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Antimicrobial Resistance of Bacteria Isolated from Bronchoal-
veolar lavage (BAL) in Patients with Lung Infiltrations in Burn

and Non-Burn Intensive Care Unit

Jong-Yeop Kim, M.D., Cheol-Hong Kim, M.D., Su-Hee Park, M.D., You-Sang Ko, M.D., Mi-Jeong Kim. M.D.,
Hye-Ryun Kang, M.D., Yong |l Hwang, M.D., Yong-Bum Park, M.D., Seung-Hun Jang, M.D., Heungjeong Woo, M.D.,

Dong-Gyu Kim, M.D., Myung-Goo Lee, M.D., In-Gyu Hyun, M.D.,

Ki-Suck Jung, M.D.

Departments of Internal Medicine, Hallym University College of Medicine, Seoul, Korea

Background: Nosocomial pneumonia in an intensive care unit (ICU) is associated with a high mortality rate.
Diagnosing a respiratory tract infection in critically ill patients is still difficult but detailed information for the pathogens
is needed to establish an adequate antimicrobial treatment. This study examined the causative organisms and their
antimicrobial resistance using bronchoalveolar lavage (BAL) from patients suspected of having pneumonia in the ICU.
Methods: From January 2004 to June 2006, ICU patients with diffuse lung infiltration were prospectively enrolled. The
BAL was used to diagnose the respiratory infection, with 10* > organisms considered a positive result. The most
common organisms and their antimicrobial resistances were analyzed from the quantitative BAL cultures in the burn

ICU and non-burn ICU.

Results: A total 72 patients were included, 35 (M 29, F 6) in the burn ICU and 37 (M 26, F 11) in the non-burn ICU.
27 patients (77.1%) in the burn ICU and 22 patients (69.5%) in the non-burn ICU met the criteria for a positive BAL
culture. The major pathogens were Staphylococcus aureus, Acinetobacter species and Pseudomonas aeruginosa. All
strains (100%) of Staphylococcus aureus isolated from BAL (9 cases) were methicillin-resistant (MRSA) in the burn ICU,
but 5 strains (71.4%, 7 cases) were MRSA in the non-burn ICU. Regarding Pseudomonas aeruginosa, the rate of
resistance to amikacin, ciprofloxacin, cefepime, imipenem, ceftazidime, piperacillin/tazobactam in the burn and non-burn
ICU ranged from 45.5% to 9% and 25% to 50%, respectively. In addition, the rate of resistance of Acinetobacter species
to the above drugs in the burn and non-burn ICU ranged from 81.8% to 100% and 62.5% to 100%, respectively.

Conclusions: These results are expected to provide useful guidelines for choosing the effective empirical antimicrobial
therapy in patients with lung infiltrations in the burn and non-burn ICU. (Tuberc Respir Dis 2007; 62: 506-515)

Key words: Bronchoalveolar lavage, Burns, Intensive care unit, Pneumonia.
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dards®] A& whateh,

nlo] 2] 2 w2 shell vial culture 7]'HS ©]-83}
Aom ety nlolg] o] MWW &I cytopathic
effect) & W FF7IH o= 218l influenza virus,
parainfluenza virus, adenovirus, respiratory syncytial
virus, VZV, CMV % herpes simplex virus 5= 2
ekt shH At M pneumoniae 2 Pneumo-
oytis jiroveciol| WA= PCRE ©]-&3}th

3. ANz

EAY B2 MS Window&® SPSS-PC® 130
(Statistical package for social science, SPSS Inc.
Chicago, IL, USA)S o]-&38}it}t S4A = A+
THAE FAEon AEHTE student ttest,
Hd4 Wl 495 Chi-square £+ Fisher's
Exact testg® #-&sto] &4 3k3ch pgtel 0.05 7wt

A u) BAH Fole T

2 1

1. Y 2kfze| &4

s SRR o A 359 (29, of 6), ¥ 3kAt
AelA 374 (26, o 11)9] A7} 555 AT ol
= TS Ak A9 511684, vl EE St
A o] FAEL 69+11.04 & B S5 EAtA ol A T
FATHP<0.05). sHs3AA Sapzol Ao 31 H
ﬁ(total body surface area, TBSA)¥= 49.3+20.6% %
= S Aol S A7 714
Ao PFTEALAA  FofsiAl BekeH
<0.05), APACHE II #<+= H| s hApA ol A
° ‘3} Al = HHp<0.06). AHEE Hlad M= e
2} 2490(68%), B]sH g3kl o A 2090 (54.1%) =
o gk ko) 7F gl th(Table 1).

