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FRI9EE ORFHAFEMBNERARER

VVRIE & #- 8 VVREEER
RmiEH| AR 1682 178 185% 195% B3| 51| 168 178% 18%% 195%
E:] 223 270 119 76 B ] 1.370% | 1.155% | 2.039% | 3.196%
200mL | & 304 353 354 283 200mL | % | 1.714% | 1.456% | 1.872% | 1.725%
Bi| 527 623 473 359 S| 1.549% | 1.308% | 1.912% | 1911%
] - - 1,347 1,333 : 8 - - 2673% | 2.347%
400mL | #& - - 702 703 400mL | %&£ - - 3.460% | 2.985%
B - - 2,049 2,036 B4 - - 2.899% { 2.534%
] - - 32 30 32 - - 1.454% | 1.008%
PPP % - - 224 297 PPP % - ~ 3.484% | 2.891%
B4 - - 256 327 B4 - - 2.966% | 2.468%
] - - 39 74 E:] - - 0.989% | 1.043%
PC+PPP| % - - 156 244 PC+PPP | #* - - 4544% | 3.853%
Bir - - 195 318 B - - 2.644% | 2.368%
VVRESEREH S VVREBEFRAEE
TRMIBFE| A | 168 175 185% 1958 RMIELH| 4R 168 178% 185% 195%
[] 6 5 3 1 15 % | 0037% | 0021% | 0.051% | 0.042%
200mL | % 10 14 8 3 35¢ 200mL | % | 0.056% [ 0.058% | 0.042% | 0.018%
Bi| 16 19 11 4 50 B| 0.047% | 0040% | 0.044% | 0021%
ES] - - 51 41 92 L - - 0.101% | 0.072%
400mL | & - - 32 31 63| 400mL | % -~ - 0.158% | 0.132%
| Bx - - 83 72 ## B - - 0.117% | 0.090%
] - - 0 0 0 B8 - - 0.000% | 0.000%
PPP © - - 7 9 16| PPP % - - 0.109% | 0.088%
B« - - 7 9 16 Bi - - 0.081% | 0.068%
2] - - 0 1 1 L] - - 0.000% | 0.014%
PC+PPP| & ~ - 5 13 18| PC+PPP | #* - - 0.146% | 0.205%
B - - 5 14 19 B4 - ~ 0.068% | 0.104%
VVREZRIREH# VVREGH 4 3=
FRmMIES| ] 168 175% 185% 198% PRMmiESE | 168 178% 185% 191%
E3] 6 4 0 0 ' B | 0037% | 0017% | 0.000% | 0.000%
200mL | & 2 6 6 6 200mL | % | 0.011% | 0.025% | 0.032% | 0.037%
B4 8 10 6 6 B | 0024% | 0021% | 0.024% | 0.032%
5 - - 21 24 L] - - 0.042% | 0.042%
400mL | % - - 20 18 400mL | % - - 0.099% | 0.076%
Bx - - 41 42 B - ~ 0.058% | 0.052%
5 - - 0 0 = - - 0.000% | 0.000%
PPP % - - 2 1 PPP % - - 0.031% | 0.010%
B4 ~ - 2 1 B4 - - 0.023% | 0.008%
E] - - 1 1 ] - - 0.025% | 0.014%
PC+PPP | %« - - 3 2 PC+PPP | % - - 0.087% | 0.032%
Bx - - 4 3 B - - 0.054% | 0.022%
HETHmBEEHH BTHmSEEsRE
RmBE| | 165 178% 188% 195% PRmEE| M| 168k 178% 18%% 195%
(] 7 10 5 1 5 | 0043% | 0.043% | 0.086% | 0.042%
200mL | % 46 54 32 32 200mL | % | 0.259% | 0.223% | 0.169% | 0.195%
B4&| 53 64 37 33 B2r| 0.156% | 0.134% | 0.150% | 0.176%
L - - 33 49 = - - 0.065% | 0.086%
400mL | % - - 32 47 400mL | % - - 0.158% | 0.200%
B4 - - 65 96 B - - 0092% | 0.119%
E] - - 12 17 ] -~ - 0.545% | 0571%
pPPP E:S - - 82 115 PPP £ - - 1.275% | 1.119%
Bk - - 94 132 B - - 1.089% | 0.996%
58 - - 24 50 L2 - - 0.609% | 0.705%
PC+PPP | % - - 39 84 PC+PPP| %« - - 1.136% | 1.326%
Bx - - 63 134 5x - - 0.854% | 0.998%
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FNRRESR . BRERLEE .
BmfESE AN 168 172 185% 195% BRG] 1] 168 175% 1852 19
] 3 5 2 1 B | 0018% | 0021% | 0034% | 0.042%
200mL |. & | 4 8 9 7 200mL | % | 0.023% | 0033% | 0.048% | 0.043%
Bir 7 13 11 8 B4 | 0021% | 0027% | 0.044% | 0.043%
2] - - 10 7 ] - - 0.020% | 0.012%
4a00mL | % ~ - 6 5 400mL | %= - - 0.030% | 0.021%
B%& - - 16 12 EES - - 0.023% | 0.015%
B - - 2 0 E:] - - 0.091% | 0.000%
PPP s - - 2 9 PPP % - - 0.031% | 0.088%
-B4r - - 4 9 B - - 0.046% | 0.068%
5 - B 0 5 C:] - - 0.000% | 0.070%
PC+PPP| %t - - 5 6 PC+PPP|{ # - - 0.146% | 0.095%
B - - 5 11 B - - 0.068% | 0.082%
SEREI9EEE - ik MA
RmEE MR 168 175% 185% 198%
B 116277 | 23376 | 5836 2,378
200mL | # | 17,736 | 24,248 | 18,908 | 16,404
B | 34013 | 47624 | 24744 | 18.782
E: - - 50,386 | 56,791
400mL | % - - 20,288 | 23548
B% - - 70,674 | 80,339
L] - - 2,201 2,976
PPP S - - 6,430 | 10,273
B% - - 8,631 13,249
E:] - ~ 3,943 7.094
PC+PPP| % - - 3,433 6,333.
8% - - 7376 | 13427
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2) BITD400mIEMEMDEEFFH-F &
DXEFICKYFRABLUBHEBEORENZLNSIL
4) £HBER504 (ALEE. BHR. KR, BHR . KIRHF. BLR., EEAR)
<#HREHER > f
DRI RIE OB ERDERLITM & AR LA BEEROEE(For— AZ)
2) I BRIRER AT D B M E DR EIEE

BRInAT, #1350 ARICMERE$, miF&, TIBC, 7z FUEICOVNTRE
<avkOo—LE> |
1) BT M B FE TI00mIZ MR MF FTHE->TLNH185% - 19 D kM &
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1. FEE%R1400m 3RO 2L

UBBHORHE) 18- 198BS rO—LE)

dtiEEt 72— 45 46
BiRt 2— 43 57
HERE L 2— 65 58
Tt A— 43 45
KR+t 54— 53 57
it 32— 21 45
EBEt 32— 52 55

1 322 | 363




2] .#hEo%sE

xR 178 (RE#)  18-19Z (O ba—LE) HEE

e 322 363

S (#%) 17.6 £+ 0.3 19.0 = 0.5

B& (cm) 171.1 + 5.4 171.7 = 5.6 NS

hE (kg) 64.8 =+ 10.2 64.6 + 8.7 NS
(50 - 112) (51-98)

EERMmMEE  (ml) 4526 + 549 4529 + 467 NS

(3672 — 7074) (3620 — 6276)
5% 1fn & (ml) 398.7 + 19.2 399.2 +13.9 NS
RinE/ERNEE (%) 8.9 = 1.0 8.9 0.9 NS

HEZ 5 Student t-test (p<0.05)



O.M%EXREMRERG (VR ) LK

(A) 17688 18-19%%
NS

400 —
M .vwrsY
:VVR%L

1.55%

350 —

300 —

250 —/

200 —

/

CEREHIRETHLLAMMENRFICTIREUAIZEE
“*HEZEIRE:2x2 Chisquare test and Fisher's test (p<0.05)



MARm#%OERICET 7 r— B R

(FRm#BLGARLURICEDH SN IFERK)

| 0 2;8M B ETRFEL-H
(%) — 5
120 —| 11.0% 1788 1.9%

B 18-19EF 14%

NS.

8178 (n=317)

B:18-198% (n=349)




V.8 M #F D TRl Bk D EEKR (1)

(x10% pL)

980 —
940 —
300
460

420

7 I BR 4K

P<0.01

]

503.5

514.2

P<0.05

504.8

508.4

(g/dL) Hb &

17— P<0.05 —

14 —

13 —

e

(f
95.0—;

90.0—

85.0—

P<L

[ 0011

89.3

88.6

~®‘ (bﬂ?’%‘ ~§\ ﬁ?s&
3 A f&a’g’r il AR 5 R 2.50/8L
[ZET=7ah-o =4

176%: 141(0.3%): M ETHbIE(12.6g/dL)
18-19%% : 1151 (0.3%): FEMATHbIE(12.9g/dL)

1178 (n=308)

M :18-195% (n=318)

*HEZRE:Student t-test (p<0.05)
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V.1 % O R M0 Bk ) B KR (2)

— S — . — . ——— s r—— o~y

- (mg/dL) Iin & & (1 g/dL) TIBC
120 — | 450 —
S P<0.01 P<o0.01
110 — 400 — — —
100 — 350 —
90 — 300 —
80 — 250
N N
0 0 —
 (ng/ml) | 7zUFUME \ am ?:& / @DE_«&%H
~ — | kD&% B 3400
80 — iR ER %Emﬁ& ﬁ‘m”’
| 4 PHiEgELLT. L
60 — FE#-UIBCLLHIC
| | RMESHD,
40 —|
178 (n=308)
20 —
M:18-19%% (n=318)
0 —

HEZRE Student t-test (HE%<0.05)



VI. 7x) FAEN12ng/miEk i D 5%

12ng/mik

12ng/mikl t

18+ 1958

175%

(A)

NS

NS

01

P<0

y

A

01

P<0

4%

9

.8%

3

4%

11

2%

4

350

300 —
250 —

IH.._.|

test and Fisher's test (p<0.05)

2x2 Chi square

HEERRE
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17 BHED400mlemFRm (F&8)

