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A Clinical Study on Resistance and Antibiotics of Gram Negative
Bone and Joint Infection

In Ho Choi, M.D., Han Koo Lee, M.D., Young Min Kim, M.D., Sang Chul Seong, M.D.,
Youn Soo Park, M.D. and Jong Sup Shim, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, Korea

Although mortality and incidence rates of pyogenic osteomyelitis and arthritis have been reduced si-
gnificantly due to development of treatment methods and antibiotics, the resistance of bacterias to an-
tibiotics, especially in gram negative infections which increase rapidly in recent years, posess many di-
fficult problems in the treatment of bone and joint infections.

We have analysed 124 patients of gram negative bone and joint infection admitted in Seoul National
University Hospital from Jan. 1976 to Dec. 1985. The following results and conclusion were drawn;

1. The ratio of gram negative infections to total pyogenic infections was 39.2% and has been in-
creased annually.

1. The incidence of gram negative infections under 20 years of age was 54.0%, and male was 1.7
times as much affected as female.

3. Involved sites of pyogenic osteomyelitis were femur(32.6%), tibia(25.6%), humerus(6.2%), and those
of pyogenic arthritis were hip(12.4%), knee(7.0%), shoulder(2.3%), and ankle(2.3%).

4. Original diseases of gram negative infection were hematogenous osteomyelitis(41.1%), infected no-
nunion(33.1%), pyogenic osteomyelitis(16.9%), sepsis(4.8%), and infected total hip replacement arth-
roplasty(4.0%).

5. Incidence rate of gram negative infection, especially mixed gram negative infection rather than
pure gram negative infection, was increased annually.

6. Sensitive antibiotics for gram negative organisms were turned out aminoglycosides such as Ami-
kacin and Tobramycin in general, however, the, resistance to that antibiotics increased annually.

7. In the view that resistance rate of gram negative organisms to antibiotics increased annually, it
cannot be too much emphasized that the most sensitive antibiotics to be used must be chosen ac-
cording to the results of antibiotics sensitivity test, and that further advanced effective antibiotics
should be developed.

Key Words: Gram Negative Bone and Joint Infection, Resistance.
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Table 1. Annual incidence of pyogenic infection

Total No. of
Year admitted Pyogenic Gram negative
patients
1976 ' 743 35(4. 7%) 12(1.61%)
1977 794 23(2.19%) 7(0.88%)
1978 740 18(2.43%) 7(0.95%)
1979 962 27(2.80%) 10(1.04%)
1980 1,364 29(2.08%) 11(0.81%)
1981 1,414 39(2.76%) 16(1.13%)
1982 1,629 38(2.33%) 15(0.92%)
1983 1,445 37(2.56%) 15(1.04%)
1984 1,577 40(2.54%) 18(1.14%)
1985 1,395 30(2.15%) 13(0.93%)
Total 12,063 316(2.61%) 124(1.03%)
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Table 2. Annual incidence of Gram negative infection

Infection Cases of Cases of Gram negative infection
\ pyogenic
Year infection Pure (%) Mixed (%) Total (%)

1976 35 10(28.6) 2(5.7) 12(34.2)
1977 23 5(21.7) 2(8.7) 7(30.4)
1978 18 4(22.2) 3(16.7) 7(38.8)
1989 27 7(25.9) 3(11.1) 10(37.0)
1980 29 8(27.6) 3(10.3) 11(37.9)
1981 39 12(30.8) 4(10.3) 16(41.0)
1982 38 10(26.3) 5(13.2) 15(39.6)
1983 37 9(24.3) 6(16.2) 15(40.5)
1984 40 10(25.0) 8(20.0) 18(45.0)
1985 30 6(20.0) 7(23.3) 13(43.3)
Total 316 81(25.6) 43(13.6) 124(39.2)
%
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Fig. 1. Annual incidence ratio of cases of gram negative infection to total cases of pyogenic infection.
The percentage of gram negative infection, especially mixed gram negative infection, increased annually.
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Table 4. Involved site

