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Abstract: Poor worldwide outcome of sepsis treatment is related to the lack of effective methods for its rapid diagnosis. We
suggest to use the method based on fluorescence spectroscopy studies in vitro and in vivo for diagnosis of sepsis and
pre-septic conditions. Obtained by this method results are 24-48 hours ahead of the data from standard clinical and laboratory

tests.

Keywords: Sepsis, Purulent-Septic Complications, Method of Fluorescence Spectroscopy

1. Introduction

Amongst the leading causes of morbidity and mortality
in the world, sepsis occupies one of the dominant positions.
In many countries more people are hospitalized each year
with sepsis than with a heart attack. Each year this
syndrome causes more deaths than prostate cancer, breast
cancer, and HIV/AIDS combined. Increasing incidence and
mortality of sepsis is observed: the number of sepsis
patients hospitalized in the last 10 years has doubled;
between one third and one half of sepsis patients dies.

In general, since the introduction of the consensus
approach, the current doctrine of adequate decision of the
problem of sepsis [9.13] is defined by the two ideas: I. An
effective treatment of sepsis is only possible if the diagnosis
is made in time; II. The current standard for early diagnosis
of sepsis is the verification of at least two criteria of the
systemic inflammatory response syndrome (SIRS) and of
classical clinical signs of infection focus.

Current diagnostics of sepsis is based on the criteria of
the SIRS [14] and on the results of blood tests for sterility
[9,13]. The "Achilles heel" of the recognized tactics for the
sepsis diagnosis is a quite long (2-7 days) waiting period
for clinical and laboratory symptoms of an advanced
disease and for the results of bacteriological tests. In fact,
this waiting period is the time of lost therapeutic options,
postponing an adequate treatment, which leads, generally,
to unsatisfactory results of sepsis treatment [5].

It should be noted that despite the obvious clinical

rationality and progressiveness of the modern doctrine of
adequate solving of the sepsis problem, it has some
significant disadvantages. They mostly concern the applied
problems of the sepsis diagnostics. First, all clinical and
laboratory signs of SIRS recommended as early diagnostic
criteria for sepsis, form the basis to suspicio sepsis, but not
to the confirmed diagnosis, because similar changes in these
parameters can be observed not only at sepsis but also at
several common inflammatory diseases that are easily
treatable and not life threatening. Second, it is not always
possible to state the second diagnostic component: the
classical clinical signs of the infection focus. Thus,
bacteriemia can be detected only in 45-46% of patients with
clinical signs of sepsis. Approximately in 10% of cases
sepsis occurs without formation of a clinically significant
primary source of infection.

Thus, a key problem in the sepsis management is its
early diagnosis. Reserves of the traditional diagnostic
methods here are essentially exhausted; therefore, usage of
the luminescent spectral analysis in septicology for early
detection of sepsis and of patient conditions with an
increased risk of sepsis development could become a new
technology that will make a significant progress in sepsis
treatment.

In recent decades, the method of fluorescence
spectroscopy has been widely and successfully used to
diagnose genetic mutations, which lead to an increased
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susceptibility of the human body to certain diseases,
including cancer [10,11,12,15,16]. These studies open the
way for the development of "personal medicine", when
each person can determine his/her individual risk for
occurrence of certain diseases and take appropriate
preventive measures.

Our purpose is to evaluate the efficacy of fluorescence
spectroscopy for early diagnosis of sepsis and "pre-septic"
states.

2. Subjects and Methods

The study design involved the fluorescence spectroscopy
of blood serum in different groups of patients (in vivo) and
experimental study of the fluorescent spectral
characteristics of serum dilutions by bacterial cultures and
with distilled water (DW) (in vitro).

The clinical material was taken from 150 patients,
divided into three experimental groups. The first (control)
group involved 60 people, including 20 healthy people, 20
healthy pregnant women, and 20 women with an
uncomplicated postpartum course. The second cohort
(comparison group) included 70 patients with **pre-septic”
disease and suspected sepsis: 41 patients with surgical
“pre-septic” disease and 29 women with postpartum
purulent-septic complications. The third (main) group
consisted of 20 patients with sepsis.

