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Etiologies of Bacterial Pneumonia with Implications for Therapy
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Kyung Ho Kim, M.D., Chang Hyun Choi M.D., ChoonSik Park, M.D.,
Wee Gyo Lee, M.D.” and Tae Youn Choi, M.D."

Department of Internal Medicine, Department of Clinical Pathology’,
College of Medicine, Soonchunhyang University, Seoul, Korea

Background: Although we gain new knowledge, the problem of pneumonia will not be eliminat-
ed. We should understand who is at risk, why these people develop this problem, what causes the
pneumonia, and how to manage and prevent respiratory infection. To clarify the alterations of the
etiologies of bacterial pneumonia we analysed the recent causative organisms and evaluated the
therapéutic implications.

Methods: A retrospective four-year study of bacterial pneumonia was conducted in Soon Chun
Hyang University Hospital. 190 episodes of bacterial pneumonia was investigated.

Results: 1) The causative organisms were isolated in 173 cases on the sputum culture: 154 cases
(89%) were gram negative bacilli and 19 cases(11%) were gram positive cocci. The major
organisms were Pseudomonas species 49 cases(28%), Klebsiella pneumoniae 29 cases(17%),
Enterobacter species 25 cases(14%), and Acinetobacter species 20 cases(12%) in decreasing order.
Pseudomonas species(13 cases, 34%) were frequently found in nosocomial pneumonia.

2) The causative organisms were isolated in 16 cases on the blood culture: 7 cases(43%) were
gram negative bacilli and 9 cases(57%) were gram positive cocci. - The major organisms were
Staphylococcus aureus(6 cases, 38%), Pseudomonas species(3 cases, 19%) in decreasing order.

3) In the susceptibility test of causative organisms to antimicrobial drugs, Pseudomonas was
susceptible to amikacin, ciprofloxacin, aztreonam, ceftazidime(more than 50%) and resistant to
piperacillin, gentamicin, carbenicillinfmore than 60%). Klebsiella was susceptible to chloram-
phenicol, gentamicin, cefotetan(more than 70%) and resistant to carbenicillin, ampicillin(more than

T0%}). Staphyvlococcus was susceptible to methicillin(64%), and Streptococcus pneumoniae was



susceptible to oxacillin(94%).

4) The response rate after antibiotics therapy was 81% and the mortality rate was 19%.

Conclusion: As considering the changes of causative organisms and antibiotic resistance, it

behooves us to exercise caution in dispending antibiotics in order to maximize their continued

efficacy and to do appropiate antibiotics therapy based on cultures and susceptibility test.
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Fig. 1 Yearly distribution of causative agents in bacterial pneumonia.
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Table 1. Age and Sex Distribution

Age Male Female No. of cases(%)
10~19 1 3 4 (20
20~29 8 5 13 ( 7.0)
30~39 12 9 21 (11.O)
40~49 i3 6 19 (10.0)
50~59 18 14 32 (i16.8)
60~69 40 13 53 279
70~79 27 11 38 (20.0)
80~89 4 6 10 ( 5.3)
Total 123 67 190 (100)
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Table 2. Presenting Symptoms and Signs

Symptoms and sings No. of patients (%)

Sputum 140 (74)
Cough 137 (72)
Fever 110 (61)
Dyspnea 99 (52)
General weakness 81 (43)
Chills 69 (36)
Headache 36 (16)
Chest pain 30 (16)
Hemoptysis 9 (5

Table 3. Underlying Diseases

Disease No. of patients (%)
COPD 59 (33)
Cerebral hemorrhage & infarct 33 (20)
Malignancy 29 (16)
Diabetes mellitus 19 (12)
Other respiratory tract disease 19 (12)
Chronic renal failure 10 ( 6)
Others 6 (3

Total 175 (100)




Table 4. Etiologic Agents Isolated from Sptum

Gram negative cases Gram positive cases
Psendomonas species 49 Staphylococcus aureus 8
Klebsiella pneumoniae 29 Coagulase negative staphylococcus 4
Enterobacter species 25 Streptococcus  pneumoniac 4
Acinetobacter species 20 Streptococcus species 2
Proteus species 10 Enterococcus 1
Seratia marcescence 7
E. coli 8 Total: 19
Citrobacter species 5
Aeromonas hydrophila 1

Total: 154
4 M
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Fig. 2. Multiple drug susceptibility pattern in Pseudomonas, Kiebsiella,
Enterobacter & Acinetobacter.
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Fig. 3. Outcome of bacterial pneumonia.

