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The Changing Patterns of Antibiotics Usage in Korea
during 19812008

Background: The actual trends in antibiotic use in Korea are difficult to determine
because antibiotic usage, which is not covered by insurance or not consumed in all
hospitals in Korea, cannot be calculated accurately. Therefore, this study estimated the
antibiotic usage indirectly from the data available in the ‘Annual Products of Medicine,
which is published by the Korean Pharmaceutical Manufacturers Association.
Materials and Methods: The data from ‘Annual Products of Medicine in 2008’
was analyzed. The cost and amounts of antibiotics produced were calculated and
compared with previous data.

Results: In 2008, the total cost of antibiotics was $ 1.6 billion, and the total
amount was 1,140 tons. Since 1993, there has been an upward trend in the total
amount of antibiotics produced. In contrast, there has been a downward trend
in the proportion of antibiotics among all pharmacological agents produced. In
terms of the amount, the production of cephalosporins was highest since 2003,
whereas the production of penicillins was highest before 2003. The production
of third and fourth generation cephalosporins is increasing, whereas that of first
generation cephalosporins is decreasing gradually. Regarding the class of penicillins,
the production of B-lactam/B-lactamase inhibitor combinations was the highest
after 2003, whereas the production of aminopenicillin was the highest before
2003. Compared to 2003, although the amount of quinolones produced in 2008
has decreased by 52.9%, the cost increased by 41.7%. This was attributed
to an increase in the production of ciprofloxacin and levofloxacin instead of
older quinolones. Since 1993, aminoglycoside, tetracycline, lincosamide and
chloramphenicol have been decreasing in both amount and cost. The increase in
carbapenems (241.9%), antifungals (128.4%) and antiviral agents (193.2%) in 2008
is remarkable compared to that in 2003.

Conclusions: The production and cost of broader spectrum and more expensive
antibiotics are increasing, and is believed to be responsible for the emergence of
resistance. Therefore, restriction of these broader spectrum antibiotics, such as car-

bapenems, is recommended.
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Figure 1. Changes in the Production Cost of Antibiotics from 1983 to 2008.
Since 1993, there has been an upward trend in the total amount of antibiotics
produced. On the other hand, there has been a downward trend in the proportion
of antibiotics among all pharmacological agents produced.
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Figure 2. Trend of the Production Cost and Amount of Antibiotics. (A) Production Cost of Antibitoics, (B) Production Amount of
Antibiotics. The production of cephalosporins and carbapenems has been increasing steadily whereas that of aminoglycoside, tetra-
cycline, lincosamide and chlorampheniciol has been decreasing in both amount and cost. In 2008, the production of cephalosporins

comprised the highest proportion.
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Figure 3. Production Cost of Anti-tuberculosis, Anti-viral and Anti-fungal agents.
Production cost of antifungals and antiviral agents in 2008 is remarkably higher
than that in 2003.

Table 1. The Production Cost and Amount of Penicillins

1981 1988 1993 1998 2003 2008

The Production Cost of Penicillins

(won)

Benzyl penicillin 301 297 10.7 3.6 1.0 35
Antistaphylococcal penicillin® 98 57 54 3.6 3.2 5.3
Aminopenicillin 2445 5422 7283 7429 3560 2229
Ampicillin 1274 1420 784 241 56.1 1.8
Amoxicillin 701 306.2 5179 4137 231.0 1,858.9
Ampicillin-ester 470 940 1320 3051 689 252
B-lactam/B-lactamase inhibitor” 405 3007 668.0 1,683.5 2,458.6
Anti-pseudomonal penicillin® 573 1619 1328 1488 567 824
Mecillinam 268 713 658 273 9.5
Total 3555 816.7 1,2589 1,6327 21277 2,782.2
Production Amount of Penicillins

(tons)

Benzyl penicillin 133 140 43 77 007 0.2
Antistaphylococcal penicillin 5.1 3.8 0.4 0.3 31 0.2
Aminopenicillin 1246 180.2 3129 2732 1502 106.2
Ampicillin 922 541 374 86 152 2.2
Amoxicillin 324 1261 2589 2522 1194  96.3
Ampicillin-ester 16.6 394 15.6 7
B-lactam/B-lactamase inhibitor* 74 376 878 1811
Anti-pseudomonal penicillin 40 50 5.0 6.1 3.7 6.3
Mecillinam 0.9 0.7 0.4 0.1
Total 1470 2030 331.0 3257 2453 2941

