UPTEC X 16 007

Examensarbete 30 hp
Februari 2016

Development of a triplex real-time PCR method
for detection of Chlamydia pneumoniae,

Chlamydia psittaci and Mycoplasma pneumoniae

Jenny Dahlberg

Degree Project in Molecular Biotechnology
Master’s Programme in Molecular Biotechnology Engineering,
Uppsala University School of Engineering

Date of issue 2016-02

UPTEC X 16 007
Author

Jenny Dahlberg
Title (English)

Development of a triplex real-time PCR method for detection of
Chlamydia pneumoniae, Chlamydia psittaci and Mycoplasma
pneumoniae
Title (Swedish)
Abstract
Chlamydia pneumoniae, Chlamydia psittaci and Mycoplasma pneumoniae are three bacteria
that infect the human respiratory tract and cause similar symptoms. To be able to detect all
three species simultaneously would decrease the detection time and lead to faster treatment. In
this study a triplex real-time PCR method was developed to achieve just that. The method can
detect 2.7, 30 and 6 copies of C. pneumoniae, C. psittaci and M. pneumoniae respectively at
least two out of three times.
Keywords
Chlamydia pneumoniae, Chlamydia psittaci, Mycoplasma pneumoniae, respiratory tract
pathogen, real-time PCR, multiplex, diagnostic routine
Supervisors

Björn Herrmann
Uppsala University
Scientific reviewer

Jonas Blomberg
Uppsala University
Project name

Sponsors

Language

Security

English
Classification

ISSN 1401-2138
Supplementary bibliographical information

Pages

36
Biology Education Centre

Biomedical Center

Husargatan 3, Uppsala

Box 592, S-751 24 Uppsala

Tel +46 (0)18 4710000

Fax +46 (0)18 471 4687

Development of a triplex real-time PCR method for detection of
Chlamydia pneumoniae, Chlamydia psittaci and Mycoplasma pneumoniae

Jenny Dahlberg

Populärvetenskaplig sammanfattning

Chlamydia pneumoniae, Chlamydia psittaci och Mycoplasma pneumoniae är tre viktiga
patogener som orskar luftvägsinfektioner hos människan världen över. Detta är ett problem
och snabb detektering kan vara avgörande för att få rätt behandling i tid. Det är i synnerhet
viktigt att veta om patienten infekterats av C. psittaci då infektionen kan leda till svåra
komplikationer och behandling måste ske snabbt. Att odla dessa bakterier är inte optimalt då
det tar lång tid och är arbetskrävande. Molekylärbiologisk analys möjliggör snabbare
detektion vilket gör det till en metod att föredra. Det är dock fortfarande relativt kostsamt och
arbetskrävande då patogenerna detekteras i separata analyser.
Det här arbetet beskriver utveckandet av en realtids-PCR i triplexformat som ska kunna
detektera alla tre patogener samtidigt. På detta sätt minskar arbetstiden och kostnaden då alla
reagenser finns i ett och samma provrör. Under projektets gång utformades oligonukleotider
som sedan testades och utvärderades. I framtiden kommer metoden förhoppningsvis kunna
implementeras i rutindiagnostiken.
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1. Introduction
Chlamydia pneumoniae, Chlamydia psittaci and Mycoplasma pneumoniae are three different
bacterial species that infect the respiratory tract in humans and cause similar symptoms (1, 2,
3). When a patient has a respiratory infection it is thus difficult to determine the causing agent
just by clinical examination. The chosen treatment depends on the bacterium in question and
it is therefore important to determine the source of the infection. Today Uppsala University
Hospital does not have a routine method where all three microbes can be detected. Detecting
all of them with the same method would decrease both detection time and working labour,
and thus lead to faster treatment. This master’s thesis is therefore aiming at developing a
triplex real-time PCR method that can detect all three microbes simultaneously.

1.1 Chlamydiaceae
Chlamydiaceae are a family of obligate intracellular bacteria that can infect humans and other
animals. During their unusual biphasic life cycle they switch between two different forms
(Fig. 1). Before entering a host they consist of small, infectious elementary bodies (EBs).
These attach to the host and are taken in by phagocytosis. When inside the host cell the EBs
transform into larger, metabolically active reticulate bodies (RBs). The RBs use the host
energy to replicate inside the cell. At the end of the cycle they transform back into EBs before
bursting out of the cell, now ready to infect new cells (4). The family comprises a number of
species including C. pneumoniae and C. psittaci (5).
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Figure 1. The biphasic life cycle of Chlamydiaceae. First the small, infectious elementary bodies (EBs) attach
to the host and enter the cell through phagocytosis. Then the EBs transform into bigger, metabolically active
reticulate bodies (RBs). The RBs start to replicate inside the host cell and transform back into EBs before exiting
the cell. The dark blue shape represents the nucleus.

