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ABSTRACT

ESKAPE PATHOGENS IN ORAL AND
MAXILLOFACIAL INFECTIONS: A 5-YEAR
RETROSPECTIVE CLINICAL STUDY

Lee Hye Jung

Advisor: You Jae Seak, DDS, PhD
Department of Dentistry,

Graduate School of Chosun University

I. Introduction

Most cases of oral and maxillofacial infections are caused by bacteria of
normal oral flora, and they are usually easily treated by proper diagnosis,
elimination of causative factors, and antibiotic therapy. However, the
emergence of multi-drug resistant bacteria and the increase of infections
caused by these antibiotic-resistant bacteria make treatment challenging.

"ESKAPE" pathogens, consist of Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species, are the most common opportunistic
organisms in nosocomial infections and have resistant to commonly used
antibiotics. There are many medical reviews of ESKAPE pathogens, but few

in oral and maxillofacial regions.
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II. Purpose

This study focuses on oral and maxillofacial infection especially with
ESKAPE pathogens. The purpose of this study is to prepare feasible data
about tracing and treatment of infection related to pathogens that may be

beneficial to clinicians.

III. Subjects and Methods

A total of 154 patients with oral and maxillofacial infections were reviewed
by analyzing retrospectively hospitalized data in the Department of Oral and
Maxillofacial surgery, Chosun University Hospital past 5 years from 2014 to
2018. The criteria included patients' age, sex, causative factor, site, medical
history, duration and characteristics of treatment, and other clinical parameters.
And based on the medical records and microbiological tests, the results were
divided into two groups: infections with ESKAPE pathogens (ESKAPE group)
and other bacteria (Non-ESKAPE group).

IV. Results

A total of 22 species were isolated from 154 patients. The proportion of
ESKAPE pathogens among all bacterial isolates collected from infected
patients was 39.6% (61/154). The main sites of infection were the mandibular
molar area (47.5%) and the maxillary molar area (14.8%). Causative factors,
especially in post-operative infection, showed a statistically significant
correlation to ESKAPE infection. For the post-operative infections such as
open surgery of oral and maxillofacial region and endodontic or periodontal
treatment, ESKAPE groups accounted for 29 cases (59.2%), compared with
49 cases of all analyzed patients. And average of treatment period in
ESKAPE group (2.15month) was longer than Non-ESKAPE groups
(0.95month). Overall, K pneumoniae (60.7%) was the most frequently isolated
ESKAPE pathogen followed by S.aureus (24.6%), Enterobacter spp. (18.0%),
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P.aeruginosa (3.3%), A.baumannii (1.6%). Of the 154 patients, 9 patients had
to change antibiotics during their treatment time and 8 cases of them were
ESKAPE groups. High antibiotic resistance rates had been detected in the
ESKAPE during the five-year period. The most common resistance pattern in
Gram-negative pathogens was resistance to amoxicillin-clavulanic acid and

cephalosporins.

V. Conclusion

For clinicians, antimicrobial-resistant bacteria and ESKAPE pathogens
should be distinctly considered. Infections with ESKAPE pathogens are now a
problem that can no longer be overlooked in Dentistry. Based on results of
this study, ESKAPE pathogens were highly associated with post-operative or
opportunistic infections. Clinicians should be careful about these antibiotic
resistant pathogens and use appropriate antibiotics to patients while having

dental treatments.

Key words : Acinetobacter baumannii, Enterobacter species, Enterococcus
faecium,  Klebsiella  pneumoniae, Multi-drug resistance,

Pseudomonas aeruginosa, Staphylococcus aureus
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o] xAS AHste] HE AeAd57F @30 conical tube (Falcon
Tubes, Becton-Dickinson Biosciences, San Jose, CA, USA)°l Yol A3dAZ
HujA 24 of 3 Aol dfgk A7t o] FolFint

