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Monitoring the bioburden of oligotrophs in pharmaceutical

water systems and controlled environments *

FAN Yi —ling'?, LI Qiong — qiong®, WANG Pei —en’, YANG Mei — cheng'***

(1. China State Institute of Pharmaceutical Industry, Shanghai 201203, China; 2. NMPA Key Laboratory for Testing Technology of Pharmaceutical
Microbiology, Shanghai Quality Inspection and Testing Center for Innovative Biological Products, Shanghai Institute for Food and Drug Control ,
Shanghai 201203, China; 3. Shanghai Food and Drug Packaging Material Control Center, Shanghai 201203, China)

Abstract Objective:To screen the suitable monitoring method applicable to oligotrophs and review the biobur-
den and microbial species of oligotrophic environments in pharmaceutical water systems and cleanrooms.
Methods: The culture conditions and detection methods suitable for microorganisms under oligotrophic conditions
were optimized by comparing the counting results of microorganisms in laboratory pure water with R, A and TSA

media at different temperatures, media, and incubation times. In addition, monitoring of oligotrophs in pharmaceutical
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environments using both the traditional and oligotrophic assays were conducted, combining with the techniques of
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16s rDNA sequencing and MALDI — TOF MS for multiphase microbial identification and analysis of the isolated
microorganisms under oligotrophic conditions. Results: The colony counting methods, the type of culture media,
and the incubation intervals significantly affected microbial enumeration. The isolation method using oligotrophic
medium R, A was more effective than the TSA medium in this study. The profiles of microorganisms isolated from
the R,A and TSA media were unique. The isolation rate of Gram — negative bacteria in the R, A medium reached
37.0% , however, that of Gram — negative bacteria in the TSA medium was only 14.0% . In addition, several
strains of potential pathogens initially isolated from the R, A medium grew slowly in the TSA medium and were eas-
ily missed by the traditional monitoring method. Conclusion; With the development of the pharmaceutical indus-
try, the contamination proportion of human — associated Gram — positive cocci might gradually decrease, the oligo-
trophic culture method as a powerful supplement to traditional monitoring techniques can help to detect potential
objectionable microorganism contamination risks at an early stage.

Keywords: oligotrophs; pharmaceutical water; controlled environment; bioburden; objectionable microorganism

FEE IR UE ) (oligotrophs ) & — 2K AT A7 1l T4
P& AR A B P (S 1 ~ 15 mg - L71) JR{R
Fr— b K R A e 0 Al & 2
PERLL, ) IZAATE T RRKIR 2 Uf 3555 A 48
WEEREA T SEE R MUY 1 SRR R E
iR oy 8 2 i A2 72 BB OHOK R g b KA
TERER . SEE IR ) — D B R A R B
i 52V, AT 7 A A W Bl B A ) 3R R 52 MR 2 3 3R
PRI, [ A 22 Rl bR R 20 i —
SEWTE RIS TR BeAN, M T S B
R A A ) 2 5 e 3 ok OB 7 3 A= W 7 [ A%
M ZGPERIBLNE" o B TR IE T, 55
BRI AL T30 B A T3S RS AR Mk i 1ot
WMTFBI R E . CAEERME EE N
ANHFTF & (Acinetobacter spp. ) . H ELAT # J& ( Methy-
lobacterium spp. ) iR B8 M1 55 J& ( Pseudomonas spp. ) .
A SE /R TE 1 & ( Burkholderia spp. ) |57 5. b
( Stenotrophomonas spp. ) . <, B8 M B J& ( Aeromonas
spp- )\ %= A1 1 & (Legionella spp. ) H 53 A FT 1 )
(Mycobacterium spp. ) %Ay " . Horp, RASE5%
WA IR T A BOR T, A g R BTN
YR L IR Wy nT B 24 S SRR P T
SR NZ P o, S B2 R R B R Y Y
et R R N R R EE R,
G I NTHE 92 400 ) R B 2 SR B 8 5 1) 2 A R
PN