1.1.1 Chlamydia pneumoniae and Chlamydia psittaci
C. pneumoniae is a bacterium that infects the airways, causing acute respiratory disease and
bronchitis. It is a common infection worldwide and every person is estimated to be infected a
number of times during her lifetime. The bacterium is spread from human to human through
air, and no animal reservoir is known (1). C. psittaci is a bacterium infecting mostly birds but
also humans as a zoonotic infection, causing atypical pneumonia and other respiratory
symptoms. It is spread by inhalation or ingestion of secretions from infected birds, and is
therefore sometimes called parrot fever (6). This infection can be severe and lead to anaemia,
liver dysfunction and disorientation. If left untreated it can even be fatal to the patient (7).

1.1.2 Major outer membrane protein
The major outer membrane protein (MOMP) of Chlamydiae species helps maintaining the
structure of the chlamydial envelope through disulphide bonds. It also works as a redox-gated
porin, letting solutes diffuse through the membrane (8). MOMP is present in all chlamydial
species and the gene encoding it, ompA, is 71% identical between C. pneumoniae and C.
psittaci (9). The gene consists of four variable domains with highly conserved regions in
between (10). This is a commonly used PCR target for detection of Chlamydiae and
10

depending on the location of the primers the detection will be genus specific or species
specific (11).

1.2 Mycoplasma pneumoniae
M. pneumoniae is a small bacterium with no cell wall that infects humans, causing 20% of all
pneumonia cases worldwide (3). It colonizes the respiratory epithelium using the attachment
organelle (Fig. 2). The attachment organelle consists of several surface proteins including the
major adhesin protein P1 (12). This protein is encoded by a 5000 bp gene unique to M.
pneumoniae, making it a popular detection target for PCR assays (13).

Figure 2. Representation of the attachment organelle at the tip of M. pneumoniae. The organelle consists of
different surface proteins, including the major adhesin protein P1. It helps the bacterium to adhere to host cells
during colonization.

1.3 Real-time PCR
Real-time PCR follows the same principle as conventional PCR but the product is detected in
real time using fluorophores (14). There are different kinds of techniques that can be used.
One is the SYBR® Green technique which uses a DNA binding dye that binds to double
stranded DNA (dsDNA) and emits green light after the complex formation (Fig. 3). After
each cycle there will be more products in form of dsDNA which will increase the
fluorescence (15). One problem with this technique is that the dye will bind to all dsDNA in
the solution, including undesired primer-dimers and other by-products.
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Figure 3. The basic theory of real-time PCR using the SYBR® Green technique. The DNA binding dye is
binding to the newly formed double stranded DNA and starts emitting green light. After every cycle there will be
more double stranded DNA which will increase the fluorescence.

Another technique is the fluorescent reporter probe method where a probe with a fluorophore
reporter at the 5’ end and a quencher at the 3’ end is added to the PCR mix (16). The quencher
absorbs the excitation energy from the reporter if they are in a close proximity. When the
probe binds to the DNA fragment the polymerase can degrade the probe base by base thanks
to its 5’-to-3’ exonuclease activity. This breaks the proximity between the reporter and the
quencher resulting in detectable fluorescence (Fig. 4). When the target molecule is amplified,
so is the fluorescence. One of the advantages with this technique is that it only detects the
DNA containing the probe sequence and thus circumvents the problem with binding to all
dsDNA. Another advantage is that the method can be changed into a multiplex assay using
unique probes with different fluorophores. To make the detection easy and visible the selected
fluorescent reporters should have no spectral overlap (17).
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Figure 4. The basic theory of real-time PCR using the fluorescent reporter probe method. The primers and
probe, with a fluorescent reporter (R) and a quencher (Q), bind to the DNA template. As long as the quencher is
in close proximity to the reporter it absorbs the emitted fluorescence. When the polymerase elongates along the
template and reaches the probe it starts degrading it and the proximity between reporter and quencher is lost,
which results in detectable fluorescence.

