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Introduction

Of the twelve recognized avian Mycoplasma species that infect chickens and/or turkeys, M. gallisepticum and M. synoviae are the most pathogenic [START_REF] Bradbury | Recovery of mycoplasmas from birds[END_REF][START_REF] Kleven | Mycoplasma synoviae infection[END_REF]. The factors responsible for considerable differences in tissue tropism, invasiveness and pathogenicity in strains of both species are largely unidentified.

Generally, in vitro passage of pathogenic microorganisms results in loss of pathogenicity. This has been shown also for M. gallisepticum and M. synoviae et al., 1986;[START_REF] Kleven | Mycoplasma synoviae infection[END_REF]. The low passage M. gallisepticum strain R low is invasive and pathogenic for poultry, whereas invasiveness and pathogenicity decreases in high passage strain R high (Levisohn et al., 1986;[START_REF] Winner | In vitro cell invasion of Mycoplasma gallisepticum[END_REF]Much et al., 2003;[START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. The factors contributing to the decreased invasiveness of R high strain are most likely the mutation(s) in the gene(s) encoding cytadhesins and, possibly, decreased neuraminidase activity (NEAC) [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]Berčič et al., 2008b). Sialic (neuraminic) acid is important in the process of infection of host cells, because M. gallisepticum and M. synoviae adhere via haemagglutinins to host-cell receptors containing sialic acid residues [START_REF] Aldridge | Growth and cytopathology of Mycoplasma synoviae in chicken embryo cell culture[END_REF][START_REF] Razin | Mycoplasma adherence[END_REF]Benčina, 2002). In M. synoviae, a haemagglutination-positive (HA + ) phenotype has also been associated with a higher frequency of synovitis in chickens inoculated into the hock joint (Narat et al., 1998).

The capacity to invade host cells has been demonstrated for four Mycoplasma species known to be human pathogens (Lo et al., 1989;[START_REF] Baseman | Interplay between mycoplasmas and host target cells[END_REF][START_REF] Giron | Adherence, fibronectin binding and introduction of cytoskeleton reorganization in cultured human cells by Mycoplasma penetrans[END_REF], as well as for poultry pathogen M. gallisepticum [START_REF] Winner | In vitro cell invasion of Mycoplasma gallisepticum[END_REF]Much et al., 2003;[START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. Studies have shown close association of M. synoviae with chicken cells [START_REF] Aldridge | Immunofluorescence and electron microscopy of the attachment of Mycoplasma synoviae to chicken embryo fibroblasts[END_REF][START_REF] Walker | An ultrastructural study of avian synovium infected with an arthrotropic Mycoplasma, Mycoplasma synoviae[END_REF], but intracellular presence of M. synoviae has not been reported.

The main aim of this study was to determine whether M. synoviae is able to invade non-phagocytic chicken cells. Using a well established method, the gentamicin protection (invasion) assay, and three types of chicken cells, we assessed the invasion frequency of different M. synoviae strains and compared this with the invasiveness of M. gallisepticum R low .

Materials and methods
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Chicken cells

Blood was taken from adult specific pathogen-free chickens and mixed with citrate dextrose buffer (Sigma-Aldrich, Germany) in a 9:1 ratio. Erythrocytes (CER) were harvested from the collected blood by adding sterile phosphate buffer saline (PBS) pH 7.4 and centrifugation at 400×g for 10 minutes. CER were washed in PBS, centrifuged and resuspended in PBS to a final concentration of 5×10 5 to 10 6 cells/ml.

A stable transfected chicken embryonic fibroblast cell line (CEC-32) was donated by Prof. Bernd Kaspers (University of Munich, Munich, Germany). CEC-32 cells [START_REF] Kaaden | Establishment and characterization of chicken embryo fibroblast clone LSCC-H32[END_REF] were cultivated in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 8% fetal bovine serum (FBS) and 2% chicken serum (all from Sigma-Aldrich, Germany).

