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= Abstract =

Haemophilus influenzae Isolated from Sputum Specimens: Prevalence,
' Biotypes and Antimicrobial Susceptibility

Yunsop Chong, Ph.D.,! Kyung Soon Song, M.D.,' Chik Hyun Pai, M.D.;?
Eui Chong Kim, M.D.® and Tae Yeal Choi, M.D.*

Departments of Clinical Pathology, Yonsei University College of Medicine', University of Ulsan College of Medicine®,
Seoul National University College of Medicine®, and Hanyang University College of Medicine®, Seoul, Korea

Haemophilus influenzae, one of the normal flora of upper respiratory tract, may cause various
infections. In this study, sputum specimens, taken mostly from eldery inpatients at 5 university
hospitals in Seoul, during the August 1991 to January 1992 were cultured on vancomycin-bacitracin-
clindamycin agar and 8.3% vielded H. influenzae. Among the isolates were: biotype I 41%; serotype
b 4 (1.4%) serotype a and c¢c—f 3 (1.0%); B-lactamase producer 30,6%. Agar dilution test was
performed with 52 3-lactamase-negative (HIB—) and 31 #-lactamase positive (HIB+) isolates. The
ranges of minimum inhibitory concentration (MIC, in xg/ml) against HIB—/HIB+ were: ampicillin
0.25—1/4— >128, cefaclor 0.5—8/1—16; cefadroxil 4—128/4—128; cephalexin 2—32/2 —64; cephaloth-
in 0.25—16/0,25—16; cephradine 4—64/4—128; erythromycin 1—32/2—32; tetracycline 0.25—16/
0.25—32. Application of the breakpoints to the agar dilution test results showed that all of the HIB—
were susceptible to ampicillin and cefaclor. All of the HIB+ were resistant to ampicillin, but 97%
were susceptible to cefaclor. In conclusion, 8-lactamase-positive strains became more frequently
isolated, and both HIB+ and HIB— are often resistant to cefadroxil, cephalexin, cephradine and
erythromycin, but mostly susceptible to cefaclor.

oF o gloh,

A £ H. influenzaes A7) %ol AAFo 2 ZAs izt &
F7] Foll 724d& dod|A Hch, whelbd] ZF7]o) vF
H. influenzae'= 4o} £o+d 9] 3o leli59 @7t 3 H. influenzaec| g Q7 o] A3t o8
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= cephalosporin A A2} erythromycinel] =&k A&
& w8 Fao] By ul olee,

o] A2 7d F-4vt AAY Fdrol whela] WM P
w5l AEH e} FHFo| chFo] HaEle] 3lont
Se|tet Abetel EF 7164 HE T5Y dEEelv
Yol g AT H,

o] Alite} 7Hadg olafsl = 7] FAE HA I A
g235p7] Hall M T E71NM Y o] Ay gt ST
A WA FTe Fo|7} Al Zalslojol & Zlglez o]
AAFol M Agef 5/ WY Fxe] T F7) Al
H. influenzaeS $2)3tn, o #5759 423 o €3
g5t 29 Aol A3 A4S Gl A gich

ME o wy

H. influenzaed +2]38)17) sl M+£ 1991 84+
199211 189 Apololl Agigayd, AeTdH, A
sl o FAluekadg] o gheoFidtalel gt
o] Ahg Az sgdeh 7 el 47 AfE Fel

2 AP A g dakg Fol7] Slste], Aulz]
o] vancomycin bacitracin clindamycin (VBC) s} #]®
£ & HdellA wbERm, 7t Hleld] ARAHAE
VBC #3lel] A Fslo] CO, &-27|ol wieFdt 25 1574
o 234 3l wWoz weld H influenzaes) 537
Al A A 8-S sk

VBC vl zlol] A7 A 2kg 3 a2 o] Ags}
o] 5AAHEE At Xe} Vel 742 7
7} §-aminolevulinic acid (Sigma Chemical)E # =
porphyrin A1 & 5} 9|44 & Abol] oA, FALS 53l
Xob Valas mg = shn, S84 S4< 2354 2
T+ H. influenzae 53 stk