O n:loll ol

L’\ }Ol'

2. 7|ZKIHIZE MA=(BAL) AIO0I7et ZAK A2

BAL®] A8 f1¢lo 2= sz skataa) vsias
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1_.0]

29| (78 4%) ]| 1 ZM i %%E}. CRPs?Jr PaOz/FlOz
H) = skt o 4] 166.1466.9 me/L, 123.4+109.6
mmHg, B]3P58kA1a o A= 19754814 mg/L, 2284+

Table 1. Demographic characteristics in Burn ICU
and Non-Burn ICU Patients

Variables Burn ICU Non-Burn ICU
(n=3b) (n=37)
Age®, yr 51+16.8 69+11.0
Sex
Male 29 (82.9) 26 (70.3)
Female 6 (19.1) 11 (29.7)
%TBSA burn (range) 49.3+20.6
SN oass 10
ICU stay®, d 39+29.8 19£15.6
g/luerzl';ie;r;]if’aldventilation 24415 1 13413.2
Mortality 24 (68.6) 20 (54.1)

Values are presented as meantstandard deviation or No.
(%) unless otherwise stated.

ICU: intensive care unit; TBSA! total body surface area;
APACHE: acute physiology and chronic health evaluation.

*p<0.05.

Table 2. Reasons for BAL and other parameters at
the time of bronchoscopy

Burn ICU  Non-Burn ICU

(n=3b) (n=37)

Reasons for BAL
Diffuse Infiltration 23 (65.7) 28 (75.7)
VAP 8 (22.9) 3.1
Hemoptysis 4 (11.4) 12.7)
Atypical pneumonia or TBc 0 4 (10.8)
Lung collapse 0 127
Mechanical ventilation 34 (94.1) 29 (78.4)

CRP, mg/L
Pa0,/FiO; ratio, mmHg

166.1+66.9 123.4£109.6
197.5+81.4 228.4£129.3

Values are presented as meantstandard deviation or No.
(%) unless otherwise stated.

BAL: bronchoalveolar lavage; ICU: intensive care unit;
VAP: ventilator-associated pneumonia; TBc: tuberculosis.
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129.3 mmHg o = o st kol 7F gl tH(Table 2).

3. BAL 2 tigHA0IM 228 ZF % S |
Ly Big

BAL x%akx% HHol:ﬁ/\} 7ﬂJ,]. g})\L ﬂx}/q 2701]
(77.19), ¥ SPEBAA 26)(594%)01 4 o] 574
oot v 737 =A-4H AU} Esiad 9
H] 3} 58 Aol A 2}z 1801]“](514/ vs. 48.6%)

ARom, B3t w77t 4 A= 47 901](257(V)
44(10.8%) At HIHsA 54 dF2e e
A9l A9 P aeruginosa(31.4%), Acinetobacter
species(31.4%), S. aureus(25.1%), K. pneurmoniae(2.9%)
ol omn H|S T A o A =
species(216%), S. aureus(189%), P. aeruginosa
(10.8%), K. pneumoniae(10.8%) <=°]1t}. o|& I
% P. aeruginosa 3Vda A0 o Wol &4
5 A tHp<0.05)(Table 3).

Al 33 A, S aureus®] 735 S EA

Acinetobacter

Table 3. Frequent organisms isolated from quanti-
tative BAL cultures

Burn ICU Non-Burn
(n=3b) ICU (n=37)
Sg:i:‘it\i;ative BALculture 27 77.1) 22 (59.5)
Monomicrobial 18 (51.4) 18 (48.6)
Polymicrobial 9 (25.7) 4 (10.8)
Frequent Organisms
Acinetobacter spp 11 (31.4) 8 (21.6)
Staphylococcus aureus 9 (25.7) 7 (18.9)
Pseudomonas aeruginosa® 11 (31.4) 4 (10.8)
Klebsiella pneumoniae 1(2.9) 4 (10.8)
itslrt‘g;ﬁﬁzomonas 1029 40108
Enterobacter spp. 0 127
Streptococcus pneumoniae 0 127
Escherichia coli 1(2.9) 0
Proteus mirabilis 1(2.9) 0
Serratia marcenscens 1(2.9 0

Values are presented as No. (%) unless otherwise stated.
BAL: bronchoalveolar lavage.
*p(0.05.