Table 5. Etiologic Agents Isolated from Blood

Gram negative cases Gram positive cases
Pseudomonas species 3 Staphylococcus aureus 4
Klebsiella pneumoniae 2 Coagulase negative staphylococcus 2
Enterobacter species 2 Streptococcus 2

Enterococcus 1
Total: 7
Total: 9
Table 6. Etiologic Agents In Nosocomial Pneumonia

Gram negative cases Gram positive cases
Pseudomonas specics 13 Staphylococcus aureus 4
Acinetobacter species 7 Coagulase negative staphylococcus 2
Enterobacter species 5 Enterococcus 1
Klebsiclla species 2
Proteus species 2 Total: 7
Citrobacter frequndii i
Providencia stuartii 1

Total: 31




3 &

HE2 FAolls AEo] =& T oz d93
o}, 25 ol AT AAl9] X| 8ol ofslo] A
249 5 Qe A% shiz dsm glek et
Fraolel kglel] Aol ol % Aubgol Ear 1 o
A5 Ads] winslo] Q2 A 9 X5 EAE
op7latAl Bt HFHe] B ARl Wit ok 3
ol UAE, @ YATl whE B, @ A4 kA
#HZ(Community Acquired Pneumonia)@} Wl 71
#3, @ VLA H7T o3 HF, @ WA &
FooZ s 4 k. o)F AR AlFA =)
Holl Fakslo] YT} ekt aeln X 2wl
tisto] s=olstarst skt

o] dojokdo s Yrie FulEe] F9laspi-
ration)o] 7HF &35, Z7|18 E3F F<(inhalation),
A 7eNA 2] AR}, el P Aulsol 9l
o} ARFA Sl e] A7 IS 3HAA] ALgo]
dells A=zl 96% " AAE Hasigort gaa]
ALgolFells 3HAAl) £33} ti¥o] 1 W%} 12~
66 %2 F3ick ekAak gHo e il Fed
Aglo g, 9% B2 Fuel % i) oigt
B 4 A7RT™7) Qolr). AxbEo] 2R
A4 o] e 18:12, uk 579 1213k
Xol7h AAARY, A 59 1.7:13M A, HE
A% 614] 5l 60t o]do] 53% 2, 20~504112] Xk
g telenz Hat £ 8, 450, 945
7o) Baohs g Holt lgich Mg 2 Penulor
AR Tl Rk 7kl 1610085%)01%,
3 I 280(15%)01ReH olF Thg &
&) 8% FFE Pseudomonas 524)(27%), Klebsiella
pneumoniae 3153)(16%), Enterobacter specieé 27414
%), Acinetobacter species 200)(10%) <o), 28+
FAFFET Staphylococcus aureus7} 189(9%) 2
7P Bkl B T4 e) A7 Algle g 9
8l FYZo| UNFFEE TEALHS. aureus, S
epidermidis)©. & FAA Y& Azt 2ol o5 o
B2 A AR SRR Syl sleEl s o

pot

A Agdd skalgdc) YuisiRollAle Pseudomonas
FFA 134|38%) 8 714 Wkl Acinetobacter 74}
(18%) TolR 3L 15 I+ Toll(18%)0l%ict. 2
A Streptococcus pneumoniae 62%, 71€} Gram &
A5+ 16%, Staphylococcus 10%, Hemophilus influenz-
ae 8%, Klebsiella 3.6% B39}, Rzl A 3°
(1978)-& Undetermined 40%, Staphylococcus 18.8%,
Gram SA17F0] 12.5%, Streptococcus pneumoniae
3.1%2] Bael= gk Xolg Holn, ol 34l
g g 289 Zvk o] FHEA A F
o] ZHs|X] Aoldd ZwilE AlLjg viA] st
o] wekel A, 12]3 )3 Fxlte] dite] A,
nHA A AsE HEaAEsle g ekt e gl B
FAIL AL, AEcke R k4l Bl WA g,
S A Ak 99e YA 5 P,

