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Abstract
Clostridium difficile is a gram positive bacterium that can form spores and travel to the intestines
to produce harmful toxins and cause infections that could lead to death. To be able to diagnose a
Clostridium difficile infection, different laboratory tests could be made. This includes Polymerase
Chain Reaction, Pulsed-field Gel Electrophoresis and Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. It can more rapidly type and find the High Molecular Weight of
different strains of Clostridium difficile, to be able to monitor and prevent outbreaks. The aim of
this study were to test methods to be able to rapid type Clostridium difficile and find High
Molecular Weight protein profile and type for different ribotypes on Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry instrument at Unilabs AB. Different
methods have been conducted, but mainly, a direct transfer method to determine a High
Molecular Weight profile and a formic acid extraction method to find High Molecular Weight
types. The results apprehended were not easy to evaluate, since only four out of 38 strains could
be typed into a High Molecular Weight profile with no High Molecular Weight type. Different
error sources, such as method selection and calibration could be a factor to these results. An
alternative method using a McFarland standard bacterial suspension showed promising results
in typing protein profile. This can be further investigated in order to create a more stable
method to be implemented at Unilabs AB. It is not yet recommended to be used at Unilabs AB
facilities at this point.
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Introduction
In today’s routine at Skaraborgs Sjukhus Skövde (SkaS) positive toxin producing Clostridium
difficile samples are sent to Örebro University hospital if suspicion of an outbreak of the
bacterium, for ribotyping and definition. The public health Agency of Sweden have developed an
alternative method to ribotype the bacterium in-house with matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) to be able to create
faster test responses, and save money in the process. This will aid in the prevention of massive
outbreaks and can also be implemented in-house at different facilities to create local monitoring.
MALDI-TOF MS can determine a High Molecular Weight (HMW) protein profile and protein type
to show the composition of proteins of the different bacterium cells. There are two methods
done to determine this composition, the first method looks for a HMW protein profile between
30 and 50kDa and if possible to protein extract the profile, a second molecular weight is
determined between 2 to 20kDa to create a HMW protein type (Rizzardi & Åkerlund, 2015).

Clostridium difficile history and properties
Hall and O’Toole in 1935 were the first to discover C. difficile from a stool sample from a healthy
infant. It was not until 1978 that scientists could link the bacterium to diarrhea that had
association to antibiotics use. It seemed that the antibiotic disrupted the bacterial flora in the
colon causing the diarrhea and promotion of C. difficile growth (Heinlen & Ballard, 2010).
C. difficile is a gram positive bacteria with a rod shape that can be in two forms – spore or
vegetative. The main reason that it has the virulence that it has is because of the spore forms
that it can take. The spores are resilient to harsh environments and are not easily killed by
regular techniques of sterilization; it is even resilient to some antibiotics, high temperatures,
ultraviolet lights etc. (Heinlen & Ballard, 2010).
Because of its resilience, hospitals have a hard time getting rid of spores from this bacterium
when patients have been admitted that carries it. The spores can be found long after the initial
exposure on surfaces and can therefore cause harm to many patients admitted to the same room
or section of the hospital (Seekatz & Young, 2014). The spores can be ingested via indirect
contact and fecal-orally, and can travel to the intestines to germinate to a vegetative morphotype
and produce harmful toxins. When the production of toxins begins, you will most likely get a C.
difficile infection (CDI) (Vedantam et al., 2012). But not all cases of CDI can be derived from
hospitals and antibiotic use; it has also been traced to water sources, soil and even in
domesticated animals (Seekatz & Young, 2014).
C. difficile incidents measurements have been performed since the mid-1980s in Sweden and the
first report showed about 3-4 cases per 100 000 inhabitants. The number of cases reported after
has shown a higher trend line, in 1995 58 cases per 100 000 inhabitants where recorded. In
2007, 90 cases where reported. The Disease Control in Sweden started a voluntary national
surveillance of the spread of C. difficile in October 2009 for laboratories and hospitals to be able
to prevent and monitor the spread of the bacterium (The Public Health Agency of Sweden,
2017).
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In Växjö, 2014, four patients died after apprehending C. difficile type 027. The infection caused
severe diarrhea and the patients could not survive it. This was the first recorded outbreak of C.
difficile type 027, which shows resistance to Moxifloxacin antibiotics. There were in total 24
cases of CDI in this outbreak, and was considered a geographically contained outbreak (The
Public Health Agency of Sweden, 2014).
2011 in Höglands hospital Eksjö, Jönköping, many cases of CDI were noticed. The outbreak was
long going, and no containment was successful. 30 percent of the patients that had acquired CDI,
died within a 6-month period. Ribotype 046 was the strain that caused this outbreak, which also
is Moxifloxacin resistance (Toepfer et al., 2014).

