V1. Publication list for this work
NIL

— 169 —



Development of diagnostic methods for brucellosis and leptospirosis
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Summary:

In this report, we develop a rapid diagnostic method for early diagnosis of leptospirosis, the
LipL32 real-time PCR, by using TagMan chemistry to detect Leptospira LipL32 gene in
clinical samples. For epidemiology of Brucellosis, we tried to conduct a serum surveillance of
canine Brucellosis using microplate agglutination test to detect antibody in stray and
household dogs. These techniques improved diagnosis of leptospira and brucella infection and
could help to understand the epidemiology of leptospirosis and brucellosis in Taiwan in the

~ future.

L Purpose:

The main purpose of this study was to develop a rapid diagnostic method of human
leptospirosis in eatrly phase. Considering the advantage of PCR technology, we choose a
TaqMan probe based real-time PCR targeted to LipL.32 as our first choice. The specificity and
sensitivity of our real-time PCR assay was similar to other experiments' data (16, 19, 23, 24).
Meanwhile using this real-time PCR assay in 606 plasma samples, 20 samples (3.3%) were
positive (average 4.3 days after disease onset), and 14 of 20 showed seroconversion at the
convalescent serum samples (average 16.1 days after disease onset). Our experimental data
also demonstrated the potential of LipL32 real-time PCR assay for the detection in clinical
samples and the subsequent quantification in a single run. The practicability of the method
makes it suitable for diagnosis in the early phase of the illness, before antibodies are
detectable and several weeks before culture results are available.

Canine brucellosis is a zoonotic disease that can lead to canine reproductive losses and
human infection through contact with infected urine or other genitourinary secretions. In this

report, we fine-tuned the microplate agglutination test for detection of antibody against
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Brucella canis among dogs. This method will apply for surveillance of canine Brucellosis in

Taiwan.

II.Methods:

1)

2)
3)

4

1L

1y

DNA extraction from human plasma samples

Total DNA of human plasma (200 uL) was extractedd using QIAamp DNA Mini Kit
according to the manufacture's instructions. DNA was eluted in a final volume of 200 uL.

Real-time PCR assay

Real-time PCR assay was performed using the Roche LightCycler version 2.0. The PCR
mixture was prepared using a ready-made master mix, to give a final concentration of 1 X
LightCycler FastStart DNA Master HybProbe Mix (Roche Diagnostics, Mamnheim,
Germany), 3mM  MgCl2, 500 oM of each  primer  (LipL32-F
(5’-GAAATGGGAGTTCGTATGATTTCC-3’, LipL32-R
(5’-GGTTTTGCTTTCGCAGCTT-3") and 200 nM of the TagMan probe
(5’FAM-TAATCGCCGACATTCTTTCTACACGGATC-3’BHQ). 10 uL. of PCR master
mix and 10 uL. of DNA extract were loaded into a LightCycler capillary and centrifuged
to mix. PCR amplification was performed using the parameters as follows. An initial
denaturation/hot-start Taq activation at 95 °C for 8 min, followed by 50 cycles of
denaturation at 95 °C for 8 s and annealing/extension at 60 °C for 40 s, and a final cooling
step at 40 °C for 30 s. PCR will result in a2 194 bp amplicon between position 274 and 467
of the LipL32 coding region.

Microplate Agglutination Test for canine Brucellosis

Blocking microplates wells with 125ul of milk or BSA Incubate at room temperature for
1hr and then discard blocking solutions. Positive and negative sera were incubated with
heat-inactivated B. canis strain QE-13 whole cells in a U-bottom 96 well culture plate.
The sealed plate were mixed and incubated at 50°C for 24 hr in a humid atmosphere. An
agglutination titer greater than 160 was considered positive.

Results:

Detection of leptospiral DNA in human plasma samples.

We have established LipL.32 real-time PCR assay for detection of leptospira DNA in the
first year. To evaluate the LipL32 real-time PCR assay as a potential tool for detection
from clinical samples, 606 patient sera were examined by the LipL32 real-time PCR and
the positive cases were re-confirmed by either nested PCR or MAT. Twenty plasma

samples were tested positive by LipL.32 real-time PCR assay with concentration from
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1.60 x 10° to 1.31 x 10’ leptospires/mL of sera. Among the 20 positive cases, MAT

seroconversion was observed in fourteen patients (Table 4), no convalescent serum

samples were available for 5 patients and no antibody titer rising for 1 patient. Since the

PCR signal was invariably positive for the first blood sample, giving unequivocal

confirmation of acute leptospirosis. This finding indicates the PCR is suitable for early

detection of leptospires in blood.