Aol A & 99 (33.3%) EF methicillin-resistant
S. aureus (MRSA)Ho.H, v s34 o] 797

o|(31.8%) & 5oll(71.4%)A E&¥ S. aureus’t
MRSAE H¥Ac} P ageruginosa® 735 345
3hA}2 11441(40.7%), B]8h 314 44(18.2%) ol A
2=tk Amikacin,
imipenem, ceftazidime % piperacillin/tazobactamol
gt A Ay, sPdEEAEe] As 27 69
(545%), 111(100%), 10<1(90.9%), 801](727(7) 54
(455%) 2 100(90.9%) A WS HoFom,
H| s} a8t al 2 ol A= ceftazidimed] dhaiA = 19
(25%), ‘Jr‘:ﬂ A oFAlo] A= B 2¢(502%) 4 ]
Aol o= Ao WEYl Acinetobacter species
o] 9 ARG 11(40.7%), W3 45
Aol 498 ](36.400)01]"1 A A=, am1kacm,
ciproflaxacin, cefepime, imipenem, ceftazidime %
piperacillin/tazobactameol] s sta] WS A
2 A3 s ol A= 27 1094(90.9%), 114
(100%), 10<1(90.9%), 11<1(100%), 101(90.9%) = 9

of| (81.8%), H] 3P dssat Aol A= Z2H2; 841(100%), 7

o (87.5%), 81(100%), 51(62.5%), 8<1(100%) 2 54
(625%)14 & Ho FATHTable 4).

sk Extended-spectrum B-lactamase (ESBL)<

AAete 2 ST A5, s Y] A2
d(Ecoli ¥ K pneumoniae)old Eg=3=d
E.coli 157} A4 ESBL ¥4It} vl sbd58A
Ao A= 4o 2% K pneumoniae’} 5]
o o] 5 1ofolA ESBL YA A tH Table 4).

ciprofloaxacin, cefepime,

4. J|2XHE MA=(BALS S8t

rok

CHE AAL 2ot

et W FAAe A, ssEAEdA G
albicans= 490(11.4%), C. parapsilosis= 2(5.7%)
oA FEHAoH HsPFFHAA Ae= C
albicans= 10(2.7%), C tropicalis= 2<1(5.4%) 4]
l']?“F/]Qoqﬂr

WS E A0l dele] AW B2 BALS B
3 A9 S gkl o] 3 el Pt w4,
ol et A W Yo nasglt. e
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Table 4. Comparisons of antimicrobial resistance for
major organisms from quantitative BAL cultures

Table 5. Other results from BAL study

Burn ICU  Non-Burn
(n=27) ICU (n=22)

9 (33.3) 7 (318
9 (1000 5 (71.4)
9 (100) 5 (71.4)
9 (100) 5 (71.4)
9 (100) 5 (71.4)

Staphylococcus aureus
Gentamycin
Ciprofloxacin
Oxacillin

Erythromycin

Clindamycin, 9 (100) 5 (71.4)
Tetracycline 5 (65.6) 2 (28.6)
TS 0 1(14.3)
Vancomycin 0 0
Pseudomonas aeruginosa® 11 (40.7) 4 (18.2)
Amikacin 6 (64.6) 2 (50.0)
Aztreonam 10 (90.9) 3 (75.0)
Ciprofloxacin 11 (100) 2 (50.0)

10 (90.9) 2 (50.0)
11 (100) 2 (50.0)

Cefepime

Gentamycin®

Imipenem 8 (72.7) 2 (50.0)
Piperacillin* 11 (100) 2 (50.0)
Ceftazidime 5 (45.5) 1 (25.0)

10 (90.9) 2 (50.0)
11 (40.7) 8 (36.4)

Pipera/Tazo

Acinetobacter spp.

Amikacin 10 (90.9) 8 (100)
Aztreonam 11 (100) 8 (100)
Ciproploxacin 11 (100) 7 (87.5)
Cefepime 10 (90.9) 8 (100)
Gentamycin 9 (81.8) 7 (87.5)
Imipenem* 11 (100) 5 (62.5)
Piperacillin 11 (100) 8 (100)
Ceftazidime 10 (90.9) 8 (100)
Pipera/Tazo 9 (81.8) 5 (62.5)
ESBL producing G (-) organisms 2 (7.4) 4 (18.2)
ESBL positive 1% (50.0) 1% (25.0)

Values are presented as No. (%) unless otherwise stated.

BAL: bronchoalveolar lavage: TS: trimethoprime/sulfa-
methoxazole; Pipera/Tazo: piperacillin/tazobactam: ESBL:
extended spectrum B-lactamase.

*p<0.05, TEscherichia coli, ¥Klebsiella pneumoniae.
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Burn ICU  Non-Burn ICU
(n=35) (n=37)
Fungus
Candida albicans 4 (11.4) 127
Candida tropicalis 0 2 (5.4)
Candida parapsilosis 2 (.7 0
Virus
CMvV 3(8.6) 4 (10.8)
HSV type | or |I 5 (14.3) 0
Tuberculosis
AFB smear positive 0 381
AFB culture positive 0 127
Pneumocystis pneumonia 0 3.1

Values are presented as No. (%) unless otherwise stated.

BAL: bronchoalveolar lavage; CMV: cytomegalovirus;
HSV: herpes simplex virus.
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TALh o] FolROE FHT 1 AR STk b
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