Infection and symptoms
There are different types of strains of C. difficile that occurs naturally, about 800 strains have
been recognized, which can be both toxin producing and non-toxin producing. It can colonize the
intestines of their host and cause CDI, but only the toxin producing strains are able to cause the
disease (Dayananda & Wilcox, 2019). Toxins A and B, which is an enterotoxin and a cytotoxin
respectively, are the major toxins C. difficile can produce and are so during the vegetative stage
of its lifespan, during the stationary phase. The toxins are encoded by the genes tcdA and tcdB
respectively (Seekatz & Young, 2014). The different strains produce different toxins and all have
different ribotypes, some have just one ribotype and some have many of them. Polymerase chain
reaction (PCR) ribotype 027/B1/NAP1 has been found to be very potent and can cause
epidemical consequences when apprehended. It contains the gene for tcdB and is therefore a
producer of toxin B (cytotoxin). This strain has been more occurring in recent years and has
increased its presence in different parts of the world, including Europe, Asia and USA (Del Prete
et al., 2019).
Since antibiotic use can disrupt the bacterial flora, C. difficile can colonize it more easily and
evoke a CDI. CDI can cause diarrhea in different ranges, damage the epithelial cells, cause
pseudomembranous colitis and/or toxic megacolon, bowel perforation and even death (Seekatz
& Young, 2014). Risk factors to apprehend CDI can be related to age (age over 65), immunedeficiency, cancer, antibiotic use, hospitalization, gastrointestinal disorders etc. (Viswanathan,
2010). Though have reports of younger people who are not in the traditional risk groups who
have acquired CDI, and are named community-acquired (CA) CDI in research (Zhou et al., 2019).
Some adults and infants have C. difficile occurring naturally in their flora, but often show no
signs of CDI making them asymptomatic carriers of the bacteria (Viswanathan, 2010). CDI
evoked in hospital care has been estimated to about 123 997 cases per year in the EU/EAA
(ECDC, 2013).

Diagnostics of C. difficile
To be able to diagnose a CDI, different approaches are available. A patient send in a stool sample
and molecular typing can be done with PCR ribotyping, pulsed-field gel electrophoresis (PFGE)
and multilocus variable-number tandem repeat analysis (MLVA) to mention a few (Ortega,
Ryberg & Johansson, 2018). Even whole genome sequencing (WGS) can be performed to detect
different ribotypes of C. difficile (Kociolek et al., 2018). The PCR method is mostly used at
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laboratories, at least in Europe, and it looks at intergenic space regions (ISR) and how they vary
between the 16S and 23S ribosomal DNA (rDNA). This variation occurs differently between the
ribotypes of C. difficile. PCR ribotyping have some problem factors to its analysis in form of
pattern interpretation and the availability to useful and more extensive databases (Knetsch et
al., 2013). This is why most hospitals and extern laboratories in Sweden that do these analyses
have to send the samples to a different facility to get the full result of what ribotype the
bacterium possesses. To overcome this problem, some facilities have started using MALDI-TOF
MS as an instrument of choice to help identify different types of bacteria and this method have
been accepted due to its reliability, cost efficiency and rapid analysis (Ortega et al., 2018). In an
article published by Kuo et al. (2015) showed an attempt to determining C. difficile binary toxins
with MALDI-TOF MS instead of using PCR method. They found that the MALDI-TOF MS could
successfully identify the toxins and are done so with less time and to a lesser cost than a PCR
analysis could. Similar research has been performed with the same outcome as mentioned
above, but only focused on toxin findings (Reil et al., 2011; Li et al., 2018) and none are looking
at the protein profiles and protein types that C. difficile can be categorized by, which is possible
to perform with a higher kDa index to identify the specific ribotype the different strains of C.
difficile bacteria possess (Rizzardi & Åkerlund, 2015).
When diagnosed with CDI, most commonly are antibiotics prescribed to fight the infection.
Antibiotic families such as Vancomycin, Metronidazole and Moxifloxacin are used most
frequently and are classified as broad-spectrum antibiotics used to treat bacterial infections.
Though have the different isolates of C. difficile shown resistance to antibiotics in these families
and show a problematic picture of continued consumption of it, causing the bacterium to be nonsusceptible to the aids the society have access to, in a near future (Peng et al., 2018).

MALDI-TOF MS - how it works and why it is used
MALDI-TOF MS instruments can be used to identify different microorganism’s genus and
species, and are developing to be able to identify different strains and species levels. It works
fast and can be used in a varied way, making it an important instrument in today’s laboratories
and their routine work-flow (Croxatto, Prod’hom & Greub, 2012).
MALDI-TOF MS is an analytical instrument and uses a technique to detect and categorize
mixtures of organic molecules, such as large synthetic polymers and biopolymers, Figure 1. This
analyze is best suited for different biomolecules such as; peptides, nucleotides, lipids,
saccharides etc. Its technique involves ionization of molecules to be able to detect the mass-tocharge ratio (m/z), then sorting the ions and detect them in a TOF detector.
The ionization of a sample involves a laser that strikes a matrix that covers the sample, a small
organic molecule that absorbs UV light and facilitates the ionization, to make the samples
molecules to form gaseous ion molecules without decomposition or fragmentation. The
instrument records the time-of-flight of the ion molecules, whereas it separates the molecules by
their m/z ratio and records their travel time through a detector. The ion molecules with the
lowest m/z ration will travel the fastest, Figure 1 (Hou, Chiang-Ni & Teng, 2019).
The MALDI-TOF MS can determine a whole cells unique identity. The instrument identifies how
the proteins interact in the cell, and can therefore determine the type of subspecies and what
ribotypes the cell possess. This information can easily be accessed by comparing the instruments
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analysis to a database containing a log of how the different cells behave under the MALDI-TOF
MS treatment. This method could be used to look at cells High Molecular Weight (HMW) protein
profiles to more easily determine a ribotype without the use of a PCR instrument. Whole cells
HMW protein profiles can be determined by studying protein peaks within a certain spectrum. If
possible for the specific protein profile, an HMW protein type can also be determined which is a
subtyping of protein extractions. When trying to find the HMW protein profile for C. difficile, the
instrument looks at peaks over different spans between 30-50kDa, and 2-20kDa when
determining a HMW protein type (Rizzardi & Åkerlund, 2015). Rizzardi and Åkerlund (2015)
have done research in the matter of looking at HMW profiles for C. difficile, in a contrast to a PCR
ribotyping method. They found that even though the usage of MALDI-TOF MS is less
discriminatory than the usage of a PCR method when ribotyping C. difficile, it is an attractive
method of choice due to its low cost and effectiveness in a monitoring point of view. C. difficile
outbreaks are important to monitor to be able to prevent its spread.

