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Abstract

The present study is dedicated to the development of a new experimental technique for the
characterization of Enterococci bacteria. Fourier transform infrared spectroscopy was used in
studying Enterococci bacteria for the first ime. The results had shown that Fourier transform
infrared (FTIR) spectroscopy has been successful in characterizing the VRE genotypes (Van-
A, Van-B, and Van-A plus Van-B) and other Enterococcus clinical specimens of different
_patients obtained from various wards from Al-Makassed hospital, Jerusalem / Palestine.
FTIR initial spectra were obtained in the range 4000-500 cm™. Recognitions and separations
between Enterococci species were revealed by spectra analysis. Out of 33 isolates a total of
11 groups were identified; out of which Van- A have been divided into three groups, Van-B
two groups and Van-A plus Van-B one group. The comparisons of the whole cell of the
Enterococcus have been done in the fingerprint regions in the range 900-700 c¢m™ and
presented using their values of absorbance peaks, i.e. FTIR absorbance spectra. We
demonstrate that FTIR spectroscopy and VRE genotypic results presented a good correlation.
Moreover, spectroscopy measurements were simpler and easier to perform than using PCR
method. It has been shown that using FTIR spectroscopy is more effective in differentiating
Enterococci species which were useful in creating spectral library for vancomycin resistant

Enterococci (VRE).
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Introduction

There are many spectroscopical techniques such as: NMR spectroscopy, Raman spectroscopy
(RS) is a unigue tool for probing or mapping, nanophases dispersed in a matrix (e.g. pigments
in a ceramic glaze (Colomban et al, 2001). On the other hand, infrared spectroscopy (IR) also
is an important and popular tool for structural elucidation and compound identification since it
can be used to determine the chemical functional groups in the sample. Consequently, the
spectroscopical techniques that have been used offer many useful applications.

The present work is aimed at the use of FTIR spectroscopy technique which proved its
success in many fields (Zhu et al, 2001). Many researchers (Amiel et al. 2000; Curk et al,
1994; Lefier et al, 2000; Mariey et al, 2001; Naumann et al., 1991) have recognized Founer
transform infrared spectroscopy (FTIR) as a2 method fulfilling these needs such as
compositional compounds chemistry, medicine, etc. The application of vibrational
spectroscopic techniques (Fourier transform-infrared [FTIR]) is such an approach, which may
provide a potential alternative to conventional methods. It has been shown that FTIR
spectroscopy is verv sensitive to small changes in the composition of cells (Galiche et
al,2001; Galiche et al, 2000). These techniques are rapid because little biomass is needed,

significantly reducing culturing time. FTIR Spectroscopes are also easy to use and may



become very cost-effective, because they enable considerable reduction in sample handling
and use of reagents and do not require highly skilled personnel. This method allows the
discrimination of intact microbial cells without their destruction and produce complex
biochemical fingerprint-like spectra, which are reproducible and distinct for different
microorganisms. It can measure molecular vibrations based on the absorption (IR) or
scattering of radiation interacting with a sample. The observed microbial are a complex
composition of many different vibrational modes of all the cell components, i.e., DNA, RNA,
proteins, and membrane and cell wall components. The applicability of FT-IR spectroscopy
in the field of microbiology has already been persuasively demonstrated (Goodacre et al,
1996; Helm et al, 1991; Helm, Labischinski, Schallehn, Naumann 1991; Naumann et al, 1991;
Naumann et al, 1996). Various studies have shown that vibrational spectroscopy provides
sufficient resolution power to distinguish microbial cells at different taxonomic levels, even at
the strain level i.e genetic variant types of the same species (Helm et al, 1991). The Extensive
reference libraries containing thousands of spectra of well-characterized microorganisms that
can be used for the rapid identification of unknown isolates at the species as well as at the
strain level (Ku"mmerle et al, 1998; Maquelin et al, 2003; Oberreuter et al, 2002).

The purpose of this study was to evaluate the discriminatory power of a novel phenotypic
approach based on infrared absorption spectroscopy to the typing of enterococci isolates over
one-year period from patients of different wards of a hospital in Palestine. Here, PCR
antimicrobial susceptibility testing and FTIR spectroscopy analysis were compared. The
application of FTIR study special type characterization of bacteria 1.e. enterococci is not well
known yet. Enterococci are opportunistic human pathogens, the two most important species,