Table 4. LipL32 real-time PCR assay and serologic results from 20 patients Days of sampling

Days of MAT titers Days of MAT titers of| LipIL.32 real-time
Pt. No. [Sex Age sampling of |of acute sammpling of convalescent Main PCR assay
(years) acute serum |serum ::rr;:lescent serum SerosToup (leptospires/ml)
1 F 87 9 <100 25 200 Shermani  [5.90 x 10°
2 M 39 5 <100 NA NA NA 6.53x 10°
3 M 63 1 <100 NA NA NA 6.00 x 10’
4 F 65 10 <100 NA NA NA 520x 10°
5 M 32 4 <100 10 3200 Shermani  [1.00 x 10°
6 M 47 10 <100 20 <100 <100 8.26 x 10°
7 M 50 5 <100 15 3200 Shermani  |5.06 x 10°
8 M 64 5 <100 21 800 Shermani  (1.60 x 10°
9 M 7l 4 <100 14 6400 Shermani  [6.46 x 10°
10 M 71 4 <100 14 6400 Shermani  [1.07 x 10°
11 M 54 3 <100 14 1600 Shermani  |5.83 x 10
12 M 41 4 <100 21 3200 Shermani  [1.40 x 10°
13 M 43 6 <100 17 1600 Shermani  [8.50 x 10
14 M 26 3 <100 17 1600 Shermani  [2.91 x 10°
15 M 4 1 <100 15 6400 Shermani  [1.31x 10’
16 M 62 2 <100 15 3200 Shermani  [1.00 x 10
17 M 33 5 <100 13 12800 Kennewicki |5.00 x 10
18 M 52 0 <100 NA NA NA 2.83x10°
19 |F 61 5 <100 14 1600 Shermani  [3.36x 10°
20 M 35 0 <100 NA NA NA 1.59x 10°

2) Fine-tuned microplate agglutination test for antibedy detection of B. canis
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Low protein concentration of samples, especially highly diluted ones did not show typical
negative pattern (Table 2, columns 1 and 7). Therefore, blocking wells with milk and BSA
was used to improve the method (Table 2, columns 2, 8 and 3, 9). Human and mouse serum
were used as negative control (Table 2, columns 4,10 and 5, 11) and showed improved results.
Blocking with both milk and BSA did not affect the positive control. (Table 2, columns 6 and
12).

(1) blocking with milk (2} blocking with BSA
human mouse human mouse
PBS  milk  BSA sérum serum PC PBS ik ’

IV.Discussion:

In conclusion, we report the development of real-time PCR assay using a fluorogenic
TagMan probe for highly specific detection of pathogenic Leptospira in clinical samples. This
assay can detect as few as 10 leptospires per reaction. This method is simple, rapid, and has
applicated for diagnostic testing in clinical specimen. The microplate agglutination test for
antibody against Brucella canis was modified and ready to apply for detection canine sera.
We hope both methods can extend to veterinary fields, and outbreak investigation in the

future.
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Genetic diagnosis and molecular epidemiology of Bordetella pertussis

Shu-Man Yao, Chuen-Sheue Chiang

Centers for Disease Control, Department of Health, Taipei, Taiwan

Summary:

Bordetella holmesii infection has never been reported in Taiwan. In current
surveillance study, only one case of possible B. holmesii infection was found among
495 notified cases of pertussis (0.20%) in 2011 and 2012. This possible case was a
12-year-old boy who was notified in May 2011. According to this surveillance results,
the prevalence of B. holmesii infection in Taiwan was extremely low among patients
who had pertussis-like symptoms and were notified. Based on its high sensitivity, the
IS481-based PCR was routinely used worldwide by many laboratories, however, it
should be done with the awareness of its cross-reactivity. B. holmesii has been more
and more frequently detected in biological samples from adolescents and adults of
pertussis-like symptoms. Although differentiation might not be necessary for
treatment, it is valuable in epidemiological settings to distinguish among Bordetella
species. Improved specificity of detection would provide us an insight into the real
burdens of B. pertussis and B. holmesii infection, and information regarding vaccine
failure due to misdiagnosis and possible response strategy. In conclusion, surveillance
of B. holmesii should be pursued, and correct identification of Bordetella species is
important for active surveillance of Bordetella infections in the whole population,

particularly in adolescents and adults.

L. Purpose:

In previous surveillance studies conducted in the USA and Canada, a low
positive rate for B. holmesii infection (0.1-0.3%) was reported by culture or RT-PCR
in patients with coughs (1, 2). In a recent study in France, however, B. holmesii DNA
was detected in 20% of nasopharyngeal swabs (INPSs) collected from adolescent
patients who had previously been diagnosed with B. pertussis infection (3).
Furthermore, between 2010 and 2011, a pertussis outbreak caused by B. pertussis and
B. holmesii infections occurred in Miyazaki Prefecture, Japan (4). These surveillance

data indicated that B. holmesii infection has recently spread worldwide and that
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accurate diagnosis is needed to distinguish between B. holmesii and B. pertussis
infections. Therefore, the purpose of this surveillance study is to detect B. holmesii in
NPSs received in our laboratory from all cases who had pertussis-like symptoms and
were notified in 2011 and 2012.

I1. Methods:

We applied B. pertussis-LAMP assay and a novel duplex real-time PCR assay to
NPSs from 359 and 136 patients who had pertussis-like symptoms and were notified
in 2011 and 2012, respectively. These patients were collected from Taiwan pertussis
notified disease surveillance system. We obtained the NPSs using ESwab™ Nylon
Flocked Swab and ImL of modified Liquid Amies (Copan).