A28 719 2 2] 4l indole A] 31 2 tryptophan (Sig-
ma Chemical)}Z 4 4, urease #|&-2 urea agar base
(Difco)® # 4|, ornithine decarboxylase 4| & &
motility indole ornithine (Difco)sl x| & =73l 4|
el o, F4% 542 91804 = Phadebact Haemo-
philus influenzae test (Karo Bio Diagnostics, Hud-
dinge, Sweden)2- AH&-stsi ),

t~3 4 744 242 Mueller-Hinton medi-
um (Difco)e] hemoglobin#} IsoVitaleX (BBL)E 7+
7 1% = Al @2 vi= o} FFA 232 (BBL) = A/ ¢ 3}

b, A3l 4y -4 A el = Haemophilus test
medium (HTM)EZ AH8-8l% e, & Mueller-Hinton
medium (Difco) 1 ml% yeast extract (BBL) 5mg>}
bovine hematin (Sigma Chemical) % A-nico-
tinamide adenine dinucleotide (NAD, Sigma Chemi-
cal)E 77t 15 pg/ml 9-& Wi x| 5 7| 24 2 ALE-819]
t}, A gl ampicillin(F2%), cefaclor (Eli-Lilly),
cefadroxil (Sigma Chemical), cephalexin (Sigma
Chemical), cephradine (Sigma Chemical), cephaloth-
in (Sigma Chemical), erythromycin (Sigma Chermni-
cal), tetracycline (Sigma Chemical)g A} £ 3} & o,
B-lactamase 4 A2 Cefinase (BBL) t]22.2 A|§3}
Ak

H. influenzaes] N3F A s 4 2] 71Fe] §l= ery-
thromycin®} cephalothinel] $lef A+ uba| ol of &
71&19e AEatgxm, A4 Y%= (minimum inhibi-
tory concentration, MIC) breakpointe] 7]&¢] gl
cefadroxil, cephalexin, cephalothin, cephradine il
o 8] A= cefaclore] 7]E&-& A&ty
romycinel| dlsie tfade] 27431 MIC<0.5 pg/
pEQdor, =8ug/mE Yoz 43

eryth-
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4 ot

571 s dollA 3471 Ak A7} wi k=], o] T 288
714 (8.3%) el A H. influenzae7} H2|=2dch, 2 22
£2 el webd 5.9~10.1%0l%x, ¥HEE 89
11490l SolA] 6.0%9} 6.2%, 993} 14¥el sgolA

Table 1. Isolation Rates of H. /nfluenzae from Respira-
tory Specimens by Month
Mot No. of specimens Isolation
cultured No. %
August 433 26 6.0
September 746 82 11.0
October 549 46 8.4
November 628 39 6.2
December 795 56 7.0
January 320 39 12.2
Total 3,471 288 8.3
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11.0%2} 12.2%¢°]%ic}(Table 1).

*2€ H inﬂuenzaeﬁ] *g‘%%‘—cl- type Io] 41. 0%0]
elz, type V-VIII& =59 cH Table 2), ¥e|5 7
Z FAAY b 45(1.4%), a, c-fx 37(1.0%) 7} ;ugi

c},

Az gaby Aol A4S 2l F579 vl
42 tetracyclineol| sl 83%, ampicillinell o &l
62%, cephalothinel =3l 28%, erythromycinol] cH3l
17%, cefaclorel i3] 8%c]|%ich(Table 3). B-lac-
tamase %4 FFE = TF F 88F(30.6%) I3
3, 90 v 82 24%~39%¢°] ek Table 4).

A 3|4 7&‘?—’” Alg e 2 ol A £eE 75
of| 4] ¥]=d 5 F-2Z9 2 A="H3E g-lactamase 24
5259} oFAlal 31“r°ﬂ sl Al sk ok (Table 5).
Ampicilline] MIC ¥ 9]+ B-lactamase 5450l o 3l
0.25~1 pg/ml, FAFol =Hal 4—>128 ug/mle]
3, MICe+= Z+7 0.5 xg/ml=t 64 pg/mle] o o,
Cefaclor2] MIC #%|+ B-lactamase 2430l sl
0.5~8 ug/ml, k43l el 1~16 ug/mle] &l ot
Cefadroxil?} cephalothine] MIC 3%+ B-lac-
tamase 4ol AIgle] 7tz 4~128 pg/mlo} 0.25~
16 pg/mle] 3k,