There are different kinds of quenchers that can be used depending on the reaction set up. Dark
quenchers are popular since they have no native fluorescence which decreases the background
noise (18). The Black Hole Quencher® (BHQ) and the Iowa Black® quencher (IABQ) are
examples of dark quenchers. When using long probes the distance between fluorophore and
quencher can become too long. To solve this problem an internal quencher can be used. The
ZEN™ and TAO™ double-quenched probes are probes with an internal quencher only nine
nucleotides from the fluorophore in addition to the 3’-quencher (Fig. 5). This reduces the
background noise and increases the sensitivity (19).

Figure 5. Representation of a double-quenched probe. Adding an internal quencher (IQ) 9 nucleotides from
the reporter (R) in addition to the 3’-end quencher (Q) reduces the background noise when using long probes.

1.4 Variation-tolerant capture multiplex assay
Infections caused by different microbes can show similar symptoms making it difficult to
know which one to search for. Ideally would be to have one test that can differentiate between
different microbes. Variation-tolerant capture multiplex assay (VOCMA) is a technique
13

developed for this purpose where long, variant-tolerant primers and probes are used (20).
VOCMA uses two-step amplification where the first step is specific while the other step is
generic (Fig. 6). In the specific step the primers are specific, including a short generic tail, and
long allowing target variation. To reduce the risk of primer-dimer formation the primer
concentration is kept low. This pre-amplification step continues for a few cycles at high
annealing temperature, generating a small number of the target sequence including the
additional generic tail. In the generic step the primers are short and kept at a high
concentration while the annealing temperature is kept low. During this step the amplification
carries on for many cycles resulting in a high number of copies. Since the temperature is so
high in the first step the short generic primers melt and cannot function properly. When the
temperature then is lowered, the short primers become stable and can bind to the target. The
temperature switch thus allows all primers to be in the tube from the start which reduces the
contamination risk.

Figure 6. Basic outline of variation-tolerant capture multiplex assay (VOCMA). The technique uses twostep amplification where the first step is specific while the other step is generic. In the specific step a low
concentration of long specific primers with an additional generic tail is used for a few cycles at high temperature.
The generic step starts after the temperature switch when the temperature is lower. This step uses short, generic
primers at a high concentration for a longer period of time allowing many copies to be created. The purple and
pink colours represent forward primers while the dark and light green colours represent reverse primers.
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For detection the sample is moved to another tube with bead-bound specific probes
hybridizing to the target sequence and the resulting fluorescence is measured. This step opens
up the possibility for contamination and extra labour work is needed. It was however shown
in a study that it is possible to transfer the VOCMA principle to a real-time PCR assay, which
circumvents the contamination problem (21).

1.5 Project aims and objectives
The aim with this master’s thesis is to develop a triplex real-time PCR method that can detect
C. pneumoniae, C. psittaci and M. pneumoniae. This is done by combining a standard realtime PCR method using fluorescent probes with the VOCMA principle. Ultimately, this
project aims at implementing the new real-time PCR method in the diagnostic routine at
Uppsala University Hospital.
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2. Materials and methods
2.1 Primer and probe design
The chosen target DNA sequence for C. pneumoniae and C. psittaci was ompA, and for M.
pneumoniae the P1 gene. For this project, three forward primers, three reverse primers and
three probes had to be designed. Alignments of the target genes to decide the location of
primers and probes were performed using BioEdit (22). A generic tail was added to the 5’-end
of the primers, to be able to utilize the VOCMA principle. The sequences were then evaluated
using Visual OMP to make sure that they theoretically did not form disturbing homo- or
hetero-dimers, especially not at the 3’-end. Basic local alignment search tool (BLAST) was
used to investigate sequence variance and if the primers and probes were complementary to
DNA in other, non-target organisms. For the probes three different reporter fluorophores with
non-overlapping spectra and suitable 3’-end quenchers were chosen (Table 1). Since the
probes were too long for standard quenching to work properly, internal ZEN™ and TAO™
quenchers were added. In addition non-human seal herpes virus type 1 (PhHV-1), with a
Texas Red®-X probe, was chosen as an internal control (23).
Table 1. Fluorophore and quencher chart. The chart shows the excitation and emission spectra of different
fluorophores. The bolded parts represent the chosen fluorophore-quencher pairs. The data is taken from
Integrated DNA Technologies (24).