il 245 A 7 ak i e AR W A ) M A O A R LR

RWEHR L

Ji R SRR AR B 35 3k ( Soybean — Casein Digest Agar,
SCDA) =% ¥b [ %5 45 ¥ 311§ ( Sabouraud ’ s Dextrose
Agar,SDA ) 255 B IR E IR B0 T A B 7R 8 Hh IR Gl
AT R M L TR 2 B ER T
FEEIG YR AE BRI BE SRS R MR
A A REAL FIH BUAST] B F2 4K 7S ( Viable but non — cul-
turable, VBNC) , HAE K G218 , 76 15 IR B IR 35 57 1 To ik
TGHUE N B B SR B IR AR A R o AL U E P
VAR MELAAER 25Tl I T e b A5
AR RIS B v o IR, (R SR 2GR B
DA (s ) 8 8 SRR SR T e T RE AN IE T T 3R B 7
AR PR A e

BEE AR, LU R ST 7 i 55 S AR 1
MEYR R E AP A T WA (RS RS F
H s = (EZE ) RRTBT B . .04 T2
o ARAE D R Al 7 i AR S I, TR
P N PEAE G A I TS G o 24 i A P i v
WAV R R B - L2k, 2F
WFIE S, 78 i PRAE AS F0 TG T 24 ) 26 7 2 ] vp K 6
SESENT SEE BRI T 2 i R s
g RL A ORI 245 K S5 o 22 e IR B SEE
FEUAA AR AT 7T RE A AR K 24 it 15 G SR ) ) i
HWRZ— WRFEEFMAEY AR T %2 E
TEJEBE . H DL SEE IR IR T2 Ry A BE 3R AN
1/10 s H AR BE () SCDA S5 B R 4L Sy
BT BIK R G E AT G AW A 50, 55
A= WAt 38 (] o = 0 24 i 2 5 B T R, A H5 5%



JPA, zwmswmz=s

Chin J Pharm Anal 2024, 44 (11)

- 1901 -

Ao 2 PR K B 0 U A 1 e R 0

ABIFSE i A 07 e ) B SR I s R O
ST 24 4 Ml B 24 it A 56 S 36 3 SR B 5 (il 25 1
K TS SRS R TS ) | DA G0 A ) 67 38
BORT BEI AL B SR MR R, ARG 24
YOEROR S b ELSE R 245 BRBE s A W R R S TR
I3, AT 258 M TR B XU AR M Rl 2 Y
TN, A Al 7 B Ry A T Y PSR A O el 52,
JEARMP AN T 452 Bl A P ) USSP PA 3K
1 HHR R SIRF
L1 SEEbtk

SIS PR A R, A R TSA 8532 561 %1 b 5t
FEARBOARA IR TTAE A7), # ) R UL Bl 4. £
BEERAEF-MLALAS 2 55 mm, HR - MLAEA% 4 90 mm,
B A K FEASK B 1 TR i 25 s 361 5 B
WA S = B R A K . SREREACK B B N R R
Yyl 24 2% w) i AR 7 4 TR]
L2 SuGiEs

16 i ] 32 242 0 Biotyper 25 [ fif B O fi%
W H B R AT IR 5T 3% (MALDI — TOF MS, i & 58 24
7)) ; Veritii PCR 4 #4{% ( 2k €A 5] ) ; QuantityOne
SHNEEIE AR (AR A W) o Bds e itk i
OriginPro 2018,
L3 St

AR SERIZH DNA SRR SR W B bt RARAE

M9 (materials )

B A T, AR Y 1E S Y iG] 27F
5’ — AGA GTTTGATCCTGGCTCAG - 3, F 7 8| ¥
1492R: 5° - ACGGCTACCTTGTTACGACTT - 3,
DNA 5116 5507 ik 55 th 2B TA 9 TR Bilg) ik
A BRA R,
2 LEAHE
2.1 24 G I S 6 5 Al K ZR G R A W