FAA A3 A= PenicillinAd] A A 2= ampicillin,  oxacillin,
benzylpenicillin®}  piperacillin®|,  B-lactam inhibitor7} ¥3tE YA E
amoxicillin-clavulanic acid, ampicillin-sulbactam, ticarcillin-clavulanic acid, “12]3l
piperacillin-tazobactam®] A% 31Tt CephalosporinZll 2 cefazoline, cefuroxime,
cefoxitin, ceftazidime, cefotaxime¥} cefepime, Carbapenem”| = doripenem,
ertapenem, imipenem¥} meropenem, AminoglycosideZ] A= amikacin,
gentamicin 5-©], QuinoloneZ| &+= ciprofloxacin®} levofloxacin, Glycopeptide
A= teicoplanin®}  vancomycin, MacrolideZ| |4  erythromycin &,
Lincosamide 7| = clindamycin, Tetracycline”] minocycline, tetracycline &, L
21 7|e} A AdEE AIAIAES  trimethoprim-sulfamethoxazole 2}

mupirocin, rifampin, colistin, fusidic acids- 2] T A7} AFE-= St}

3. TAEA

Hool o] EA e SPSS 20.0 (SPSS Software, Chicago, IL, USA)

A ZRIOWE ol gsin. dEEE e Mias AbEstal WY
A

WMo tfdll Chi-square testE Al33E3l o™ o]F ThA] o]d EAAH
3] &4 (Binary logistic regression analysis)e= 2 A|sto] 7} Fof djsl] ®
AuApuE Fekl oy fo5E p<0.05914 AT, WA el

— 4 —
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P A8 z+zF 62.24 9 58.14 % ESKAPE
AW (p=.778) 3 AH (p=.152) oA Fn|st z}oli= AT} (Tables 1,2)

Table 1. Sex distribution

Male 36 (59.0%) 57 (61.2%) 93 (60.4%) \
Female 25 (41.0%) 36 (38.8%) 61 (39.6%) \
Total 61 (100%) 93 (100%) 154 (100%)

(p=.778; Pearson's chi-square test)

Table 2. Age distribution

0-9 0 (0%) 0 (0%) 0 (0%)
10-19 0 (0%) 1 (1.1%) 1 (0.7%)
20-29 4 (6.6%) 7 (7.5%) 11 (7.1%)
30-39 4 (6.6%) 7 (7.5%) 11 (7.1%)
40-49 5 (8.2%) 10 (10.7%) 15 (9.8%)
50-59 9 (14.7%) 25 (26.9%) 34 (22.1%)
60-69 12 (19.7%) 17 (18.3%) 29 (18.8%)
70-79 21 (34.4%) 18 (19.4%) 39 (25.3%)
80-89 6 (9.8%) 7 (7.5%) 13 (8.4%)
90-99 0 (0%) 1 (1.1%) 1 (0.7%)
Total 61 (100%) 93 (100%) 154 (100%)
Average 62.2 58.1 58.5

(p=.152; Logistic regression test)
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T 15649 F 879 (56.5%) 8 FApelA Al WHo] FIE gl o
ESKAPE o A= Al ko] 9l #hxp7h 357, dAldgke] gl &

26 0% eI, HESKAPES] -9 717} 5293 4190l 18
FA7F F 647 (41.6%) 22 M w@ory i A 409 (26.0%), F
thpEol Haweo] Qe AU 26W(16.9%) 0tk 1 Selx A%

[e]
A%, 2 A%

—

23

ot
S

) ’

A7F 227 (14.2%) AL 2714 ol Agkz 3 71X dxp= A
2 F 449 28.6%F AAPT. AAAR fFEU AE=E
EKSAPE:* ¥} H]ESKAPET 9] ZdnlTel] tist SAgs B4 A3} &
n & A3E YeEpl A &% (p=.070).(Table 3)

o

Table 3. Classification of medical history

Hypertension 25 (41.0%) 39 (41.9%) 64 (41.6%)
Diabetes mellitus 19 (31.1%) 21 (22.6%) 40 (26.0%)
Osteoporosis 15 (24.6%) 11 (11.8%) 26 (16.9%)
Heart disease 4 (6.6%) 4 (4.3%) 8 (5.2%)
Liver disease 2 (3.3%) 0 (0%) 2 (1.3%)
Renal disease 1 (1.6%) 2 (2.2%) 3 (1.9%)
Neurologic disease 3 (4.9%) 3 (3:2%) 6 (3.9%)
Others 1 (1.6%) 2 (2.2%) 3 (1.9%)

No medical problems 26 (42.6%) 41 (44.1%) 67 (43.5%)