B-lactamase 243 3ol tig MIC 9|+ cephalexin
o]  2~32pug/ml, Cephradinee]  4~64 pg/ml,
tetracyclinee] 0.25~16 pg/mle]%ic}, B-lactamase
oA el et o] FgAEe] MIC Heg A A+
A-lactamase 45l g Az 23, HnAE & 3
AetA 7} o] E9tch, Erythromycing MIC #H9=
B-lactamase &4 3ol &l 1~32 ug/ml, FATFF
of| 3] 2~32 pg/mle] At

gt |4 o2 A3 gt MICel| breakpoint3 =23}
o] &4 % uff (Table 6), A-lactamase S43+= ampi-
cilline] effaff 557} b4l o2, by w57l 4
o2 #4=slgich B-lactamase S4FE 257} cefa-
cloroll 4] ol%li, FHF F 3%E o] FtAlel
intermediate ¢|%l2 1—1- A== ¢lelh. Cephalexin
Al &o| g-lactamase 54T+ 12%, FAFE 32%
o]gls, tetracycline WAI-&-& S-lactamase S4F5
6%, FATF 26%°l%ith. B-lactamase A A3} 37|
%lo] cefadroxil % cephradine, erythromycinel] o3}
A= WAd]l F37) ghokel,

. X
3
éo

L8

Table 2. Biotypes of H. /nfluenzae Isolates

Biotype No. %
| 116 41.0
I 40 14.1
1] 30 10.6
v 61 21.6
\ 13 4.6
Vi 10 3.5
VIl 6 2.1
Vil 7 2.5
Total 283 100

Table 3. Antimicrobial Susceptibility of H. /nfluenzage
Isolates Tested by the Disk Method

% of isolates with : @

Antimicrobial agent

S | R
Ampicillin 17 21 62
Cefaclor 35 67 8
Cephalothin 22 50 28
Erythromycin 1 82 17
Tetracycline 2 15 83

a2 Abbreviations :
R, resistant.

S, susceptible ; I, intermediate ;

Table 4. p-lactamase Postive Rates of 4. influenzae
Isolates

No. of isolates No. (%) g-lactamase

Hospital

tested positive

A 100 30 (30)
B 63 15 (24)
C 56 22 (39)
D 35 9 (26)
E 34 12 (35)
Total 288 88 (31)

] E

H. influenzae 57t ] S7Hs| 2 9lgol £3he| ]
o} of e uftel A1 B3 u} Qloh), o] AT BEF7
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Table 5. Activities of Various Antimicrobial Agents Against H. influenzae

Antimicrobial  Isolate w/ No. and cumulative % of isolates with MIC ( zg/ml) :
agent f-lactamase 0.12 025 0.5 1 2 4 8 16 32 64 128 >128
Ampicillin -2 No. O 30 21 1
% 0 58 98 100
+2 No. 0 5 2 9 6 7 0 2
% 0 16 23 52 71 94 94 100
Cefaclor — No. 0 1 17 23 10 1
% 2 35 79 98 100
+ No. 0 3 13 13 1 1
% 0 10 52 94 97 100
Cefadroxil — No 0 9 10 14 13 3 3
% 0 17 37 63 88 94 100
+ No. 0 3 4 7 7 5 5
% 0 10 23 45 68 84 100
Cephalexin = No. 0 4 22 8 12 6
% 0 8 50 65 88 100
+ No. 0 1 6 6 8 8 2
% 0 3 23 42 68 94 100
Cephalothin — No. 11 14 13 9 1 3 1
% 21 48 73 90 92 98 100
+ No. 4 2 5 7 6 4 3
% 13 19 35 58 77 90 100
Cephradine - No. 0 4 13 18 14 3
% 0 8 33 67 94 100
+ No. 0 1 5 8 8 6 3
% 0 3 19 45 71 90 100
Erythromycin = No. 0o 1 2 13 20 15 1
% 0 2 6 31 69 98 100
+ No. 0 1 5 14 10 1
% 0 3 19 65 97 100
Tetracycline - No. O 18 27 4 0 0 2 1
% 0 35 87 94 94 94 98 100
+ No. 0 5 8 0 2 8 6 1 1
% 0 16 42 42 48 74 94 97 100