DA 2 o R T IS o 08 1 4 ) ) 2 & A
TS 56 22 Y 10 AN 38 Al K (6 o A8 A
alifl K R FE A>T 100 mL, B 4 ) 4l bk 45
1 mLELE 3 Rl TSA B 323 b0 F 20 ~ 25 C I
30 ~35 CA5 K% 2 A F L5 55 B 4 oy 4l Ak K %
I mLEEMF R A FHEI G, F20 ~25 CH
30 ~35 CHEFR 2 AL [R) 3 DA IS 3k i 72 R AR
ELHE AL Al 2 Bh s SR A W R (DR AL
%£=0.45 um, H£ 2K 50 mm) i 38 4l fb K &k
10 mL, Ff 8 2 MR R IR 10 3 Lk B 3= Y 78 85
IR 3.5 K0T d IS R S B0 RS R 4 it
BRI A AF T B B 5 BOF 96 (CFU - mL™Y) o 43
BT 2 B85 3% HEAEAS [A] 35 55 5[] 35 3308 2 A4y
X alifl K e SRR OB AR
2.2 2l B B A B

Xt 247 M0 7 v S I SR R A 2020 AF RS AR N R
S 24 ) 58 ) 9205 FESR AT, AR 7 I v G IR
FEAR SRR 1,

N (staff) -———— HH -
‘ (Cexit) 239 {5¥)7£1E (waste path)
£ N ¥ 237 Z21[H]
N N 4
226 {E%IEU ( 12135 ,EE@:EU%IE] ) : (buffer room )
(prepatatory cell preparation room | M
— roomp) 1
20=% : EMEERE I
( changlr;g room ) ! ( biological safety cabinet)/:
1 | 221 BYEHE (classBaisle) |
i i s i I e o L ool
i 223 ZE Al 225 ZvhiE]
2
219 % MJIEI] * bufies soom) (buffer room)—~ (buffer room)
T .
. . 222 R ANE 224 FEMHNE
2
210 C’ﬁﬁlr Celass C aisle ) ( sample clean-up) (consumables clean-up)

207 ey IA]
(buffer room)—
206+
(changing room)
1
1

ARAH

(entrance for staff)

Bl &FESEEMENRERRTEE

IR L

(entrance for materials )

Fig. 1 Schematic diagram of microbial sampling points in production cleanrooms
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Tab.1 Summary of microbiological sampling points in production cleanrooms

) ” T TSA JEFEHRAFE SRR Ry A FEFREERAE SR
pith] it (cleanl- (number of sampling points using TSA media) (number of sampling points using R, A media)
(room) (function) iness)
TS Ag st SF AB ST SF
206 —HI(1* changing room) D 2 2 - 1 - -
207 i) (buffer room) C 2 2 [JHEF(door handle) ;2 1 1 P (inside door handle) ;1
210 CZEiE (class C aisle) C 2 2 L (wall) 2 1 1 YT (wall) <1
219 i) (buffer room) C _b - [J4EF(door handle) ;2 - - PIUEFETF(inside door handle) :1
220 —Hi(2 ™ changing room) B - - ["[{l2F(door handle) ;2 - - PIHETF(inside door handle) ;1
S35 (wall) :2 $i57T (wall ) -1
£1f (desktop) ;1
226 #E£(E](preparatory room) B - - [J4EF(door handle) ;1 - - VKF (refrigerator) :1
3167 (wall ) -2 A1 ( desktop) :1
VKA (refrigerator) ;1
AT (desktop) :1
21 B Z5EiE (class B aisle) B - 1 " J4EF-(door handle) ;2 - 1 PIIFET-(inside door handle) ;1
AT (wall) 2 $ik7T (wall ) 1
23 ZZph(buffer room) B - - ["HF(door handle) ;2 - - -
JHTH (wall) ;2
225 Zgpfi( buffer room) B - - [J4ETF(door handle) ;2 - - -
ljﬁlzﬁ( wall) :2
235 44 TE] (cell preparation room) B - 1 " JHEF-(door handle) ;2 - 1 PIIFHET (inside door handle) ;2
HE1E (wall) 2 BETH (wall ) :2
A1 (desktop) :1 A1 (desktop) :1
P £57%1Hi (equipment surface) :7 V£ (equipment surface) :2
235 AWy (biological safety cabinet) A 2 2 B (equipment surface) 4 2 2 A (equipment surface) 2
237 2] (buffer room) B - - [J4EF(door handle) ;2 - - -
BETE] (wall ) ;2
239 {543ETE (waste path) C 1 - B (wall) 2 1 - B¥fi(wall) .1
KRR B (sampler) - - FE(doves) 2 - - FE(gdoves) 2
Jedt(total) 9 100 52 6 6 21