1. 17@®BETOVVROFE(L1.6%THY, AV rA— LB EEEZRDEI T,

2. M¥FR(GROERE, Hefl, HbES) O{EIXHELS 3H AR ENFTEIZESE
L7=A'. HhiEA BRI E#E (12.5g/d]) ETHRIE LG =D (& mREEEE 1451 (0.3%)
THhotzo DI DIEMATHIEIX12. 6, 12.9 g/dl. TV FEIX4.0, 6.3ng/m]l T
Hol=, | |

3. HMFTOTTYFUER17EREIFO—LEBICHLTERIZEM 1=,
3N ABROEERIFTTRETIIAVIA—LBEIVEOHTHoI=,

4. BRZREEEZONDTIVF U E120g/mIKRBEOLLEIL, MBEICE XA, T,

@)

178 B%I2H175400mle MM IE. I FO—LED 18198 LB L TVVROD
BAERITEANLC EHEEORERRIE 1T TOOBETH 1A & (1158 LI
FERZEROLEY . HhOEHEICIIHEE AL METTYF B EmEET
ROEVMER FEOT-A. LY EONTHE NS, BREIHTTEELER S,



SRMBIE AR (M- 1R SRR TR 104 )

BEORER (S BER
6.00%
5.00%
4.00% —
\\ ansien200mL
3.00% g —&=~400mt
PPP
2.00% S
e PCAPPP
1.00%
0.00% : , . . . , — T
1619 20-24 25-20 30-34 13539 4044 4549 50-54 S$5-50 60-64 6569
£
FRmBEER (£4) R4 R[BiE)
6.00%
5.00%
4.00%
—~=200mL
3.00% ~8~400mL
PPP
00%
200 i PCHPPP
1.00%
0.00% .
1619 20-24 2529 30-34 3539 4044 4549 5054 5559 60-64 6569
3
BB (26) =)
6.00%

: \\\ —200mL

\ (/A" --400mtL
e gomr PPP
T ] Q P C+PPP

SN, .- ~—g
Tt ey
0.00% T T 7 T 7 T T 1 < ;

16-19 20-24 25-29 30-34 35-39 4044 45-49 50-54 5559 60-64 65-69
i

IR

o

o,
s
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RBIERARERERM -5 - BOESER  TREHE)

1.00% \ B —

0.50% \ . N;%L{\;t“—s—‘—a-—-—ﬂ—w

VVRFELHE
450%
4.00%
3.50%
3.00%
2.50% 3o 200mL
2.00% - &--400mL
PPP
1.50% -
awiogom PCHPPP
1.00%
0.50%
0.00% : .
16-19 20-24 25-29 30-34 35-39 40-44 4549 5054 55-59 60-64 65-69
M5AN
VVREEEE[BH]
450%
4.00%
3.50%
3.00%. f\
2.50% \ —gm 20010L
2.00% AN - 400mL
\ PPP
1.50%
i PCAPPP
1.00% -
0.50%
0.00% . . : . , : : = S
16-19 20-24 2529 3034 13539 40-44 549 50-54 5550 60-64 65-69
R
VVRSE 4= [ Zrit])
450%
4.00% +—A
3.50% \
3.00% '\\\
2.50% k e goen 200mL
. .
2.00% // ~&-400mL
~ . PPP
-~ PC+PPP

T St oY SO
0.00% et
© 1619 2024 25-29 3034 3539 4044 4549 5054 5559 6064 65-69
£B
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BROEIERFREER (FEH5- 155 - RmBE : FR194EE)

VVREGIFEE

0.100%

0.090% -

0.080%

0.070%

o

0.060% -
g 200mL

0.050% B\

0.040%

~F~400mL
PPP
i PCHPPP

0.030%

0.020%

]
&,&_ I
it Comene el St

16-19  20-24 25-29 30-34 35-39 40-44 45-49 50-54 5559 60-64 65-69
bl

VWRERHSEEE( B ]

0.010% +———

0.000%

0.100% -

0.090%

0.080% +

0.070%

0.060%
~#==200mL
0.050% - ~#~400mL

0.040% W—Li ppp
0.030% - A emiom PC+PPP
0.020% +—

0.010% \W

0.000% +— e
1619 2024 25-29 3034 3539 40-844 45-49 50-54 5559 6064 65-69
6

VVRERSHR £ R [x1E]

0.100% -
’___i

0.090%

0.080% { .\
AN

0.070%

0.060%
= 200mL

0.050% = N‘T’N\ A i 400mL

0.040% - - ppp
eoriem PCHPPP

0.030%

0.020%

0.010%

0.000%

16-19  20-24 25-29 30-34 3539 40-44 4549 50-54 S5-59 60-64 6569
%
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MR DR

pof -4k : WhiERME4EMT24@ L L REBLE-RME
HBET—4 : EHHEHI L2 DT -2 (24BLL L TLRDD24E5)

EHRBOEZEO24A R DT -4/ HEMEBEERL, HE (RO, ‘

R &3 0/MEROE L (2B MF)

y=ax+b
30 A,
g _ & A
] - ~ Paninch bﬁ\‘w . ,»»_\7/\5/ \"‘W \P”‘(_._‘i\{:
i

o

“,
%,
AC
A
% |
%,
.

PP LL2LLLLL VY SRR
K 2R A o AR RS M
BOW |
HAZa MBI~k ZE L
= (a)
PT(H) | 16-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54
n 2737 83| 324 479| 538] 467 410 321] ti0
&% | ¥ | 0010} 0042 0007 | 0.021'] 0.008] 0.016|-0.009 | 0.001 ) 0016
SD | 0102 0.121 | 0.101 | 0.099| 0.106 | 0.102 | 0.096 | 0.105 | 0.085
n | 2403 73{ 270 414] 473] 425| 364] 289 95
8 | w19 | 0007 | 0047 | 0006 | 0018 | 0002 | 0.014]-0009| 0001 0014
Sp | 0101 ] 0117 0.104 | 0.096| 0.102 | 0.101 | 0.093 | 0.106 | 0.083
" 334 15 54 65 65 42| 4 32 15
& | Wy | 0027] 0014.| 0012 0042 | 0053 | 0.041 |-0.010 0.005| 0026
sb | 0111 | 0140 0083 | 0110, 0924 0905 0.116 | 0.100] 0.100
S | 16-19 ) 20-24 | 25-29 | 30-34 | 35-30 | 40-44 | 45-49 | 50-54
B | 0047 0006 | 0018] 0002 0014 |-0008 | 0.001 | 0014
% | 0014 0012 | 0042 0053 | 0041 |-0.010 | 0005 | 0026
0.060
0050 /\\
0.040 \\ - K
0,030 . 4
\ / \ a
\ J 35
0020 op

0010 -\j\/ /\ Prets

0.000

\ 7
v N N\ 27

1819 20-24 25-29° 30-34 35-39 45-49
-0.010

-0.020
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Hbfi#
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(g/dL)

16.5

—4—No.1
-~ No.11
~4c— No.10
—>=No.9

.\\ | \. 2 %~ No.8

R 1
o, ﬂ ~—No.7
14 A S -~

\ N -~ e NO.6
S ~—No.5

N—\ ,NVM‘F«

13.5 ‘ No.4

: @~ No.3

12 T T T T T T T T T ( E )
0 50 100 150 200 250 300 350 400 450 5

PEEDNSD B

12,5




HbE(@2EIB-1EB)

Hb{E(2[E B-1[E B )@ 8 g

12000 -
H a4%
&
<6000 - ’ l . E A oms
BRI
Oigm
0 lllllllllfllllli'lII'llJI JJJIIIIII!IIIIIIIIIIIIII
Hbf (30 H-2E B) Hbfili (3[E] B -2 (5] B )& &
12000 - '
e -, 38%
= w B || 1, 51%
z 6000 - oFp
: l I I mi L
O
0 e N .l.'.l l.‘.l.l.l. .I. 'l lllllllll I.I'I'III lllllll
-2 1%
]
HbfE(3E B -1E1R) HbfiE (3[5] B -1[E] B ) Bl &
12000 - I
L, 40%
5 ]
Z 6000 P
nllilll b |
)b ,.,,.,.,.huJ ,,,,,,,,, | Iu ,,,,,,,
-2 1wl
© 10%
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I funEREOHOKMERRECHT PR

i EWrAORERRIC>vwTir, F4—an%
FHICOWT, O, F B( v —RHICEE
STWBEHE o THZL, &R BRERHATA
F(F4—b) ERALT LEMOFHERTC DN
TEEERO, £/, H§BEL T 200mBEMEFC
DV THEBROREL T -7

RO ROBELEAOS, &, 18HEOBEAR
RERLOBEREB LM AD L, BHEE TR
BEIVOETCOTREY, 2 e CRIIFTRE
VEO 1EMORERDAPEECER CH -7

00mI BMEIC 2 5N BIfER %, 200ml £RifL
(EEBBBROE )Eorh L8+ &, HEM
KREEEIBEDONES (RS ), £, &
Ton-200ml FOHCR - TBNT3 L, Bad,
1BMHORRICRENZ WY, ROEOMA TR
L3 200ml BOAOFAEERERTHY, =5,
)6l 400ml oy F L PIE 200m) M FOHE T &

3B

2000 -

R (g e [

{18184} {21
100 g T O ) ’» {143} epiny g G

() Delg, iy fe3
o kol i Loia I 4
oW 3IM 6 M oM 12M
o 'y

{5}

&3] m W
100 i (2] } ) [AC I E ] (aizel mp @ )
Hu 2y {is) I
O Ak 2 AP " H . LAY PRV |
0w aIM &M &M 12M

1 3%ﬁ%ﬁ%&%@«%#w€vm@?§§
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2 Mo, EEORRIZE 200ml i o K aE
EERICR bR,

i HbfEoBEREZS>WCTREUCERE TR
DZLLTH B,
H3vAMK( 3pAL 28M) oRF+L0H
HRCi, IESAEKCE LTIR22A8 ( 1B
m#3»RH)OEREE( P<0.001 ) IKETFL
T, E£i, TR CRIENE: 6 »A%K( 2
EHRMmAT ), WMEHEL o A8 ( 3EHRMAT) &
DT, THhEAEENFE ( P<C0.001 )2
ETLTw (R1L2), f42AMB( 428+
28HE) oEOBECEVYTR,; BRERL bicRh
B & 4 Atk (2ERMAT ) H5 iz 8 A ( 3
ERMmA ) Lo AEERREY S Lok,
N mE7 =Y FEOBERREIZ>WTHEHL
ERBERTROITLLTH S,

Wi AMRoRnE T, BEWEL SHE

&/dl 5B
25 ‘r

i asxs 5 O o By 30 O
fimiz i et | e

12.5

g/dl T
25

{32

[+ .
12.5 i ’m)fm m Poen w m’m‘” L
I ) i R gt °

o SIS U SR PSP P
ow 3M &M M 12M

Bz 3-rAHBRESO~e e ¢ voBRERE
(g/d¢)

VAN AL A I
e A A b

FESARR
o hal AN

¥ 2R e K e s i i

o 58



...Oz...

