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Abstract
Study Design.—Retrospective hospital-registry study.

Objective.—To characterize the microbial epidemiology of surgical site infection (SSI) in spinal
fusion surgery and the burden of resistance to standard surgical antibiotic prophylaxis.

Summary of Background Data.—SSI persists as a leading complication of spinal fusion
surgery despite the growth of enhanced recovery programs and improvements in other measures of
surgical quality. Improved understandings of SSI microbiology and common mechanisms of
failure for current prevention strategies are required to inform the development of novel
approaches to prevention relevant to modern surgical practice.

Methods.—Spinal fusion cases performed at a single referral center between January 2011 and
June 2019 were reviewed and SSI cases meeting National Healthcare Safety Network criteria were
identified. Using microbiologic and procedural data from each case, we analyzed the anatomic
distribution of pathogens, their differential time to presentation, and correlation with methicillin-
resistant Staphylococcus aureus screening results. Susceptibility of isolates cultured from each
infection were compared with the spectrum of surgical antibiotic prophylaxis administered during
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the index procedure on a per-case basis. Susceptibility to alternate prophylactic agents was also
modeled.

Results.—Among 6727 cases, 351 infections occurred within 90 days. An anatomic gradient in
the microbiology of SSI was observed across the length of the back, transitioning from cutaneous
(gram-positive) flora in the cervical spine to enteric (gram-negative/anaerobic) flora in the
lumbosacral region (correlation coefficient 0.94, £<0.001). The majority (57.5%) of infections
were resistant to the prophylaxis administered during the procedure. Cephalosporin-resistant
gram-negative infection was common at lumbosacral levels and undetected methicillin-resistance
was common at cervical levels.

Conclusion.—Individualized infection prevention strategies tailored to operative level are
needed in spine surgery. Endogenous wound contamination with enteric flora may be a common
mechanism of infection in lumbosacral fusion. Novel approaches to prophylaxis and prevention
should be prioritized in this population.

Keywords
antimicrobial resistance; Epidemiology; gram-negative bacteria; healthcare-associated infection;
Microbiology; microbiome; spinal fusion; surgical antibiotic prophylaxis; surgical site infection;
wound infection

Surgical site infection (SSI) following procedures with clean (class 1)! skin incisions has
traditionally been attributed to gram-positive skin flora such as Staphylococci and
Streptococci.? Accordingly, current infection prevention measures in spine surgery
predominantly target this class of bacteria. However, prior reports and clinical experience
suggest that the microbiology of SSI in instrumented spine surgery may be more complex,
comprising a diverse range of gram-positive, gram-negative, anaerobic, polymicrobial, and
culture-negative infections. This complexity is further compounded by a global increase in
the proportion of healthcare-associated infection caused by resistant gram-negative
organisms.3

To develop more effective infection prevention strategies in spine surgery, a detailed
understanding of the microbial epidemiology and burden of antibiotic-resistant infection in
modern surgical practice is required. We report the results of a comprehensive survey of all
spinal fusion infections at a single, high-volume referral center over an 8-year period and the
implications of these findings for future infection prevention strategies in spine surgery.

MATERIALS AND METHODS

Cohort Identification and Case Definition

All SSls following spinal fusion surgeries performed at Harborview Medical Center (Seattle,
WA) between January 1, 2011 and June 1, 2019 were identified by querying the Harborview
Infection Prevention and Control Database. This institutional database is a prospectively
maintained registry of healthcare-associated infections identified through standardized chart
review by trained infection preventionists. For spinal fusion surgery, all SSIs meeting
Centers for Disease Control National Healthcare Safety Network (NHSN) criteria®* within
the standard 90-day surveillance period are captured. All adult spinal fusion patients meeting
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these criteria for SSI were eligible for inclusion. Patients with documented surgical
infections present at the time of the procedure, those receiving non-standard surgical
antimicrobial prophylaxis®8 (e.g., substitution of prophylactic with therapeutic antibiotics
for patients receiving treatment for nonsurgical infections or cases performed during periods
of cefazolin shortage) and those for whom culture acquisition was not attempted were
excluded.