7 (note) a. AB; PA{i# A (airborne microbes ) ;ST : L% B (settling microbes) ;SF; i # ( surface microbes) ;b. A% B Wil 25 ( no monitoring points set )
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GenBank (5 FE ( www. ncbi. nlm. nih. gov) BJIZ R {E
SN EERT B TR S E AR

3 ABEER

3.1 difoK RS

L1 ZAifKRERHAEITTEC RASRHARTS
2203 TR GE T 245 R S 5 = 10 A alifk K A
AT AR SO TR R (32 2) o e 3 &
WSROHHEOT 2 B IR A SRS IR I ] ) 3 5

M 7K RS A BB TBEE R (P <0.01) . BHEA
S SR B VR TR R RO s (R R
W IE ) IR (R, A B FREEAN TSA B 57
Ho) KEFREHEI (3.5 17 d) FIRESRIREE (20 ~25 C il
30 ~35 °C) #4740 28I, SR A Origin 3D 2R 1A T
REZ IR (&1 2) , ) o T O 0 T i Ak K B8 7R
AR R OG5 A, RIR A R, A B SR 5 E B M T
PAbFE 30 ~35 CHFEALT T d,

K2 AUKRGEERBEVENBRENERRAESNT

Tab.2 One —way ANOVA results of oligotrophic microbial monitoring data in purified water systems

ES [E]i)Es SF-J5 ¥ - »
(factor) (degree of freedom)  (sum of squares)  (mean variance)
8077 ( counting method ) 1 4 983.325 4 983.325 95.192  0.000
B R 52 (media) 1 13 450. 756 13 450. 756 256.937  0.000
i A] (time ) 2 5 383.559 2 691. 780 51.419  0.000
RO x 55373 A2 (counting method x media) 1 6 463. 211 6 463. 211 123.461  0.000
T x K537 [A] ( counting method x time ) 2 3245.377 1 622. 689 30.997  0.000
B R BERh 2 x B 3205 8] (media x time) 2 4 592. 607 2 296. 304 43.864  0.000
HHOTH: x B JR IR x 5555 ( counting method x media x time ) 2 3274.251 1637.125 31.273  0.000
1574 ( modelling ) 11 32 915.269 2 992.297 57.159  0.000
%2 (error) 348 18 217.909 52.350 0.000  0.000
16 TE B 44K ( statistical modification) 359 51 133.178 0. 000 0.000 0.000

3.1.2 AR RGENBEDSEE 18 10 DaifbkcR
FEm, AR, A I TSA BEFREEIL AT B IF 45 ) 68
BRI . Forh R A SR IL 0 B AR B T Rh RO
Lo 42. 6% (29/68 ) , TSA 1 37 5573 8515 51 B o A
di bR 57. 4% (39/68) o FZ MR 73 8 B B SR 4k 73
FRUSTESE AL G 3, A [R) 55 50 5 s I 21 A Sl A )
FREAEORZE S AWM TE TSA 71 R, A K74k
ALY E T 7 A Yy, Hop Ralstonia pickettii &
HE XS KR 577 it T RE R ARG T YA AT B2 B
Yyo 7E Ry A Bigrdkrp o g i 3 FfE TSA Bk BoA
D03 BB G K W BRIk , B Bacillus altitu-
dinis Brevibacillus agri F1 Brevibacillus choshinensis, X
3 FPICE YRR A 24, REHRBTAR 7 i il TH B S A
FIZAE, 28R 1 TSA Btk rbo 43 A Re i1 i
PR, C0A5 4 BRI R AR . TSA Ry Al il
AR AL AR B TE 2 0 U TS G E P, Ry A $5 57
SAE N WIS B SRR R I B FR 3L, v R B R Ak
KB P, 7K R G fe b, o) f 4
SEBR G DU 5 U P 58 8 AR A B IR I IR A, DA 42

