133 clinical samples, the sensitivity and specificity
of the routine methods were respectively 86/87 (98.9%) and 66/66 (100%). Sensitivity and specificity of the TIB
MolBiol® kit were respectively 84/87=98.1% and 65/66=98.5%. This was not statistically different from the
figures obtained using the routine methods. The use of the commercial PCR assay TIB MolBiol LightMix®
Toxoplasma gondii therefore proved satisfactory for the diagnosis of toxoplasmosis in diverse clinical settings:
congenital, ocular and disseminated toxoplasmosis. Its performances, using a wide variety of clinical samples,
were equivalent to those of reference laboratory-developed assays. Yet, the analytical sensitivity threshold
determined here was 10-fold higher than that of the most sensitive method of the NRC-T (0.1 T/mL vs 1 T/mL).
For this reason, it must be noted that falsely negative results may be observed for very low parasitic loads,
particularly if a single PCR reaction is performed. The supply with this commercial kit of an internal control
which does not appear to compete nor interfere with the detection of low parasite concentrations is a positive
point. Finally, this kit offers the possibility of an absolute quantification of the parasitic load, which, in view of
the possible correlation with the severity of the disease * %, might be interesting; however, the DNA standard
allowing quantifying parasitic loads is expressed as a number of target copies, and not in Toxoplasma per mL,
which may hinder inter-laboratory comparisons and interpretation since the existing studies examined the
parasitic loads in parasites per mL.
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Supplementary materials

Supplementary Table S1. Comparative testing of the TIB MolBiol® DNA standard including or not the internal control

Target molecules in 5 pL® 10° 10° 10° 10° 10° 10
TIB MolBiol with IC N 6/6 6/6 6/6 6/6 6/6 6/6
Eff=106% Cp meanzsd 17.3£0.7 21.0£0.5 24.2+0.4 27.6x0.9 30.4+0.4 33.4£0.5
R*=0.96 IC Cp mean #sd Neg Neg Neg 28.1+0.2 27.8+0.2 28.1+0.1
gie MoliolwioIC -y 6/6 6/6 6/6 6/6 6/6 6/6
R?=0 99 Cp meanzsd 17.1+0.1 20.4+0.2 23.7£0.2 26.7£0.1 31.0£0.1 33.0£1.1

& Data from the supplier. Cp : crossing point. Sd : standard deviation.

Supplementary Table S2. Raw data
Spreadsheet file, discordant PCR data are highlighted in yellow. Available online only.
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