Data Extraction and Clinical Variable Handling

Because infections following multilevel procedures can rarely be attributed to a specific
vertebral level, surgical level was recorded and primarily analyzed as the range of highest
vertebral level to lowest vertebral level involved in the procedure, including any non-
instrumented procedural elements (e.g., laminectomy) extending the operative field, but not
involved in the fusion. In two-stage procedures, levels involved in both stages were counted
collectively and collapsed into a single surgical encounter. Spinal levels involved in each
operation were identified through manual review of the operative report. All other variables
were extracted in an automated fashion from the electronic medical record.

Details of intraoperative surgical antibiotic prophylaxis were obtained from the anesthesia
record. Susceptibility or resistance of each SSl-isolate to the antibiotic(s) administered
during the index procedure was determined on a percase basis. For cases in which multiple
antibiotics were administered (e.g., cefazolin and vancomycin), isolates were designated as
resistant if non-susceptible (resistant or intermediate) to all antibiotic agents administered.

Complete methods for identification and classification of wound culture data including
determination of antimicrobial susceptibility are detailed in the Supplemental Methods (see
“Handling of microbiology results,” Supplemental Digital Content, http://
links.lww.com/BRS/B587). Culture-negative infections were defined as those meeting
NHSN criterial for SSI and receiving a full course of empiric antimicrobial treatment, but
with negative adequate cultures. Although Enterococci and some anaerobic species stain
gram-positive, they have intentionally been grouped with gram-negative organisms under the
category “enteric” (see Supplemental Table 1, Supplemental Digital Content, http://
links.lww.com/BRS/B587) to reflect their primary fecal origin and relative resistance to
cephalosporins in contrast to traditional “cutaneous” gram-positive species (see
Supplemental Table 2, Supplemental Digital Content, http://links.lww.com/BRS/B587). The
term “gram-negative” is used to refer to this group in some instances to reflect common
clinical usage, but should be understood to include a small number of gram-positive species.

Statistical Analysis

RESULTS

Normality was evaluated using the Shapiro-Wilk test. Differences in time to presentation
were assessed using the Wilcoxon rank sum test and correlation with anatomic level was
assessed using the Spearman rank correlation coefficient.

Of 6727 eligible cases performed during the study window, SSI occurred in 351 (5.2%).
Cases with pre-existing infection (n=22), receiving non-standard antimicrobial prophylaxis
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(n=19), or in which culture acquisition was not attempted (n=2) were excluded from
analysis, yielding a final study cohort of 308. Patient and procedure characteristics are
detailed in Table 1.

Characteristics of Infecting Organisms

One hundred seventy (55.2%) infections were monomicrobial, 134 (43.5%) were
polymicrobial, and four (1.3%) were culture-negative. Among monomicrobial infections,
135 (79.4%) were caused by cutaneous flora (gram-positives other than Enterococcus sp.
and fungi) and 35 (20.6%) were caused by enteric species (gram-negatives, Enterococcus sp.
and gut-associated anaerobes). Among polymicrobial infections, 30 (22.4%) involved a
mixture of cutaneous organisms, 60 (44.8%) involved only enteric organisms, and 44
(32.8%) involved a combination of both cutaneous and enteric species. Gram-negative
infections were more likely to be polymicrobial and presented earlier than gram-positive
infections (£<0.001) (Figure 1).

Anatomic Gradient in Microbiology

When stratified by operative level, we observed an anatomic gradient in the microbiology of
spinal fusion-SSI (Figure 2), transitioning from gram-positive skin commensals in the
cervical spine to a predominance of gram-negative enteric organisms in the lumbosacral
spine. An inflection point occurred at approximately the T3-4 level. This observation
remained stable when aggregated on a per-patient rather than per-isolate basis (Figure 3).
The correlation coefficient between vertebral level and infection with one or more enteric
flora and was 0.94 (£<0.001). When analyzed according to total species count per level, it is
evident that this phenomenon is the result of an absolute, rather than relative, increase in
gram-negative infection at lower levels (Supplemental Figure 1, Supplemental Digital
Content, http://links.lww.com/BRS/B587).

Given the increase in gram-negative infection with inferior (caudal) extent of the surgical
field, we performed a parallel, post-hoc analysis stratified by the lowest vertebral level
involved in the procedure. Using lowest vertebral level as an indicator, the inflection point
between gram-positive and gram-negative infection occurred lower, near the thoracolumbar
junction (Supplemental Figure 2, Supplemental Digital Content, http://links.lww.com/BRS/
B587).