For the isolation of chondrocytes from hyaline cartilage tissue, the protocol described by [START_REF] Barlič | Quantitative analysis of gene expression in human articular chondrocytes assigned for autologous implantation[END_REF] was modified. Briefly, cartilage tissue was obtained from adult chicken tarsometatarsal joints and digested in DMEM containing 1mg collagenase II/ml (Sigma-Aldrich, Germany) and 1µg gentamicin/ml (Krka, Slovenia) for 21 hours. The digested tissue was sieved through a 40 µm-pore nylon filter and the chondrocytes (CCH) seeded into culture flasks containing DMEM with 8% FBS and 2% chicken serum. The viability of CCH after isolation, as shown by Trypan Blue staining (Sigma-Aldrich, Germany), was 98 %. CCH were tested for mycoplasmas on Frey's agar and broth before the beginning of the study and in every experiment, and were found to be mycoplasma-free. CCH and CEC-32 cells were cultured in a CO 2 incubator at 38C in a 5% CO 2 atmosphere.

M. synoviae and M. gallisepticum cultures

A c c e p t e d M a n u s c r i p t 5 M. synoviae reference strains WVU 1853 and ULB 02/T6, also used in previous studies (Benčina et al., 2001;Lavrič et al., 2007;Berčič et al., 2008a), were used.

Recent field isolates M. synoviae ULB 08/T3 and ULB 08/T4 isolated from tracheas of chickens were also used. The culture of invasive M. gallisepticum strain R low , used in previous studies by [START_REF] Winner | In vitro cell invasion of Mycoplasma gallisepticum[END_REF] and [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF] was donated by Dr.

Michael Szostak (University of Veterinary Medicine of Vienna, Vienna, Austria).

Cultures were grown in modified Frey's medium with Bacto PPLO broth base (BD, US) containing 12% porcine serum (Invitrogen, US), 800000 IU of benzylpenicillin (Pliva, Croatia), glucose, vitamins and 0.1g of NAD/l (the latter three from Sigma-Aldrich, Germany) at 38C [START_REF] Kleven | Mycoplasma synoviae infection[END_REF]. The number of colony forming units (CFU) was calculated as described previously [START_REF] Rodwell | Methods for direct and indirect measurement of mycoplasma growth[END_REF].

Haemadsorption, haemagglutination and adherence test

Haemadsorption (HAD) of CER to Mycoplasma colonies was determined as described previously [START_REF] Gardella | Hemagglutination, Hemadsorption, and Hemolysis[END_REF]. A similar method was used to test M. synoviae colonies for adsorption of CEC-32 cells and CCH. Briefly, agar blocks (10 × 5 mm) bearing well-separated M. synoviae colonies were overlaid with ~ 50 μl samples of PBS pH 7.4 containing 10 3 -10 4 CEC-32 cells or CCH. After 30 min incubation at room temperature, blocks were gently washed with PBS. Binding of CEC-32 cells and CCH was evaluated at 40× and/or 100× magnification.

Haemagglutination (HA) tests were performed as described previously (Narat et al., 1998;Benčina et al., 1999).

Sialic acid linkages of CEC-32 and CCH glycoproteins

To demonstrate the presence of sialic acid receptors potentially used by Mycoplasma species to adhere to CEC-32 cells and CCH, proteins of both cell types were separated A c c e p t e d M a n u s c r i p t 6 by electrophoresis. The PhastGel (Gradient 8-25) and PhastSystem (Pharmacia, Sweden), followed by transfer to Immobilon P membrane were used for CEC-32 cells, whereas the proteins of CCH were separated in a larger, 12 % polyacrylamide gel (acrylamide mix, sodium dodecyl sulphate, ammonium persulphate and tetramethylethylenediamine, all from Sigma-Aldrich, Germany) and then transferred to Immobilon P membrane. The DIG Glycan Differentiation Kit (Roche, Slovenia) was used according to the instructions of the manufacturer to identify CEC-32 cells and/or CCH glycoprotein(s) containing sia(α-2-3) or sia(α-2-6) galactose linkages.