U-BE- RS T T I N 7 B X R

Rl X RN 1 2 BEORE OIS ( 0 =HRmEs )

\ L (M SD)
{ x10%) (%) | (gra1) | X)) (u8,/d1 ) (n#/ml1)
n RBC Ht Hb ‘ WBE | Platelet | Serum Fe Perritin
400ml. 3R M1 BY|16] 5206 £347 | 46.0+2.7 L 65622072 | ¥5,3%5.7 | 15355646 | 70.5% 41.2
B 1 AR 18] 495 4 £.30.7 45.3 4+ 2.6 15,1 £ 0.7 6020 + 1544 2574+ 4.8 | 11484290 42.3 & 27. 6
2 A% 15 50384+ 27.2 46.1+ 2.0 6020 3 1299 251449 | 137.0 + 34.6 43.1 + 24. 3
400 ml 8113 5 B | 13| 495.7 + 35. 4 45.3+ 2.4 6738 1 1448 2254+ 4.0 155.5 4 29. 4 50. 4 + 23. 9.
4B 11] 485 4+ 35 7 44.2 £ 1.5 5563 + 1254 220+ 4.6 144. 0 £ 37.8 35.0 4 19.6
s B | 9 498.7 + 300 45,4 4+ 2.4 6044 + 1045 21,74+ 7.8 129.8 + 32. 4 57.1 4+ 31.3
400m1 $Ram 6 2 Ak | 11 5182 + 25.2 47.0 £ 2.8 1EE 5900 + 1238 25.1 4 4.2 100.6 + 18,2 | 42.3 4+ 20. 4
TR 7| 496.1 % 15. 4 44.8 + 2.2 14:9 % 0.7 6300 + 1800 23.74 3:4 133.7 & 51.0 43.5 £ 12.2
8 H4k| 8| 5185+ 260 4756 £ 2.8 | 1854 0.9 | 6025+ 796 242473 | 15734658 | 362160
9 5 Bk 513.2 £ 17.8 45.8 £ 2.3 15,4 4 0.7 7626 4= 1411 25,2441 | 15344554 | 8524+ 21.0

e FENITRGFUHCQLOBYETY 1
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400wl MR BE B R)

. * P< 008
VERRG | 1 ME M | 2EERM| 1 MB [ <2MBE | sEARM| 1 ME 2 M IME 6 MJF
. 124 121.5 134 125 140 133 133 129 123.5 130 129.5
W E 110.2772.51 420.3778.5 |+ 14.5 94 412.9785.5 | £ 17.8/87.3] +7.4/84.5 +9:.3785.5) 4:7.6 821 +7.9 77 1482 Bap 41157 81
A 53 +14.8 +9.9 :}:5.0 J +9.1 g i&d /496 +2.8 +1L.8 +7.0 $12.1
n =4 n=4.. n =4 n =4 n =4 n= 4 n=4 o= 4 n =4 n=4 n=4
I m 8).8-47.5 78+8.5 70410.6 | 8534-15.5 794 6.8 76.5:49.0 | 725+5.7 1 67.5+90 73.841310.0 B}.}Oj: 18.0
n =4 n =4 n= 4 n= 4 n= 4 n=4 .n:fl n=s 4 n=Aq n= 4
i f 1.056 10584 0.0005/1.057 4+ 0.001 1,058+ 0.0008 1 058:+0.001]1.059 1.06840.003{ 1.05940.00) ;1‘0591:0)002 1.060 1.057 £ 00015
n= 4 n= 4. n=4 n =4 n = 4 n= 4 n =4 n=4q n:== 4 n =4 n=4
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In 1976,a WHO Working Group on the Standardization of Human Blood
Products and Related Substances (/) considered the need for international
requirements for the processing and control of whole human blood and
blood products. It emphasized that, as the quality of the source material
played an important part in determining the quality of the final products,
such requirements should cover all the stages in the process, from the
collection of the source materials to the quality control of the final product.
In response to the Working Group’s recommendations, the Requirements
for the Collection, Processing and Quality Control of Human Blood and
Blood Products were published in 1978 (2). These Requirements were
updated and revised in 1988 (3), and WHO recommendations concerning
testing for antibodies to human immunodeficiency virus (HIV, 4) were
taken into account. This Annex contains a further revision of the
Requirements, applicable to the quality control of blood, blood
components and plasma derivatives.

A number of other WHO publications have dealt with whole blood and its
components, among them - guidelines intended mainly for blood
transfusion services (J5). Guidelines of a more general nature, such as the
Guidelines for National Authorities on Quality Assurance for Biological
Products, have also been published (6). The latter call for a quality-
assurance system-based on the existence of a national structure that is
independent of the manufacturer and is responsible for granting licences
for biological products, defining procedures for product release and
setting up a post-marketing surveillance system. These Guidelines should
be followed by any country having or wishing to set up an organization for
the collection and fractionation of blood and blood components.

- The names of the many experts who provided advice and data taken into

account in this revision of the Requirements are listed in the
Acknowledgements section, page 96.
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General considerations

The setting up of an organization for the collection and fractionation of
human blood and blood components calls for a great deal of expertise and
considerable investment. Any country contemplating the establishment of
such an organization should carry out a careful cost-benefit analysis to
determine whether the investment is justified. A logical developmental
sequence for a comprehensive organization starts with the collection and
distribution of whole blood, progressing later to the separation of whole
blood into components and then the fractionation of plasma pools. It is not
always possible to be specific about the details of the procedures
employed, the in-process controls or the tests applied at each stage of
production, in particular for whole blood and component cells. In
addition, although the general principle of fractionation of plasma is well
established, there are in practice numerous variations in the details of the
various production steps. Therefore, any country wishing to begin the
collection and fractionation of blood and blood components should send
personnel for training to a plant that is operating successfully. WHO may
be able to help in arranging such training,

One of the basic questions to be answered by a country considering
whether to start fractionation of plasma is whether there is a suitable donor
population of sufficient size to guarantee an adequate supply of source
material. It is not possible to set a lower limit for the quantity of source
material that would be necessary to make such an operation economic
because too many factors are involved. However, in order to maintain
competence in production and to avoid certain contamination risks, it is
important to have sufficient source material to maintain the fractionation
facility in continuous operation.

In a comprehensive organization, the greatest expense is that involved in
setting up the fractionation plant, but it is also possible to regard the
collection of source material and its fractionation as quite separate
operations. A country may wish to establish collection centres for
separating the cell components and then send the plasma to an established
fractionation plant in another country, from where the products could be
returned to the original country. The costs of such an operation might be
less than those involved in establishing and operating a fractionation plant.

The general prevalence of certain infectious diseases, such as various
forms of hepatitis and parasitic diseases, and of HIV infection differs so
markedly in different geographical regions that each national authority
must decide for itself whether it is cost-effective to apply the most sensitive
test to each blood donation and whether it is feasible to collect suitable
source material. A brief protocol for the collection of source material is in
any case mandatory (see Appendix). Great emphasis should be placed on
the production of fractions by a process that experience has shown results
in the least risk of contamination. For example, immunoglobulin prepared
by the cold ethanol fractionation method of Cohn has a well established
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clinical record of being free from contamination with HIV and hepatitis B
virus (HBV), as have albumin products prepared by the same method,
stabilized and heated for 10 hours at 60 °C (5). Nevertheless, extreme care
is required in manufacture to ensure that these products are free from
infectious viruses, and it cannot be assumed that different fractionation
methods will be equally effective. When a fractionation process is
introduced or significant modifications are made to an existing production
process, the process or the modifications should be validated or
revalidated by appropriate procedures, including the use of marker viruses
and, where applicable, special in vitro and in vivo testing.

Blood can harbour a number of different viruses, and the use of medicinal
products derived from human blood has led to transmission of viruses such
as HBV and HIV. The risk of virus transmission by blood and blood
products can be diminished by the testing of all individual donations.
Policies for mandatory testing shall be determined by the national control
authority, and should be reviewed regularly and modified according to the
current state of knowledge.

Special care and appropriate measures approved by the national control
authgrity must be taken to protect the health of the staff of blood collection
and fPactionation facilities.

The transport of source materials from blood collecting centres and
hospitals to fractionation facilities requires special consideration.
Refrigeration at the temperature range appropriate for the product must
be efficient and reliable and proved to be so. by monitoring. Thermal
insulation must provide an adequate safeguard against a temporary failure
of refrigeration. Containers of liquid source material should be filled so as
to minimize frothing due to shaking. Because of the potentially infective
nature of these biological materials, suitable protection should be provided
against breakage, spillage and leakage of containers.

In these Requirements, the word “human” has been omitted from the
names of products derived from human blood. Products of animal origin
are immunogenic, and their administration to humans should be avoided
whenever equivalent products of human origin can be used instead. The
proper name of any blood product of non-human origin should include the
species of origin.

These Requirements consist of four parts:

Part A. Requirements for the collection of source materials

Part B. Requirements for single-donor and small-pool products

Part C. Requirements for large-pool products
Part D. National control requirements.

Each deals with a separate aspect of collection, processing and quality
control, but all the parts are intended to be taken together to constitute a
single document. It will not be possible to rely on any blood product unless
the relevant requirements for each step are complied with, and any attempt
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to make them less stringent may have serious consequences for the safety
of the final product.

Parts A-D are divided into sections, each of which constitutes a
recommendation. The parts of each section printed in normal type have
been written in the form of requirements, so that, if a health administration
so desires, they may be adopted as they stand as definitive national
requirements. The parts of each section printed in small type are comments
or recommendations for gnidance.

Should individual countries wish to adopt these Requirements as the basis
for their national regulations concerning blood products and related
substances, it is recommended that modifications be made only on
condition that the modified requirements ensure at least an equal degree of
safety and potency of the products. It is desirable that the World Health
Organization should be informed of any such changes.