(p=.070; Pearson's chi-square test)
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g4 Tl AAE H> F DA o] 68 (3.9%), 7IE FHECoRE
A W29 denture 5 =& AFZ Qolo] o&] wrAE 7+ A7) 49

(2.6%) o]}t (Figure 1)

Open surgery
Non-open

surgery 3.9%

Etc 2.6%

Periodontal |

27.9% .
? Endodontic

37.7%

Figure 1. Distribution of infection sources. The most frequent causative factor was
odontogenic infection with periodontal or endodontic origin (101 cases, 65.6%),
followed by post-operative infection caused by open surgery or other non-open intra-oral

treatment (49 cases, 31.8%).
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Table 4. Distribution of infection sourses

i 7.99 41 (44.1° 58 (37.7°
Odonto- Endodontic 17 (27.9%) ( %) ( %)
genie Periodontal 14 (23.0%) 29 (31.2%) 43 (27.9%)
Open surgery 24 (39.3%) 19 (20.4%) 43 (27.9%)
Post-
operative Non-
P s‘:{‘g‘;ﬂ;“ 5 (8.2%) 1 (1.1%) 6 (3.9%)
Etc. 1 (1.6%) 3 (3.2%) 4 (2.6%)
Total 61 (100%) 93 (100%) 154 (100%)

(p=.010*; Pearson's chi-square test)
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(60.7%) ¥} 67 (72%) 0.2 Aeto] 7+adsl ASof wla] woka Awkz o
2 X% (ESKPAET 62.3%, H]ESKAPET 68.8%)°lA =& Hl&®
EFStTh (Table 5) Z1ejut 7 2% 7he] #9198 24 HIE ol f+9v]

& ddE HolA Akt (p=.682).

Table 5. Distribution of infection sites

Anterior 9 (5.8%) 2 (33%) 7 (7.5%)
Mandible ~ Fremolar 16 (10.4%) 6 (9.8%) 10 (10.7%)
Molar 79 (51.3%) 29 (47.5%) 50 (53.8%)
Anterior 15 (9.7%) 8 (13.1%) 7 (7.5%)
Maxilla ~ Premolar 12 (7.8%) 7 (11.5%) 5 (5.4%)
Molar 23 (15.0%) 9 (14.8%) 14 (15.1%)

Total 154 61 93

(p=.682; Pearson's chi-square test)
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9]
AR F 17 F FY3s AolE HAT(p=.001).(Table 6) 121} &

4 ABEE WS dx= ESKAPET©] 229, HESKAPET-©] 21 o7 9]

A el W S 2EREe] Foue 2kol= Ut (p=.068).

Table 6. Distribution of Treatment period

1 week 58 (37.7%) 16 (26.2%) 42 (45.1%)

2 week 30 (19.5%) 5 (8.2%) 25 (26.9%)

3 week 4 (2.6%) 3 (4.9%) 1 (1.1%)

1 month 13 (8.4%) 7 (11.5%) 6 (6.4%)

2 months 9 (5.8%) 8 (13.1%) 1 (1.1%)

3 months 9 (5.8%) 8 (13.1%) 1 (1.1%)

4 months 10 (6.5%) 5 (8.2%) 5 (5.4%)
5~11 months 10 (6.5%) 6 (9.8%) 4 (4.3%)
12 months 1 (0.7%) 1 (1.7%) 0 (0%)
Follow up loss 10 (6.5%) 2 (3.3%) 8 (8.6%)

Total 154 (100%) 61 (100%) 93 (100%)

Average (month) 1.44 2.15 0.95

(p=.001*; Logistic regression test)
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6) UARAE WEF AA A5

1547 9] A A F 22F°] Mol RIS 1 F Streptococcus
species”t 7978 2] kAo HE:Ho] AAL 51.3%F AAte] 7w
Sttt

AZEH At Streptococcus species (79%8), K.pneumoniae (37%8),
S.aureus (15%3), Enterobacter species (11%), K.oxytoca (578), Serratia
marcescens (4%8), Candida albicans (3%), P.aeruginosa (2%§), Neisseria
sicca (2Y8), Escherichia coli (278), Citrobacter freundii (27§) o] 27
13l A.Baumanii, S.capitis, S.epidermidis, Morganella morganii, Kocuria
rosea, FEikenella corrodens, Actinomyces naeslundii, Granulicatella elegans,
Granulicatella adiacens, Prevotella melaninogenica, Propionibacterium acnes™
742y HEHT ol T 4279 #ATF 271A o]k Alatel oF 3t
o]t (Table 7)