Figure 1. MALDI-TOF mass spectrometer. Samples are deposed on spots onto a target plate and covered
with matrix, to be inserted into a sample ionization chamber. Spots are struck by a laser beam that
desorbs and ionize the sample and matrix from the target plate. The ionized molecules are accelerated
into the mass analyzer towards the ion detector. Molecules with lighter molecule mass will travel faster
than heavier ones, and will create a mass spectrum as they travel through the ion detector.
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Aim
The aims of this study was to rapidly type 38 reference strains of C. difficile in a MALDI-TOF MS
instrument and classify them into different HMW protein profiles and possibly into HMW
protein types. This was done to test a method produced by The Public Health agency of Sweden,
and see if can be implemented into the routine work already in place at Unilabs AB, which is a
clinical laboratory. C. difficile ribotypes are today determined with PCR by an outsourced part
and not with in-house MALDI-TOF MS. This method could be an aid in tracing outbreaks of C.
difficile in different facilities and hospitals. By creating local surveillance of C. difficile and with a
rapid and cost-effective method, big outbreaks can be prevented.
The research questions that this project will answer are:
-Can MALDI-TOF MS be used to identify HMW protein profile and HMW protein type for 38
reference strains of C. difficile?
-Is the method of finding HMW of C. difficile relevant to use in Unilabs AB and without major
changes in method?

Materials and Methods
38 reference strains of C. difficile were sent from the Public Health Agency of Sweden for HMW
protein profiling and typing, which contained different subtypes and ribotypes of the bacterium,
and were supposed to work as a reference to the method. The 38 reference strains were also
used as reference for the patient samples that was planned to be run after the method was
accepted as reliable. The reference strains were kept at -80˚C in a transport solution, thawed and
isolated to clost, blood or hum agar plates with the three-spread technique. They were incubated
in an anaerobic clock for 48h in 37˚C. This procedure was done for every strain at different time
points.
The patient samples used in this project were collected through the routine work already in
place in Unilabs AB in testing for positive C. difficile. PCR positive C. difficile samples containing
the bacteria were spread on a human blood (hum) agar plate, horse blood (blood) agar plate or a
selective agar for C. difficile (clost) (Appendix 3, 4 and 5) and incubated 48h in 37˚C for selection
of the bacterium C. difficile, in an anaerobe clock (unknown company). The anaerobe clock
contained an anaerobe control with Pseudomonas aeruginosa, which do not grow in anaerobic
environments, and Bacterioides fragilis which grows in anaerobic environments, spread on
blood agar. An anaerobe envelope (Thermo Scientific) was also present to sustain an anaerobic
environment.
All patient samples were coded by an outsider part to keep ethical integrity intact. This was done
so no assessment about which patient the sample originated from could be done in the project.
The 38 reference strains were sent directly from The Public Health Agency of Sweden, and kept
frozen for viability and labeled to ensure order. The reference strains were also separated from
other samples that were held in the Unilabs AB Skövde facilities.
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Direct transfer method
This method was performed in order to determine HMW protein profiles for 38 reference
strains of C. difficile (Appendix 1). It included C. difficile bacterium grown on clost, blood or hum
agar plates (Unilabs AB Skövde) in anaerobic environment, where bacterial colonies were
apprehended to be smeared on a position on MALDI plate (Bruker Daltonics). Random reference
strains were chosen in all of the attempts and were always set in duplicates on the MALDI-TOF
plate. The spots were covered with FerA (Ferulic acid matrix solution) (Sigma Aldrich) and let
dry. Inserted into MALDI-TOF MS to analyze the HMW protein profile of the samples.
All the 38 reference strains were tested with this method to identify HMW protein profiles
multiple times to get familiar with the method and to create accurate data for patient samples
attempts. The direct transfer method was attempted 7 times, and every attempt included
conducting the direct transfer method and analyzing the samples in a MALDI-TOF MS
instrument.

Formic acid extraction method
This method was performed in order to determine HMW protein types for 38 reference strains
of C. difficile (Appendix 1). It included C. difficile grown on clost, blood or hum agar plates in
anaerobic environment. MilliQ water was added to an Eppendorf-tube (Invitrogen) for each of
the 38 reference strains. One colony of C. difficile was chosen from clost, blood or hum agar
plates and apprehended, then slurred into the water until total dissolved bacteria. 95% ethanol
(Sigma Aldrich) was added to each tube and vortex for 1 minute. Samples was centrifuged at
15 000 rpm for 2 minutes and the supernatant was poured off. Centrifuged all samples again for
30 seconds in 15 000 rpm and removed the ethanol residues. Let the pellet dry with the cap
open. 70% formic acid (Sigma Aldrich) was added. Acetonitrile (Sigma Aldrich) was also added
and then samples was centrifuged for 2 minutes in 15 000 rpm. The supernatant was pipetted
onto a MALDI plate and let dry. Then covered with HCCA matrix (Bruker Daltonics) and let dry
in room temperature. The method of formic acid treatment was executed for 7 different
attempts, where every attempt includes conducting the formic acid extraction method and
analyzing the samples in a MALDI-TOF MS instrument.