*Antistaphylococcal penicillin: nafcillin

*B-lactam/B-lactamase inhibitor: amoxicillin/clavulanate, amoxicillin/sulbactam, ampicillin/
sulbactam, piperacillin/sulbactam, piperacillin/tazobactam

°Anti-pseudomonal penicillin: piperacillin
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Table 2. Production of Cost and Amount Cephalosporins (Top 6 antibiotics)

1981 1988 1993 1998 2003 2008
Cefazolin D Cephradine 275.7  Cephradine 482.8  Cefaclor 607.9  Cefaclor 1162.4  Cefaclor 1350.4
Cephlalexin .3 Cefazolin 2534  Ceftezole 246.1  Ceftezole 5745  Ceftriaxone 4496  Cefazedone 869.1
Product cost  Cephaloridine 30.9 Cefadroxil 73.8  Cefotaxime 176.0  Ceftriaxone 412.0  Cefmetazole 394.2  Ceftriaxone 800.4
(won) Cephapirin 15,5  Cefotaxime 62.3  Cefotiam 1731  Cefmetazole ~ 379.2  Cefazedone 313.7  Cefotiam 4916
Cefadroxil 141 Cefamandole 60.1  Cefaclor 1676  Cephradine 303.8  Flomoxef 299.0  Cefotaxime 365.8
Cephradine 13.8 Cephalexin 581  Cefadroxil 133.8  Cefotaxime 2876  Ceftezole 296.2  Cefpodoxime 353.2
Cefazolin 78 Cephradine 12.2  Cephradine 25.6  Cephradine 26.0  Cefaclor 82.5  Cefaclor 70.0
Cephlalexin 3.7 Cefazolin 6.7  Ceftezole 8.5  Cefadroxil 24,0  Cephradine 414 Cephradine 424
Product mount  Cephaloridine 2.6 Cefadroxil 51  Cefotaxime 7.7 Cefaclor 14.0  Cefatrizine 279  Cefoperazone 40.0
(tons) Cephapirin 1.9 Cefotaxime 3.2 Cefotiam 54  Ceftezole 9.2 Cefadroxil 36.6  Cephadroxil 19.0
Cefadroxil 06  Cefamandole 0.8 Cefaclor 3.5  Cephalexin 4.7 Ceftriaxone 8.7  Ceftriaxone 18.2
Cephradine 0.3 Cephalexin 0.6  Cefadroxil 31 Cefotaxime 41 Ceftezole 8.3  Cefotaxime 16.4
Table 3. Comparisons of Cephalosporins’ Production according to the Generation
Agents Year 1988 1993 1998 2003 2008
1* generation Cost* 718.6 ( 58%) 897.4 ( 33%) 926.8 ( 18%) 1,293.7( 22%) 1,456.5 ( 19%)
Amount” 28.8 ( 86%) 49.3( 71%) 61.6 ( 56%) 121.3 ( 48%) 86.6 ( 28%)
2" generation Cost’ 285. 2( 23%) 1,110.2 ( 41%) 2,285.2 ( 45%) 2,384.1 ( 40%) 3,227.0 ( 42%)
Amount” 1( 9%) 14.7 ( 21%) 341 ( 31%) 101.0 ( 40%) 120.1 ( 39%)
3" generation Cost* 226. 3( 18%) 6973( 26%) 1,819.1 ( 36%) 2,221.0 ( 37%) 2,841 ( 37%)
Amount” 6 ( 5%) 3( 8% 15 0( 14%) 29.7 ( 12%) 96.2 ( 32%)
4" generation Cost’ 0( 1%) 51.7( 1%) 131 0( 2%)
Amount” 0. 02( 0%) 0.38( 0%) 5 1%)
Total Cost* 1,230.1 (100%) 2,704.9 (100%) 5,033.3 (100%) 5,950.5 (100%) 7,655.6 (100%)
Amount” 33.5(100%) 69.3 (100%) 110,7 (100%) 252.4 (100%) 305.4 (100%)
*hundred million won, ° Ton
Table 4. Production Cost of Quinolones 2:8}93 T} 200839 ribostamycin®] 7} Bo] AR 131, 19810
Drugs Year 1988 1993 1998 2003 2008 18%0 & 71 wol LAY kanamycing 1981 o] 5 Al 7ha
Ofloxacin 60.9 209.8 290.3 260.8 178.5 A E 20083 = 0.9E kst
Norfloxacin 322 61.8 92.8 38.8 12.5
Eri]:r)z)afﬁ)l:acin 2;; gzi 3;;; 4837’:2 793:2 5) Tetracycline, macrolide, lincosamide, chloramphenicol #|#]
Levofloxacin 1025 3174 7737 S AHS A
Tosufloxacin 47 57.2 83.3 46.9 20084 tetracyclined] AAtel2 809U 0. 2 19931 o] % A& 7+
Gemifloxacin 90.6 38.1 2o, AAEELS 6680 2 1981 o] 73 Aot} Te-
Gatflocaci 81 445 tracychne z doxycychneO] xgmwr A o)A 7}% wo |
—— T T L