T AR R R G5 YU IR AR, e A
BERPE I TH A% SR

3.2 2B E IR A MR

3.2.1 ISR E SR E MR W 254
FeT8) 13 ARAE ALY 104 AW EE AT e 0T o
HEBRIF)—RAE L 2 BhE IR AL B A AR F AR
TEM MBS T 40 P, R A BiFREM4S
D9V MUHEAEL, TSA BRI 2 A F A Y
A, SR Ry A FI TSA 1535 5000 4l i v 3 45 1
PR AR AL 2020 AFRRC AR N RS AT 24 4 )
FRIE I 9205 XV ERE RO E SR o LAXUREAS T A5 4675
L30T, Ry A B TSA B FR BT RS R BARTE e T |
TRFNZES (P >0.05) fH R, A BiR B TH AR P
FIH(9.6 CFU - ML™") KT TSA B5Fr REATH54s
(3.8 CFU - L") o R, A BrFRRkid & 1AM 45 Hmk
T TSA BiSrEE TR

3.2.2 ISR ESRMEMIR S E (a2 R8T
FRAE R P B 105 R SRy, Hod, A
Ry A B SR 5 AL o B AR ) 49 BR (W 1L 46.7% ),
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T % % (number of colonies)
J(CFU-mL")
J(CFU.mL")

ST M
(pour plate)

R e .
wly (membrane f}ﬁ: _\(\oo
ng Site ) filtration) K‘X@o\)‘\\\iﬁ)&

&
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J(CFU.mL")
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30-35
C
; ) I Nl
(s Saln;}\;&,(.{f «{,)\(i\“\e) ’v”‘é% @"50\(
ing ¢ (RN \\eﬂ‘\

AL DI E AL S eV 2025 & (direct inoculation and membrane filtration as categorizing factors) — B. DL Ry A 5555550 TSA K5 ga 54025 1R
Z (R, A medium and TSA medium as categorizing factors) — C. LAREFRIFAI500 3.5 17 d K432 2K (incubation times of 3, 5 and 7 d as categorizing
factors)  D. DLEEFRIEE 730510 20 ~25 CF11 30 ~35 °C 4325 R & (incubation temperatures of 20 =25 °C and 30 —35 °C as categorizing factors )

B2 AEZMERTHLKRGEEDATITHER

Fig.2 Bioburden results for purified water systems under different influencing factors
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Tab.3 Summary of microorganisms isolated by TSA and R,A media

WIS 5 F73 (medium for primary isolation) ik (species ) H5#%: ( character)
FIUALIT BT TSA Higrdk(separated from the TSA K2R (Agromyces mediolanus) B (fungi)
medium) R ZHATE ( Bacillus meqaterium) 7= 2f4f (spore producing)
B ( Bacillus muralis) 7370 (spore producing)
4555 SEFUFT T ( Brevibacillus brevis) 7= 2f4f (spore producing)
RS/ N ( Curtobacterium luteum) S350 i (opportunistic pathogen )
W A IR ( Paenibacillus elgii) /
TRAT RS IR 1 ( Paenibacillus glycanilyticus) /
LLI2EA2GER TR ( Staphylococeus caprae) £ 0514 (opportunistic pathogen )
IG5k ZEAS Er BT ( Stenotrophomonas maliophilia ) S14S5057H (opportunistic pathogen)
WAL BT Ry A H575E (separated from the T MR ( Bacillus altitudinis) PR (spore producing)
R, A medium) + T AT ( Brevibacillus agri) 77 2f4f (spore producing)
VT4 S HTR I Brevibacillus choshinensis) =344 (spore producing)
TE TSA I Ry A KRN R BBk (separated from the  BEREZERIFTE (Bacillus cereus) 7248 (spore producing)
TSA and R, A media) IR AT R ( Bacillus oceanisediminis ) FE4 (spore producing)
R AEAURT 1 Bacillus simplex) =34 (spore producing)
P - HIFT I ( Brevibacillus parabrevis ) F=2E4f (spore producing)
B AT 8 ( Brevibacillus reuszeri) 7= 2f4f (spore producing)
TR R 2R ( Paenibacillus humicus ) /
Bz BB IRt 1 ( Ralstonia pickettii ) £ (opportunistic pathogen )