Fast formic acid extraction method
Some of the reference strains were treated differently to create other results. Five random
reference strains, out of the original 38 reference strains, were grown on blood agar plates
(Appendix 4) and hum agar plates (Appendix 3) and one colony was smeared in duplicates from
each sort of the agar plates onto a MALDI plate. One spot from each duplicate was covered with
100% formic acid and then covered with FerA matrix. The other spots were covered with FerA
matrix only and then all spots were analyzed on MALDI-TOF MS. This method was executed once
and was executed in order to apprehend HMW protein profiles.

McFarland Standard method
The same five reference strains, as mentioned above, were grown on blood agar plates
(Appendix 4) and hum agar plates (Appendix 3) and one colony was chosen from every agar
plate and slurred into a McFarland standard with 2 as an optical density. The density was read
with a spectrophotometer (Densichek) to ensure that the standard was 2 with the addition of
bacteria (cell density 6 x 108 CFU/ml). A difference of ±0.05 was considered accepted. The
6

McFarland standard bacterial suspensions were added to a MALDI plate in duplicates for each
sort of the agar plates, one spot from each duplicate was covered with 100% formic acid and
covered with FerA matrix. The other spots were covered with FerA matrix only and then all
spots were analyzed on MALDI-TOF MS. The method of McFarland Standard was executed once
and was executed in order to apprehend HMW protein profiles.

Calibration methods
FerA automatic calibration method
This calibration is to prepare the MALDI-TOF MS instrument for the method of determining
HMW protein profile, a direct transfer of C. difficile onto a MALDI plate. Protein standard II was
pipetted onto a random spot on the plate. Dried in room temperature and then covered with
FerA matrix and let dry completely. The plate was inserted into the MALDI-TOF MS instrument.
Flex Control software (Bruker Daltonics 3.4) was used and the method file ‘HMW-profile.par’
was chosen. The targeted spot was calibrated to be able to perform HMW protein profile
determination. Substances included in this calibration were four different ones with different
mass/Da, Table 1.
HCCA automatic calibration method
This is a second calibration performed to prepare the instrument for the method of Formic acid
extraction of C. difficile on a MALDI-TOF plate. BTS (Bacterial test standard) was pipetted onto a
random spot on the plate. Let it dry in room temperature and then covered with HCCA matrix
and let dry completely. The plate was inserted into the MALDI-TOF MS instrument. Flex control
software was used and the method file ‘MBT_FC.par’ was chosen. The targeted spot was
calibrated to be able to confirm different HMW protein types. Substances included in this
calibration were eight different ones with different mass/Da, Table 2.

MALDI-TOF MS instrument and plate
The instrument used for all the methods performed were a MALDI TOF MS instrument from
Bruker Daltonics Microflex. A MALDI plate (Bruker Daltonics) was used for each analysis, which
contains 96 spots for containment of sample and matrix. The databases used in this project was
Bruker Daltonics Flex control 3.4 (2015) and MBT Compass explorer (2016) to produce results
from the MALDI-TOF MS instrument (Bruker Daltonics Microflex). The reference strains where
documented by hand on a pre-printed log sheet provided by Unilabs AB, to keep track of the
strain that was applied on each spot.

Validation of HMW protein profile and protein type
To type with the methods included in this project, the samples analyzed in MALDI-TOF MS have
to show a spectrum on the Bruker Daltonics Flex control 3.4 (2015) software to be able to be
matched to a specific ribotype in a pre-made website that The Public Health Agency has
composed for analyzing results from these methods, Appendix 1. When samples had been
analyzed, two diagrams are presented, a diagram of the spectrum and a diagram for the tops
made from the spectrum. The spectrum diagram and the top diagram had a Y-axel (intensity)
and an X-axel (mass) where tops emerge which represents the molecular weight of the different
C. difficile reference strains proteins.
7

Preparation of solutions
A-Cyano-4-hydroxycinnamic acid matrix solution (HCCA)
Stock solution prepared by mixing distilled water with acetonitrile (Sigma Aldrich) and
triflouroacetic acid (Sigma Aldrich) in an Eppendorf-tube and vortexed for one minute. It was
well closed to minimize evaporation. The contents of an HCCA-tube (2.5 mg) (Bruker Daltonics)
were dissolved by adding 250µl of the stem solution. Stock concentration was 10 mg/ml, and
stored dark.
Protein standard II
The contents of a protein standard II tube (Bruker Daltonics) were dissolved by adding 0.1%
triflouroacetic acid (Sigma Aldrich) solved in water. The solution was aliquot with 10µl per
Eppendorf-tube, so that frequent refrigeration and thawing were avoided. The standard was
stored in -18 ˚C and/or room temperature.
Ferulic acid matrix solution (FerA)
70mg FerA matrix substance (Sigma Aldrich) was weighed up and solved in formic acid (Sigma
Aldrich), acetonitrile (Sigma Aldrich) and MilliQ water. Stored in -28˚C, and/or room
temperature.
Bacterial test standard (BTS)
The content of a bacterial test standard tube (Bruker Daltonics) was dissolved by adding stock
solution. BTS solution was incubated for 5 minutes in room temperature. Centrifuged for 2
minutes in 13 000 rpm. Stock solution was aliquot to 5µl/Eppendorf-tube to avoid frequent
refrigeration and thawing. Stored at -18˚C and/or room temperature.
70% Formic acid
Preparation of 70% formic acid was done by mixing 3mL MilliQ water with 7mL pure formic
acid (Sigma Aldrich).