The unit is Hundred Million Won
“Others: sparfloxacin, lomefloxacin, rufloxacin, fleroxacin, pipemidic acid, pefloxacin,
nalidixic acid

4) Aminoglycoside A 2] A1-&- 2]

Aminoglycoside A3kl 19811d 9] 202914 2003 1,187
o9l o7 Az} Zr}aitizl 2008 del= 7719990 2 20034 H]
3l 35% 7rastITH(Table 5). A4t 3k 20080 Eoll= 137202
2003132] 25:=°] H]3} 46% 728} (Table 5). F- 7 A4k & B
H netilmicin®] 2008'd0f]= 352919 2. = 2003 dol] H]3)| F-L kA 5
7¥sl3 AL 71 9] aminoglycosides= 20031 d0)] H|&j B AJAatajo] 7+
A3FH) BE £57-2] aminoglycoside A4FaFo] 20030l Hv]s) 7+

=2 ﬁxﬂ tetracyclme Ag&%u 24%, /‘ﬁ/ﬂ-%}% 10kgo = 0.2%%‘\\:},

Macrolide2] A2kede- 2008 84610 & 20031 61999 H]
3l 37% S7FEAAL 1981 del] HIBiA= 168 S7HEATH(Table 6).
20031 7 A= Arkedo] Wk clarithromycing 1998'd o] %
R &Aoo 2 Artdo] Zrtslar 9o 2008\ 0= 46590 &
71 wol A= o 1998 A0l HIs) 1) F7Fgk Aotk
Roxithromycin®] AJ4kele- 19981 o] A2l AZdsHA| AJrk= T 9L
31 200850 32999¢1e]A T Midecamycin, erythromycin, josa-
mycin®] AY4tele 2|52 0 F ZhA FAlo] 11, 19931 o] F F7} F+4]
¢ azithromycin®] AAkel-8- 2008 Eof| = 7hAa3l T

Lincosamide = 19811 0] 1993\ d7}4] 7} F=4]| 2 1993\d2] A
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Table 5. Production Cost and amount of Aminoglycosides

Table 7. Production Cost of Carbapenems and Glycopeptides

1981 1988 1993 1998 2003 2008 Drugs Year 1988 1993 1998 2003 2008

Production cost Carbapenems Imipenem 10.8 119.0 72.3 341.3
(won) Meropenem 33 1191 3122
Kanamycin 88.4 70.5 42.9 27.8 10.5 71 Total 10.5 1223 1911 653.5
Gentamicin st7 44 1068 574 37 309 Glycopeptides Vancomycin 7.7 60 1493 1455 685
Tobramycin 13.8 60.5 119.6 1334 149.7 39.5 Teicoplanin 16.4 10.2
Amikacin 4.4 104.0 173.0 1461 126.2 110.0 Total 77 60 149.3 161.9 787
Micronomicin 37.2 166.6 216.3 82 341 The unit is Hundred Million Won.
Isepamicin 164.2 255.8 128.5
Ribostamycin 3.6 18.0 19 164.5 105.4 55.4 . .
Sisomicin 10 289 265 16 58 Table 8. Production Cost of Anti-tuberculous Agents
Netiimicin 53 480 476 1904 3045 3517 Drugs tar 1988 1993 1998 2003 2008
Astromicin 213 5.4 1002 81 Isoniazid 42 41 8.0 8.9 9.0
Dibekacin 174 347 105 58 Rifampin 874 108.0 49.3 47.3 38.2
Paromormycin 932 13 95 15 Rifabutin 19.3 175 32.0 23.6 28.8
Arbekacin 17 Ethambutol 7.6
Total 2016 5545 7704 11403 11868 7711 Pyrazinarmide s 184 212 252 2l