Fluorophore

Ex. – Em. (nm)

6-FAM

495 - 520

TET

522 - 539

HEX

538 - 555

JOE

529 - 555

Cy®3

550 - 564

TAMRA

559 - 583

ROX

588 - 608

Texas Red®-X

598 - 617

Cy®5

648 - 668
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Quencher

ZEN™-Iowa Black®FQ

Iowa Black®RQ

TAO™-Iowa Black®RQ

The primers were ordered from Eurofins while the phHV-1 primers were acquired from the
diagnostic routine. The probes were ordered from Integrated DNA Technology. Primer and
probe sequences can be seen in Table 2.

Table 2. Primer and probe sequences. The bolded part of the primers represents the added generic tails,
which are the same as the generic primers. The red letters are degenerate base symbols.

Species

Type

Sequence

C. pneumoniae

Forward primer

5’-TTGGATAAGTGGGATAGCTCGTGGAGCYTTA
TGGGAATGCGGTT-3’

C. pneumoniae

Reverse primer

5’-AAGATATCGTAAGGATGGGGAAAGCAACGC
CTTTATAGCCYTTGGGTTT-3’

C. pneumoniae

Probe

5’-/HEX/AAACCTAAA/ZEN/GTTGAAGAACTTAAT
GTGATCTGTAACGTA/IBFQ/-3’

C. psittaci

Forward primer

5’-TTGGATAAGTGGGATAGGAACAACAGAAGC
TACAGACACCAAATCAGCTACAA-3’

C. psittaci

Reverse primer

5’-AAGATATCGTAAGGATCAGCATCAAAAGTT
GCTCTTGACCAGTTTACGCCAATATATGGA-3’

C. psittaci

Probe

5’-/6-FAM/TGAATGGCA/ZEN/AGTAGGCCTCGCCC
TGTCTTACAGATTG/IBFQ/-3’

M. pneumoniae

Forward primer

5’-TTGGATAAGTGGGATAGTTGATGCCTTTATT
AAGCCCTGAGAGGACAAGAACG-3’

M. pneumoniae

Reverse primer

5’-AAGATATCGTAAGGATGGATTGAGAATAGC
AGCAAACAAGGAGTTTGGTTGGTAAGC-3’

M. pneumoniae

Probe

5’-/Cy5/ACAGGTATA/TAO/CAACTGGTCCAATAA
GCTCACTGACC/IBRQ/-3’

PhHV-1

Forward primer

5’-GGGCGAATCACAGATTGAATC-3’

PhHV-1

Reverse primer

5’-GCGGTTCCAAACGTACCAA-3’

PhHV-1

Probe

5’-/TxR-X/TTTTTATGTGTCCGCCACCATCTGGAT
C/IBRQ/-3’
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2.2 Real-time PCR combined with VOCMA
The real-time PCR assay was performed in a T100 Thermal Cycler (Bio-Rad). The PCR
amplification was performed in 25 µL reactions containing 40 nM of the specific primers, 40
nM of the phHV-1 primers, 300 nM of the generic primers, 100 nM of the probes and 50 nM
of the phHV-1 probe in KAPA PROBE FAST qPCR master mix 1x. A total of 5 µL of target
DNA was used in the assay. The optimised qPCR program was performed as following: 3 min
of enzyme activation at 95oC, followed by 20 cycles of specific amplification with 95oC for 3
s and 61oC for 20 s, and 40 cycles of generic amplification with 95oC for 3 s and 52oC for 20
s. C. pneumoniae, C. psittaci and M. pneumoniae specimens had PCR products of 156 bp, 139
bp and 200 bp respectively.

2.3 Comparison of different master mixes
The KAPA PROBE FAST master mix (KAPABIOSYSTEMS) was compared with
HotStarTaq DNA polymerase (QIAGEN) to see if the results improved significantly with the
master mix from KAPA. When performing the PCR run with the KAPA master mix the same
program as described in section 2.2 was used. For the HotStarTaq DNA polymerase kit the
reaction mixture of 25 µL contained 0.2 mM dNTP, 2 mM MgCl2, 0.75 HotStarTaq DNA
polymerase and PCR buffer 1x. The amount of primers, probes and target DNA was the same
as for the KAPA master mix. The qPCR program was as following: 15 min of enzyme
activation at 95oC, followed by 20 cycles of specific amplification with 95oC for 15 s and
61oC for 45 s, and 40 cycles of generic amplification with 95oC for 15 s and 52oC for 45 s.
The assay was performed in a T100 Thermal Cycler (Bio-Rad). The same dilution setup as
described in section 2.4 was used. The experiment was performed in triplicates.
2.4 Analytical sensitivity
The analytical sensitivity of the multiplex method was determined by serial dilutions of target
DNA in RNase-free water. For C. pneumoniae and C. psittaci a synthetic target with known
copy number was used while extracted DNA with measured copy number was used for M.
pneumoniae. The sensitivity was also tested individually for the three species and the result
was compared with the multiplex method. The PCR program and reaction mixture described
in section 2.2 were used. Both experiments were performed in triplicates.
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2.5 Analytical specificity
The specificity of the method was evaluated by running monoplex reactions where each
primer pair was tested against non-target DNA, which in this experiment was DNA from the
other two bacterial species. The assay was performed as described in section 2.3 with the
exception that the specific amplification only lasted for 15 cycles instead of 20. To avoid false
negatives due to lack of target the amount of DNA used in the experiment was in the 104
range. For every primer pair the real target was used as a positive control. The experiments
were performed in triplicates.