Increasing demand for blood products is resulting in the extensive
movement of such products from one country to another. Internationally
accepted requirements are therefore necessary so that countries without
any regulations on blood products and related substances may refer to
them when importing such products.

International Biological Standa-rds and
Reference Reagents

Rapid technological developments in the measurement of the biological
activity of blood products and related substances require the establishment
of international biological reference materials. The first two such materials
(for anti-A and anti-B blood-typing sera) were established in 1950, and
further reference materials have been established since. A number of
materials are currently under investigation for use in the preparation of
new standards.

The activity of blood products must be expressed in International Units
where an International Standard exists. WHO publishes a list of such
standards (revised from time to time and most recently in 1990) under the
title Biological substances: International Standards and Reference Reagents.

Definitions

The following definitions are intended for use in this document and are
not necessarily valid for other purposes.

Blood collection: a procedure whereby a single donation of blood is
collected in an anticoagulant and/or stabilizing solution.
Processing: any procedure that takes place after the blood is collected.
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" Plasmapheresis, apheresis and cytapheresis: procedures whereby whole
blood is separated by physical means into components and one or more of
them returned to the donor.

Closed blood-collection and processing system: a system for collecting and
processing blood in containers that have been connected together by the
manufacturer before sterilization, so that there is no possibility of bacterial
or viral contamination from outside after collection of blood from the
donor.

Donor: a person who gives blood or one of its components.

Single-donor materials

Whole blood (sometimes referred to as “blood”): blood collected in an
anticoagulant solution with or without the addition of nutrients such as
glucose or adenine. Whole blood is collected in units of 450 ml.

Blood component: any part of blood separated from the rest by means of
physical procedures.

Plasma: the liquid portion remaining after separation of the cellular
elements from blood collected in a receptacle containing an anticoagulant,
or separated by continuous filtration or centrifugation of anticoagulated
blood in an apheresis procedure.

Plasma, frozen: a plasma separated more than 8 h after collectionv of the
blood and stored below -20 °C.

Plasma, fresh-frozen: a plasma 'separated within 8 h of donation, frozen
rapidly and stored below -20 °C (and preferably below -30 °C).

Plasma, platelet-rich: a plasma containing at least 70% of the platelets of
the original whole blood.

Plasma, freeze-dried: any one of the above forms of plasma that has been
freeze-dried for preservation.

Plasma, recovered: plasma recovered from a whole blood donation.

Cryoprecipitated factor VIII: a crude preparation containing factor VIII that
is obtained from single units (or small pools) of plasma derived either from
whole blood or by plasmapheresis, by means of a process involving
freezing, thawing and precipitation.

Serum: the liquid part of coagulated blood or plasma.

Red cells: whole blood from which most of the plasma has been removed
and having an erythrocyte volume fraction greater than 0.7.

Red cells suspended in additive solution: red cells to which a preservative
solution, for example containing adenine, glucose and mannitol, is added
to permit storage for longer periods; the resulting suspension has an
erythrocyte volume fraction of approximately 0.6-0.7.
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Red cells, washed: red cells from which most of the plasma has been
removed by one or more stages of washing with an isotonic solution.

Red cells, leukocyte-depleted: a unit of a red-cell preparation containing
fewer than 1.2 X 10° leukocytes.

Red cells, leukocyte-poor: a unit of a red-cell preparation containing
fewer than 5 X 10° leukocytes.

Red cells, frozen: red cells that have been stored continuously at-65 °C or
below, and to which a cryoprotective agent such as glycerol has been added
before freezing,

Red cells, deglycerolized.: frozen red cells that have been thawed and from
which glycerol has been removed by washing.

Platelets: platelets obtained either by separation of whole blood, buffy coat
or platelet-rich plasma or by apheresis and suspended in a small volume
of plasma from the same donation.

Leukocytes:leukocytes obtained either by the separation of whole blood or
by apheresis and suspended in a small volume of plasma from the same
donation.

Large-pool products

Bulk material: plasma, powder, paste or liquid material prepared by the
fractionation of pooled plasma.

Final bulk: a sterile solution prepared from bulk material and bearing the
corresponding batch number. It is used to fill the final containers.

In some countries, the final bulk is distributed into containers through a
sterilizing filter. If the totai finaf bulk is not distributed into containers in one
session, each of the filling lots is given a sub-batch number.

Filling lot (final lot): a collection of sealed final containers that are
homogeneous with respect to composition and the risk of contamination
during filling and (where appropriate) drying or other further processing
such as heat treatment. A filling lot must therefore have been filled and
(where appropriate) dried in one working session.

Part A. Requirements for the collection of
source materials

1.

Premises:

The premises shall be of suitable size, construction and location to
facilitate their proper operation, cleaning and maintenance in accordance
with accepted rules of hygiene. They shall comply with the requirements of
Good Manufacturing Practices for Pharmaceutical (7) and Biological (8)
Products and in addition provide adequate space, lighting and ventllatlon
for the following activities where applicable:
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¢ The medical examination of individuals in private to determine their
fitness as donors of blood and/or blood components and to provide an
opportunity for the confidential self-exclusion of unsuitable potential
donors.

¢ The withdrawal of blood from donors and, where applicable, the
re-infusion of blood components with minimum risk of contamination
and errors.

® The care of donors, including the treatment of those who suffer adverse
reactions.

® The storage of whole blood and blood components in quarantine
pending completion of processing and testing.

® The laboratory testing of blood and blood components.

® The processing and distribution of whole blood and blood components
in a manner that prevents contamination and loss of potency.

® The performance of all steps in apheresis procedures, if applicable.

® The performance of labelling, packaging and other finishing operations
in a manner that prevents errors.

¢ The storage of equipment.

¢ The separate storage of quarantined and ﬁmshed products.

¢ The documentation, recording and storage of data on the donor, the
donated blood and the ultimate recipient.

Mobile teams can be used for the collection of blood. Although the premises
used by such teams may not comply with the more stringent requirements for
centres built specially for the purpose, they must be adequate to ensure the
safety of the donor, the collected blood or blood components and the staff
participating in blood collection. The safety of the subsequent users of the
premises should also not be forgotten.

Equipment

The equipment used in the collection, processing, storage and distribution
of blood and blood components shall be calibrated, tested and validated

before initial use, and shall be kept clean and maintained and checked-

regularly. The requirements of Good Manufacturing Practices for
Pharmaceutical (7) and Biological (8) Products shall apply in every
particular.

'The equipment employed to sterilize materials used in the collection of
blood or blood components or for the disposal of contaminated products
shall ensure that contaminating microorganisms are destroyed and shall be
validated for this purpose. The effectiveness of the sterilization procedure
shall be not less than that achieved by a temperature of 121.5 °C main-

~ tained for 20 min by means of saturated steam at a pressure of 103 kPa

(1.05 kgf/cm? or 15 1bf/in?) or by a temperature of 170°C maintained
for 2 h with dry heat.

All contaminated material should be made safe before disposal. Disposal
should comply with the relevant local laws.
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Tests for sterility are given in the revised Requirements for Biological
Substances No. 6 (General Requirements for the Sterility of Biological
Substances) (9, pp. 40-61).

Personnel

An organization for the collection of blood or blood components shall be
under the direction of a designated and appropriately qualified person
who shall be responsible for ensuring that all operations are carried out
properly and competently. The director shall have adequate knowledge
and experience of the scientific and medical principles involved in the
procurcment of blood and. if applicable, the separation of blood
components and the collection of such components by apheresis.

The director shall be responsible for ensuring that employees are
adequately trained and acquire practical experience and that they are
aware of the application of accepted good practice to their respective
functions.

The director should have the authority to enforce or to delegate the
enforcement of discipline among relevant employees.

The persons responsible for the collection of the blood and blood
components shall be supervised by licensed physicians who shall be
responsible for all medical decisions, for review of the procedures manual
and for the quality-control programme, including techniques, equipment,
procedures and staff.

The personnel responsible for the processing, storage, distribution and
quality control of blood, blood components and plasma shall be adequate
in npumber and each member of the personnel shall have a suitable
educational background and training or experience that will ensure
competent performance of assigned functions so that the final product has
the required safety, purity, potency and efficacy.

Donors
Donor selection

The provision of blood, blood components and plasma derivatives from
voluntary, non-remunerated donors should be the aim of all countries.

In selecting individuals for blood donation, it is most important to
determine whether the person is in good health, in order to protect the
donor against damage to his or her own health and to protect the recipient
against exposure to diseases or to medicinal products from the blood or
blood products. It should be recognized that the donor selection process
contributes significantly to the safety of blood products derived from large
plasma pools. The following provisions apply to donations of blood or
blood components not intended for autologous use.
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The health of a donor shall be determined by a licensed physician or a
person under the direct supervision of a licensed physician, and the donor
shall be free from any disease transmissible by blood transfusion in so far
as can be determined by history-taking and examination (see section 4.3).
Donors shall be healthy persons of either sex between the ages of 18 and
65 years.

In some countries, there is no upper limit to the age of the donor. With parental
consent the minimum age may be lowered to 16 years.

Red blood cells from donors with glucose-6-phosphate dehydrogenase
deficiency, -sickle-cell trait or other inherited erythrocyte abnormalities may
give rise to transfusion reactions under certain circumstances. Decisions
regarding the suitability of such donors should be made by the national control
authority.

A donor should be considered for plasmapheresis only where the
procedures involved result in products or services shown to serve accepted
medical purposes, including prophylaxis, therapy and diagnosis, as
verified by valid scientific evidence. All donors should be certified as
acceptable, at the time of each plasmapheresis procedure, by a registered
physician or by trained personnel under the direct supervision of the
physician.

Those eligible for apheresis donation include: (a) healthy persons who
fulfil the general criteria for blood donors; (b) persons with antibody levels
that have been increased, either naturally or by immunization; (c) subject
to (a) above, persons with plasma that is of value for diagnostic or
reference purposes; and (d) persons whose blood may be used in the
preparation of certain vaccines.

When a potential donor does not fulfil the general criteria for blood donation,
the. acceptance of her or him as a donor for a specific component of blood
should be at the discretion of the responsible physician. Where appropriate,
the physician should have access to an ethical committee.

Donor education and selection programmes are intended to prevent
potentially infectious units of blood and plasma from being collected. It is
essential that such programmes are comprehensible and readily accessible
to all potential donors.

To reduce the likelihood of transmitting infections, all potential donors
should be informed of factors in their history or behaviour that may
increase their risk of being infected. The national control authority must
determine the appropriate exclusion criteria for the country concerned.