Resistance to Surgical Prophylaxis

All patients received surgical antibiotic prophylaxis, which consisted of cefazolin (84.7%),
cefazolin plus vancomycin (8.8%), vancomycin only (3.2%), or clindamycin only (3.2%).
Susceptibility to the prophylactic agent(s) administered during the index procedure could
reliably be determined for 97.4% of isolates. One hundred seventy seven SSI cases (57.5%)
grew at least one organism resistant to the prophylaxis administered during the index
procedure. Categories of concordance and discordance between the spectrum of activity of
the prophylactic agent administered and susceptibility of organisms subsequently isolated
from SSls are reported in Table 2. Because current guidelines for antibiotic prophylaxis in
spine surgery are the same for procedures performed at all surgical levels, actual antibiotic
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administration was uniform across spinal regions (Figure 4). As a result, resistance of SSI
isolates to prophylaxis also varied across the length of the back (Figure 5).

Among resistant organisms, cefazolin-resistant enteric species (Table 2-D) were the most
common cause of resistance to surgical prophylaxis, accounting for 58.4% of discordant
infections. Bacteria in this class were predominantly cultured from lower thoracic and
lumbosacral regions (Figure 5F). The most commonly isolated species were Enterobacter sp.
(21.2%), Enterococcus sp. (15.3%), Pseudomonas aeruginosa (14.7%), Proteus sp. (8.8%),
and Escherichia coli (7.6%). Overall, 68.8% of gram-negative SSI isolates were resistant to
cefazolin, 53.4% were resistant to ceftriaxone, and 15.9% were resistant to gentamicin.

Methicillin-resistant gram-positive infections among patients not receiving vancomycin
(Table 2-E) constituted the second-largest class of resistance to prophylaxis (38.9%). These
occurred predominantly in the cervical and upper thoracic regions (Figure 5E) and most
frequently involved methicillin-resistant S. aureus (MRSA) (42.2%) or methicillin-resistant
coagulase-negative Staphylococci (34.3%).The majority (61.4%) of MRSA infections
occurred in patients screening negative for MRSA preoperatively.

Infections caused by organisms resistant to a non-B-lactam antibiotic administered in cases
of allergy were comparatively infrequent. Among SSI cases, 13.3% had a reported penicillin
or cephalosporin allergy at the time of surgery, approximately half of whom received an
alternative (non-B-lactam) antibiotic for surgical prophylaxis. Infections caused by
organisms resistant to this alternative (e.g., clindamycin or vancomycin monotherapy) were
predominantly gram-negative and accounted for only 2.7% of resistant isolates (Figure 5D,
Table 2-F).

Culture-Negative Infection and Molecular Diagnostics

Among the four cases meeting clinical criteria for SSI which remained culture negative, all
underwent molecular testing for the presence of bacterial and fungal DNA. Although
16S/ITS polymerase chain reaction (PCR) amplicon sequencing provided diagnostic
confirmation in many cases of delayed culture positivity, we observed no instances of
culture-negative infection resolved by this method.

DISCUSSION

In the largest review of spinal fusion SSls to date, including 351 consecutive infections from
a single referral center over an 8-year period, we observed a strong anatomic gradient in the
microbiology of SSI. Gram-positive infection occurred at all anatomic levels, but
predominated in the cervical and upper thoracic regions. A significant excess of gram-
negative infection occurred in lumbosacral procedures. Most infections were caused by
strains resistant to the surgical antibiotic prophylaxis administered during the index case.
Cefazolin-resistant gram-negative organisms were the most common form of resistant
infection, followed by methicillin-resistant Staphylococci. These findings support the
potential importance of endogenous gram-negative infection in the pathogenesis of spine SSI
and suggest important future directions for infection prevention in spine surgery.

Spine (Phila Pa 1976). Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Long et al. Page 6

Importance of Gram-Negative Infection in Lumbosacral Fusion

The continuous increase in gram-negative infection with inferior extension of the surgical
field is a striking feature of the epidemiology in this cohort. The majority of infections in
cases extending to T4 or below (encompassing 75.6% of patients in this study) involved one
or more enteric pathogens. The greatest proportion of these occurred in the sacroiliac region.
This observation is consistent with the results of another case series including 239 spine
SSls between 2005 and 2010 in which an excess of gram-negative infections was observed
in lower lumbar and sacral regions.” Taken together, these data demonstrate that the
microbiology of SSI in spine surgery varies in a predictable anatomic fashion and suggests
that distinct approaches to prevention are required, depending on operative level.