Az o] 42 Qlol| whel g xpol7} glow
£ Holgks Al 54, 21] el w2} Xlolrt
Qo) a2 1 edh 713, A, ¥5, 38T
gk oA, &, 5% 1 5558 4GS B4 Urk
AT A HiFgolld = T0%0lA At §50] 55
7130} Aol v, 7132 271dle gk o

=

4w

| B 5 lont Widv) Aeetel] wiel SIS

o2 v, 75%0l4e Ade] vehtx ¢ o
7 39.5 ol 41C HEolH, wadlolis AAlsiekd,
2883, T8ESo] Uk . AF4 A 3
HELE #F 60%, 3 35%, $EAEY BA4e 5%
ojn, Adrrh= sldel o] woked, olgA
2=} %7} F-9-5l9) slodol]l YEAHOZ B 9
A91Fe] Aol F2 7IEE B3 FRloll VI,
7h AA FA=RE X7 slsdolele Ak kel
£40] 71 A HEH o Tpt s, gk 7]
)9} o5 Zho| 1] A olele HulFolF?.
el 71MAsko 24 3} 1903 FHF 16719 7]
AAgE M, <A A 3REe] 18% o] 1A Ag
£ 7HAA gdrhs BaolA] AaAgte] 39%, ¥F
& ZE 28%, ntAdHlA3) 20%, Fud 15%9) ol
', B el e] AFA Mgl 1A E3e
17512 ol 7IxAslo] As] glawl dle 224
(11%)% olen, 7AAsteR s HAR30) g

o o



Tl K290l s ZFTIA] Aol T8q]|
(38%) 2 7V Wk, H8F d RAe) HERA A
BHE 3300l(16%), =%k ARG ALY 294l(14%),
Bz 1999)(9%) B W) ARAF 10604%) T 2
o7} $igiek

e Ao < Qi AATE veFebAt vieht
© bl AR nlRelF oz vehty] uigel 7
o] ofgisr HeluljekollA Jto] Helspd At} 75

BRI Ak wfek HAlelAE Fteht A1) A

o
Toll 2l 253l 7ol U7 Wil ddFer &
AsA & FE ok wlehd ddelEEAE 4E
gite] o, At &7, el A 2
< Zhskm, A wioko g 1 Ayl AdstA] gA
ok A3t 2449l A B2 wiek At e
Hells kel agledte 7)xzsle] WAAE 74
slo] X @5 Al 4 gloll 3ok

sL4Ale] ZHpdoll teliXl= Pseudomonas® 735
#2422 piperacillin, gentamicin, carbenicillinol] 60%
ol4ke] WAl KWIsL, Klebsiella®) 739 chloramph-

enicol, gentamicin, cefotetanol] 70% 0148} A

i

B3} Enterobacter?] 73-%- chloramphenicol, genta-
micin, amikacin, aztreonam, ceftriaxone, carbenicillin,
tobramycinol] 60%o}del 7HAlS B3l on, Acine-
tobacter?] 739~ Bergogne-Berezin®'=  ampicillin,
carbenicillin, gentamicinof] ZHpAlo] girtar s1dE=)
A g2l 735l % gentamicin, amikacin, tobramy-
cin, carbenicillin, ceftriaxoneol] Z=rAlo] Q&= Zeg
veltcl mrekekiiit o 2 Staphylococcust methi-
cillinoll 64% o} ZHpA1E Hod 3 Ve 70%9) A
QA A 579 46% Rk ZAdel A,
oxacillin T]A3Z X33} Penicillin 24 A4 lA]
Streptococcus pneumoniaey= oxacillinoll 94% 2] 7k
AL 2ol o] TV 29% 9= AR HolE Bk
Alrre] ghAAlel dislod tiide] 7] 7142, Alttol
Eqioh} plasmidE #53tegsn Wtk 59
o, olg]3t FHAHI} transformation, transduction
%3 conjugations] BekE Hele] th Az A
F QP R factors 5] 2% S4e] AEAW
off EAfeh] oAl IS Adsle ARH g

sic) s12k okXlfollE plasmid ol resistance gene -
ZAsl o3 conjugatione® AZH F glei}
transduction ©.& A 4= lep?.

