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Introduction

Macrophages play an important role in host defense against

Abstract

The incidence of serious enterococcal infections is increasing while its
pathogenesis remains not sufficiently understood. This study aimed to evaluate
the resistance of blood strains and commensal isolates of enterococci to
phagocytosis in-vitro.

Enterococcal strains were isolated from blood of patients hospitalized in
Invasive Medicine Centre of the Medical University of Gdansk and from faeces
of healthy volunteers. The strains were cultured in BHI medium in 37°C for
24h (planktonic form) and 72h (biofilm form cultured in 6-wells culture plates).
Bacterial cells were dispersed, stained with fluorescent reporters (SYTO9,
Pl) and incubated with phagocytes. Macrophage phagocytosis was studied
using THP-1 derived macrophages (activation with 6uM PMA). Phagocytosis
level was assessed using microscope automated system - Pansy’s 3000
and analysed with Cell Profiler 2.1.1 software which yielded the number of
phagocytosed bacteria per phagocytic cell (load index, LI). Phagocytosis
maintained by macrophages was more effective against planktonic cells of blood
stream isolates (LI 0,55) than against commensal strains or biofilm released
cells (LI 0,29 and 0,19 respectively). The results demonstrated differences
in phagocytosis susceptibility of blood stream and commensal enterococcal
isolates and proved that the macrophages may eradicate bacterial biofilm.
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our previous study, significant differences in molecular properties
between enterococcal isolates from different sites of infection
have also been proved [12]. Additionally, the differences between

infection and contribute to the initial inflammatory response [1,2].
They combine phagocytosis, antigen processing and secretion of
pro and anti-inflammatory cytokines [3]. However, survival within
macrophages despite phagocytosis may increase spread of enterococci
and cause systemic infection. Enterococcal infections are believed
to be mainly endogenous [4]. The fact that no differences between
intestinal and blood isolates has been found by PFGE (Pulsed-
Field Gel Electrophoresis) supports this opinion [5]. Shay et al. [6]

commensal and RTx (renal transplantation) patients’ enterococcal
isolates include susceptibility to phagocytosis [13]. The current study
aimed to compare macrophages’ activity against intestinal and blood
stream isolates of enterococci, considering biofilm and planctonic
form.

Materials and Methods

Nine blood stream isolates were collected from patients

proved that, amongst 11 paired stools and blood VRE isolates, 8 were
identical. Similarly, Montecalvo et al. [7] found closely related stool
and blood isolates in 3 patients during an outbreak in an oncology
ward. On the other hand, since 2005, Willems at al. [8] and Leavis’
team [9] proposed the identification of high risk clonal complex
of Enterococcus faecium, indicating the existence of at least two
different genetic lineages of these bacteria.

So far, little is known also about how the host immune system
responds during invasive enterococcal infections [10], especially how
the bacterial biofilm affect the host defense mechanisms [11]. Due to
the complexity of the biofilm matrix, interaction of biofilm with the
host immune system may involve completely different mechanisms
when compared to their planktonic counterpart. Microbial
communities encased within a complex matrix biofilm develop on
natural body surfaces such as epithelium, lung and heart as well
as implanted medical devices such as central venous and urinary
catheters, intra-uterine devices, and prosthetic heart valves [10]. In

Figure 1: Fluorescence of macrophages as a result of phagocytosis of Pl
stained enterococci.
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Figure 2: Effectives of phagocytosis of strain of different origin.

hospitalized at Medical University of Gdansk. As a reference group,
10 enterococcal strains of E. faecalis were isolated from healthy
volunteers from Gdansk region. The isolates were identified to species
level by strep ID test (BioMerieux) and classified as different strains of
E. faecalis by biochemical and resistance profiles. All bacterial strains
were stored at (-70°C) in Brain Heart Infusion (BHI) broth with 25%
(vol/vol) glycerol. Biofilms of these strains were obtained by culturing
at 37°C on flat-bottom wells (TRP, Switzerland) for 72h in BHI
medium. After another 28h, medium was replaced with fresh 2ml of
BHI. Bacterial cells were dispersed, permeabilized by sonication on
ice and stained with fluorescent reporter (PI). Fluorescence of bacteria
was standardized by measure of FL3 signal by using a FAC Scan flow
cytometer (Becton-Dickinson, Franklin Lakes, NJ, and USA).