Because current infection prevention practices such as cefazolin-based surgical prophylaxis,
nasal decolonization, and screening for MRSA predominantly target gram-positive
organisms, the development of parallel interventions targeting gram-negative SSI represents
a critical opportunity for quality improvement in spine surgery. An essential next step in the
development of such measures is identifying the mechanisms by which gram-negative
wound contamination occurs in lumbosacral spine surgery. Both intraoperative and
postoperative factors may contribute to this phenomenon. Distinguishing between these two
potential routes is essential as they are amenable to distinct forms of intervention.

Intraoperative Routes of Gram-Negative Wound Contamination

Intraoperative contamination of clean (class I) wounds is commonly caused by bacteria
colonizing patient skin at the site of incision.2 Human skin flora have traditionally been
considered to comprise gram-positive species such as Staphylococci and Streptococci based
on their avid growth in culture. However, culture-free technologies such as 16S PCR have
revealed much greater bacterial diversity within the human skin microbiome.8 A high degree
of variation in the composition of “normal” skin flora is now known to exist between
individuals and across anatomic sites. This includes the presence of several clinically
relevant gram-negative species such as 2. aeruginosaand E. coliin particular skin regions.?
It is therefore possible that the observed anatomic gradient in spine SSI simply reflects a
normal gradient in the composition of skin flora along the length of the back. Unfortunately,
the back is one of the most poorly characterized regions of the human microbiomel? and this
hypothesis remains to be tested.

Established measures for the prevention of intraoperative wound contamination with patient
skin flora include the application of topical skin antisepsis and administration of surgical
antimicrobial prophylaxis prior to incision. Given the large number of gram-negative
infections in lumbosacral procedures and their high degree of resistance to cefazolin (68.8%
in this study and 61.6% in another case-series’), the suitability of cefazolin as a sole
prophylactic agent in this subgroup must be critically examined. The utility of gram-negative
prophylaxis in spine surgery as a whole was previously explored in a meta-analysis of
studies on the introduction of surgical antimicrobial prophylaxis to spine surgery in the
1980s.11 This meta-analysis found no difference in the efficacy of regimens containing
gram-positive coverage alone versusthose containing both gram-positive and gram-negative
coverage and is referenced in current guidelines for antibiotic prophylaxis in spine surgery.®
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However, the prophylactic regimens and patient characteristics of the included studies were
heterogeneous and rates of cephalosporin-resistance have increased substantially over the
intervening decades.

Our data suggest that an individualized approach, matching the spectrum of prophylactic
activity to the microbiology of the surgical site may be more effective. Patients undergoing
lumbosacral spine surgery would be a high priority population in which to study the impact
of targeted gram-negative prophylaxis in modern surgical practice. Based on patterns of
susceptibility observed in this study, the addition of gentamicin to cefazolin may be a more
rational selection than substitution of cefazolin with a higher-generation cephalosporin such
as ceftriaxone.

Postoperative Routes of Gram-Negative Wound Contamination

Postoperative factors may also play a role in the pathogenesis of gram-negative SSI.
Saturation of the surgical dressing and contamination with fecal material may occur in the
setting of impaired mobility during the early recovery period. A primary fecal origin for
endogenous gram-negative infection in spine surgery would be highly consistent with the
excess of enteric infections observed in lumbosacral procedures. The plausibility of this
mechanism is further supported by numerous prior reports of an association between gram-
negative spine SSI and postoperative incontinence.12-14 The earlier presentation of gram-
negative versus gram-positive SSI in this study may seem inconsistent with a postoperative
origin for gram-negative infection. However, this difference may be more reflective of
bacterial growth characteristics than the timing of wound inoculation.