2.6 Comparison of the standard method with the VOCMA principle
The real-time PCR method combined with the VOCMA principle was compared with the
standard method, where the short generic primers were removed from the reaction. The same
reaction setup and program as described under section 2.2 was used, but the assay was
performed in a LightCycler 480 Instrument II (ROCHE). The experiment was performed in
triplicates.
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3. Results
3.1 Comparison of different master mixes
The KAPA PROBE FAST Master Mix and HotStarTaq DNA polymerase could detect the
same DNA copy numbers except for M. pneumoniae where HotStarTaq could not detect 6
copies (Table 3). The ∆CT-values do however differ significantly much, where amplification
starts ten or more cycles later. See Appendix A and B for all amplification data.

Table 3. The detection capacity of the multiplex real-time PCR using the KAPA Master Mix and the
HotStarTaq DNA polymerase. The CT-values are presented with standard deviations.
KAPA

HotStarTaq

Mean CT-value

n/m

Mean CT-value

∆CT

DNA copy no/reaction

n/m

Cpn, 270

3/3

14.0 ± 0.9

3/3

27.3 ± 1.5

13.3

Cpn, 27

3/3

17.7 ± 1.1

2/3

29.7 ± 0.2

12.0

Cpn, 2.7

3/3

21.5 ± 1.4

3/3

33.2 ± 0.5

11.7

Cpn, 0.27

2/3

24.1 ± 0.6

2/3

36.6 ± 2.0

12.5

Cps, 300

3/3

19.8 ± 1.9

3/3

30.2 ± 0.9

10.4

Cps, 30

2/3

25.5 ± 0.8

2/3

37.6 ± 0.5

12.1

Mpn, 180

3/3

22.5 ± 0.2

3/3

33.6 ± 0.5¥

11.1

¥

10.7

Mpn, 18

1/3

25.3*

2/3

36.0 ± 1.4

Mpn, 6

3/3

27.5 ± 0.9

-

-

-

CT = Cycle of threshold; Cpn = C. pneumoniae; Cps = C. psittaci; Mpn = M. pneumoniae
n/m = the number of times the copy number was detected/the total number of experiments
*Only one measuring point available
¥
Manual estimation of the CT-values
Note: The CT-values are counted from step two, where the generic primers are used

3.2 Analytical sensitivity
The sensitivity test for the multiplex method showed that C. pneumoniae, C. psittaci and M.
pneumoniae could detect 2.7, 300 and 6 DNA copies three out of three times respectively
(Table 4). C. psittaci could however detect 30 copies two out of three times. For the monoplex
method the results were the same for C. pneumoniae but for C. psittaci 10 copies were
detected one out of three times and for M. pneumoniae 18 copies were detected three out of
three times and 6 copies only one out of three times. The majority of the ∆CT-values did not
differ significantly between the multi- and monoplex methods, but there were a couple of
20

DNA copy numbers that had a high difference. The high standard deviations for many of the
CT-values point at non-consistent results, for both the multi- and monoplex methods. See
Appendix B and C for all amplification data.