s AR E, AR 24 4%, A5
A7, 9 3EER BAPE glent Ale Sdiew
g Axs) 74 siglvk B adTelliE 17%9)
g 71A73ke SRR ofE deiE edel
A oFe wdt njstel] HakelAnt uk 579 14.8%¢9)
vl £ 50 74%, 4 57 7.2% ek 2k o)
= A7 side) ol 60dlolake] mjellAl 53%%
ZAska A, 89% 9 shajellA 71 Ase: 7R a
A=l vlsl 71 Agle] As gl skl At
1% 2 Adche A, a5k Fde] AA AEslo] 4
oz aghgATel FEel ke A
Hemophilus influenzaetrol A& 712%]|A]) go} Pseu-
domonas F57} AR EA AEEUE 74
ol & odollAe] Aol 75 9 B AET} I
o] & Holghst %= v, K% plasmid7} AlFe]
Aol oA G- E3 ARl vt el
RAo g skl

2 o

SIPHIE: 22 AR S Yol 99Ee
Hstekd, Age) e, Al whE gaAle
A 9 A 8ARE-E dobrr)9sl $xsERElelA
AFA Al og AdkE 190412 5k 02 Qv 5
ARE Folo] B4k

HHH: 1989y 198E] 19921 129744) 4l =3
shishyellx] Al o Agkd #4} 8974 5 3
A A TEek 55 S o &7, Y
X-Aoll4 Mg e Aok A W, ek Bl
olm| ol AdellA o e ol dulE v
A HYF o rslan, AR Rell it W5
o2 A4 HRor Ak i A 190eE oo
2 slgdom, HdAle oo} At wiekAE 9
Tol #elsl Ak e slo i gk 1o,
A, 7133, X-A27, ATl gt A 2
Al sl oish o AEsigivk




Azt

D o S 25 190¢joj9ia Avle= W}
7} 12340k65%), AAZ7} 679(35%) 2 A, dhrde] wlzt
1.8:10]9) e, 3’3{-_7'0&%‘% 614)(17~84 40|31, . 60tH
ol4o] HENS3%)ol g HAIik:

2) A4 ARz 71738 17540014 Haks]
Qo 71xAsle] QIR ol 2200 Holiet. 71AA
o2+ wHAY 9 Tl SE1A 2
gho] 7801l(43%)E 71 Wk, HEE 9 A9 ¥
Al Ak 336l20%), HIFE 2990(16%), B
190(12%) ¥ T AFES 1065%) ol

3) Aehufole- 173odell4] S K, e
T aSA7Eo] 15490(89%), 1T 194]]
(11%)ol5em, olF 71 &3] $8% F5<= Pseu-
domonas 499)(28%), Klebsiella pneumoniae 299
(17%), Enterobacter species 259)(14%), Acinetobac-
ter species 200}(12%) Folgls, HWHEAT
Pseudomonas 7} 136|(34%) 2 74 9o)kc)

4) Foluljoke 16cljol| 4] Fd-E Hola, FRlEE
g7k 76l43%), 1HFTEL 99l(57%),
o]& 7 Es| A% F5= Staphylococcus aureus
6"3].(33%).9.“], 1 oS E3F FF= Pseudomonas
specise 30d)(19%)2} Folich

5) 8FA3A| 7444 ARl Pseudomonas speciest=
amikacin(56%), ciproﬂoxacin(91%), aztreonam(85%),
ceftazidime(50%)ell 50%c)3e] ZrAS B,
piperacillin(60%), gentamicin(73%), carbenicillin(79
%)= 60%o14ke] WA Bich Kiebsiella species

+ chloramphenicol(74%), gentamicin(75%),. cefotetan

78%)oll 70%o142] 748 HF, carbenicillin
(73%), ampicillin(81%)oll= 70%0]4e] APgAS B
A} Staphylococcus2) 743 AN methicillin
o] 64%2] AL Bl Streptococcus pneumo-
niae2] 7%$- oxacillinol] 94% 2] 7448 B9t
6) AFA AFH X527 1545 @81%)°] XF=%
3 A 9 TP S0 29 36%(19%)°1%
o, WP EAY] gale] Aed 254(75%) 2 ¥
9kt
HE: A AL tiiol SR el W