Determination of the minimal inhibitory concentration of gentamicin

The susceptibility of Mycoplasma strains for gentamicin was determined as the minimal inhibitory concentration (MIC) of gentamicin in broth cultures of M. synoviae strains. MIC was determined as described previously [START_REF] Hannan | Guidelines and recommendations for antimicrobial minimum inhibitory concentration (MIC) testing against veterinary Mycoplasma species[END_REF]Bebear and Kempf, 2005). Briefly, 25 μl samples of rapidly growing M. synoviae cultures (10 5 -10 6 CFU/sample) were transferred into 1 ml of Frey´s broth without gentamicin or into 1 ml of Frey's broth supplemented with different concentrations of gentamicin.

For the gentamicin invasion assays, gentamicin was used in 500 μg/ml concentrations.

Experimental infection of chicken cells

CEC-32 cells and CCH were grown in 24-well culture plates until there were approximately 5×10 5 cells per well. The number of CER in samples used for infection ranged from 5×10 5 to 10 6 . CCH and CEC-32 cells had 98-100 % viability, as determined by Trypan blue staining. Broth cultures of Mycoplasma strains used for the infections were incubated till they reached the late logarithmic phase of growth. 100 µl of broth containing 10 7 -10 8 CFU was then used to inoculate 1 ml (~5×10 5 cells) samples of chicken cells suspended in/overlayed with Frey's broth. Thus, the A c c e p t e d M a n u s c r i p t multiplicity of infection (MOI) ranged from 10 to 100 mycoplasmas per chicken cell.

The infection of cells was performed at 37-38C. Uninfected samples of appropriate chicken cells were used as negative controls. In all experiments, the frequency of invasion (RIF) was assayed 24 hours after infection. In some experiments, the RIF after 2-4 hours and/or after 48 hours was also determined.

Gentamicin invasion assay

The number of intracellular mycoplasmas in CER, CEC and CCH was determined using a modified gentamicin invasion assay described by [START_REF] Winner | In vitro cell invasion of Mycoplasma gallisepticum[END_REF] and [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. Briefly, 2-4, 24 or 48 hours after infection, the whole contents of each well were centrifuged for 10 min at 300×g. The pellets were then resuspended either in 1 ml of Frey's broth without gentamicin, or in 1 ml of Frey's broth supplemented with 500µg of gentamicin/ml. Cells were resuspended 8 times during the 4 hours of incubation at 38C in 5% CO 2 . After treatment, the cell suspensions were washed three times with PBS. The infected pelleted cells treated with gentamicin were resuspended in approximately 150 μl of Frey's broth and 50 μl samples were plated onto Frey´s agar and incubated at 38C. The infected cells, which were not treated with gentamicin were resuspended in 1.5 ml of Frey's broth and plated as described above. Uninfected cell monolayers incubated in Frey's broth in the same way as the infected cells were used as negative controls. After 5-7 days, mycoplasma colonies on the plates were identified and counted as described in section 2.8. The relative invasion frequency (RIF) was calculated as the percentage of the number of mycoplasma colonies recovered after gentamicin treatment relative to the number of colonies recovered from samples that were not exposed to gentamicin [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. Data from independent assays, that were performed in triplicates, A c c e p t e d M a n u s c r i p t 8 were expressed as means ± S.E. The significance of the differences between RIF of the strains tested in one cell line and between cell lines infected with the same strain of mycoplasmas were assessed using Student's unpaired t-test. Differences were considered significant for p values under 0.05.

Identification of colonies

M. gallisepticum and M. synoviae colonies were identified using the indirect immunoperoxidase assay (IIPA) and/or direct immunofluorescence as described previously (Benčina et al., 1994;Benčina and Bradbury, 1992). The FITC-conjugated antibodies to M. synoviae used for the direct immunofluorescence (Supplementary Fig. 1), were also used in the differential immunofluorescent-antibody test to identify intracellular M. synoviae (Supplementary Figs. 2 and3).

Differential immunofluorescence microscopy

Double immunofluorescent-antibody test (Heesemann and Laufs, 1985) was modified as follows. Differentially labeled rabbit antibodies specific to M. synoviae (Benčina and Bradbury, 1992) were used for detecting M. synoviae on the surface and/or inside chicken cells in a direct immunofluorescent assay. Cells were fixed in 4 % PBSbuffered paraformaldehyde for 40 min. Antibodies conjugated with tetramethyl rhodamine isothiocyanate (TRITC) (diluted 1:100, 1 h at room temperature) were used for detecting M. synoviae on the surface of chicken cells. Following washing in PBS, cells were permeabilised with 1 % Triton X-100 (Sigma-Aldrich, Germany) in PBS for 10 min and incubated in 1 % bovine serum albumin in PBS for 30 min. 