ESKAPE# oM<= Kpneumoniae7t 3782 7} wWokomw t5o=
S.aureus’} 1578, Enterobacter spp. 118, P.aeruginosa 2%3, A.baumannii 1
W wox® HAYUAIL Efaecium= AEE A ST ESKAPETf ol &3)=
ARlztol 27FA] o) A IAE A9 Saureus®} Enterobacter species
7F S A AEd A 249, K.pneumoniaeﬂ A.baumannii, K.pneumoniaeﬂ

P.aeruginosa, K.pneumoniae$} Enterobacter spp.”} &7 HAE&¥ A2 2+7;

17go] 3l
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Table 7. Causative pathogens isolated from oral and maxillofacial infections

Gram (+) cocci
Gram (+) rods
Gram (-) cocci Acinetobacter baumannii 1
Aerobic Neisseria sicca 2
Gram (-) rods
© Pseudomonas aeruginosa 2
Staphylococcus aureus 15
Staphylococcus capitis 1
Gram (+) cocci Staphylococcus epidermidis 1
Streptococcus species 79
Gram (+) rods Actinomyces naeslundii 1
Gram (-) cocci
Citrobacter freundii 2
Eikenella corrodens 1
Facultative Enterobacter aerogenes 3
anaerobic
Enterobacter cloacae 8
Escherichia coli 2
Gram (-) rods Klebsiella oxytoca 5
Klebsiella pneumoniae 37
Morganella morganii 1
Serratia marcescens 4
Granulicatella adiacens 1
" .
Gram (*) cocei Granulicatella elegans 1
Anaerobic Kocuria rosea 1
Gram (+) rods Propionibacterium acnes 1
Gram (-) cocci
Gram (-) rods Prevotella melaninogenica 1
Fungus Candida albicans 3
— ‘I 2 —
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7ol A& AA A F= 20149FE 2018974 5dzF 34, 27
g, 334, 348, 183 5742 F7FsFATtE ESKAPETS - 0dl, 5
g, 104, 104, 3649 % F7leh= &S el ot (Figure 2)

Mon-ESKAPE B ESKAPE
30

30

Isolates(n)

20

10 :
o nmn

2014 2015 2016 2017 2018

Distribution of pathogens per year

Figure 2. Trends in the number of ESKAPE pathogens isolated from 2014 to
2018. The total number of oral and maxillofacial infections increased between 2014
and 2018. Also, the ESKAPE pathogens increased dramatically from 0 to 36.
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7 FAA B HA A

ZAgEw XA 124 © F amoxicillin-clavulanic acid”} 73 7~ &

A= AEE A penicillin &2 A #2}el] A= clindamycin
of AeE it & ol Al FAA A A A3 14 84
1 amoxicillin-clavulanic acid®ll W& RS Z-9-= ESKAPET©®] 149
(K,pneumoniae 3%, Enterobacter spp. 11%#|), WH/ESKAPET°l|A 8%
(S.marcescens, C.freundii®t K.oxytoca 2t 28|, M.morganii®} E.coli Z} 1d))
RO 1547 T 99 AL ymA SA=2 A AA el 14} A
¥ ZAew vt e A9 e S

A= Aol 3R ko AU X & AT HAES
Ho] ESKAPET | &3t} H]ESKAPEolA A

8
A WAl " 19 A= Smarcescens, S.epidermidis®l 23+ 7

Aty Ao v AE ok 2 A At Abgd ZF &
A5l et ESKAPEW TS 74 A A3 Table 99 RQ9Fx o] 9l

t}. Penicillin> K.pneumoniae® 90.7%, Enterobacter spp.® 100% W&

0%,

RS0 (p<.05) Cephalosporin?} B-lactam inhibitors 3ehi= YA =
K. pneumoniae®|, QuinoloneZ|E  FAA=  Saureus®t K pneumoniae,
P.aeruginosa 1211l Enterobacter spp.°l F2v|stAl A+Ad-E UE

(p<.05). 28 kel 23E o FAAES vt AAAE Kol

A sk,

=
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Table 8. Characteristics of patients with antibiotic change