Table 1. FerA calibration substances and their mass/Da.
FerA calibration
substances

Mass/Da

Protein A

22307.0

Trypsinogen

23982.0

Protein A

44613.0

Albumin Bovine

66600.0
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Table 2. HCCA calibration substances and their mass/Da.
HCCA calibration
substances

Mass/Da

RL 29

3637.8

RS 32

5096.8

RS34

5381.4

RS33 meth

6255.4

RL 29

7274.5

RS 19

10300.1

RNAse A

13683.2

Myoglobin

16952.3

Results
During the seven attempts using the direct transfer method and formic acid extraction method,
and one attempt using McFarland Standard method and Fast formic acid extraction method,
some results have been apprehended.
C. difficile bacterium reference strains were grown on three different agar plates in order to
alternate results when analyzing in the MALDI-TOF MS instrument. The different agar plates
comprised clost agar, hum agar and blood agar. The clost agar plates showed distinct colonies of
C. difficile and where apprehended easily with laboratory materials but some contamination or
such could be visible on some plates which could affect the results apprehended. The analyses
further in MALDI-TOF MS were difficult to achieve and blood agar plates were used as an
alternative. Blood agar plates with cultivated C. difficile also showed distinct colonies, and
seemingly analyzed better in MALDI-TOF MS instrument, since the instrument analyzed
seemingly faster and more easily could find peaks from the sample spots. Hum agar plates
showed distinct colonies of C. difficile and seemed to analyze as well as blood agar plates on the
MALDI-TOF MS instrument.
Calibration was performed before each attempt, including all methods. The two different
calibrations were for the matrices FerA and HCCA, where FerA served as a matrix for
apprehending HMW protein profile and HCCA matrix served as a matrix for apprehending HMW
protein type. When calibrating for FerA matrix, the peaks for Albumin bovine was hard to
apprehend in the MALDI-TOF MS instrument. The peaks for Albumin bovine were almost never
shown and several calibration attempts needed to be made in order to prepare the instrument
for analyzing samples. Calibration for the HCCA matrix had similar difficulties, but not with a
specific substance. Both calibrations were accepted by MALDI-TOF MS before each attempt of
sample analyze by the instrument.
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To ensure the fast formic acid method had worked, one spot with Escherichia coli that had
undergone the same method as the reference strains/patient samples was adhered to the same
MALDI plate as the samples, in duplicates. The plate was inserted into the instrument and the E.
coli needed to be confirmed before continuing with the HMW protein typing, which was done
using MBT Compass Explorer. The E. coli confirmation was accepted and correct for every
attempt of the method of fast formic acid treatment, since the software determined the spots as
E. coli.
In the first analyze attempt in this project, all 38 reference strains were analyzed in MALDI-TOF
MS with both the direct transfer method and the formic acid extraction method, which was
executed simultaneously and samples was retrieved from clost agar plates. Peaks could be
identified for two out of 38 reference strains in the spectra 30-50 kDa, and thereafter show a
HMW protein profile, Figure 2.

Figure 2. A representative diagram showing one spectra apprehended from a reference strains where a
peak for a HMW protein profile was found at 30kDa, indicated with a blue line. Y axel=intensity, arbitrary
units [arb.u.], X axel=mass-to-charge [in daltons].

The results from the first attempt were that two reference strains were divided into a HMW
protein profile, reference strains 12b and 6a. The HMW protein profiles that the strains were
divided into were not correct. The reference strain 12b should have profile 12, but showed
profile 24. Reference strain 6a should have profile 6, but showed profile 1, Table 3. For the
remaining 36 reference strains, a diffuse or non-appearing spectra image was shown, indicating
that the peaks were appearing outside the 30-50 kDa spectra, which results in that no HMW
protein profile could be apprehended and as a leading cause, no HMW protein type, Figure 3.
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Figure 3. A diffuse spectra image apprehended when the peaks do not correspond to a HMW protein
profile and therefore no division into a specific HMW protein profile are made. Diffuse spectra indicate a
weak or incorrect analyze of the sample with MALDI-TOF MS instrument. Y axel=intensity, arbitrary units
[arb.u.], X axel=mass-to-charge [in daltons].