In general, 150 serum samples were examined by
fluorescence spectroscopy with excitation at 280 nm, which
corresponds to the luminescence spectrum of human serum
albumin [8]. The measurements were performed using the
aperture monochromators MDR-2 (St. Petersburg, Russia)
and MDR-12 (St. Petersburg, Russia). As a source of the
excitation light the deuterium lamp DDS-400 (St.
Petersburg, Russia) with a continuous spectrum of radiation
in the A = 200-420 nm range was used. The required
wavelength range of the excitation light was isolated by the
MDR-12 monochromator. The fluorescence spectra (FS)
were analyzed by the MDR-2 monochromator and recorded
by the FEU-100 photomultiplier (Moscow, Russia). The
signal from the photomultiplier in the single photon
registration mode was converted into a digital code by an
analog to digital converter (ADC) and subjected to
computer processing. Experimental results were presented
in graphical and digital forms. Fluorescence excitation
spectra (FES) of biological fluids were measured using the
same setup.

In the in vitro studies the FS of 11 dilutions of serum by
non-centrifuged (NCF) and centrifuged (CF) cultures of
bacteria [6] were measured for two similar experimental
series of dilutions with concentrations starting from 100%
of the standard serum down to the pure bacterial cultures
(NCF/CF, respectively) with an experimental step of 10%
dilution. In the in vitro studies the FS of 11 dilutions of
serum with DW also measured [6]. Excitation of these
solutions was also performed at 280 nm.
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3. Results

In healthy individuals of the first group, the obtained
serum FS was the A-type curve between 300 and 450 nm
with a maximum (intensity peak) at 340 nm. The
fluorescence intensity of blood serum (BS) taken from
pregnant women was slightly higher than of non-pregnant
women, probably due to lower levels of total protein,
mainly albumin, as compared to those of the healthy
control group and women with an uncomplicated
postpartum course.

For the second group of patients with the “pre-septic”
pathology and suspected sepsis, the FS peak intensity at
340 nm decreased, and a smooth long-wavelength shift
(fig.1, curves 2-4) was gradually formed with a tendency to
appearance of a new pathological "septic" peak at 380 nm
at deterioration of patients condition .
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Fig. 1. Fluorescence spectra (FS) of blood serum of patients with the
“pre-septic” pathology.

For patients with sepsis (the third group) two peaks in FS
(the "septic" peak at 380 nm and a small "normal" one in
the region of 340 nm — fig. 2, curve 1) were revealed. In the
process of patients treatment, the peak at 380 nm gradually
disappeared, whereas the intensity of the peak at 340 nm
gradually increased and became the same as in the healthy
control group (fig. 2, curves 2-4).
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Fig. 2. Fluorescence spectra of blood serum of septic patient (340 nm —
«normal peaky», 380nm —« septic peaky).
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The pathological two-peak structure of the FS at sepsis is
associated with the existence of two types of molecules of
albumin: normal albumin (to which the peak in the region of
340 nm corresponds) and albumin bound by metabolic
products of bacteria (the peak in the region of 380 nm).
Normally, the peak at 380 nm is absent. But the syndrome of
endogenous intoxication creates the conditions for the
formation of albumin forms with altered physical and
chemical properties [1]. Since albumin has the ability to
form complexes, some of its molecules bind toxic metabolic
products of bacteria. These albumin molecules become
blocked by toxins, therefore, the albumin capacity to bind
physiological ligands and drugs decreases [4]. Thus, though
the total concentration of albumin is constant, its "effective"
concentration decreases [4]. The authors formulated the
basic laws of behavior of spectral fluorescence
characteristics of BS at purulent-septic diseases that are
accompanied by endogenous intoxication, including their
dynamics during treatment. A high efficiency of
fluorescence spectroscopy for early diagnosis of sepsis is
demonstrated.