Persons in the following categories shall be excluded from acting as

donors:

— those with clinical or laboratory evidence of infectious disease, e.g.
infection with hepatitis viruses, HIV-1 or HIV-2;

— past or present intravenous drug abusers;

— men who have had a sexual relationship with another man;
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— men and women who have engaged in prostitution;

— those with haemophilia or other clotting-factor defects who have
received clotting-factor preparations;

— sexual partners of any of the above.

In some countries, the sexual partrers of those at risk of transmitting infections
are excluded from acting as donors for only one year,

Persons who have received blood transfusions should be excluded from
acting as donors for at least one year.

Donors should be made aware before donating blood that it will be tested
for the presence of serological markers of infection. It is advisable that the
right to test donations and the legal implications of testing donations
should be clarified by the appropriate authority.

Donation frequency and volume
Whole blood

o
- The frequency of whole-blood donations shall not exceed once every

two months, with a maximum volume in any consecutive 12-month period
of 31 '

A standard donation should not be collected from persons weighing less
than 50 kg. ,

A standard donation is 450 ml; an optimum blood/anticoagulant ratio is 7 to 1.

The frequency of donation may have to be modified on an individual basis. In
general, premenopausal women should not donate biood as frequently as
men.

Plasma

Plasma donors can be divided into three groups: those who donate at a
frequency comparable to that allowed for whole-blood donations; those
who donate two to three times as frequently as whole-blood donors; and
those who donate at a maximum of twice a week. The first group shall be
accepted on the basis of the general criteria for blood donors.

The maximum volume of plasma that may be removed from a donor
during one plasmapheresis procedure shall be determined by the national
health authority, and shall depend on whether the plasma is obtained by
manual or automated plasmapheresis.

In some countries, the volume of plasma collected during a manual procedure
is the quantity obtained from 1.0-1.2 | of whole blocd. The volume of plasma
coliected during an automated procedure depends on the equipment used.

It is difficult to specify the maximum volumes of plasma that can be safely
collected from donors until more definitive data are available on the effects of
plasmapheresis on donors. The limits imposed in different countries vary, and
depend on the nutritional status of the donor.

If a plasma donor donates a unit of whole blood or if the red blood cells are
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4.3
4.3.1

4.3.2

not returned in an apheresis procedure, the next donation shall be deferred
by eight weeks unless special circumstances warrant approval by the
responsible physician of plasmapheresis at an earlier date.

In general, plasma collected by therapeutic plasmapheresis shall not be
used for fractionation. i

Medical history

General

Before each donation, questions shall be asked so as to ensure that the
donor is in normal health and has not suffered, or is not suffering, from any
serious iliness.

A donor who appears to be suffering from symptoms of acute or chronic
disease or who is receiving oral or parenteral medication, with -the
exception of vitamins, postmenopausal hormone therapy or oral
contraceptives, shall not be accepted unless approved by a physician.

A donor who appears to be under the influence of any drug including
alcohol or who does not appear to be providing reliable answers to medical
history questions shall not be accepted.

Infectious diseases

Potential donors with a history that places them at increased risk of
transmitting infection shall not donate blood or plasma for an appropriate
time period. A donor shall be permanently excluded if one of his or her

previous blood donations was believed to be responsible for transmitting

disease.

In most countries, questions concerning the signs and symptoms of HIV
infection will be part of the routine assessment of medical history and
appropriate monitoring for HIV, as defined by the national control authority, will
be included. As a result of this assessment, a potential donor may be
disqualified.
Donors shall not have a history of: positive laboratory test results for
hepatitis or corresponding symptoms and signs; close contact with an
individual with hepatitis within the previous year; receipt. within the
previous year of human blood or any blood component or fraction that
might be a source of transmission of infectious agents; or tattooing,
scarification or ear piercing (unless performed under sterile conditions)
within the previous year.

Acupuncture within the previous year may also present a risk if not carried out
under sterile conditions.

In some countries, potential donors with a history of viral hepatitis or of a
positive test for hepatitis B surface antigen (HBsAg) or antibodies to hepatitis C
virus (anti-HCV) are permanently excluded. In others, such donors are
accepted providing that recovery occurred more than one year previously and
that the reaction for HBsAg and anti-HCV in a sensitive test is negative.
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The requirements concerning viral hepatitis may be varied, at the
discretion of the national control authority, according to the local
epidemiological circumstances.

The collection both of single-donor products (whole blood and its
components) and of plasma for pooling for the manufacture of plasma fractions
capable of transmitting hepatitis or HIV should be avoided if a group of potential
donors shows a prevaience of acute or chronic hepatitis B, hepatitis C or HIV
infection higrer than that found in the general donor population. Specific
approval may be given by national control authorities for the use of donations
from such populations to provide p.asma for the manufacture of hepatitis B
vaccine or hepatitis 3 immunogiobuin.

In areas with a low incidence of transfusion-transmitted disease, whole blood
or blood components should not be used for transfusion i obtained from
source material collected in an area where there is a high incidence of
blood-borne infectious disease.

Blood and plasma shall be tested for the presence of HBsAg, anti-HIV and
anti-HCV by the methods described in Part B, section 7.2; the tests used
should be approved by the national control authority or other appropriate
authority.

Anyone whose blood has been shown to be reactive for infectious disease
markers by approved screening tests shall be excluded as a donor.
Selection as a donor may later be permitted if sufficient data are available
from tests approved by the national control authority to indicate that the
original results were non-specific.

National health authorities shall develop policies designed to prevent the -
transmission of infectious diseases based on the prevalence of these
diseases in the donor population and the susceptibility of recipients to
them. ‘

In countries where malaria is not endemic, donors of cellular blood products
should have a negative history of malaria exposure during the previous six
months and a negative history of clinical malaria, or a history of malaria
prophylaxis if they have resided in, or visited, an endemic area within the three
years preceding the donation. Such restrictions may be less important in
countries where the prevalence of endemic malaria is high among both donors
and recipients, except when blood products are required by visitors from
non-endemic areas. Malaria history is not pertinent to plasma donation for
source material that will be fractionated.

Particular attention should be paid to skin decontamination procedures
before blood collection.

Many parasitic, bacterial and viral diseases, including trypanosomiasis,
toxoplasmosis, syphilis and brucellosis, can be transmitted by blood.
Precautions shoud be taken to aveid blood collection during the viraemic
phase of viral diseases like measles and rubella Potential donors who have
lived in or recently travelled to areas where human T-cell lymphotropic virus
infections and haemorrhagic fever are endemic should be investigated for
evidence of such infections.
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Anyone who has received pituitary hormones of human origin should be
permanently excluded as a donor because of possible infection with the
agent causing Creutzfeldt-Jakob disease, although transmission of this
agent through blood products has not been proved.

4.3.3 Minor surgery '
Donors shall not have undergone tooth extraction or other minor surgery
during a period of 72 h before donation.

4.3.4 Pregnancy and lactation

Pregnant women shall be excluded from blood donation. In general,
mothers shall also be excluded during lactation and for at least six months
after full-term delivery.

The interval before blood donation is permissible after pregnancy may be
shorter in some cases, e.g. six weeks after an abortion during the first
trimester.

In some countries, donors are accepted when pregnant or during the period of
lactation if their blood contains certain blood-group antibadies or is needed for
autologous transtusion. The volume to be taken should be determined by the
physician responsible.

4.3.5 Prophylactic immunization .
Symptom-free donors who have recently been immunized may be
accepted with the following exceptions:

4.4

Those receiving attenuated vaccines for measles, mumps, yellow fever
or poliomyelitis shall be excluded until two weeks after the last
immunization or injection.

Those receiving attenuated rubella (German measles) vaccine shall be
excluded until four weeks after the last injection.

Those receiving rabies vaccine for post-exposure treatment shall be
excluded until one year after the last injection.

Those receiving passive immunization with animal serum products
shall be excluded until four weeks after the last injection.

Those receiving hepatitis B vaccine need not be excluded unless the
vaccine is being given because of exposure to a specific risk, in which
case the donor shall be disqualified for at least 12 months after the last
such exposure. If hepatitis B immunoglobulin has been administered,
the period of deferral shall be at least 12 months because disease onset
may be delayed.

Physical examination

As determined by the national control authority, physical examination of
donors may include measurement of weight, blood pressure, pulse rate and
temperature. If these are measured and the results lie outside the ranges
recommended below, the donor concerned shall be accepted only if
approved by the licensed physician in charge.
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4.5

4.5.1

® Blood pressure: systolic blood pressure between 12 and 24 kPa (90 and
180 mmHg); diastolic blood pressure between 6.67 and 13.3 kPa
(50 and 100 mmHg).

® Pulse: between 50 and 110 beats per minute and regular. Lower values
may be accepted in healthy athletes with endurance training,
Temperature: oral temperature not exceeding 37.5°C.

® Weight: donors weighing less than 50 kg may donate a volume of blood
proportionally less than 450 ml in an appropriate volume of
anticoagulant, provided that all other donor requirements are met.

Donors shall be free from any infectious skin disease at the venepuncture
site and of skin punctures or scars indicative of abuse of intravenous drugs.

Additional requirements applicable to donors for plasmapheresis

All phases of apheresis, including explaining to donors what is involved in
the process and obtaining their informed consent, should be performed
under the direct supervision of a licensed physician or by trained
personnel reporting to such a physician.

First-time plasma donors

When prospective plasma donors present themselves to a centre for the
first time, initial screening shall begin only after the procedure of
plasmapheresis has been explained and the donor has given consent.

The following information shall be permanently recorded:

® Personal information and identification. If the donor is to participate
in an ongoing programme, an effective means of identification is
especially important. The use of identity numbers, photographs or
other equally effective measures should be considered.

¢ A preliminary medical history as required for blood donors, covering
infectious diseases and the donor’s general state of health.

If there are no contraindications to plasmapheresis, preliminary laboratory
tests shall be carried out, namely reading of the erythrocyte volume
fraction or haemoglobin concentration, determination of total serum
protein and screening for protein and sugar in the urine. The haemoglobin
concentration or erythrocyte volume fraction of the donor’s blood shall be
within normal limits, as defined by the national control authority or the
national blood transfusion authority.

Many countries specify minimum haemog'odin concentrations of 125g/1 for
women and 1359/ for men, or, for microhaematozrit determinations, minimum
erythrocyte volume fractions of 0.38 for women and 0.41 for men.