Macrophages’ phagocytosis was studied using THP-1 derived
macrophages (activation with 6uM PMA). The cells were cultured in
RPMI-1640 medium supplemented with 2mM L-glutamine, 100U/ml
penicillin, 100ug/ml streptomycin and 10% (vol/vol) heat-inactivated
Foetal Bovine Serum (FBS) (all from Sigma-Aldrich). Phagocytosis
level was assessed using microscope automated system (Pansy’s 3000,
Pan Biotech GmbH, Germany) and analysed with Cell Profiler 2.1.1
software (Broad Institute, Cambridge, Great Britain) which yielded
the number of phagocytised bacteria per phagocytic cell (load index,
LI). The phagocytosis was analysed after 150,180 and 210 min of
incubation, the differences were tested by Analysis of Variance
(ANOVA) by Stat Soft software (Statistica 10, USA).

Results

During the observation period the number of macrophages
which succeed in phagocytosis almost triplicaded (from geomean 29
up to 84). Phagocytosis of PI stained bacteria result in fluorescence
of macrophages since 0, 08 to 0, 7 FU in relation to number of
phagocytised bacteria. Output of phagocytosis differed significantly
depending on the origin of the strains. The highest ratio was observed
for blood stream isolates. The mean value of 0, 549 was constant in
time. The commensal strains were phagocytosed at the mean value
of 0, 28, and the load index decreased from 0, 35 at 150 min to 0, 27
in 210 min while the number of macrophages with engulfed bacteria
increased. In contrast to this observations, the phagocytosis of biofilm
cells increased in time (from 0, 15 to 0, 21) with the mean of 0, 19.

Discussion

One may expect that the host defense system can discriminate
between pathogens and commensal, so colonization with bacteria
does not necessarily elicit an immune response [14]. For example, the
reaction of neutrophils differs in relation to the origin of the strain
[13]. The differences in virulence between enterococcal strains results
from many factors. In previous study we have observed significant
difference in biofilm composition and metabolic activity of biofilm
formed by commensal and virulent strains [15].

Until recently it was assumed that, biofilm cells resist phagocytosis
by immune cells [10] and formation of biofilm protect bacteria from
being eradicated. In fact the resistance of enterococci to phagocytosis
was described many years ago and the role of some of the virulence
traits in this phenomenon was proved [16]. The previous study
had shown that Enterococcus faecalis recovered from biofilm better
survive inside monocytes in-vitro than their planktonic counterparts
[17]. Additionally, monocytes exposed on biofilm produce lower
amounts of proinflammatory cytokines compared to monocytes
infected with planktonic bacteria [10,12]. However, Leidet al. [18]
documented penetration in an in-vitro study of freshly isolated human
leukocytes into Staphylococcus aureus biofilms, under static and
flowing fluid conditions that mimic physiological shear. Leukocytes
also penetrated 7-day-old S. aureus biofilms under laminar-shear
conditions. Furthermore, studies of Daw and others [10], comparing
the uptake of E. faecalis biofilm cells to their planktonic counterparts,
revealed that biofilm cells may be taken up efficiently by immune
cells such as macrophages and dendritic cells. On the other hand that
survival of enterococcal cells within macrophages is common and
lets them spread and create distant site of infection [16]. The classic
forms of the activation of macrophages results in generation of large
amounts of reactive oxygen species and inflammatory cytokines,
which all serve to augment killing of microbes and local cell-mediated
immune response. However, it should be noted that all markers of
monocytes/macrophages activation in response to bacteria invasion
reported above, were based primarily on monocytes’ interaction with
freely suspended cells or their components, which may not reflect
true monocytes response to biofilm-bound bacteria.

In our study, we observed high phagocytosis of bloodstream
isolates. If we follow the assumption that phagocytes can serve as
‘vehicles’ allowing them to spread throughout the body [19] we may
explain why strain with the strongest attraction to macrophage can
cause sepsis. From this point of view, low phagocytosis index of the
enterococcal strain seems to be more profitable for the host.

Conclusion

The difference in phagocytosis mediated by macrophages was also
related to the biological form of strain. As observed by Daw and others
[10], biofilm released cells were phagocytosed by macrophages, but in
contrast to previous observation, the index was definitely lower than
for planctonic cells. Also the time needed for efficient phagocytosis
is longer while compared with planctonic cells. However one should
notice that our observation regard commensal strains while Daw
and others studied UT1I etiological agent. We may put the hypothesis
that the resistance to phagocytosis is an element of adaptation of the
commensal strains to colonize the human body.
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