Table 4. Comparison of the detection capacity of the multiplex real-time PCR with the monoplex realtime method. The CT-values are presented with standard deviations.

sdcsldmclksdmcsdmcksdmcmsdlcmsdmcksdcmldkm
Multiplex

Monoplex
n/m

Mean CT-value

∆CT

14.0 ± 0.9

3/3

14.1 ± 0.0

0.1

3/3

17.7 ± 1.1

3/3

17.8 ± 0.2

0.1

Cpn, 2.7

3/3

21.5 ± 1.4

3/3

21.3 ± 0.2

0.2

Cpn, 0.27

2/3

24.1 ± 0.6

2/3

24.7 ± 1.3

0.6

Cps, 300

3/3

19.8 ± 1.9

3/3

20.6 ± 1.3

0.8

Cps, 30

2/3

25.5 ± 0.8

1/3

22.9*

2.6

Cps, 10

-

-

1/3

23.3*

-

Mpn, 180

3/3

22.5 ± 0.2

3/3

22.7 ± 1.3

0.2

Mpn, 18

1/3

25.3*

3/3

26.3 ± 1.1

1.0

Mpn, 6

3/3

27.5 ± 0.9

1/3

27.5*

0.0

DNA copy no/reaction

n/m

Cpn, 270

3/3

Cpn, 27

Mean CT-value

CT = Cycle of threshold; Cpn = C. pneumoniae; Cps = C. psittaci; Mpn = M. pneumoniae
n/m = the number of times the copy number was detected/the total number of experiments
*Only one measuring point available
Note: The CT-values are counted from step two, where the generic primers are used

3.3 Analytical specificity
The specificity test showed no amplification when non-target template was used for the three
different primer pairs (Fig. 7). Only the positive controls for each species were amplified,
which confirmed that the PCR assay works but only when the correct target is present.
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Figure 7. Graph illustrating the specificity of the PCR method. Every primer pair was tested against nontarget DNA with real target as positive control. As shown in the figure, only the positive controls were amplified.
The blue, green and purple curves represent C. pneumoniae, C. psittaci and M. pneumoniae respectively. The yaxis shows relative fluorescence units and the x-axis shows the number of amplification cycles using generic
primers.

3.4 Comparison of the standard method with the VOCMA principle
When the PCR method was combined with the VOCMA principle the curves looked different
compared to how curves from conventional real-time PCR assays usually look like. As shown
in Figure 8, the amplification of C. pneumoniae never reached steady-state when using the
VOCMA principle but it had a normal s-shape when using conventional real-time PCR. The
part that is shown in the figure is the non-specific amplification.
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a)

b)

Figure 8. Graphs showing the non-specific amplification of C. pneumoniae. Part a) shows the amplification
using standard PCR combined with the VOCMA principle. Part b) shows the amplification using conventional
real-time PCR. The y-axis shows the amount of fluorescence and the numbers inside the brackets show the
channel wavelength in nm. The x-axis shows the number of amplification cycles using generic primers.

The amplification curves of C. psittaci showed the same results as the ones with C.
pneumoniae, as shown in Figure 9. Steady-state was never reached when using the VOCMA
principle, but the curve starts to get a normal s-shape when using conventional real-time PCR.
The part that is shown in the figure is the non-specific amplification.
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a)

b)

Figure 9. Graphs showing the non-specific amplification of C. psittaci. Part a) shows the amplification using
standard PCR combined with the VOCMA principle. Part b) shows the amplification using conventional realtime PCR. The y-axis shows the amount of fluorescence and the numbers inside the brackets show the channel
wavelength in nm. The x-axis shows the number of amplification cycles using generic primers.

The amplification curve of M. pneumoniae did not rise as drastically when adding the generic
primers, as the curves of the other two microbes did (Fig. 10). But it is however clearly visible
that the two curves differ, where the curve of the standard PCR has the more classic shape
whiles the VOCMA curve keeps rising slightly instead of reaching steady-state. The part that
is shown in the figure is the non-specific amplification.
24

a)

b)