RWEHR L
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x4 FIZGMEEN S TSA § RA FFENITHER
Tab.4 Colony counts of TSA and R,A media at pharmaceutical environmental monitoring sites

i) W5 H B34 colony count)/(CFU « MM.~") (CFU per dish)

(room) (monitoring item) R, A B335 (R, A medium) TSA }53:3E* (TSA medium)
206 UK ( settling microbe ) 28 2
207 PR1i7H4 ( airborne microbe) 17 5
207 T2 1 # ( surface microbe on door handles) 2 1
210 PLI T ( settling microbe) 6 )
210 VFUiE P (airborne microbe ) 8 3
219 - F2 T 4 ( surface microbe on door handles) <1* 1
220 $ T F2 T B ( surface microbe on walls) <1 0.5
220 - F T ( surface microbe on door handles) 2 <1
221 UL (settling microbe ) <1 0.5
221 VU (airborne microbe) 1 0.5
224 UL (settling microbe) 38 14.5
235 - T 1 ( surface microbe on door handles) 2 0.5
239 TF 7B ( settling microbe ) 1 Ls
239 $% 7 32 [ 14 ( surface microbe on walls) 38 <1
235 - F2 T B ( surface microbe on door handles) 1 <1

7 (note) : T EARHERR T 7 —RAE & 2 P 3 B3 N EH A4S (the data in the table exclude results with zero values on both media at the same
sampling point) ; *. TSA K535 WA 4 2 52 19 F- 21 ( the monitoring data from TSA medium were averages of 2 replicates) ;#. SF-IMLE; 35 5k rp

TCH % 4= K (no colony growth was observed on the media)

M TSA B Jr L7 B RUAE D) 56 Ak (5 1L 53.3% ) o
XF B3k 2 P SR B R A W) AT M (32 5) L 3%
L OOZE R IE, Ry A B SRR T 2 BV R
BIARN 37. 0% , P 2= FHAE TR 1Y 73 B % R 63.0% . T
TSA FEFRrbg 22 BIPE T 19 4 B9 A0 14. 0% , #:
EPHE R 5 B R s 86.0% , LLYJE” /rdE, M
R, ARSI L vh 03 B B O T 3 R 1S Micro-
coccus spp. Bacillus spp. F1 Stenotrophomonas spp. , 5
A5k 22. 5% 14.3% F114. 3% , M TSA 35373k
Ay B R B E BT 3 A s A ¥ A Staphylococcus
spp. Micrococcus spp. A1 Bacillus spp. , &5 k43 5 K
39.3% ,19.6% A1 8.9% ., H 1, Stenotrophomonas
spp. 75 TSA J 3R FE 73 B R i LA 1.8% o A%
B, 7E TSA 1532 3L Staphylococcus spp. B0 B3R 5
FeHEI 39. 3% , TZMA W 1E Ry A B IRk b i 73 25
BANH12.2%

Ry A I TSA S5 77 HEAE [ — PRI pout o A )
A BRAFAE W 22 57, 76 Ry A B3R 3 B — ik
PyRRE b L] AR T TSA By JRJ (I 3) o [, 3k
HEYITE Ry A B FREE R TR VS W /N T TSA R FR %, Rl
Ry A B35 v A W) 1) A A 3 B R X 00, 5 5 5

FIRM A AE KRR A R B IR R (7
d) R, A BiFe it b Wi W0 AE T 0 37 V& T, AN 5
HARME DS A R T AR RN R BRI B
TSA B FRFEIE A T W E W TS YA, &=
TR 2L P A Ry A B 57 5 B 5 5 W A 43 5 A
S 2 MU B, R B w5 T v R AR P SR SR AR
P e . SEFREE IR O W w] VR H L ER B
Jr IR T, B AT 1) 4 7 ER A T G KUK o
4 iFig