; Cycloserine 4.9 20.6 30.9 25.0 29.6
Production
amount (kg) Streptomycin 16.7 3.8 14 19 1.2
Kanamycin 17,9867 161381 10,0170 46355 17921 9306 Prothionamide 49 18 11.2 37 31
Gentamicin 16425 31120 36737 2163.0 10869 1,004.6 BAS &b 17 1.8 il il

) Others® 13.6 1.8 52

Tobramycin 40.1 126.6 388.8 362.3 4389 216.1 Total 1610 1777 155.4 1449 1435
Amikacin 116.3 6348 1,763.3 17345 28549 25529 The unit is Hundred Million Won.
Micronomicin 0.2 4.0 328.1 4235 574.6 1274 *Others: terizidone, morphazinamide, enviomycin. capreomycin
Isepamicin 3204 7231 510.8
Ribostamycin 816 7970 22948 136552 10366.3 6,894.4 6) Carbapenem} glycopeptide®] AH-8- e
Sisomicin 301 238 807 739 M4 295 Carbapenem®] AJ4t}e 2| &4 0 2 F7}stal gl FAolrt,
Netilmicin 76.1 930 3716 18696 1,416.6 20089 %= carbapenem®] A4kelo] ZA| S| imipenem 3419}
Alstromi?in 72.2 15.5 427.8 32.7 21, meropenem 31291910 2 20033} H|wato] zkz} suj, 3u) =
T e 748194eH(Table 7). Glycopeptide®] A4ele: 20034714 2140,
Arbekacin 06 2 Z7Fs7} 200830 = 20031 =0 B oF 50% 73 o
Total® 20.67 21.71 19.12 2445 2526  13.72 & 2008 vancomycin 69219, teicoplanin 10998 AAIATE
“The unit is tons. (Table 7).
Table 6. Production Cost of Macrolides 7) &-AE A A, Snfole) A9k 7 e} & A o] AL ATE)
Drugs : Year 1981 1988 1993 1998 2003 2008 2008 SFASA 0] WAL 14401910 2 1988‘4 SERNPRCES
Erythromycin 36.6 82.7 1179 116.6 28.9 18.2
Azithromycin 59 158 320 26 AJo]th(Table 8). 2008\ rifampin®] A2k 389191 © 2 1993\ ©]
Clarithromycin 429 1966 4647 S 74 FAoY, Tl rifabutine] 2999 ’@N’H ATt
Roxithromycin 4.0 308.9 295.0 3291 FRAFA= 1988132 779, 19931 246214, 19984 517210 A]
Dirthromycin i3 1230 2003\ d-& 87893, 20081 2,00491 Y 0 & 53] Z7h FA|Z, 2003
gﬂ;i:f:yrgy:'” syl e S0 e WshAYE 128% S7189I0H Table 9), ol fluconazoles) 5
Others* 2 214 134 209 118 87 off &1k 210 = 2003Wde] Hls) 20080 228y} ST st Fvito]
Total 539 1308 2965 6463 6194 8464 AR w3 53] S7)sla 9lom, 2008\ Al 53401910 7

The unit is Hundred Million Won.

“Others: josamycin, kitasamycin, leucomycin, rokitamycin, oleandomycin

Aot
5

232¢]0]3]on,

o

cHo

0

Abel 310191 0 = 1981\ o] Al 7k

S5ALo|tt 20081 d%=2] chrloramphenicole
Al A

0]% 2|43 0 7 7hAaske] 20080l = At
A 17,

1988d2] 508l 2003<] 38| 715} TH Table 9).
7)€} 3484 = metronidazole?] ABAFH-& 2008\ 21891Y 0 =,
2003d0l] T st} vhA] S71ekATE o] T FA7E 1809
Qo 7 AFA B} sl 7} @k (Table 10).
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Table 9. Production Cost of Anti-fungal and Anti-viral Agents