Figure 10. Graphs showing the non-specific amplification of M. pneumoniae. Part a) shows the amplification
using standard PCR combined with the VOCMA principle. Part b) shows the amplification using conventional
real-time PCR. The y-axis shows the amount of fluorescence and the numbers inside the brackets show the
channel wavelength in nm. The x-axis shows the number of amplification cycles using generic primers.
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4. Discussion
In the beginning of the experiment the plan was to use HotStarTaq DNA polymerase but
when I got the opportunity to test the KAPA PROBE FAST master mix, the results improved
significantly which is shown in Table 3. The same DNA copy number could be detected with
both master mixes, except that HotStarTaq did not detect 6 copies of M. pneumoniae. But the
CT-values were ten or more cycles lower with KAPA, which means that the amplification was
more efficient than when using HotStarTaq. The reason that the CT-values for M. pneumoniae
were manually estimated when using HotStarTaq is that it was difficult for the software to
interpret the data. In addition the curves looked better and the amount of detected
fluorescence was higher with KAPA. When considering all these points it is evident that the
KAPA master mix is the preferred method. Therefore the sensitivity test of the multiplex and
monoplex methods was performed using the KAPA master mix. Table 4 shows that the
minimum DNA copy number detected three out of three times with the multiplex method was
2.7, 300 and 6 for C. pneumoniae, C. psittaci and M. pneumoniae respectively. C.
pneumoniae and C. psittaci could however detect 0.27 and 30 copies respectively two out of
three times. These results indicate that the designed primer pair and probe for C. pneumoniae
works best out of the three sets, even though 0.27 is presumably not the real copy number. An
explanation to the different sensitivities of the three sets could be that C. psittaci for example
form primer dimers to greater extent. Another explanation is that the concentrations are not
absolutely reliable since they are measured and that opens up for variabilities.

When comparing the multiplex method with the monoplex the results indicate that no
sensitivity is lost when using the former. Surprisingly the monoplex method could detect 10
DNA copies of C. psittaci but only one out of three times, the same for 30 copies. This could
be explained by small differences when preparing the DNA dilution series or when handling
the different mixtures. The majority of the CT-values do not differ considerably between the
two methods but there are a couple of values that stand out, see the values for C. psittaci 30
copies and M. pneumoniae 18 copies in Table 4. Both of these copy numbers have only one
measuring point, either with the multiplex or the monoplex method. The standard deviations
are in addition quite high for some of the copy numbers, which points at non-consistent
results. These high deviations can also be observed in the experiment where the KAPA master
mix was compared to the HotStarTaq polymerase. To obtain more reliable data more
experiments should be performed and the same DNA dilution series should be used for every
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run. Preferably the same machine should be used as well, to reduce the variations that can
arise when doing many experiments.

Since the purpose of the PCR method is to detect the appearance of particular microbes it is
crucial that it is specific. The specificity was tested by running each primer pair against the
two other DNA targets, and the results can be seen in Figure 7. None of the primers amplified
the wrong target sequence, which shows that the method is specific. To make the results even
more trustworthy the experiment has to be expanded and include more bacterial species that
infect the respiratory tract.

The PCR method was optimised using the T100 Thermal Cycler but the aim was to in the end
switch to a Light Cycler 480 II. During the project the T100 machine was more available
while the Light Cycler was used in the diagnostic routine on a daily basis. That is the reason
why the method was optimised on a machine that in the end is not going to be used for this
purpose. Some experiments were however performed on the LC 480 where one was to
compare the method combined with the VOCMA principle and a standard PCR. The results in
Figure 8, 9 and 10 clearly show that when using VOCMA the curves keep going up instead of
reaching steady state. The most probable reason for this is that after a number of cycles into
the generic amplification the specific primers are used up and the generic primers continue to
amplify the target. Since the concentration of generic primers is high, the amplification will
not stop before the run is finished. This means that the method works but the curves do not
look like normal PCR curves, which can be confusing when evaluating the results. It also
shows that the method works without the VOCMA principle, but it takes many cycles for the
amplification to be visible since the concentration of specific primers is low. To reduce the
number of cycles the amount of primers need to be increased and this can lead to primerdimer formation, since the primers are longer than normal. The best way to determine the
method parameters would be to first preform experiments with lower primer concentrations
and use the VOCMA principle and study curve differences. The next step would be to skip the
VOCMA and increase the primer concentrations, and see if the amplification still works and
how the sensitivity is affected.

An internal control was used in the method to avoid the extra step where a positive control has
to be added, and to reassure that the amplification in every tube worked. The control primers
and probe are added to the master mix and the control DNA is added together with the target
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DNA. This means that the control probe cannot have the same fluorophore as the other
probes, since that would make a correct detection of fluorescence impossible. When ordering
the probe I chose a fluorophore that had a different spectrum than the other probes and they
worked together when using the T100 Thermal Cycler. But when running the method on the
Light Cycler 480 II it is not possible to choose the correct spectra for the different
fluorescence channels, which lead to a small overlap between the control and M. pneumoniae
probe, see Appendix D. This means that the machine cannot determine if the sample contains
the microbe, the control or both. To circumvent this problem the simplest solution may be to
try to find another probe that works in that particular PCR machine. Another solution is to
switch machines, but this could be problematic since the plan is to use that machine in the
diagnostic routine. If neither of these solutions is possible, the internal control can always be
removed and be replaced with a non-internal control.