A= B R WA R ) 24 A e R v ) — T T
Vi, H RS2 0O AR 24 5 4 A i 8 300 b A 7S e
PRAFFE T4 32 K-, LA AL 76 FURN 7= & 5 e s v 11
R, X LA P S A L TS A IR TE A R
S, LM ARG e F AR, 45
il 2 T2 o A8 R b B N B AR AR i s, ARk
SRR 25 Tl B g | A SRS Y i) 2k
Ui PR, SR TSA K5 3% 56k 3 1) W 4 1 R nl A5 4%
WAL SE T2 i e W i A5 e o™~ 0 R,A
J& T SEEFRIEFRAE A B T WACEY, U H R
B2 PP BR TR 09 A R B, (045 H A 528 FR A )
AW . HAE RA B33 ERUEM R S
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Tab.5 Isolation rates of typical microorganisms in R,A and TSA media in pharmaceutical environment
K DGR S o) 4385 2 isolation rate) /%
(Fo.) (type of microbes) (Gram stain) Ry A HiF2 (R, A medium) TSA §5: 5 ( TSA medium)
1 TR TR J& ( Micrococcus spp. ) G+ 22.5 19.6
2 ZEFUAF I E ( Bacillus spp. ) G+ 14.3 8.9
3 FLFE PR ( Stenotrophomonas spp. ) G- 14.3 1.8
4 H I ER B & ( Staphylococeus spp. ) G+ 12.2 39.3
5 U INFF 1 8 HE 26 i ( Microbacterium spp. ) G+ 8.2 7.1
6 BT g S L Fh ( Moraxella spp. ) G- 6.1 -
7 R MITEJE ( Pseudomonas spp. ) G- 4.1 1.8
8 SRR P S (Salinarimonas spp. ) G- 4.1 0.0
9 S F & ( Brachybacterium spp. ) G+ 2.0 0.0
10 55T B R 585 ( Brevibacterium spp. ) G+ 2.0 0.0
11 & % S 48 ( Gordonia spp. ) G+ 2.0 L8
12 L B & ( Methylobacterium spp. ) G- 2.0 0.0
13 B BRE & ( Paracoccus spp. ) G- 20 0.0
14 W% BT 1 8 ( Sphingobacterium spp. ) G- 0.0 36
15 AT & (Acinetobacter spp. ) G- 0.0 L3
16 WETHAT 1 & (Alkalihalobacillus spp. ) G+ 0.0 36
17 i # [CBE & ( Brevundimonas spp. ) G- 0.0 8
18 Bz Bk BR 8 ( Dermacoccus spp. ) G+ 0.0 .8
19 J 5 FG T i ( Kocuria spp. ) G+ 0.0 g
20 548 [C % ( Naumannella spp. ) G+ 0.0 L8
21 12 0 JE HE L8R ( Pantoea spp. ) G- 0.0 L3

R TR W T ) A U0, 4% B 24 B 2 R
SETE 2 FH/K B W (P SR8 SR 3R 30 L 24
] TSB A R, B ¥k 74 55 37 5 70 7 55 78 77 AR W)
( Ralstonia pickettii . Paenibacillus lautus %) {4 15
UL, WIS R B R  SEE IR IR B IR 56 R, B h iU EY)
AR A K R AR T B SR B SR 2k TSB, B 9% 60 h
J& R,B 85 FRIE A Y AU BE 2 TSB 557 5511
30%~70%

WEE T 25 T2 R AN W k28, T FEAE 40 i 36 o7 7
At RIS PRVR YT 7 i S0 % AR R 25 L2 rh 2 T2 0
PRGBS R G A A A 7 L2, R B 1 N B
A B Bl T RATON S A 3k b
FIRREE AT 32 v, N URPE R A P 75 e e ) 2 =
TR T ARA PRI SEE SR A, T
AT RSB B ( Burkholderia cepacia complex) &
/Rt 18 @ & ( Ralstonia spp. ) . 5E %A 5 i )&
( Stenotrophomonas spp. ) . #5 & I 5. M1 &5 J& ( Sphin-
gomonas spp. ) K J5i V0 55 B ( Serratia marcescens) | fiili