Drugs Year 1988 1993 1998 2003 2008
Ketoconazole 55.1 04 0.2 12 19
i Itraconazole 176.0 2991 7459 743.9
g\g:;:ngm Fluconazole 348 1318 571 12585
Othersa 214 34.9 86.2 1855
Total 76.5 246.1 517.3 8777 2,004.3
Acyclovir 2.8 61.0 155.6 131.9 145.8
Anti-viral  Famciclovir 3401
agents  Qthers’ 7.6 36.5 30.3 50.3 48.4
Total 104 97.5 185.9 182.2 534.3

The unit is Hundred Million Won.
*Others: nystatin, griseofulvin, terbinafine
*Others: ribavirin inosiplex, zidovudine, nelfinavir

Table 10. Production Cost of Miscellaneous Antibiotics

Drug ear 1988 1993 1998 2003 2008
Co-trimoxazole 475 66.2 49.6 16.1 151

Fosfomycin 39.3 34.3 10.5 341 15.6
Metronidazole 20.1 17.8 733 9.8 2177
Fusidic acid 407 15.3 21.6 1.4

Aztreonam 13.9 41.6 34.0 16.2 71

Carumonam 325 19.6 7.8 104
Taurolidine 6.4

Spectinomycin 14.7 58.3 3.6 5.4 2.6
Ornidazole 10.0

The unit is Hundred Million Won.

Table 11. Comparison of Antibiotic Use (DDD/1,000 population/day)

Antibiofic Year 2003 2008

Penicillins 74 5.8
Cephalosporins 104 9.34
1* generation 3.9 1.7
2" generation 5.4 5.2
3" generation 1.1 2.4
4" generation 0.009 0.04
Aminoglycosides 09 0.7
Macrolides 4.4 29
Quinolones 14.7 8.5
Carbapenems 0.01 0.05
Glycopeptides 0.05 0.02

3. DDDE Xt ehn| ik

Table 11-& DDD7} WA A4 457)0] dis) Algd= 273}
o] DDD/1,000 population/day® AF&3+ zH-S 20031 d 37} 1] w3k
2o 2 carbapenem AA|E A|€]3 penicillin, cephalosporin,
aminoglycoside, macrolide, quinolone, glycopeptide#] 2]
DDD/1,000 population/day7} 20031d¢]] H]3l] 200834l 7kA% A
< & 4= 2lth. DDD/1,000 population/day7} =3k A<g-S 2003d
o= quinoloneAe] o1}, 2008\ d9l+= cephalosporine Ao AT},
3AIe} 44t cephalosporin®} carbapenem#] 3417} 20034
of vlal F7tsksAch

uE

HUAIA AHEShs A & AHS-AEE B8-S AEs =
Aok ABRGHAR 7 7= A 2o vlF AR AR

AL FEAA & §lom A= el el A AnlE g e
- e HE %M ofell & A= Ak FA LRFeh= ook
LHOM A= WMH 3 %‘ﬂ Ak

71]5—7— S7ket= *1]01‘% 4‘1?-#%’ °]
7‘7]'/‘1] = i 54% OC}: golm, 53] 7‘421] OJokE T FAATF X}X]“O‘}
= H1E B3 AIS TR AL Qi) AlFE Ak} ALk eES e B
penicillin®] -9 AT} it 73] F71slal ek
o H7F Sl 31 v A 714 o] B4 f-lactamase inhibitor E-3HA 7}
A penicillin®] A2FE2] 61%, A2t 2] 88% = thH-E-8- A5}l
ATt WEA iR oFo] A9 gl F FAYAIQ] antistaphylococcal
penicillin 47 giko] Fekwlo] el AFEE = /I w7t
AR AR, BrbeFS Haf 744 FAlolt). o]= AoFs]ALe] &9
Aot B e glom, A A el gloj ] £ &
2 Ul 71 5 ofE] dRle] d& = AT AAFS Thael] v
2008 9] antistaphylococcal penicillin®] A4telo] F714 o]f-=
nafcillin A 2] F7}F w2 2 o A%t} Amoxicillin®} ampicillin
2] 7$- 1993 o] % x|&=74 o 7 7HAFA|o]t} Korean Nationwide
Surveillance of Antimicrobial Resistance program (KONSAR) 2
ol A Lejv}g} Escherichia coli®] ampicillin WAE-& 60-69%
ATH13]. A W3 A= Q18 F-2 Pt 71 ampicillin &
2 amoxicillin 52| A4to] Ax} A5 Y= A2 AAAY, 5-
B2 AR Q= AR B