In the second, third and fourth attempt, all 38 isolates were analyzed again with the direct
transfer method and the formic acid extraction method simultaneously. Second and third
attempt samples were grown on clost agar plates. The fourth attempt samples were grown on
blood agar plates. Eight reference strains were assigned to a HMW protein profile not
corresponding to its properties and were considered a wrongful match, Table 3. The reference
strains with no divisions into HMW protein profiles showed diffuse spectra images with no
peaks corresponding to a HMW protein profile within the 30-50kDa spectra. Only two HMW
protein types were assigned to reference strains 6a and 17 in these attempts, but also with a
wrongful match, Table 3. Reference strain 6a got HMW protein type 1b, when type 6 would be
the correct one. Reference strain 17 also got 1b as a HMW protein type, but should have
apprehended 17 as a type, Appendix 2. The remaining reference strains were not successfully
typed further into a HMW protein type.
In the fifth and sixth attempt, three and respectively 11, samples were analyzed from blood agar
plates. The fifth attempt included only reference strains and the sixth attempts included eight
reference strains and three patient samples, Figure 4. Two reference strains showed a HMW
protein profile, but incorrect HMW protein profiles for the samples, Table 3. This includes both
attempts. Two of the three patient samples were divided into a HMW protein profile, but with
profiles that could not be typed deeper into a HMW protein type, profile 28 and 26, Appendix 1.
No evaluation into the results of the patient samples were made in the aspect of a division into a
correct or incorrect HMW protein profile or type.
The seventh attempt included 22 samples, nine of them were reference strains and 13 were
patient samples, all cultivated on blood agar plates. Three reference strains could be typed into a
HMW protein profile, non-correspondent to the strains analyzed. One patient sample was typed
into a HMW protein profile, but with no valuation if correct or incorrect, Table 3.
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The eighth attempt was executed differently, using a fast formic acid extraction method and a
McFarland Standard method simultaneously in an attempt to apprehend reliable results. Five
reference strains took part in this attempt, and three of them could be typed into a HMW protein
profile that corresponds to the samples strains, and was considered a true match, Table 3. The
remaining two showed a diffuse spectrum image. No HMW protein type division was made
during this attempt. All samples were grown on blood agar plates and hum agar plates.
In total during the whole project, four reference strains could be typed into a correct HMW
profile and were considered a true match, but with no further typing into a HMW type due to
diffuse spectrums or the incapacity to type deeper into a HMW protein type. Two patient
samples also showed a HMW protein profile, but no valuation was made in aspect of correct or
incorrect. There were reference strains that were divided into a HMW protein profile beyond the
stated four, but with a non-correspondence to the HMW profile the particular reference strain
should have, Figure 5.

Figure 4. Diagram represents the quantity of samples analyzed in every attempt which includes both
reference strains and patient samples. Striped green stacks represent a correct division of HMW protein
profiles and red stacks represent an incorrect match of the reference strain and the expected HMW
protein profiles. HMW protein types that were matched correctly to the sample are represented as purple
stacks, and correct ones as light blue. When a spectra was diffuse and/or missing, then represented as
orange stacks.
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Table 3. Attempts and result from MALDI-TOF MS analyses. Samples with divisions into HMW protein
profiles and HMW protein types are represented. If the samples were considered a true match is stated in
the last column, also stated is if match is considered wrongful .