RWEHR L

2% 505 1A 5 ( Klebsiella pneumonia) | FH 15 i ¥T & ( En-
terobacter cloacae) . ABNFTH & (Acinetobacter spp. ) %5
WA AT RESs O 25 i L2 Y s S, T
FEF AR A KRR R 55 S AL 5 5 )
PO E A R 22 5 I 5 I AR TR Y ZEE 7
A= P e B AT DA Bl T B P B e T T R
W, A T XU 1) Jo 7 PR AR

AWFFEEE IR 7V LB 32 1) T 7 110t R A
T UE . T RE R P O IR R A R i T AR AR
AN T T TS TR IR AN B WA RN R
WA . A KB TE Ry A By 3 F
WA, B Bacillus altitudinis , Brevibacillus agri Fl1 Bre-
vibacillus choshinensis , B 1 A] £F TSA 3Rt bl K
BHARKB NG ol S d FEsERUl. 5
IKRGEE AL RS, 2= S Y 4 i A
A RFEHLE . 2 ORGSO RAR SR
PEBOKBER I HE 22 o AR, 75 I VIR B W ) 45
R R, A T TSA 55 JE 1 I 1A R e St |
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20, 2% 2% 2%
0

8%

12% 14%

%2% 204 2%

227

20%

A Ry A B985 (Ry A medium)  B. TSA J5373£( TSA medium)
3 HIZHEREET R,A 0 TSA ExERMEMHS B R

15%

39%

= PEkER

Micrococcus spp.

= FHFERE Bacillus spp.

= HEFPMERE  Stenotrophomonas spp.
o HIERRE R Staphylococcus spp.

= HER Microbacterium spp.

= ENKER Moraxella spp.

= (REPHEE Pseudomonas spp.

= HRE Salinarimonas spp.

= FAEE Brachybacterium spp.
= EHEE Brevibacterium spp.

= RERHER Gordonia spp.

u AR Methylobacterium spp.
= RIEREE Paracoccus spp.

" AR R Sphingobacterium spp.
= AHFEE Acinetobacter spp.

= R ERE R Staphylococcus spp.

= PUERER Micrococcus spp.

= SRR Bacillus spp.

o AT R R Microbacterium spp.

= WEHEFHFEE  Alkalihalobacillus spp.

= HEEIATEIE  Sphingobacterium spp.

= FIHEHEE  Brevundimonas spp.

= RAEERER Dermacoccus spp.

= RERREE Gordonia spp.

= ETHR Kocuria spp.

= SRR Moraxella spp.

= HQRPEE  Naumannella spp.

= ZHRE Pantoea spp.

= R E Pseudomonas spp.

o HEFRMWEE  Stenotrophomonas spp.
AR Acinetobacter spp.

Fig. 3 Isolation rates of microorganisms in R,A and TSA media in pharmaceutical environment

AEE, TRE S IR AR A K H
R, A BEIRIE ] 5 O 2 6 I A it . 53— 7
17, TSA 5 IR I AR I [R] 5006 (2 ~ 3 d) A FTFXF
Al X I ) BAS A Pl A oMb A e A5 M A O R I
A AP R DAL 58 B 5 s P R O SRl B LSRR SR
MBS T S D0 S S Jo e XL A i
WU BP0 S5 T 2 0 Do 4 ol B R AR R, 2 T Bl A= 9
T G im0 XURS: , A 800 BEAE 7 i B R P AE AN
RS CEY A B TR ST R A IR S
P 75 2, T BRI AE R

ABFFELLEL T Ry A R TSA B IR FEAE ] 25 24k
JK ZRGERIHE UL v B AR ) G AN I A BB 2R R
HNEELER, WY T 800 5235 1) 5 IR R B iR
Pyt R AR A 3, Sy ) A 0 7 e s ) oA e 4R 1

WWW. YWfrz2.cn

AR B B S B X PRI ol A W 2 R Y
EIAE ST, SEE ] 25 PR BV 0 R IR R,
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