If normal values are also obtained in the other laboratory tests, evaluation
of the potential donor by the physician begins.

. T .
In some countries, specially trained non-physicians are permitted to conduct
these routine examinations under the supervision of a physician.
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Donors participating in a programme in which plasmapheresis is more
frequent than is blood donation for those eligible for whole-blood
collection shall be examined by a licensed physician on the day of the first
donation, or not more than one week before that donation. This
examination shall include measurement of temperature and blood
pressure, auscultation of the heart and lungs, palpation of the abdomen,
assessment of neurological signs, urine analysis and blood sampling for
tests required by the national control authority. Liver function tests (e.g. for
alanine aminotransferase), tests for HBsAg, anti-HIV and anti-HCV, and
quantification of plasma proteins by electrophoresis or another suitable
method shall also be included. The physician shall obtain informed
consent after explaining the procedure of plasmapheresis and describing
the hazards and adverse reactions that may occur. At this stage, donors
shall be given an opportunity to refuse participation. If they consent, it
must be on the condition that their legal rights to recover damages are not
waived.
In some countries, the first plasmapheresis procedure may be performed
before the results are available for the liver function tests, the serological tests
for syphilis (if required by the national control authority) and the tests for
HBsAg, anti-HCV and anti-HIV. The results of the tests for quantifying plasma
proteins should be reviewed by the physician before subsequent plasma-
pheresis procedures. -

Donors who have undergone plasmapheresis previously in the same
programme '
For donors who have already taken part in a plasmapheresis programme:

® The receptionist shall note the date of the last donation (at least two
days must have elapsed since that time). No more than two donations
shall be permitted within a seven-day period.

e The medical history and weight of the donor shall be recorded; blood
pressure, temperature, pulse rate and haemoglobin concentration shall
be measured by trained personnel. On the day of each donation, in
addition to meeting the general requirements for donors, plasma
donors shall be shown to have a total serum protein concentration of
not less than 60 g/1.

The medical evaluation of plasma donors shall be repeated at regular
intervals, as specified by the national control authority, and tests carried
out as specified in section 4.5.3.

Whenever the result of a laboratory test is found to be outside the
established normal limits or a donor exhibits any important abnormalities
of history or on physical examination, the donor shall be excluded from the

programme. The donor shall not be readmitted to the programme until the -

results of relevant tests have returned to normal and the responsible
physician has given approval in writing. It is the responsibility of national
health authorities to define normal ranges and standard deviations of test
results on the basis of data from a sufficiently large sample of healthy
individuals not undergoing plasmapheresis.
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4.6

In the case of hepatitis C, the results of liver function tests frequently return
to normal before rising again. Test results obtained over a period of
adequate length must therefore be evaluated by the physician before the
donor can be readmitted to the programme.

Tests for plasma donors
The following tests shall be performed at each donation:

® Measurement of haemoglobin concentration or erythrocyte volume
fraction.

¢ Determination of total serum protein concentration, which shall be at
least 60 g/1.

* Anapproved test for HBsAg, which shall be negative.
* Anapproved test for anti-HIV, which shall be negative.
* Anapproved test for anti-HCV, which shall be negative.

The following tests shall be performed initially and then every four months
or after every 10 donations, whichever time interval is longer:

e If required by the national control authority, a serological test for
syphilis, which shall be negative.
Urine analysis for glucose and protein, which shall be negative.

Serum protein electrophoresis: this shall be normal (unusual changes in
a donor’s results may be more significant than absolute values). The
albumin and globulin concentrations may be calculated from the
known total protein value, and shall be: albumin, minimum 35 g/1;1gM,
minimum 0.5 g/1; IgG, between 5 and 20 g/1.

e Liver function tests.

When determination of serum alanine aminotransferase is required, the
enzyme concentration measured photometrically using approved reagents
shall be no more than two standard deviations above an established normal
mean. :

Donors for platelet and leukocyte apheresis

In general, platelet and leukocyte donors shall meet the general criteria for
donors and the specific criteria for plasma donors (sections 4.1-4.5).
In addition, platelet donors should not have taken aspirin or other

. platelet-active drugs for at least 72 h before donation.

The requirements to be satisfied in the performance of plateletpheresis and
leukapheresis in order to ensure that there is no danger to donors and that the
products obtained are of satisfactory quality are under active investigation in
many countries. The following recommendations may be useful as guidance.

On the day of each donation, donors for plateletpheresis should have an
absolute platelet number concentration (“count”) of not less than 200 x 10%/1
and donors for leukapheresis should have an absolute granulocyte number
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concentration .of not less than 3x 10%1. Both types of donor should have a
normal differential leukocyte count and haemoglobin level.

Although levels of circulating platelets and leukocytes recover promptly in
donors, data are not at present available from which the maximum numbers of
platelets and leukocytes that can be safely collected from donors can be
defined. The long-term effects of the repeated removal of cellular elements are
not known.

Leukapheresis may entail the administration of drugs to donors and their
exposure to colloidal agents 1o enhance the yield of granulocytes. Appropriate
precautions should be taken to protect donors, such as investigation for latent
diabetes by means of a glucose tolerance test if a donor is 10 be given
corticosteroids.

Leukapheresis should be performed as part of the treatment of a patient with
chronic myeloid leukaemia only if approved by the patient’s attending
physician. It is inadvisable to use the leukocytes from such patients.

4.7 Donor immunization and plasma for special purposes

471 Plasmépheresis in donors with naturally acquired antibodies and other

52

types of medically useful plasma

Plasma may be collected by plasmapheresis from donors who have
acquired immunity through natural infection or through active immuni-
zation with approved vaccines for their own protection, and from donors
with plasma useful for diagnostic purposes as a result of acquired or con-
genital underlying conditions. ,

Donors with medically useful plasma may be identified by screening whole
blood donations and by examining patients convalescing from specific
diseases or vaccinated individuals, e.g. veterinary students who have
received rabies vaccine or military recruits who have been immunized with
tetanus toxoid. Unnecessary immunizations can be avoided by this
approach. .

The following are examples of medically useful plasma:

® Antibody-rich plasma for contro! reagents in diagnostic tests, such as those
for anti-HIV, hepatitis A and B, cytomegalovirus, rubella, measles and
uncommon infectious agents; plasma should be collected in appropriately
isolated premises when products are being prepared that are known to be
capable of transmitting infection.

¢ Plasma containing antibodies to human cellular and serum antigens of
diagnostic use, for example in HLA (human leukocyte antigen) typing
reagents, erythrocyte typing reagents and immunoglobulin allotyping
reagents.

* Plasma containing reagents useful for diagnostic tests, such as reagin,
rheumatoid factors, heterophile antibody and C-reactive protein.

e Factor-deficient plasma for specific assays, such as factor-Vill-deficient
plasma. Donors who have received factor VIl are at increased risk of
transmitting hepatitis B, hepatitis C and HIV; their plasma should therefore
be collected in appropriately isolated premises.
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4.7.2

4.73

Precautions to be taken when handling blood or blood products

containing infectious agents

All blood and plasma may contain unknown infectious agents and must be
handled accordingly. In addition, special precautions must be taken when
handling infected donors and blood products known to contain infectious
agents. The precautions to be taken might include:

— isolation by means of the appropriate timing or location of the
procedures, special labelling and quarantine of the products collected,
use of protective packaging with double wrapping in impervious plastic;

— disinfection of all work surfaces and equipment with a disinfectant of
known efficacy, such as freshly prepared 0.25% sodium hypochlorite
solution;

— protection of staff by means of adequate training, avoidance of aerosols
and use of gloves, gowns, masks and eye protection; it is strongly
recommended that such staff also be protected by immunization with
hepatitis B vaccine;

— fulfilment of the labelling, shipping and waste-disposal requirements
appropriate to the etiological agents in question.

Immunization of donors

There is a clinically valid need for specific immunoglobulins and plasma
for therapeutic, prophylactic and diagnostic uses. Deliberate immuniza-
tion of healthy volunteers may be necessary in addition to collection
of plasma from convalescent patients and donors selected by screening
for high levels of specific antibodies. The immunization of donors re-
quires informed consent in writing and shall take into consideration
all the requirements of the previous sections.

Donors shall be immunized with antigens only when sufficient supplies of
material of suitable quality cannot be obtained from other appropriate
donors, from donations selected by screening, or in the form of safe and
efficacious licensed monoclonal antibodies. Donors must be fully
informed of the risk of any proposed immunization procedure, and
pressure shall not be brought to bear on a donor to agree to immunization.
Women capable of child-bearing shall not be immunized with erythrocytes
or other antigens that may produce antibodies harmful to the fetus. Donors
of blood and those undergoing plasmapheresis shall, if necessary, undergo
investigations that can reveal hypersensitivity to a proposed antigen (see
also Part B, section 6).

An approved schedule of immunization shall be used. Every effort shall
be made to use the minimum dose of antigen and number of injections.
In any immunization programme, the following shall be taken into
consideration as a minimum: (a) the antibody assay; (b) the minimum level
of antibody required; (c) data showing that the dose, the intervals between
njections and the total dosage proposed for each antigen are appropriate;
and (d) the criteria for considering a prospective donor a non-responder
fora given antigen. No donor shall be hyperimmunized with more than one
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4.7.4

immunizing preparation unless the safety of the multiple procedure is
demonstrated.

Potential donors should be:

— informed by a licensed physician of the procedures, risks and possible
sequelae and how to report any adverse effects, and encouraged to take
part in a free discussion (which, in some countries, is achieved in small
groups of potential donors);

— encouraged to seek advice from their family doctor before agreeing to
immunization;

— informed that any licensed physician of their choice will be sent all the
information about the proposed immunization procedure;

— informed that they are free to withdraw consent at any time.

All vaccines used for immunizing donors shall be registered or recognized
by the national health authority, but may be administered at doses and with
schedules differing from those recommended for routine prophylactic
immunization. Erythrocyte and other cellular antigens shall be obtained
from an establishment approved by the national control authority.

Donors shall be observed for approximately 30 min following any
immunization in order to determine whether an adverse reaction has taken
place. Because reactions often occur 2-3 h after immunization, donors
shall be advised of this possibility and instructed to contact the facility’s
physician if a reaction is suspected in the first 12 h after immunization.
Reactions may be local or systemic. Local reactions, which may be
immediate or delayed, take the form of redness, swelling or pain at the
injection site. Systemic reactions may include fever, chills, malaise,
arthralgia, anorexia, shortness of breath and wheezing.