The first steps of designing the multiplex method have been done but there are still more
experiments to do before it can be used in the diagnostic routine. First of all it has to be
decided whether or not the PCR method should be combined with the VOCMA principle.
Different primer concentrations and different number of cycles have to be tested in order to
make that decision. Another thing that has to be decided is if the internal control should be
used at all, and if that is the case; which new fluorophore to choose. When these things are
sorted out the method has to be tested on clinical samples to see if it works in a real system as
well. This is a crucial step since this will tell if the method can be implemented into the
diagnostic routine or not. Hopefully this is the case, since that would lead to a decrease in
detection time and work labour, which is desirable since the treatment depends on the
diagnosis. In the future it might be possible to make the method even more complex, leading
to a wider detection span.
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7. Supplementary data
7.1 Appendix A – Amplification data for HotStarTaq, multiplex
Table A1. The CT-values for the multiplex method using HotStarTaq DNA polymerase. The experiment
was performed in triplicates.

DNA copy no/reaction

CT-value 1

CT-value 2

CT-value 3

Cpn, 270

27.29

25.84

28.92

Cpn, 27

29.87

-

29.63

Cpn, 2.7

33.19

32.62

33.65

Cpn, 0.27

38.04

35.24

-

Cps, 300

30.78

29.22

30.67

Cps, 30

37.23

37.99

-

Cps, 10

-

-

-

Mpn, 180

33.00¥

34.00¥

33.80¥

Mpn, 18

-

37.00¥

35.00¥

Mpn, 6

-

-

-

CT = Cycle of threshold; Cpn = C. pneumoniae; Cps = C. psittaci; Mpn = M. pneumoniae
¥
Manual estimation of the CT-values
Note: The CT-values are counted from step two, where the generic primers are used
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7.2 Appendix B – Amplification data for KAPA FAST PROBE, multiplex
Table B1. The CT-values for the multiplex method using KAPA FAST PROBE master mix. The
experiment was performed in triplicates.

DNA copy no/reaction

CT-value 1

CT-value 2

CT-value 3

Cpn, 270

13.36

15.10

13.58

Cpn, 27

17.43

19.00

16.79

Cpn, 2.7

20.66

23.10

20.61

Cpn, 0.27

-

24.53

23.66

Cps, 300

21.90

18.48

18.90

Cps, 30

26.12

-

24.92

Cps, 10

-

-

-

Mpn, 180

22.64

22.19

22.56

Mpn, 18

-

25.28

-

Mpn, 6

26.90

28.52

27.03

CT = Cycle of threshold; Cpn = C. pneumoniae; Cps = C. psittaci; Mpn = M. pneumoniae
Note: The CT-values are counted from step two, where the generic primers are used
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7.3 Appendix C – Amplification data for KAPA FAST PROBE, monoplex
Table A1. The CT-values for the monoplex method using KAPA FAST PROBE master mix. The
experiment was performed in triplicates.

DNA copy no/reaction

CT-value 1

CT-value 2

CT-value 3

Cpn, 270

14.12

14.13

14.06

Cpn, 27

17.69

17.69

18.12

Cpn, 2.7

21.24

21.63

21.13

Cpn, 0.27

23.79

25.60

-

Cps, 300

19.66

22.05

20.05

Cps, 30

22.89

-

-

Cps, 10

-

-

23.35

Mpn, 180

23.71

21.21

23.08

Mpn, 18

27.51

25.33

26.16

Mpn, 6

-

27.49

-

CT = Cycle of threshold; Cpn = C. pneumoniae; Cps = C. psittaci; Mpn = M. pneumoniae
Note: The CT-values are counted from step two, where the generic primers are used
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7.4 Appendix D – Graphs of the internal control overlap

Figure D1. Amplification graph of the internal control. The graph shows the amplification of the internal
control in the wrong spectrum. The y-axis shows the amount of fluorescence and the numbers inside the brackets
show the channel wavelength in nm. The x-axis shows the number of amplification cycles using generic primers.

Figure D1. Amplification graph of the internal control. The graph shows the amplification of the internal
control in the correct spectrum. The y-axis shows the amount of fluorescence and the numbers inside the
brackets show the channel wavelength in nm. The x-axis shows the number of amplification cycles using generic
primers.
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