Results

Adherence of M. synoviae to chicken cells used in the invasion assays

Colonies of all the M. synoviae and M. gallisepticum R low cultures used were predominately HAD + , but all cultures also contained some colonies that did not adsorb chicken erythrocytes (HAD -). The pattern of adsorption of CCH and CEC-32 cells to colonies of M. synoviae was similar to that observed with erythrocytes. Strain ULB 02/T6 had a higher HA titre than other M. synoviae strains (Table 1).

Examination of CEC-32 cells and CCH using the DIG Glycan Differentiation Kit showed presence of glycoproteins containing sia(α2-3)gal and sia(α2-6)gal linkages.

CCH showed a major sialylated glycoprotein of about 70 kDa (Fig. 1), while CEC-32 cells contained a major sialylated glycoprotein of about 60 kDa (data not shown).

Invasion of chicken erythrocytes

The RIF for chicken erythrocytes was determined for two M. synoviae strains (WVU 1853 and ULB 02/T6) and compared to the RIF for M. gallisepticum strain R low (Tables 1,2), which invades sheep and chicken erythrocytes [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. M. synoviae strains were approximately 20-fold more susceptible to gentamicin than M. gallisepticum R low (Table 1).

Three hours after infection, M. gallisepticum and both M. synoviae strains were viable in erythrocytes treated with gentamicin, most probably because they had established intracellular residence. However, their estimated RIF values after 3 hours were much A c c e p t e d M a n u s c r i p t 10 lower (5-to 10-fold) than after 24 hours. After 24 hours, the mean RIF for M. gallisepticum R low (1.2 % ± 0.7) was similar to that reported by [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF].

The mean RIF for the M. synoviae strain ULB 02/T6 was also similar (Table 2). The type strain of M. synoviae, WVU 1853, had the greatest invasiveness for CER with a mean RIF (7.5 % ± 1.5) more than 6-fold higher than that of M. gallisepticum R low (Table 2). All three mycoplasma strains were capable of surviving within CER for 48 hours, but with no increase in the RIF after 24 hours for any strain. Invasion of CER was confirmed by immunofluorescent staining of internalized M. synoviae, which reacted with specific antibodies labeled with FITC after permeabilization of CER (data not shown).

Invasion of CEC-32 cells

Invasion of CEC-32 cells by M. gallisepticum R low was detected 4 hours after infection. After 24 hours, the mean RIF was 1.0 % ± 0.2 and did not increase over the following 24 hours (Table 2, data for 4 and 48-hour infection not shown). M. synoviae strains WVU 1853 and ULB 02/T6 also invaded CEC-32 cells after 4 hours of infection and survived inside them for 48 hours. However, after 24 hours of infection, the mean RIF of WVU 1853 (7.0 % ± 0.3) was almost 6-fold higher in comparison to ULB 02/T6. Lethality for CEC-32 cells was not observed over the first 24 hours (data not shown). Differential immunofluorescence microscopy confirmed the invasion of CEC-32 cells with WVU 1853 24 hours after infection. Besides numerous extracellular M.synoviae located at CEC-32 cells' surface, there were also distinct green foci inside these cells indicating the intracellular M. synoviae cells, which were immunostained only with antibodies conjugated with FITC. Superimposed images of micrographs showing red and green fluorescence showed extracellular M. synoviae as yellow foci or aggregates, whereas the presence of intracellular M. synoviae was 

Invasion of chicken chondrocytes

After 24 hours of infection, RIF for the M. gallisepticum strain R low in CCH was quite similar (1.1 % ± 0.1) to that seen in CER and CEC-32 cells, as well as to that of M. synoviae strain WVU 1853 (1.2 % ± 0.3) in CCH (Table 2). On the other hand, the invasiveness of WVU 1853 was 6-fold lower in CCH than in CER and CEC-32 cells.