3, QUFFS) e U AZe WIFS F8FS 2
ot o) T AR Folg Aol Alelck U
AEA7ALE vleke g 3 AU A Solrt A
s a7

& n 8 8

1) Azl AFAA. okl eigs)x) 15461, 1972

2) AeA: 8A WA T B3 i SRk
#+3]%) 9:5, 1991

3) £43, $35, o, ol8F, Ak HH9
QA . dighiisIRA 15019, 1972

4) 34, =3l XS, 7R, 38 9 Al
A3 3rle] T 2A4E. 29 o 3E718%
25:1, 1978

5) b3, o], w3, i, ol A4
AR o W vighizlels] 34 21:6, 1978

6) AFA, AYGF, olAdad, AEH, HAS, ol &
2w #Fe) A W dizh iR RA] 21
31, 1978 '

7) R, Ak AEe] Qg . oiekieret

3FA 23:296, 1979

8) 74, Ak}, 57, olahe, ZFEL, A,
o34, ZEH: Azl ghEE Hd9) A
. oigh Az els) g 28:255, 1984

9) AP, A9, WP, Ak iR 28E
AEH, 2|7: AW wisde] Aol A3 A+ 7
ol 23:39, 1991 ‘

10) Levison ME: Pneumonia, including necrotizing
pulmonary infections(Lung abscess) in Harrison’s
Principles of Internal Medicine. Isselbacher KJ et
al (eds), 13th ED.,, New York McGraw-Hill
1994, pl1184

11) Woodhead MA, Macfarlane JT, McCracken JS,
Rose DH, Finch RG: Prospective study of the
aetiology and outcome of pneumonia in the
community. Lancet 1:671,1987

12) Fang GD, Fine M, Orloff I, Arisumi D, Yu VL,
Kapoor W, Grayston JT, Wang SP, Kohler R,



13)

14)

15)

16)

17

~—

18)

Muder RR, Yee YC, Rihs JD, Vickers RM: New
and emerging etiologies for community- acquired
pneumoni'a with implications for therapy. Medi-
cine(Baltimore) 69:307, 1990

Campbell GD: Overview of Community-Acquir-
ed pneumonia. Prognosis and clinical features.
Med Clin North Am 78:1035, 1994

Pugliese G, Lichtenberg DA: Nosocomial bacte-
rial pneumonia: an overview. Am J Infect Cont-
rol 16:249, 1987

Niederman MS: An Approach to empiric therapy
of nosocomial pneumonia. Med Clin North Am
78:1123, 1994

Shethamer JH, Towes GB, Masur H, Suffredini
AF, Pizzd PA, Walsh TI, Henderson DK:
Respiratory disease in the Immunosuppresed
Patient. NIH Conference. Ann Intern Med 117:
415, 1992

F4% A AU ARIEE FHelelst A9
Zdol] ot oAt 7hed 20:27, 1988

Webb D, Thadepalli H: Skin and soft tissue

polymicrobial infection from intravenous abuse

of drugs. West ] Med 130:200, 1979

19) Marrie TJ: New Aspects of Old Pathogens of

20y

21

22)

23)

24)

Pneumonia. Med Clin North Am 78:987, 1994
Heitzman ER: The 2nd Ed:194-230,
Mosby, St.Louis, 1984

Bergogne-Berezin E, Joly-Guillou ML: An unde-

lung,

restimated nosocomial pathogen, Acinetobacter
calcoaceticus. J Antimicrob Chemother. 16:535,
1985

Jorgensen JH, Doemn GV, Maher LA, Howell
AW, Redding IJS:

among respiratory isolates for Hemophilus influ-

Antimicrobial resistance
enzae, Moraxella catarrhalis, and Streptococcus
pneumoniae. Antimicrob Agents Chemother 34:
2075, 1990

ol73%, BiAl, ey Al Rel®l Al
9] A e usieA). oigsi b elslA)
13:534, 1993

Jacoby GA, Archer GL: New mechanisms of
bacterial resistance to antimicrobial agents. N
Engl J Med 324:601, 1991