a4 No. of isolates

7ol ¢ °1°]‘Eii*%£ TaAdel A= ZF7]04
228 5ol B3 A7) grolRla 9o,
°-i'?'°“/‘1 Metol Aol H. influenzae k4 &2
3%°ii E3stedch g Felvetels = F2
4%e] Mgk nl ol F Aol M H. influenzaes 2
o}%h’ FHEE 2~5 AlTolA Y53 FHE B

shela, A 592 18.9%9 Awta} qlF Aol FA
& 2aslelch

: p-lactamase negative 52 and g-lactamase positive 31.

+ ATellA FAdEe] 2 AL ARy gi¥Ee
vhol7h eigke, =@ QelBtoln e FFA Foid
T U Eee 2Edch w3 BN L
A8 A P4t AL A= Gl ANE
A7k, @ @Al A o 509 ALe
Kuklinska®} Kilian'®-¢ 747kl ol573#)2] wjokel A
80%¢2] Aolr} okalal ulul Aele 4()%ulte] okAlo]iL
H. influenzae®) 5+ A AT 0.15%e) == ¢

Ho g
Al 4 g
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Table 6. Interpretation of Agar Dilution MICs of Anti-

microbial Agents Against H. /nfluenzae Isolates

Antimicrobial Isolate w/ % of isolates with:2
agent g-lactamase S I R
Ampicillin — 100 0 0
* 0 0 100

Cefaclor - 100 0 0
+ 97 3 0

Cefadroxil - 25 27 37
+ 23 23 54

Cephalexin — 65 23 12
+ 42 26 32

Cephalothin — 98 2 0
’ + 90 10 0
Cephradine - 33 35 32
+ 19 26 55

Erythromycin — 0 31 69
+ 0 19 81

Tetracycline - 94 0 6
+ 48 26 26

2 Abbreviations :
resistant.

S, susceptible ; I, intermediate ; R,

2% ¥.n&gich Chapin?t Doern®-2 1714 ~134) ¢
Z-o} 9l Fof| A o] kA Fo] 30.4% Y-S L stk
£ dToll A by g2 A Moz FelE g

ofl 4 of Eotet. 2 FH AN vzl H. influen-

zae7t S|4 5= Alte] Aot Alfufcfel] A=
AF7E JolAl ksl AEe] B3t FF AAelA
B ogqro] 2917 wlHo 2 Al7hE|Qlc)
sutelo|u} FHZEL doy|= H mﬂuenzaeA d24

e o §-e] b¥o|x, o5& chf-te] MEY [ o
A QleH®, = G rollAl = 113 o] '-"l-u-’i‘. B

¥ nshed b, Kuklinskagh Kilian2'® ol F sl okef] 4]
£ 3o H-3E& Madlgded £ Aol 180 7}
A ok, chg o2 [VEe] wigkeh o]} 7-& zfo]
7b el Ak fel] ubE 73] 2] 4] 7)ol wp o 48l
ok,

&7 A 39 H. influenzaer oL8o] §fuhg-
abrbAl glem 2 ¥Ywe| gisl= Aol by 2
2~4%, a, c-f3& 1~2% % oei# e}, Takala 5
< Finland®] 71 7}-g} 34 4o}2] bd ¥ 8e] 3.5%%
+ dagpslepn, o Alckd g ghabe] spEe B

A=

FEo] 0% = ol gl up e, = 2 &
7] AAlA 2el®l H. influenzae2| 2.6%7} b¥H,
3.3%7} a, c-f3U& ¥ g v} U, & ATolA YA
go] 5l AL bY 4F(1.4%)9) a, -8 35(1.0%)
Holalrh

Chocolate gHalol| A tjA2= il o2 A% 7Ha-
A AHeld, Held H. influenzae ¢7 WAEL
cefaclorell 8%, erythromycinell 17%, cephalothined]
28%, ampicillinell 62%, tetracyclineel 83%¢e]2ich,
Erythromycin 2} cephalothin 2] o ~ =24 & H.
influenzaeo] & 74 71Fe] glemz bl
g 71 5L HEsg oy, & dTelAe] Wadse #
5o] 1988~1989del ¥-2)&t F52| ampicillin W4 &
21.9%, cefaclorl A& 3.4%H= Abe]7} zidl o] =
£ WA 71F AAld7} of 2gken] afepi] W4 Fo]