B. pertussis-LAMP assay (detection of pxP): A 25puL reaction mixture
containing 40 pmol (each) of BP-FIP and BP-BIP primers, 5 pmol (each) of BP-F3
and BP-B3 primers, 20 pmol (each) of BP-LF and BP-LB primers, 2X reaction
mixture (12.5 pL), Bst DNA polymerase (1 pL), and template DNA (2 pL) was used.
The mixture was incubated at 65°C for 40 min (for clinical specimens) and then
heated at 80°C for 2 min to terminate the reaction. All oligonucleotides
(high-performance liquid chromatography purification grade) for the LAMP primers
were obtained from Invitrogen Taiwan Ltd. The LAMP amplification was confirmed
with real-time monitoring of the increase of turbidity using LA-320C (Eiken
Chemical Co., Ltd.) (5).

Novel duplex real-time PCR assay (detection of IS48/ and BHrecA): The duplex
PCR master mix consisted of 1X Premix master mix (Premix EX Taq, RR039A,
Takara), 0.8 uM (each) BHrecA4 forward and reverse primers, 0.4 pM BHrecA probe,
1 pM (each) IS481 forward and reverse primers, 0.25 pM IS487 probe, 2 pL of
template DNA, and enough sterile nuclease-free water to bring the total reaction
volume to 20 pL.. The samples were subjected to an initial amplification cycle of 95°C
for 30s, followed by 40 cycles at 95°C for 5s and 60°C for 34s. Two microliters of B.
holmesii ATCC51541 (500 pg/uL) with 6 series of 10-fold dilution was used as a
positive PCR control; the negative control was 2 pL of sterile H,O. Amplification,
detection, and data analysis were performed with an Applied Biosystems 7500
real-time PCR system and the 7500 software v2.0 (1).
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ITT1. Results:

1) Detection Limit of the novel duplex real-time PCR assay

Standard Cu nfe“

6
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244 o

22

21

20

18 4 ,

18' RS i Tii i B Al , B Y EIE SIS
AT 4 Gy o a1 o ¥y 2.aas 0 @ o 2 0 o0

Quantity:  pg

Detection limits are 0.01pg DNA for IS487 and 0.1pg DNA for recA at threshold
cycle (Ct) of 32+1.0.
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2) Results of real-time PCR using IS481, BHrecA and ptxP (LAMP) for NPSs in
2011-2012

Target Target 2011 2012
organism
No. of % of total No. of % of total
specimens specimens specimens specimens
IS481*  B. pertussis 60 16.7 30 22.1
without
BHrecA

PP B. pertussis 47 13.1 25 18.4
(LAMP)

B. holmesii DNA was detected only in one case notified in May 2011. This case

was a 12-year-old boy. Positive rate of B. pertussis using IS481-based PCR was
16.7% and 22.1% in 2011 and 2012, respectively. Positive rate of B. pertussis using
ptxP-based PCR was 13.1% and 18.4% in 2011 and 2012, respectively.
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IV. Discussion:

Surveillance result of B. holmesii infection in Taiwan revealed that there was
only one possible case, a 12-year-old boy, in May 2011. This result indicated that the
prevalence of B. holmesii infection in Taiwan was very low among patients who had
pertussis-like symptoms and were notified. Whether this case was a real case of B.
holmesii infection was not certain. Although the duplex real-time PCR gave a positive
result, sequencing of the DNA product was not successful because the B. holmesii

DNA content in the specimen was too low.

From studies worldwide, most cases from whom B. holmesii was detected were
adolescents and adults, especially significant occurrence in adolescents, but not in
infants. However, the age distribution of our cases was 55.1% and 48.5% among
infants less than 1 year old in 2011 and 2012, respectively, and 12.7% and 12.5%
among children aged 10-19 years in 2011 and 2012, respectively. There might not be
sufficient specimens from adolescents in our study, thus, leading to low prevalence.
Nevertheless, B. holmesii was indeed present and associated with pertussis-like
symptoms in patients, indicating that surveillance of B. holmesii infection is

important.

Based on its high sensitivity, the IS481-based PCR was routinely used worldwide
by many laboratories, however, it should be done with the awareness of its
cross-reactivity. B. holmesii has been more and more frequently detected in biological
samples from adolescents and adults of pertussis-like symptoms. Although
differentiation might not be necessary for treatment, it is valuable in epidemiological
settings to distinguish among Bordetella species. Improved specificity would advance
our understanding of burdens from B. pertussis and B. holmesii, reduce concerns
arising from apparent vaccine failures due to misdiagnosis, and might provide
information on which vaccine-based outbreak response strategies can be based (6). In
conclusion, surveillance of B. holmesii should be pursued and correct identification of
Bordetella species is important for active surveillance of Bordetella infections in the

whole population, particularly in adolescents and adults.
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