The capability to invade CCH within 2 hours after infection was determined for WVU 1853 (RIF ~ 0.25 %) and field strains ULB 08/T3 and ULB 08/T4. The latter two strains were used at a low passage, but after 24 hours of infection their RIF was not higher than that of WVU1853 (Table 2). M. synoviae strains remained viable within CCH for 48 hours after infection, but there was no evidence of further increase of their RIF (data not shown). The ability of WVU 1853 to invade CCH in 24 hours after infection was confirmed by differential immunofluorescence microscopy. In agreement with the gentamicin invasion assay results, the extracellular population of M. synoviae was predominant and appeared to form small aggregates on the surface of CCH. However, distinct foci of green fluorescence inside CCH, which were present only in CCH infected with M. synoviae, confirmed that it invades CCH (data not shown).

Discussion
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Although M. gallisepticum and M. synoviae belong to different phylogenetic groups, they share hosts, tissue tropism and a number of horizontally transferred genes (Noormohammadi et al., 1998;Berčič et al., 2008a). Recent studies have provided evidence that some M. gallisepticum strains can invade cells, including chicken embryonic fibroblasts and erythrocytes [START_REF] Winner | In vitro cell invasion of Mycoplasma gallisepticum[END_REF][START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. This is the first study to show that M. synoviae can invade chicken erythrocytes, chondrocytes and embryonic cells in vitro.

The well established gentamicin invasion assay, previously used to demonstrate invasion by M. gallisepticum [START_REF] Winner | In vitro cell invasion of Mycoplasma gallisepticum[END_REF][START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF] was used with infected chicken cells exposed to 500 μg gentamicin/ml, a concentration almost 200fold higher than the MIC for the M. synoviae strains tested. The M. synoviae strains used were at least 20-fold more susceptible to gentamicin than M. gallisepticum R low (Table 1). This is consistent with the data published for MIC of these Mycoplasma species (Bebear and Kempf, 2005). Thus, it is very likely that all M. synoviae recovered from the infected chicken cells originated from M. synoviae cells that had invaded the chicken cells and thus escaped the mycoplasmacidal effect of gentamicin.

All M. synoviae cultures recovered from CER, CCH and CEC-32 cells after treatment with gentamicin had the same MIC as the original cultures, between 2 and 3 μg/ml.

It has been suggested that the HAD + phenotype of M. gallisepticum strain R low could be responsible for its higher invasiveness in erythrocytes [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. In this study, the type strain WVU 1853 of M. synoviae had the highest RIF in erythrocytes, but another M. synoviae strain (ULB 02/T6) had a higher HA titre (Tables 1 and2).

Thus, there must be additional factors that contribute to invasiveness in erythrocytes, as well as CEC-32 cells and CCH. These factors may differ for different host cells as WVU 1853 had about 6-fold higher RIF in CER and CEC-32 cells than in CCH.
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The adherence to chicken cells via receptors containing sialic acid is important in infections with M. gallisepticum and M. synoviae [START_REF] Aldridge | Growth and cytopathology of Mycoplasma synoviae in chicken embryo cell culture[END_REF][START_REF] Razin | Mycoplasma adherence[END_REF]Benčina, 2002). It is likely that major sialylated glycoprotein(s) of CCH (~ 70 kDa) (Figure 1) and CEC-32 cells (~ 60 kDa) could be involved in binding of M. synoviae and M. gallisepticum to these chicken cells. However, further investigations are required to confirm this and to identify genes encoding sialylated glycoproteins of CEC-32 and CCH cells.

It is probable that the gentamicin invasion assay indicates the number of infected host cells better than the number of invasive mycoplasmas [START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]. Differential immunofluorescent staining showed that CER and CEC-32 cells were mostly infected with M. synoviae attached to the surface these cells, but that a considerable number of cells contained intracellular M. synoviae (Supplementary Figs. 2 and3). Although the invasion frequency was not estimated with immunofluorescence microscopy, this finding confirms the capacity of M. synoviae to invade chicken cells in vitro.