8

9

M

M

68

58

80

74

78

69

76

41

57

HTN
DM

None

None

HTN
HTN

DM
OP

None

HTN
OoP

None

HTN

Odonto-
genic

Odonto-
genic

Odonto-
genic

Post-
operative

Post-
operative

Odonto-
genic

Post-
operative
Post-
operative
Post-
operative

0.75

12

24

12

6

2

K.pneumoniae

S.aureus
E.aerogenes
Streptococci

S.aureus
Streptococci

K.pneumoniae
Streptococci

K.pneumoniae
C.fireundii
Streptococci

K.penumoniae
A.baumannii

E.cloacae
S.marscens

S.aureus

S.marscens
S.epidermidis

ESKAPE

ESKAPE

ESKAPE

ESKAPE

ESKAPE

ESKAPE

ESKAPE

ESKAPE

Non
-ESKAPE

Sultamicillin
(Penicillin)
Piperacillin
(Penicillin)
Tazobactam

Ceftriaxone
(Cephalosporin)

Moxifloxacin
(New-quinolone)

Ciprofloxacin
(New-quinolone)

Imipenem
(Carbapenem)
Moxifloxacin
(New-quinolone)

Moxifloxacin
(New-quinolone)

Vancomycin

Imipenem
(Carbapenem)

(M, Male; F, Female; DM, diabetes mellitus; HTN, Hypertension;

Pt., Patient)

“Collection @ chosun
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Table 9. Antibiotic susceptibility of isolated microoraganisms

Collection @ chosun

ESKAPE, n(%) S.aureus K.pneumoniae A.baumannii P.aeruginosa Enterobacter spp.
Sensitivity
S R S R S R S R S R
Antibiotics
Penicillin 11 3 4 39 1 0 2 0 0 11
(p<-05) (78.6%)  (21.4%) | (9.3%)  (90.7%) | (100%) (0%) (100%) (0%) (0%) (100%)
Cephalosporin 184 12 2 1 4 0 30 25
(p<-05) (93.9%)  (6.1%) | (66.7%) (33.3%) | (100%) (0%) (54.5%)  (45.5%)
B- 36 3 0 1 2 0 10 1
lac Monobactam - -
(92.3%)  (7.7%) (0%) (100%) | (100%) (0%) (90.9%)  (9.1%)
tam
82 0 2 0 6 0 22 0
Carbapenem - -
(100%) (0%) (100%) (0%) (100%) (0%) (100%) (0%)
+B-1
B h_ic_:am 80 3 2 0 2 0 10 12
11(;<1 015:; r (96.4%) = (3.6%) | (100%) (0%) (100%) (0%) (45.5%)  (54.4%)
Non 12 2 74 7 0 1 6 0 21 1
Aminoglycoside
B- (85.7%) (14.3%) | (91.4%) (8.6%) (0%) (100%) | (100%) (0%) (95.5%) (4.5%)
fa¢ 1 Quinolone 5 2 41 1 0 1 4 0 10 1
tam (p<.05") (71.4%)  (28.6%) | (97.6%) i (2.4%) (0%) (100%) | (100%) (0%) (90.9%)  (9.1%)
— 1 6 —




ESKAPE, n(%) S.aureus K.pneumoniae A.baumannii P.aeruginosa Enterobacter spp.,
Sensitivity
S R S R S R S R S R
Antibiotics
Gl tid » 0
copeptide - - - - - - - -
yeopep (100%)  (0%)
12 1
Macrolide - - - - - - - -
(92.3%) (7.7%)
7 0
Non | Lincosamide - - - - - - - -
B- (100%) (0%)
lac . 14 0 42 0 2 0 11 0
Tetracycline - -
tam (100%) (0%) (100%) (0%) (100%) (0%) (100%) (0%)
Trimethoprim 5 2 38 1 1 0 11 0
-Sulfamethoxazole | (71.4%) @ (28.6%) | (97.4%) (2.6&) | (100%) (0%) (100%) (0%)
e 37 4 2 0 1 0 2 0
(90.2%)  (9.8%) | (100%) (0%) (100%) (0%) (100%) (0%)

(S, Sensitive; R, Resistant; p—Value*<O.05 is statistically significant; Pearson's chi-square test)
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