Immunization with human erythrocytes

Erythrocyte donors. A donor of erythrocytes for the purposes of
immunization shall meet all the general health criteria for donors (see
sections 4.3 and 4.4). In addition, the donor shall not have had a blood
transfusion at any time.

The volume of erythrocytes drawn from a donor should not exceed
450-500 mi of whole blood in any eight-week period.

At each donation the donor shall be found to be negative for syphilis,
HBsAg, anti-HIV, antibody to hepatitis B core antigen (anti-HBc),
anti-HCV and antibodies to human T-cell lymphotropic viruses (anti-
HTLYV). The serum level of aminotransferases should be within normal
limits as established by the national control authority.

Erythrocyte phenotyping shall be done for ABO as well as for C, D, E, c, e,
Kell and Fy*. Phenotyping for other specificities is often desirable and is
recommended especially for Jk?, Jk® Fy®, S and s.

Ideally erythrocytes obtained for immunization purposes should be frozen
for at least 12 months before use and the donor should be recalled and
retested for anti-HIV, anti-HCV, anti-HBc, HBsAg and anti-HTLV before
the stored cells are used for immunization.
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Where suitable facilities for freezing erythrocytes are not available,
national control authorities may authorize the use of cells from a single
donor to immunize no more than three persons (preferably who have not
previously had a blood transfusion) in an initial 12-month period, during
which monthly determinations of anti-HIV, anti-HCV, anti-HBc, HBsAg
and serum alanine aminotransferase should be made in both the donor and
the recipients. If, after 12 months, the initial three recipients show no
clinical or laboratory evidence of hepatitis, HIV infection or other
blood-transmissible diseases, the donor may be considered acceptable for
providing erythrocytes for immunization. As small a number of donors of
erythrocytes should be used as possible.

Collection and storage of erythrocytes. Exythrocytes shall be collected under
aseptic conditions into sterile, pyrogen-free containers in an appropriate
proportion of an approved anticoagulant. They may then be dispensed in
aliquots under aseptic conditions into single-dose, sterile, pyrogen-free
containers for storage. The microbiological safety of the dispensing
environment shall be validated.

Erythrocytes should be stored frozen for at least 12 months to permit
retesting of donors for disease markers. The method selected should have
been validated such that there is 70% cell recovery in vivo. Erythrocytes
should be washed after storage to remove the cryoprotective agent.

Adequate sterility data to support the requested shelf-life for stored
erythrocytes should be submitted by the manufacturer to the national
control authority. A test for bacterial and fungal contamination should be
made on all blood dispensed in aliquots in an open system (9). The test
should also be performed on at least one single-dose vial from each lot of
whole blood that has been stored unfrozen for more than seven days. The
test should be made on the eighth dav after collection and again on the
expiry date. Cultures for the sterility test should be maintained for at least
14 days, with subculturing on day 3, 4 or 3.

Erythrocyte recipients. The following additional testing of erythrocyte
recipients is necessary:

® The recipient should be phenotyped for ABO, Rh, Kell and Duffy
antigens before immunization. Kell-negative and/or Fy(a-) persons
should not receive Kell-positive or Fy(a+) cells except for the specific
purpose of producing anti-Kell or anti-Fy. Only ABO-compatible
erythrocytes may be transfused. Matching of Jk*, Jk® Fy®, S and s
phenotypes is also desirable.

® Screening for unexpected antibodies by methods that demonstrate
coating and haemolytic antibodies should include the antiglobulin
method or a procedure of equivalent sensitivity.

Prospective erythrocyte recipients in whom antibody screening tests
demonstrate the presence of erythrocyte antibodies (other than those
deliberately stimulated through immunization by the plasmapheresis
centre) should be asked whether they have ever been pregnant or had a
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transfusion, a tissue graft or an injection of erythrocytes for any reason.
This history should form part of the permanent record and should identify
the cause of immunization as clearly as possible. Recipients should be
notified in writing of any specific antibodies developed after injection of
erythrocytes. The national control authority should be notified annually in
writing of unexpected antibodies induced by immunization, and the
immunized donor should carry a card specifying the antibodies.

Immunization schedules. Erythrocytes used for immunization purposes
shall not be administered as part of any plasmapheresis procedure. Such
immunization may be performed on the same day as plasmapheresis, but
only after it and as a separate procedure.

To minimize the risk of infection to the donor, the immunization schedu]e
should involve as few doses of erythrocytes as possible.

For primary immunization two injections of erythrocytes, each of about
1-2 ml and given three months apart, elicit antibody formation within three
months of the second injection in approximately 50% of volunteers; the
result is not improved by injecting larger amounts or giving more frequent
injections.

Itis advantageous to choose as donors of anti-D (anti-Rh,) volunteers who
are already immunized, since useful levels of anti-D are then usually
attained within a few weeks of reimmunization. In some people, the level of
antibody reaches its maximum within the first three weeks and will not
increase after further immunization. In others, antibody levels may
continue to rise for more than 12 months when injections of 0.5-1 ml of
erythrocytes are given at intervals of five to eight weeks. About 70% of
immunized volunteers eventually produce antibody levels well above
100 TU/ml. Once attained, such levels can be maintained by injections of
0.1-0.5 ml of erythrocytes at intervals of two to nine months, as required. If
injections of erythrocytes are discontinued, antibody levels usually fall
appreciably within 6-12 months.

The baseline antibody titre of every recipient of erythrocytes should be
established, and the antibody response, including both type and titre,
should be monitored monthly.

Erythrocytes to be used for immunization purposes should be selected, for
each recipient, by a licensed physician.

Risks to recipients. Recipients of erythrocytes for immumzation purposes
may run the risk of:

— viral hepatitis (B and C) and HIV infection;

— other infectious diseases;

— HLA immunization,;

— the production of unwanted erythrocyte antibodies that may com-
plicate any future blood transfusion;

— a febrile reaction if the antigen dose is too great;
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— the production of antibodies that may interfere with future organ
transplantation if it is needed.

Record-keeping. Records of erythrocyte donors and of the recipients of
their erythrocytes should be maintained and cross-referenced.

Collection of blood and plasma

A number of precautions must be taken in the collection of blood and
plasma, as described in the following sections.

Blood collection and apheresis procedures

The skin of the donor at the site of venepuncture shall be prepared by a
method that has been shown to give reasonable assurance that the blood
collected will be sterile. Blood shall be collected into a container by means
of an aseptic method. The equipment for collecting the sterile blood may
be closed or vented provided that the vent is designed to protect the blood
against microbial contamination.

With apheresis procedures, care shall be taken to ensure that the maximum
volume of erythrocytes is returned to the donor by intravenous infusion. If
the red cells cannot be returned to the donor, no further collection should
be made until the donor has been re-evaluated. Several checks shall be
made to ensure that donors receive their own erythrocytes, including
identification of the containers of erythrocytes by donors before re-
infusion. Haemolytic transfusion reactions are avoidable, since they are
caused by the accidental infusion of incompatible erythrocytes. Personnel
involved in reinfusion procedures should be adequately trained to prevent
them. The signs and symptoms are hypotension, shortess of breath,
stomach and/or flank pain, apprehension, cyanosis and haemoglobinuria.

If a haemolytic transfusion reaction occurs, the infusion of cells to all

donors at the centre concerned should be discontinued until the identity
of all containers of erythrocytes has been checked. Automated
plasmapheresis is preferred to manual plasmapheresis in some institutions
because of its greater safety.

Summary of minimum general requirements for apheresis

Equipment. This must be electrically safe and non-destructive for blood
elements; disposable tubing must be used wherever there is blood contact.
In addition, equipment must be accessible to detailed inspection and
servicing and its decommissioning should not significantly interrupt the
programme. It should also be provided with suitable automatic alarms.

Procedire. This must be non-destructive for blood elements and aseptic;
there must be adequate safeguards against air embolism.

Disposables. These must be pyrogen-free, sterile and biocompatible (e.g.
there must be no activation of enzyme systems).

57

_49_



512

51.3

5.2

Adverse reactions

Provision must be made to prevent and treat any adverse reactions in
donors. As with any medical procedure involving the treatment of
individuals, adverse reactions may occur with blood collection and

plasmapheresis. Almost all such reactions are mild and transient, but an -

occasional serious reaction may occur. The possibility of adverse
reactions, though remote, should be anticipated and adequate provision
should be made to ensure that care is available to donors. Initial and
continuing training in emergency care is mandatory for personnel. If any
serious adverse reaction occurs, a physician should be called.

Types of adverse reaction

Vasovagal syncope. This is most likely to occur with new donors. The signs
and symptoms are hypotension, bradycardia, syncope, sweating and
(rarely) convulsions.

Local infection, inflammation and haematoma at the phlebotomy site.
Reactions of this type are best prevented by adequate preparation of the
venepuncture site and by training phlebotomists in proper methods of
initiating blood flow. The symptoms are localized pain and redness and
swelling at the phlebotomy site.

Allergic and anaphylactoid reactions. These may occur during the
introduction of saline into the donor while red cells are being processed, or
during reinfusion of red cells. The signs and symptoms are urticaria,
burning in the throat, tightness of the chest, wheezing, pain in the abdomen
and hypotension. '

Systemic infection. Care should be taken at all stages of plasmapheresis to
avoid the transmission of infectious organisms to the donor.

Containers

The original blood container or a satellite attached in an integral manner
shall be the final container for whole blood and red cells, with the
exceptlon of modified red cells, for which the storage period after
processing should be as short as possible and certainly not longer than 24 h.
Containers shall be uncoloured and translucent and the labelling shall be
placed in such a position as to allow visual inspection of the contents. They
shall be sterilized and hermetically sealed by means of suitable closures so
that contamination of the contents is prevented. The container material
shall not interact adversely with the contents under the prescribed

conditions of storage and use. .

The specifications for containers should be approved by the national control
authority (10, 7).

If sterile docking devices are not available, closed blood-collection and
processing systems should be used to prepare blood components.
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5.5

Anticoagulants

The anticoagulant solution shall be sterile, pyrogen-free and of a
composition such as to ensure that the whole blood and separate blood
components are of satisfactory safety and efficacy.

Commonly used anticoagulant solutions are acid-citrate~glucose, citrate-
phosphate—glucose and citrate—phosphate—glucose-adenine; the amount
of adenine used varies in different countries. Solutions of adenine, glucose
and mannitol used for red cell preservation may be added after removal
of the plasma.