It remains to be proved that M. synoviae also invades chicken cells in vivo. Infections of the upper respiratory tract with M. synoviae may be lifelong and are usually detectable by culturing swabs of the upper part of trachea and/or choanal cleft [START_REF] Kleven | Mycoplasma synoviae infection[END_REF]. Intracellular localization could help explain, at least partially, persistence of M. synoviae despite of specific local antibodies and phagocytosis and antibiotic treatment.

Conclusion

This study provides the first evidence for invasion and intracellular survival of M. synoviae in three different non-phagocytic chicken cell types in vitro. These findings Microbiol. 15,121,[278][279][280][281][282][283][284][285][286][287] Levisohn, S., Dykstra, M.J., Lin, M.Y., Kleven, S.H., 1986 b Numbers of in vitro passages before an appropriate mycoplasma culture was used for gentamicin invasion assay in this study.

c Minimal inhibitory concentration of gentamicin (μg/ml).

d Haemagglutination titer, the reciprocal of the highest dilution of mycoplasmal cell pellet which gave complete HA of 1 % suspension of chicken erythrocytes (Narat et al., 1998).

e CER: chicken erythrocytes, CEC-32: chicken embryonic cells, CCH: chicken chondrocytes. The numbers indicate the number of independent assays performed.

f NA: not assayed. 

  Antibodies conjugated with fluorescein isothiocyanate (FITC) (diluted 1:100, 1 h at room temperature) were used for immunostaining of intracellular M. synoviae. Dako Fluorecence Mounting medium (Dako, USA) was used to prevent fluorescence A c c e p t e d M a n u s c r i p t fading. Fluorescence microscopy was performed using a Carl Zeiss LSM 510 confocal microscope. Images were analyzed using Carl Zeiss LSM image software 3.0.

  fluorescence (Supplementary Fig.2). Confocal scan of CEC-32 cells infected with WVU 1853, shown in Supplementary Fig.3, confirmed the intracellular localization of M. synoviae. M. synoviae labeled with FITC-conjugated antibodies were located in the cytoplasm of CEC-32 cells and became visible when the image was scanned from the top to the bottom.
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Table 1 :

 1 Mycoplasma species, their strains and chicken cells used in the gentamicin invasion assay a

	Chicken cells e

Table 2 :

 2 Results of only three experiments were shown in Table 2. Relative invasion frequency of M. gallisepticum and M. synoviae strains for chicken cells a

			% of invasion for chicken cells b
	Species	Strain	CER	CEC-32	CCH
	M. gallisepticum	R low	1.2 ± 0.7	1.0 ± 0.2	1.1 ± 0.1
	M. synoviae	WVU 1853 c	7.5 ± 1.5	7.0 ± 0.3	1.2 ± 0.3
	M. synoviae M. synoviae M. synoviae	ULB 02/T6 ULB 08/T3 ULB 08/T4	M 1.4 ± 1.1 NA d a n u s c r i p t 1.2 ± 0.5 NA NA 0.6 ± 0.2 e NA NA 0.7 ± 0.2
	A c c e p t e d		
					20

g a Evaluated and calculated 24 h after infection of appropriate cells with mycoplasmas (MOI ranged from 10 to 100 mycoplasmas per chicken cell).

b Evaluated and calculated as described in Materials and Methods (see also

[START_REF] Vogl | Mycoplasma gallisepticum invades chicken erythrocytes during infection[END_REF]

).

c 

The difference in invasiveness of M. synoviae strain WVU 1853 was significant for CER versus CCH (p < 0.003) and for CEC-32 versus CCH (p ≤ 0.0001). The difference between RIF of M. synoviae strain WVU 1853 and both the M. synoviae ULB02/T6 and M. gallisepticum R low was also significant for both CER (p < 0.005 and <0.003, respectively) and CEC-32 (p ≤ 0.0001 for both Mycoplasma species). There was no significance between the differences in RIF of Mycoplasma species for CCH. d NA: not assayed e Extremely high RIF in one experiment (9.25 %) is not included in the mean RIF for ULB 08/T3. It was about one order of magnitude higher than all other RIF values in CCH in this study and was considered erroneous.
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