Site No. (%)
Femur 42(32.6)
Tibia 33(25.6)
Hip 16(12.4)
Knee 9( 7.0)
Humerus 8(6.2)
Spine 6(4.7)
Shoulder 3(2.3)
Ankle 3(2.3)
Ulna 2( 1.6)
Radius 2( 1.6)
Clavicle 1( 0.8)
Sacro-Iliac 1( 0.8)
Ilium 1( 0.8)
Phalanx 1( 0.8)
Calcaneus 1( 0.8)
Total 129(100)

Table 5. Original disease

Age Sex Male Female Total Disease No. (%)
0~10yr. 25 13 39 Osteomyelitis 51(41.1)
11~20yr. 19 10 29 acute 10{ 8.0)
21~30yr. 11 5 16 chronic 41(33.1)
31~40yr. 11 7 18 Infected Nonunion 41(33.1)
41~50yr. 4 10 Septic Arthritis 21(16.9)
51~60yr. 3 4 7 Infected THRA 5( 4.0)
Over 6Qyr. 3 3 6 Sepsis 6( 4.8)
Total 78 46 124 Total 124 (100)
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Table 6. Pure gram negative infection

Disease Osteomyelitis Infected Septic Infected Spesis  Total

W acute chronic nonunion arthritis THRA pe
Pseudomonas

aeruginosa 2 5 7 5 1 1 21

fluorescens 2 2 4

maltophilia 1 1
Klebsiella

preumonia 1 3 2 2 8
Enterobacter

cloacae 2 5 8

agglomerans 1 1
Proteus

mirabilis 2 2 2 1 1 7

morganii 1 1 2

vulgaris 1 1
Acinetobacter 1

calcoacetius 1

var anitratus
Aeromonas

hydrophilia 1 1
Bacteroides

fragilis 1 1 2
Salmonella 1

typi 4 5
Serratia 1

marcesens 1 1 1 1 5
Escherichia

coli 1 7
Other 4 1 6

Total 7 32 23 14 3 2 81

% Mixed Infection(Gram negative+ Gram negative)

onl, 0% A% ol MR F
Z-2 P aeruginosaz} 218, P.fluorescens7} 473,
P. maltophiliaz} 1# 2 & 263 o] g cl(Table 6).

1 o828 Proteusd3F8 P.mirabilis7} 749,
P. morganii7} 24, P vulgaris?} 132 2% 10
#o] ek

Enterobacter+3= % 9ol 4 wjoks] ol =4
o|% E.cloacae7t 83|, E.agglomerans7} 13# 4l
A ul oks] glet.

Klebsiella pneumonia 3 E. colift& =7 843
ofl A u k5] ¢l 3L, Salmonella typi W Serratia mar-
cescensF 5 247t 5ol A v okE glet.

& Pseudomonas

I Y X Acinetobacter calcoacetius var anitra-

tus, Aeromonas hydrophiliaz} 747 1@l 4] ujof
sHgon, A7 AT 84 Bacteroides fragilis7}
S 294 A2 gt

Uizl 6ddlt 23 4T TYFALE

Pseudomonas aeruginosa$} Enterobacter cloacae
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Table 7. Mixed Gram negative infection

Disease
Organism

Osteomyelitis
acute chronic

Infected
nonunion

Septic
arthritis

Infected
THRA

Sepsis

Total

Staphylococcus
E. cloacae
S. marcescens
K. pneumonia
E. coli
P. mirabilis
P. aeruginosa
P. fluorescens

Acinetobacter
calcoacetius
var lwoffi

Streptococcus
P. aeruginosa
E. coli

Pneumococcus
P. aeruginosa
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Total

3 3 9 18

Table 8. Distribution of main organism

Pure M

Pseudomonas
Enterobacter
E. coli
Klebsiella
Proteus

Serratia

31
10
10
9
10
5

ixed Total
14 44
10 20
7 17
6 15
2 12
2 7

#d ol gdrt. Preumococcus9t EEE ] v ALE
Pseudomonas aeruginosa 147} Qlglc}.
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Pseudomonasz} 7}3F

%o A g Axsgn

1 ©}-&o| Enterobacter 204, E. coli 17#, Kle-
bsiella 15#), Proteus 12#|, Serratia 7 #| %] Fo|

¢l t}{Table 8).