6‘] 3}

lactam/B-lactamase inhibitor
=4

Cephalosporin-2 1988 o] & Iujjol| Al AAtE A 5 7+
s 1}7(1 0}1 Atk 53] 34t cephalosporine] x}4|8}
= ,AA o 2 149 cephalosporin®] H]-&-&
HojR| 1L Q= Ao ]E‘r o] ceftriaxone?] 73 44712] A <k3| A}
A A ASAER TR oA, 14], HL 2 2
A7) Z71e} s S A A2l S71= 34t cephalosporin®]
ARg-o] TVt Yl A0 2 A AZIT

Quinolone®] 79 Ak 7hasy] o} Aakal e F7lsled, 3k
H FAA Q) Aake] Z71ek A8 A7k B 4= QA B3] cipro-
floxacin, levofloxacin®] 7P FEE A= A7A19 A 25
S7Fst Ao = FlelE Qe Ciprofloxacin®] 73-9- A 800 mg=
7474 1,000 mg 2} 30-10049) H]#CH14], Quinolone - 74 &=
ol n]-9- L& k0 7 A WL} vl v FAA G 2 e Z
271 = AP ki Be4] e sfiok @tk Quinolone AH8-2] &
7he W] S7k= olold 4= gl AAlZ KONSAR Aol =
Klebsiella pneumoniae2] quinolone W4do] 1997d 7%oll4 2007
A 27%2 S718kaL Qlokal B gkl 9leH13).

Macrolide ;ﬂo:] ok ]_4 AAEES 71—A ]. OL}AgA}oHO] %7]-@— Al
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t}2 macrolide 2T} At & © 2 w4 clarithromycin®] $71=2 91
Aot} Macrolide:= 87| 7+, Helicobacter pylori A7+ 2 1]

o rlo

3 v Fute 2o} AL L] X 5o F2 AFEEH |, Syl &
T)+= Streptococcus pneumoniae®] 73%- erythromycin®] 74~
43-8-50%, levofloxacin 94.4%2. % ¥ 31531 910][15], macrolide
o] WA S7F= <1l macrolide®] AYAkake HA; zHAadtar tial
quinolone®] A4to] Z7)slar Qli= A 0 7 Azbe )

=] Staphylococus aureus®] methicillin WA v]-&-& A=} 57}
6]—3_7 A= FAOILH13], - Aol 4] 200811 2] glycopeptide2] A4t
Ble 7hAgE A0 2 VT o= AA| FAA| A-gEFo] obd
ohslAle) Ak Kol @ A7) B9 IHE oAl
844 557 w0 = ofA7ick
A7) 012 @ Z4= o)Al F-9] wbd ) HIV, 3¢t x| &
AA] Bxle] Zrhz R FA 9} FufolH A AL-go] ST}
Al HATE TR AT Fo =2 FATAY A
A% sfobet Kim 5] Aol A2 AFgo] v 20-
3094 F7FE AL )AL, 2 Aol A= 3HE A g2 voriconazole®}
caspofungin@} Z-2 M2 FRHFA 2] A-g-o] 1L 57k Uk
NIRRT I

T3k carbapenemA| ] AAto] F-538153 =4, 2007'd KONSAR
Aol M= E. coli®} K. pneumoniae®] carbapenem?] WA E-9|
19 nlgko 7 Yo 710 2 W I IX|RH13], ZL carbapenem WA
Acinetobacter baumannii - carbapenem WA A7} )55 12 9}
o] ko RO A HS FH3oF & Ao = AyztE.

Slorge] Apaaol the A T A% AU gl DDDE
ARl AR Fo15 Bl At 200319 HIsf 20081 44]
tf cephalosporin®} carbapeneme] Z7}=¢1th DDDE AF-&-3F &)
YA AL S ArESE ] A F9] T5E0], 1997 Lee Tl 9
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quinoloneA|7} 33| =715}kl JH171.
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