Changes to antimicrobial prophylaxis are unlikely to prevent infections originating after the
time of surgery. To the extent that postoperative mechanisms contribute to SSI in spine
surgery, measures specifically targeting these routes of infection may be required. Examples
include implementation of improved protocols for mobility, toileting, and pain control,
standardized drain management, and use of incisional negative-pressure wound therapy
(NPWT). The use of incisional NPWT as a method of reducing SSI is supported by high
quality evidence in some procedural groups,1>-17 but has demonstrated lack of benefit in
others.18-20 |ts efficacy in spine surgery is unknown. Routine application of incisional
NPWT in long-segment thoracolumbar spine fusions at a single center was associated with
reductions in SSI and wound dehiscence in one retrospective study?! and two randomized
trials of incisional NPTW in major spine surgery are ongoing (NCT03632005 and
NCT03820219).

Need for Improved Detection of MRSA

The majority of MRSA infections occurred in patients with a negative preoperative MRSA
screen. This unexpected finding suggests either the acquisition of healthcare-associated
strains or lack of sensitivity of routine screening protocols. Preoperative screening for nasal
carriage of MRSA at our institution is performed using chromogenic agar. Sampling of
multiple sites (e.g., oropharyngeal, rectal, skin)22-24 and use of PCR-based assays2>27 have
been shown to improve screening sensitivity. These strategies may not be cost-effective if
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applied to surgical patients broadly,28 but may warrant consideration in high risk groups
such as those undergoing cervical and upper-thoracic spinal fusion surgery.

LIMITATIONS

The single-center nature of this study limits its generalizability to other practice settings. For
example, variations in practice such as use of minimally invasive surgical techniques and
povidone-iodine irrigation are uncommon at our center, but may impact SSI rates and
microbiology. Despite this, the reported findings are consistent with those of the next-largest
case series of spine SSI.7 The use of an institutional antibiogram to infer antimicrobial
susceptibility of isolates not subjected to direct testing further limits the generalizability of
findings related to antibiotic-resistant infection. Our institutional antibiogram and rates of
MRSA colonization are similar to national norms, but vary from those in many regions
outside of North America. A significant correlation between anatomic level and
microbiology was observed, but causality cannot be inferred from this unadjusted analysis
and other factors such as procedural indication may underlie this association. Finally, only
spinal fusion procedures were analyzed, and the findings may not apply to other classes of
spine surgery.

CONCLUSION

The microbiology of spinal fusion SSI transitions from gram-positive to gram-negative
infection across the length of the back. The pathogenesis of these two classes of infection
may differ and future studies should consider these as distinct, potentially competing
outcomes with unique risk profiles. Before changes to practice recommendations can be
made, further work is required to determine the relevant routes of gram-negative wound
contamination in spine surgery and identify whether intraoperative interventions such as
targeted use of gram-negative surgical prophylaxis or postoperative changes in wound care
are more likely to be effective. Individualized strategies targeting the patient microbiome
may afford opportunities to reduce rates of SSI in spine surgery while minimizing the risk of
antimicrobial resistance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

. An anatomic bacterial gradient exists in the microbiology of SSI in spinal
fusion surgery.

. Cefazolin-resistant gram-negative bacteria are a common cause of SSI in
lumbosacral fusions.

. Methicillin-resistant gram-positive organisms are common in cervical and
upper thoracic fusions.

. The majority of bacteria cultured in cases of SSI are resistant to the standard

surgical antimicrobial prophylaxis administered during the procedure.

. The majority of MRSA infections occur in patients screening negative for
MRSA by culture of preoperative nasal swabs.
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Time to Presentation by Organism Class
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Figure 1.
Differential time to presentation between infections caused by cutaneous (gram-positive

species other than Enterococcus sp.) versus enteric (gram-negative species and Enterococcus
§p.) organisms.
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Relative Abundance of SSI-Organisms by Surgical Anatomic Level
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Figure 2.
Cutaneous flora (blue shades) predominate in cervical and upper thoracic regions while

enteric flora (red shades) are more common in cases extending below the midthoracic
region. Surgical level (horizontal axis) for each case includes all operative levels involved in
the procedure.
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Percentage of Cases at Level
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Figure 3.
Per-patient analysis of SSI microbiology by level, accounting for polymicrobial infection.