Enterobacterv} M 9 3tie A2 £+ TS

43 7ol B¢ 1F4T BN Bych
8. 2t @eo| BMA LHH

Z8 1ge4Fe 2 Al
Table 9o goksle] gieh. 428 Fol

A Ay
Genta-

mycin, Amikacin, Tobramycin 52} aminoglycoside

Table 9. Sensitivity to antibiotics

Organism E. coli Pseudomonas Enterobacter Klebsiella Proteus
Antibiotics (%) (%) (%) (%) (%)

CM 5/18(27.8) 1/40(33.3) 5/21(23.8) 6/14(42.8) 4/12(33.3)
Amp 6/16(37.5) 2/40( 5.0) 3/21(14.3) 0/13( 0 ) 3/12(25.0)
Cep 9/19(47.4) 6/40(15.0) 8/21(38.1) 8/16(50.0) 7/10(70.0)
Cb 8/19(42.1) 13/31(41.9) 6/16(37.5) 4/15(26.7) 7/ 9(77.7)
GM 12/19(63.2) 20/38(52.6) 7/15(46.7) 8/14(57.1) 8/10(80.0)
Te 3/18(16.7) 1/40( 2.5) 8/18(44.4) 4/13(30.8) 2/ 9(22.2)
KM 4/15(26.7) 3/40( 7.5) 9/18(50.0) 2/13(15.4) 5/10(50.0)
Amk 8/12(66.7) 20/30(66.7) 3/15(86.7) 11/13(78.6) 10/10(100)

Tob 8/10(80.0) 20/33(60.7) 11/13(84.6) 10/13(76.9) 9/10(90.0)

% CM; Chloramphenicol

Amp; Ampicillin

Cep; Cephalosporin

Cb; Carbenicillin
GM; Gentamycin

Te; Tetracycline
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Fig. 2. Annual resistance rate of Pseudomonas
to antibiotics.
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Fig. 3. Annual resistance rate Enterobacter of

to antibiotics.
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Fig. 4. Annual resistance of E. Coli to antibio-
tics.
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Fig. 6. Annual resistance rate of Proteus to an-
tibiotics.

Enterobacter 2] 739 Gentamycinel| o 3l 30,
30, 35, 40, 50, 55, 60, 70, 75, 75%, Cephalos-
porinel] of 8}ed 55, 55, 65, 70, 80, 90, 90, 94,
92, 95%, Tobramycinel] o 3ld 8, 12, 15.5, 22,
25%, Amikacinel] o 3ted 5, 10, 20, 20, 16.5%
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o YA §8 B, Enterobacter 2] 7 -%¢jl= Ami-
kacin¢]\} Tobramycinel] wlma w4de] A 47
A% & 5 dd.

E. coli2] 739 Gentamycind] o 5}ed 30, 40,35,
35, 40, 55, 57, 60, 70, 78%, Cephalosporinol
] 3led 36, 35, 40, 44, 45, 50, 60, 60, 65, 65
%, Tobramycindl] w3dled 0, 0, 20, 30, 50%,
Amikacinel] of ged 15, 25, 40, 40, 45%2] WA
€8 ¥d, E coli & 3 4 QA}o]el] Tobramy-
cinz} Amikacinoll 3 W4le] FA3 FrHgS
o 5 slglet.