Discussion
This projects aim was to test and develop a methodology to identify HMW protein profiles and
possibly a HMW protein types for different strains of C. difficile. This rapid typing method could
aid laboratories and hospitals to trace origin infections sooner in order to prevent outbreaks and
possible epidemics of this bacterial infection. This methodology was tested in order to develop a
different work flow than the PCR method work flow performed today, when rapid typing C.
difficile.
The results from the first attempt were that two out of 38 isolates could be divided into a HMW
protein profile, but no HMW protein type, Table 3. The profiles were not corresponding to the
reference strains, since every strain should get a specific protein profile and the results was that
it was not corresponding, which could be determined by the website The Public Health Agency
of Sweden had composed. This was not a satisfactory result, since the reference strains are pure
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and should be able to be typed seemingly easily in the MALDI-TOF MS instrument. The majority
of peaks from the first attempt was in the spectra of the 30-50kDa, Figure 2, but not the correct
peaks and not in the intensity it was needed to be to be able to apprehend a HMW protein
profile, which could once again be determined with the website The Public Health Agency of
Sweden composed and also with the Flex control software used. Some of the peaks showed
diffuse spectra and/or several HMW profiles, which means that no profile could be determined,
Figure 3. The profiles for the two isolates that was typed was profiles that had no more typing
depth, Appendix 1, and therefore no HMW types was apprehended in this run.
When executing attempt two and three, all the reference strains were analyzed and no reference
strain could be typed correctly in any of the attempts, which indicated that some underlying
disturbance was present in the method execution. Since all the reference strains had been
cultivated on clost agar plates instead of blood agar plates that the laboratory manual from The
Public Health agency of Sweden suggested, changes was made and the reference strains were
instead cultivated on blood agar plates in an anaerobe condition at 37˚C to be able to change the
outcome of the analyzes. These changes were made according to lab manual and N. Bergsten
(personal communication, March 15, 2019).
In attempt four, five, six and seven, the reference strains were cultivated on blood agar plates
instead of clost agar plates in an unsorted manner, meaning that not all reference strains were
analyzed at every attempt since the laboratory work took some time to perform and it seemed
easier to divide them to be able to get reliable results faster. Also some patient samples were
included in these attempts, which may have seemed unnecessary in hindsight since their
analysis could not be interpreted as good or bad results because of the varying results from the
reference strains. Also a double amount of biological material was used in the formic acid
extraction step, since one error source could be traced to the amount of pellet apprehended
when executing the formic acid extraction method, which was noted in the laboratory work by
Niklas Bergsten, laboratory supervisor of this project. The results showed that seven reference
strains were typed and divided into HMW protein profiles, but again in the wrongful HMW
protein profiles, Table 3. Two patient samples showed peaks corresponding to HMW protein
profile 28 and 26 respectively which were determined by the website from the Public Health
Agency of Sweden, where all the analyses from the MALDI-TOF MS instrument are copied to in
order to get the diagrams of peaks and spectrum. However, since the other data that was
available to compare the results of the patient samples with was considered wrongful, no
assessment of the patient samples correct division into a HMW protein profile was made.
In the final attempt, the eighth attempt, two different agar plates were used for bacterial growth
to create better results. The goal was to create a comparison between blood agar plates and hum
agar plates and their respective effectiveness, by smearing every strain in duplicates from each
agar plate on the MALDI plate. This falls under the method of direct transfer to apprehend HMW
protein profiles. Other parameters were also altered in the aspect of applying 100% formic acid
directly on the spots on the MALDI-plate after applying the bacteria from both blood and hum
agar plates in duplicates, and covered with FerA matrix. Also a McFarland standard of 2 (±0.05)
was made containing McFarland standard and C. difficile bacterium from both blood agar plates
and hum agar plates. Then added to sample spots on the MALDI-plate. Five reference strains
were analyzed and three of them could be typed into a correct HMW profile, though could no
interpretation be made if one agar plate was better than the other, since two of the correctly
typed strains was from blood agar plates and the third one from a hum agar plate. Same
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interpretation was made to the difference in the two methods of McFarland standard and fast
formic acid treatment, since there seemed to not be any correlation between the results and the
method chosen. The reference strains that could be typed with a correct HMW protein profile
can be seen in Table 3, and are also represented in Figure 5. No testing for HMW protein type
was made during this run, since it seemed more important to be able to type the reference
strains into a HMW protein profile before alternating the method of the deeper level of typing
into a HMW protein type, according to N. Bergsten (personal communication, April 5, 2019). The
results from this attempt were the most satisfactory throughout the different attempts, but
showed no significance into which agar plate it was cultivated on which means that no data
supports that either blood agar or hum agar plates differentiate in amount of good test results.
In reflection, the change of agar plates and their comparisons could not be made empirically
since other parameters were changed at the same time. Since only five reference strains were
used in this attempt, there is no certainty to the results. More strains are needed to be tested
with this method in order to gather a validation of method, also for the performance difference
of the two different agar plates. Due to limitation in time, no more attempts could be performed
in order to validate further in the scope of this project.
The subject of HMW protein profiling and typing is a rather newly found method choice, and not
much data can be found to compare with. The main article that this work is compared to is by
Rizzardi & Åkerlund (2015), and they have constructed the database used to apprehend
different HMW protein profiles and types that has been used in this project. They compare PCR
ribotypes with different peaks within certain spectra of different C. difficile samples in MALDITOF MS and developed a method based on it. The peaks were shown in the ranges between 3050kDa and 2-20kDa. They were able to resolve 35 HMW protein types from 59 different PCR
ribotypes, which in comparison with this project show a much higher success rate, even though
a similar method have been conducted.
The different method selections for this project, with exception for the McFarland Standard
method and the Fast formic acid extraction method, were chosen by Unilabs AB, which The
Public Health Agency in Sweden has constructed based on the article by Rizzardi & Åkerlund
(2015). The selection was therefore given and no other method choices were presented. The
direct transfer method showed minimal error sources, because of its straight forward workflow. Nevertheless, different amount of bacteria could have been adhered to the MALDI-plate in
the different attempts and could therefore show a variance result. Different amounts of sample
have been tried in an unsorted manner in this project, where sometimes a thin layer of bacteria
has been smeared and sometimes a thicker layer etc. Since the results still show a small amount
of HMW protein profiles detected, the different smearing methods did not seem to have an
impact on the overall results for the direct transfer part of this project. Since the method of
direct transfer was rather easy to assimilate, as a personal opinion, it felt manageable and easy
to implement in Unilabs AB already in place routine work to monitor outbreaks of C. difficile.
The formic acid extraction method did not have any obvious error sourced either. The proteins
that were extracted were so directly from C. difficile cells and placed on an MALDI plate
(Thermofisher Scientific, n.d.) and should therefore show more competent results. Error sources
could be traced to the execution of the method, since it is rather time-consuming due to the
many steps that need to be performed before the analysis could even start in the instrument.
Also, mistakes can be made during these steps. Since the direct transfer method did not show
correct or any HMW protein profiles often, difficulties to find the HMW protein type was
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inevitable since the data could then not be paired. Different agar plates were tried in both the
direct transfer method and the formic acid extraction method, but no agar plate seemed to be
more preferable in the end since C. difficile grew on all of them. Since the reference strains were
kept at -80˚C after delivery from The Public Health Agency of Sweden and different attempts had
to be made on different days, they were thawed and frozen again after each cultivation step. This
could have an impact on the viability of the bacteria and even kill the vegetative cells (Edwards,
Suárez & McBride, 2013).
A calibration was done before every attempt of analysis for HMW protein profile using FerA
calibration and for HMW protein type using HCCA calibration. The FerA calibration was difficult
to perform in the instrument, since all peaks that need to be assigned into the spectra did not get
assigned as they should have right away; so many attempts were needed to get all peaks passed
for the results of the reference strains to be reliable. Almost all peaks where assigned
accordingly to expectations, which gives the results some creditability in that aspect. Though
were Albumin Bovine removed from the FerA calibration due to its incapability to calibrate on
several occasions. The other substances in the FerA calibration were almost always calibrated
correctly. The removal of Albumin Bovine was in accordance with The Public Health Agency of
Sweden to ease the calibration step of the methods. This could though have an impact on results,
since one peak was basically not calibrated and could therefore not be determined for the
samples. The HCCA calibration showed less restraint in being assigned into correct peaks,
though with varied difficulties for different substances to get peaks assigned.
The E. coli confirmation to confirm the instruments capability to determine bacterial species that
had undergone a fast formic acid treatment was considered successful. The E. coli bacterium was
determined for every attempt to species, which gave creditability to the C. difficile bacterium that
had underwent the same method treatment and therefore gave creditability to the method in the
aspect of bacterial integrity.
If time was not of the essence, more attempts would be to prefer when testing the different
methods included in this project. When executing these methods, especially the formic acid
extraction method, time was spent on the many steps and could therefore take time from
calibration and analysis of the results. There were difficulties to the calibration of FerA and
HCCA, which means that there were difficulties apprehending all the peaks needed for analysis,
which took some tries every time to make them passable to samples. Time was also spent on
trying to figure out why the calibration was not optimal in every calibration attempt. There
would be a preference to be able to perform more attempts with the McFarland standard
method and the fast formic acid extraction, because of the glimpse of success they showed,
Figure 4. This would aid in the valuation of the results that actually was apprehended with this
method in this project. Now, no evaluation can be made in order to estimate if the results were
just a fluke or if there is some actual depth that can be examined further to aid research to take a
step forward in fast ribotyping C. difficile on MALDI-TOF MS. If the McFarland Standard method
is better than the direct transfer method, different suspension concentration of McFarland
standard with bacterium could be compared to each other to be able to estimate the optimal
density of the McFarland Standard. The reason that McFarland Standard of 2 was chosen in this
project is due to another thesis, where they tested standards 1-3. They noticed that a standard of
2 was the most successful when typing with MALDI-TOF MS (Younan & Alrawi, 2016).
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If the diagnosis of CDI and typing features are amped up, with better methods and faster ones,
the spread can be contained and antibiotics can be prescribed only if necessary. Usage of
antibiotics is the main source of apprehending CDI, but it is also the main source of treatment
after acquiring the disease. Almost all sorts of antibiotic treatments have been linked to CDI,
which causes a dilemma in treatment. The different strains of C. difficile have in contribution to
the problem with antibiotics, become resistant to many antibiotics families on the market. New
sorts of antibiotics are under production to help face this problem, which not only impacts CDI
but many different microbial infections that have also shown resistance in their respectively way
(Peng et al., 2018). Antimicrobial resistance (AMR) is a concern that has been raised for many
years, since more and more strains of bacteria mutate to circumvent the effects of antibiotics. It
is a global menace to health, since it is more and more subscribed to patients which cause
bacteria to become more resistant (Aslam et al., 2018).
Different approaches to treat CDI must be implemented in order to prevent both the disease and
the antibiotic usage that comes with it. New antibiotics are being produced to circumvent the
resistance problem, but will likely cause resistance in time which makes it a short-term fix.
Other agents, such as monoclonal antibodies, have been researched to prevent the toxin
production of C. difficile which causes the disease. Vaccines have also been investigated as a
contender for alternative methods, though in early stages (Peng et al., 2018). The biggest issue is
though that people apprehends the bacterium so commonly in the first place, foremost in
hospitals. Patients acquire C. difficile most often in their hospital rooms, and spread it forward to
other patients, which causes long stays in the hospital, high medical bills and sometimes
outbreaks of epidemic proportions (Heimann, Cruz Aguilar, Mellinghof, & Vehreschild, 2018).