E. faecalis and E. faecium, which are considered part of the normal intestinal flora, are among



the leading causes of nosocomial infections (second most common bacteria responsible for
nosocomial infections) and may cause severe infections, including endocarditis, septicemia,
intra-abdominal, pelvic and urinary tract infections, (Monstein et al,1998; Schaberg et al
,1991). These infections are often difficult to treat due to the increased antibiotic resistance
associated with this organism (Buschelman et al, 1993; Tsakris et al, 1998; Vincent et al,
1991). The recent increase of vancomycin-resistant E. faecium (VRE) strains in clinical
isolates is especially a cause of serious concern, because this glycopeptide-type antibiotic
often remains the last treatment available in life-threatening infections (Wilke et al, 1997).
The situation is further complicated by the fact that Enterococci have developed a number of
mechanisms for the transfer of resistance genes (Bodnar et al, 1996). Therefore, perhaps the
greatest threat posed by VRE comes not from these organisms themselves but from the
potential that they could transfer their resistance genes to other more pathogenic gram-
positive bacteria, thus creating a highly dangerous pathogen difficult to treat with currently
available antibiotics (Moellering, 1998). Furthermore, the recent studies have revealed that
the i;midence of more unusual species such as E. durans, E. hirae, E. gallinarum and E.
casseliflavus has increased significantly in clinically isolated enterococci (Willey et al, 1999).
Overall, this has resulted in an increased need for rapid and accurate identification of
Enterococci at the species and subspecies level as a means of effectively assisting infection
control and epidemiological studies. For most clinical microbiological laboratories, the
primary method of identifying Enterococcus strains relies on phenotypic characterization.
However, various studies have shown that an unequivocal species identification of
enterococci by phenotypic means is a challenging procedure that can take several days to

accomplish because of the phenotypic and biochemical similarities between many enterococci



(Cheng et al, 1997). In addition, the automated systems currently in use often fail to
accurately identify rare species (Bryce et al. 1991; Devnese et al, 1995; Iwen et al, 1996;
Sader et al, 1995; Tritz et al, 1990). Molecular genetic techniques, such as randomly
amplified polymorphic DNA analysis, PCR ribotyping, or other PCR-based methods targeting
various genes, have been successfully used to identify enterococci at the species level
(Devriese et al, 1995; Jones et al, 1997, Ke ét al, 1999; Roger et al, 1999). Although these
techniques are specific and sensitive, it is difficult to adapt them for use in routine laboratories
due to their high costs and the requirement for hi ghly skilled personnel. Infection control and
epidemiological studies primarily require rapid and simple means of identifying and typing
clinical isolates. Consequently, a variety of approaches have been developed.

The present work has new specific goals, in which Fourier Transform Infrared spectroscopy
[FTIRS] will be used to distinguish between the most pathogenic Enterococci species that
were isolated in Palestine. A new method of preparing samples is targeted allowing a
characterizing process and creating spectral libraries for different microorganisms.

Chapter one of this thesis deals with theoretical concepts of atomic bond, IR radiation and
principals of FTIRS. The new technique of preparing samples was discussed in chapter two.
The experimental results will be presented in chapter three and discussed in chapter four.
Finally, conclusions and suggested further work are given in chapter five that is followed by

spectral library and a list of references.



Chapter five

Conclusions and further work

5.1 Conclusion:

The results of this study confirm that FITR spectroscopy has discriminated between eleven
groups of Enterococci isolates, i.e. it posses a good discriminatory power, the least it is far
more comparable to that of genetic type method like PCR which has revealed only four
groups of Enterococci isolates in the same group of samples. Since FTIR spectroscopy is a
physicochemical methodology that fingerprints the whole cell and is able to detect subtle
compositional changes that cannot be revealed by PCR method. It should be concluded that
the comparison between PCR and FTIR procedures shows that, the first methodology depends
less on preparation conditions, although its large of protocol steps influences reproducibility
and rapidity furthermore, intensities of band pattern are sometimes variable, and the
interpretation analysis of result become difficult. On the other hand, using FTIR spectroscopy
1s much easier to carry out than using PCR method and allows the analysis of large number of
strains, although it requires a high degree of standardization and complex data processing. In
addition, the differences between PCR types are due to differences in generated DNA

fragment and sometimes these are due to methodological variability or strain modification.
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Enterocccal isolates were carried out by PCR method in Jaber study, and then characterized
by FTIR method, this can be concluded that the second method is able to find out the
differences of Enterococci characterizations resulted from the first one, since FTIR method
has accurate analysis. It is also important to consider FTIR spectroscopy limitations, because
it does not reflect changes in key molecules and there is not an understandable connection
between the differences in the spectra and the changes in biochemical composition. The main
conclusion from this study demonstrates that the obtained results by using FTIR spectroscopy
in typing and identification of strains belonging to the most pathogenic species of Enterococci

Van A and Van B of E. faecalis is more accurate and easy than using PCR.

5.2 Further work

The present method of using FTIR spectroscopy in this study opens an era for further studies
in identifying different types of microorganisms, a part from the three genotypes which were
identified in the present study namely: VanA, VanB and VanA plus B. This method can help
deepen investigation in identifying genes that can be transferred from Enterococci to other
bacteria and in finding out the influence of temperature and time on cultures and sample
preparation procedure for repeatability of FTIR measurements, Consequently, the previous
developed method for measuring FTIR spectra and a strategy for their analysis can be used in

creating spectral library.
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