Klebsiella ©] 739 Gentamycindl| of le] 10, 15,
19, 27, 30, 4 5, 49, 55, 70, 75%, Cephalos-
porinel| of 3} 15, 28, 30, 37, 48, 50, 55, 61,
68, 70%, Tobramycinel] of 3} 10, 20, 25, 30.5,
35%, Amikacinel] o s} 5, 10, 20, 35, 37%9]
WA & veblo], 2 g Alol g WA Eo] F
3 F7hbE o 5 sl

Proteus®] 749. Gentamycino] w3}y 0, 5, 5,
10, 10, 12, 12, 15, 20, 23%, Cephalosporinsi|
ol 3k 15, 15, 15, 20, 25, 35, 50, 50, 48, 60
%, Tobramycine] o 3l 5, 10, 5, 15, 21% <]
WY &L 2ol 4 Amikacino] ol sl A )
A€ Holx| gsiet.
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1oz :ilwa‘ Ao ol 1 w4 ¥ AW AzHge] Fello] A4S TETFO| 56.7%, )
Ho] F43 4P o™, 1960 o]=2e A TFTo| 4.1%, TIH-SAT 7ol 39.2% 24 77|
2 Z7hEAdl dedl o) AL ol YAl ot Al 2l Fo] Exulgo] WIS &+ Uk F
WA s ke W AT A 2 & X E 7ol # (1957~1959), -F(1962~1964)", ¢l
74 Rol el dhglepn. (1970~1973)", A =}(1976~1985) 8} ¥ mel| ¢|3}=d
2 A7 AztolA 2 2 10z A UL 53.4%, 82.9%, 62.1%, 56.7%2 ztA&F-4d] gl
ghxjoll o3t Bhp A EaA A A ARl gL 2 = ke, 24T - 34.9%, 28.2%, 33.7
atel 7t glovt, szt A& 2RS4, 53 %, 30.2%% AdHoz Zrtd4d glel. 53] o
3 2k Tl 2 7u°3 #7F 7Fsked 2] Roll &Pl o7 zted e 12.5%, 11.3%, 4.1%, 4.1
o3¢S F3 e}, o] Azl 7V ES ¥l %2 A8 AsL QvHTable 10).
tj4 zpo| 7} o}, g3t vkel 2ol Mubdql gAY
Kelly 292 19501385 1970 71x] 72w of o Frks} o] Y ¢S4 el FH4
51%01] Ak vk F4d g 24N 8 RETH F7SHL gl Aol FEI ubgt A alE] o] R
2 83%°ll A 41% 2 A4S, H4A 2ETo3 2 °F°P5 Hu4 2de Fob, AEHoe] ofslAl ak4d
%}% I F7ke] Egtgredo] 5%0lA 21%, T@-e4 3 Ebzke] S, Mubd EAO Fvb, F45nA
Tuke] w5 zhado] 12%o 4 3B8%E Frhstg vl Folvt T—Léil' 48] et wlE 7k 8 S5
ET—EP “1, Waldwogel®V of] 2] 3tel I =Tl 8 ol fr & “a‘ E7b Frbsle Aoz 4=,
o8k F4do| A 80~95%¢l o] 2w o] 1960 FAHTlE 3 4 ¢8| & o7t slelzl A
Table 10. Periodic differences of Organic distribution
Author 3 + °! A A
Yr. 57.2~59.12 62.7~64.1 70.1~73.3 76.1~85.12
Organism (%) (%) (%) (%)
Staphylococcus 44/83(53.4) 74/117(82.9) 98/145(62.1) 179/316(56.7)
Streprococcus 10/83(12.5) 10/117(11.3) 6/145( 4.1) 13/316( 4.1)
Gram negative Infection 29/85(34.9) 33/117(28.2) 49/145(33.7) 124/316(39.2)
Pseudomonas 5/83( 6.0) 9/117(10.2) 10/145( 6.9) 40/316(12.6)
Other 24/83(28.9) 24/117(18.0) 39/145(26.8) 84/316(26.6)

Fig. 7-A: 54 year old male patient was undertaken total hip replacement arthroplasty under the impres-
sion of degenerative arthritis. B: 3 monter initial operation, he was admitted with high fever, pain, swel-
ling, and limitation of motion of right hip joint. At the time of Girdlestone operation, Enterobacter cloac-
ae and staphylococcus aureus were cultured. The patient was treated with cephamandole after antibiotics
sensitivity test.
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