Conclusions
This project investigates one of the different methods that can be used in the fight against CDI,
where MALDI-TOF MS instruments are used as a faster alternative to PCR and likewise methods.
It is also considered cheaper, but less discriminatory between the different strains (Rizzardi &
Åkerlund, 2015). Out of 38 reference strains, the HMW protein profile method could type four
correct strains of C. difficile, with no HMW type. The results were not expected to be at this low
number, and could be due to the method choices with direct transfer method and fast formic
acid extraction method. That is why the alternative methods using McFarland Standard and fast
formic acid extraction method was implemented. It did not seem enough in order to change the
outcome radically though. More attempts must be performed in order to establish all of the
methods used in this project in the routine laboratory work, to create a steadier and more
reliable work-flow. This project aids in the understanding of the procedures done today to
diagnose CDI and trace outbreaks. More research needs to be done to understand the bacterial
epidemiology, how to type it most efficiently and how effective alternative antibiotic treatments
can be. The research questions stated at the beginning of the project was answered. 38 reference
strains of C. difficile could not be rapid typed and divided into a HMW protein profile and HMW
protein type, only four could be determined to a HMW protein profile. And the methods need
alterations in order to apprehend more reliable results. It is not recommended for Unilabs AB
Skövde to implement this method at this stage, since more attempts and tweaks need to be done
to both method and instrument for it to work at its fullest capacity.
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