SSI indicates surgical site infection.
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Antibiotic Administration by Surgical Anatomic Level
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Figure 4.
Actual antibiotic administration stratified by range of operative levels. Because current

guidelines for surgical antibiotic prophylaxis are the same for spine surgeries performed at
all operative levels, observed patterns of antibiotic administration were uniform across
anatomic regions and did not mirror the gradient observed in SSI microbiology. SSI
indicates surgical site infection.
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Resistance to Surgical Prophylaxis by Surgical Anatomic Level
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B. Vancomycin susceptible (given) D. B-lactam allergy (resistant to alternative) . F. Cefazolin resistant gram-negative
Figure 5.

Methicillin-resistant, vancomycin-susceptible infection is rare among patients receiving
prophylactic regimens including vancomycin (B), but is common in cervical fusions in
which vancomycin is not administered (E). Most cefazolin-resistant gram-negative
infections (F) occurred below the midthoracic level.
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Characteristics of Study Population

Age 58.4 (15.2)
Female sex 44.2%
MRSA screen positive 11.7%
BMI 31.6 (8.6)
Diabetes 16.6%
Indication for procedure

Degenerative 57.1%

Fall/trauma 31.8%

Deformity 5.5%

Tumor 5.2%
Vertebral levels

Number involved 6.6 (3.9)

Lowest involved L4 [T4-S1]
Minimally invasive technique 0.6%
Procedure duration, min 417.6 (159.7)
Vancomycin powder 49.4%

TABLE 1.

Page 17

Values are reported as mean (standard deviation) for continuous variables, as median [interquartile range] for ordinal variables and as percentage

for categorical variables.

MRSA indicates methicillin-resistant S. aureus.

Spine (Phila Pa 1976). Author manuscript; available in PMC 2022 February 01.



Page 18

Long etal.

"uonoByuI a)Is [ea1BINS seIRIIPUI |SS

(%e'T) L paJaISIuILIP. dAITRUIR)[E O} JUBlSISaY weyoe| - g) Adelayiouow udAWOIURA 10 E%&mwﬂ__ﬁ 4
(snao02048)UT ‘Sr1a/ne S JUEBISISal
(%9'6T) 20T -uljroIyaw “4°g) 81qndaosns-uidAWOIUBA UBISISAI-UI|0ZeY3D (uawiBal onnoejAydoad prepuels) Ajuo uijozeysd 3
(%¥'62) €ST ('ds snajoid ‘1109 3 **B°8) 1URISISI-UIDAWOIULA ‘JURISISBI-UI|0ZR}aD) (uawiBal anoejAydoud prepuels) Ajuo uijozessd a (3ueplodsip) JuelsISay
(%e'T) L paJslsiulWpe sAlreuIS)fe 01 91qndaasns | (ABis)je weioe] d) Adesayiouow UIDAWOIUBA 10 UIDAWEPUID o)
(Snaune s uelSISaI
(ni'y) €2 -uljvIyIBw *h°a) 8|qndaasns-uldAWwooueA ‘Juelsisal-uljozeya) | (aAnsod gems WSHIA dAneladosid) udAWOJUBA + UIj0Ze}eD) q
(%8'sh) 822 (snaune ‘s ajqndaasns-uljioyiaw ““He) ajqrdaosns uijozese)d (uswiBal onoejAydoad prepuels) Ajuo uljozeyad v | (uepioouod) sjqndsosns
(9%) sare|os] Jo JaquinN Aungndaosng wisiuebiQ uswibay onoejAydoad dnoio

Author Manuscript

sa1e|os| ISS pue sixejAydoud [e1qoloiwnuy [ea16ins usamiag aduepIoduo)

‘¢31avl

Author Manuscript

Author Manuscript

Author Manuscript

Spine (Phila Pa 1976). Author manuscript; available in PMC 2022 February 01.



	Abstract
	MATERIALS AND METHODS
	Cohort Identification and Case Definition
	Data Extraction and Clinical Variable Handling
	Statistical Analysis

	RESULTS
	Characteristics of Infecting Organisms
	Anatomic Gradient in Microbiology
	Resistance to Surgical Prophylaxis
	Culture-Negative Infection and Molecular Diagnostics

	DISCUSSION
	Importance of Gram-Negative Infection in Lumbosacral Fusion
	Intraoperative Routes of Gram-Negative Wound Contamination
	Postoperative Routes of Gram-Negative Wound Contamination
	Need for Improved Detection of MRSA

	LIMITATIONS
	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	TABLE 1.
	TABLE 2.