L Aoz JelshE Ao Agzisich

H. influenzae®] ampicillin W4 7|H-& oo
B-lactamase A4 o] <Y+ penicillin binding pro-
tein (PBP)o|ut £32}4 2] wisle]n, S-lactamase &4
Zo) thaf4] Bl okAFol] gl ampicilling] MIC:
o538 Fope, 2o Fofl M 31% o i F 7} A-lac-
tamase oFAdeolglwdl ol Aluatawly fate] TF
7] &oll4] 1983~1985°l 2l &t FF2 FA& 9% uct
HAE =2 AolAck, WP E = 24%~39% 2 &
Agol ateo]7} 9o, o]+ B-lactamase W4 FF
o A s} oAl Wlol ulebd] £3] L=l
gAY FH7F 2] gL Ao FE5Hr
Heney 5222 &4 AHE: Foll= WAF7E grolal S
¥ sk

2] Foll 4 = p-lactamase 4l H. inﬂuenzae?}
1978 o]Holl= 5% wiul ol 1 F apF go
22, 198130l v]F ColoradoF2] 3hal A 4-olo Ai
FejEl dF= 31.3%7F FAde] 2as up dcp
Doern 52 198611l =] 3070 ¥ ghabe] 7HE 7 al
o 4 2] g by 3= el gk A Aol whebA 12% ~
50% (3 31.7%) 7+ B-lactamase 9440 s, b3 o 2|
o 3+ 0%~26% (3T 15.6%) 7} FA )& st
Avd A" FalFe 12.7%7F FAdel ek, Falol 4
1988~1989d o %24 b¥ o]9 o 2 Alac-
tamase A& Ee ¢ vrelell whebA 1.4%~36.2%
(3 8.6%) 2 #}o| 7} zic)2e,
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iz @apdle s Flactamase S4F Follx
ampicillinef] V4§ el Ze] gleid EeldFe

%7t HAdelalent, sy e g+ B-lactamase
ok Fate] ampicillin WA (MIC >4 pg/ml)o] 3 3,
SAFE A4 (MIC <1 pg/ml)e]sich, o]eh 7Fo] vt
Woll wbebd WA4-ge] o 722 chocolate dHHE &
ez dabe Aol dloly] ojfez A7tz
12 S

B-lactamase &4 TFF<l AP o2 ampi-
cillin W4ql 5= it A=kl webd= o2
TF7F =84 855 L3 & wb*, Doern 5'9& o]
T Aol A el 2250FF Fell ol @ FFE 2F
Folala B uslel®, Simor F92] Aol M £ ol
g 57 el ek

Al djoll 2l dF SFHe H influenzaeol
g sl A7 Fol slema At Prhe o]y}, 1
v} #-lactamase S4F+= =57} cefaclore] 242

23, okdF Fo] 3%+% intermediate Z 5 2.3
t}, Cephalothinel| HisiA= WATF= oot
fA-lactamase & 4 & F ol & cefadroxil, cephalexin
=l cephradine WAJal 57} qlglon], gkdF Foll&=
WAFF7E of wietel A-lactamase S4FE EH—r—r-

o] tetracyclineoll #t41 ol e} o4 = WA
o] 7} intermediateq] #37}F wkeh Erythromycm
oﬂ 7‘}_;-4_;% = o-loh:}.
= =

dl82o] glYsatels AHFHH Al H in-
Sfluenzae®] £ &L 8.3%cl% om, A 7]l uhz}
6.0~12.2%2] zto]& mct, Held FF9 7?% 5

T AEYe Moz 41%eldx, ¥ue 7HA #F
%) c8glow, B-lactamase %b‘*"' o] g2 319’

o]gic}, o] dFol4 chocolate §HE & o2z 7
4448 A HTME 2 ﬁ]-R-],]Muél AA el olzg
Yonl A-lactamase AT v] gL FHE A of
= o} 3 3, cefadroxil, cephalexin, cephradine =
erythromycin W4 #5% &3k, cefaclore] WAl
7 c¥vhe 482 2%
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