In vitro studies have established that the fluorescence
intensity of NCF and CF serum dilutions gradually
decreases with increasing content of bacterial culture in the
solution .We also observe a long-wavelength shift of the
fluorescence bands (Amax) of dilutions with the
pathological tendency to "septic" peak in the long-wave
region (fig.3) [2]. The observed changes in the spectral
fluorescent characteristics of the sepsis patients serum and
its NCF and CF dilutions are caused by bacteria and their
metabolic products.
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Fig. 3. Effect of dilution centrifuged (CF) crops on fluorescence spectra of
donor blood serum (BS) (1 — blood serum (BS) 2 - 90% BS 3 - 80% BS, 4 -
70% BS, 5 - 60% BS, 6 - 50% BS, 7 - 40% BS , 8 - 30% BS, 9 - 20% BS, 10
- 10% BS, 11 — CF crops).

Fluorescent spectral characteristics of 20% donor albumin
are very close to those of BS, which allows one to use it as a
reference in our studies of the FS of BS (Figure 4) [2]. In our
in vitro experiments we explored the FS of 11 dilutions of
BS with DW. The results are presented in Figure 5. An
enhancement of BS fluorescence with increasing DW

content is observed. Thus, a gradual decrease in the number
of albumin molecules in the BS reduces the concentrational
quenching of BS fluorescence. These results are specific and
allow one to study the diseases accompanied by
hypoproteinemia and hypoalbuminemia, as well as to
explore the influence of different therapeutic measures (to
study the effect of fluid therapy on the human body).
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Fig. 4. Fluorescence excitation spectra bands (Amax = 340 nm (d, a)) and
[fluorescence spectra (Aexc. = 280 nm (d, a)) serum donor (d) and 20%

albumin solution (a).
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Fig. 5. Effect of dilution with distilled water (DW) on the fluorescence
spectra of donor blood serum (BS)(1 - BS 2 - 90% BS, 3 - 80% BS, 4 - 70%
BS, 5-60% BS, 6 - 50% BS, 7-40% BS, 8-30% BS, 20%BS, 10 - 10% BS,
11-5% BS, 12-DW : I;=0 ).

It has already been noted that in our studies the
fluorescence intensity of BS taken from healthy pregnant
women was slightly higher than for normal donors. These
results can be explained by the physiological changes in
their bodies during pregnancy. It is known that blood volume
of pregnant women increases, whereas the protein content is
not changed. Thus, they wusually have relative
hypoproteinemia. It should be noted that measurements of
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FS of BS taken from healthy pregnant women can be
considered as a particular case of the similar measurements
of BS dilutions with DW (from the studies of "the in vitro
diseases models") [2]. Thus, the results of our clinical
studies are in a good agreement with the in vitro
experimental data.

Thus, the results of in vitro and in vivo studies give
reason to consider the fluorescence spectroscopy as an
effective method for early diagnosis of sepsis and
conditions with an increased risk of its development.
Appearance of the "septic" peak at 380 nm is a reliable
marker of sepsis, whereas the peak intensity redistribution
(the 380 nm peak lowers down and the 340 nm grows up) is
indicative of a positive dynamics of the disease.

Spectral-fluorescent properties of serum are a reliable
marker for early diagnosis of sepsis, particularly in surgical
and obstetric practice. The study of these parameters in
dynamics allows one to get a reliable prognosis of the
decease, as the changes in the FS appear 24-48 hours ahead
of the standard laboratory and clinical parameters.
Fluorescence spectroscopy complements information
obtained from these tests in terms of the in-depth
information about the processes that occur in humans
suffering from inflammatory diseases and gives the
possibility for prognostic evaluation.

Application of fluorescence spectroscopy in medicine
opens new possibilities for the study of physiological and
pathological processes patterns of the human body.
Spectral-fluorescent properties of serum can be considered
as an effective method for early diagnosis of sepsis and its
clinical course, as well as verification of the diseases with
an increased risk of the sepsis development.
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