For plasmapheresis, sodium citrate as a 40 g/I solution is widely used as an
anticoagulant.

Pilot samples

Pilot samples are blood samples provided with each unit of whole blood or
of red blood cells. They shall be collected at the time of donation by the
person who collects the whole blood. The containers for pilot samples
shall be marked at the collection site before the samples are collected, and

‘the marking used must be such that the sample can be identified with the

corresponding unit of whole blood. Pilot samples must be collected by a
techmque that does not compromise the sterility of the blood product.

Pilot samples should be attached to the final container in'a manner such that it
will later be clear whether they have been removed and reattached.

Identification of samples

Each container of blood, blood components and pilot and laboratory
samples shall be identified by a unique number or symbol so that it can be
traced back to the donor and from the donor to the recipient. The identity
of each donor shall be established both when donor fitness is determined
and at the time of blood collection.

When blood-derived materials are transferred to a fractionation plant,
the following details shall be provided by the supplier:

— name and address of collecting centre,

— type of material,

— donor identification,

— date of collection,

= results of mandatory tests,

~ conditions of storage,

— other details required by the fractionator,
— name and signature of responsible person,
— date.
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General considerations

These requirements for single-donor and small-pool products cover the
methods used to prepare products directly from units of whole blood or of
components collected by apheresis, starting with the testing of the units
and proceeding to the separation of the various cell and plasma protein
components. Among the products that may be prepared in small pools
(12 donors or fewer) are cryoprecipitated factor VIII and platelets. In
addition to tests on the units of whole blood that provide information on

‘the safety, efficacy and labelling of the components, specific tests are

included, where applicable, to ensure the quality of various components.

It is important to note that single-donor and small-pool products have
certain specialized uses other than therapeutic application to correct
deficits in patients. Although not dealt with further in these Requirements,
these uses include the stimulation of plasma donors with red blood cells in
order to raise antibody levels for the preparation of anti-D (anti-Rh,)
immunoglobulin (I2) and special blood-grouping reagents. It is of the
utmost importance that the donors of cells and plasma for such purposes
be carefully studied both initially and on a continuing basis to minimize the
likelihood of the transmission of infectious diseases to recipients. The use
of red cells, stored frozen, that have been demonstrated to be free from
infectious agents by retesting the donor 12 months after the initial
collection reduces the risk of such transmission to volunteers for
immunization. :

Plasma donors may also be immunized with viral or bacterial antigens for
the preparation of specific immunoglobulin products. All donor
immunization procedures must be planned and carried out under the
supervision of a physician who is familiar with the antigens being used and
especially with the reactions or complications that may occur. Donors
being immunized shall have been fully informed of all known hazards and
shall have given their written informed consent to the procedures.

Donor immunization practices are considered in more detail in Part A,
section 4.7.

Minimum general requirements for apheresis are summarized in Part A,
section 5.1.1. '

Production and control
General requirements

Single-donor and small-pool products shall comply with any specifications
established by the national control authority. Cellular blood components
and certain plasma components may deteriorate during separation
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or storage. Whatever the method of separation (sedimentation,
centrifugation, washing or filtration) used for the preparation of cell
components, therefore, it is important that a portion of plasma protein
sufficient to ensure optimum cell preservation be left with the cells, except
when a cryoprotective substance is added to enable them to be stored for
long periods in the frozen state, or additive solutions (for example
containing adenine, glucose and mannitol) are used for the same purpose
for hiquid storage.

The methods employed for component separation should be checked before
they are introduced. The characteristics assessed might include yield of
the component, purity, in vivo recovery, biological half-life, functional behaviour
and sterility.

The nature and number of such checks should be determined by the national
control authority.

Immediately before issue for transfusion or for other purposes, blood
components shall be inspected visually. They shall not be issued for
transfusion if abnormalities of colour are observed or if there is any other
indication of microbial contamination or of defects in the container.

Blood components shall be stored and transported at the appropriate
temperature. Refrigerator or freezer compartments in which components
are stored shall contain only whole blood and blood components.
Reagents required for use in testing may be stored in a separate section of
the same refrigerator or freezer provided that they have been properly
1solated and are in suitable containers.

Testing of whole blood and plasma

Sterility

Each donation of whole blood intended for transfusion and each
preparation of component cells constitutes a single batch. Single batches
shall not be tested for sterility by any method that entails breaching the
final container before the blood is transfused.

The national control authority may require tests for sterility to be carried out at
regular intervals on final containers chosen at random and at the end of the
storage period. The purpose of such tests is to check on the aseptic technique
used for taking and processing the blood and on the conditions of storage.

Laboratory tests

Laboratory tests shall be made on laboratory samples taken either at the
time of collection or from the pilot samples accompanying the final
container, labelled as required in Part A, section 5.

In some countries, test reagents, in particular those used for blood-grouping
and for detecting anti-HIV, anti-HCV and HBsAg, must be approved by the
national control authority.

The results of the tests shall be used for ensuring the safety and proper
labelling of all components prepared from units of whole blood.
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Syphilis. Each donation of whole blood shall, if required by the national
control authority, be subjected to a serological test for syphilis. If so tested,
only units giving negative results shall be used for transfusion or
component preparation.

Viral hepatitis. Each unit of blood or plasma collected shall be tested for
HBsAg and anti-HCV by a method approved by the national control
authority and only those giving a negative result shall be used (13). Units
giving a positive result shall be so marked, segregated and disposed of by a
method approved by the national control authority, unless designated for
the production of a reagent or experimental vaccine in an area designed
and segregated for such production.

In some countries plasma pools are also tested.

The label on the container or the record accompanying the container should
indicate the geographical source of the blood or plasma as well as whether and
how the material has been tested for HBsAg and anti-HCV.

Liver function tests, such as serum transaminase determinations, are used in
some countries to detect liver damage that may be associated with hepatitis.

Anti-HIV-1 and anti-HIV-2. Blood for transfusion and for use in the
preparation of blood components must be tested by amethod approved by
the national contro! authority for antibodies to HIV-1 and HIV-2 and be
found negative. However, when other important factors outweigh the
benefits of such testing (e.g. in emergencies) formal arrangements,
approved in advance by the national control authority, should be in place
that enable the prescribing physician to have access to an untested product.
In all such cases, retrospective testing of the pilot sample shall be

~performed.

Other infectious agents. It is important for the national control authority to
reassess testing requirements from time to time in the light of current
knowledge, the prevalence of infectious agents in different populations
and the availability of tests for serological markers of infection. For
example, human retroviruses other than HIV have been described (HTLV
types 1 and 2) and more may be identified in the future.

Blood-grouping

Each unit of blood collected shall be classified according to its ABO blood
group by testing the red blood cells with anti-A and anti-B sera and by
testing the serum or plasma with pooled known group A (or single subtype
A,) cells and known group B cells. The unit shall not be labelled as to ABO
group unless the results of the two tests (cell and serum grouping) are in
agreement. Where discrepancies are found in the testing or the donor’s
records, they shall be resolved before the units are labelled.

In countries where polymorphism for the D (Rh,) antigen is present, each

unit of blood shall be classified according to Rh blood type on the basis of-
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the results of testing for the D (Rh,) red cell antigen. The D (Rh,) type shall
be determined with anti-D (anti-Rh,) reagents.

With the high-strength antisera and sensitive techniques now available, it is
usually considered unnecessary to use the D" test if the cells are found to be
D-negative in routine testing.

Red cells

Whole blood for the preparation of all components shall be collected as
described in Part A, section 3, and tested as described in Part B, section 7.2.

Red cells shall be processed under aseptic conditions and whenever
possible in a closed system. The sterility of all components shall be
maintained during processing by the use of aseptic techniques and sterile
pyrogen-free equipment. The methods shall be approved by the national
control authority, and a written description of the procedures shall be
prepared for each product, covering each step in production and testing.
Proposals for any procedural modifications shall be submitted to the
national control authority for approval before they are implemented.

The following may be prepared for therapeutic purposes (see pages 40-41
for definitions):

red cells;

red cells suspended in additive solution;
® modified red cells:

— red cells, leukocyte-depleted;

— red cells, leukocyte-poor;

— red cells, washed;

— red cells, frozen;

— red cells, deglycerolized.

Methods and timing of separation

Red cells shall be prepared from whole blood collected in plastic bagsorin
glass bottles. ‘

Multiple-plastic-bag systems with sterile docking devices are preferable
because they minimize the risk of microbial contamination by providing
completely closed systems. They are easy to handle and are disposable. The
use of glass bottles is cheaper but has the disadvantage that the system is then
an open or vented one. so that separation must be carried out under strictly
aseptic conditions in sterile rooms or lamirar-f'ow cabinets and microbiological
monitoring is necessary. The same conditions also apply.to the separation
procedure when plasma is transferred from disposable single plastic bags to
separate containers.

All surfaces that come into contact with the blood cells shall be sterile,
biocompatible and pyrogen-free. If an open plastic-bag system is used, i.e.
the transfer container is not integrally attached to the blood container and
the blood container is opened after blood collection, the plasma shall be
separated from the cells under conditions such that the original container
is kept under positive pressure until it has been sealed. If the separation
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procedure involves a vented system, i.e. if an airway is inserted into the
container for withdrawal of the plasma, the airway and vent shall be sterile
and constructed so as to exclude microorganisms.

In some countries, the sterility of products prepared in open systems is
monitored by testing a sample of at least 2% of the units. The national control
authority should approve the system used.

The final containers for red cells (but not necessarily modified red cells)
shall be the containers in which the blood was originally collected or
satellite containers attached in an integral manner. If pilot samples are
detached from the blood container during removal of any component,
such samples shall be reattached to the container of red cells. The removal
and reattachment of the pilot samples shall be recorded conspicuously
(with a signature) on the label of the unit. The final containers for all other
components shall meet the requirements for blood containers given in Part
A, section 5.2. If the final container differs from the container in which the
blood was originally collected, it shall be given a number or other symbol
to identify the donor(s) of the source blood. Whenever appropriate, the
secondary final container shall be similarly labelled while attached to the
primary final container.

The timing and the method of separation (centrifugation, undisturbed
sedimentation or a combination of the two) will depend on the
components to be prepared from the donation. When platelets and
coagulation factors are being prepared from the same donation, the
components shall be separated as soon as possible after withdrawal of the
blood from the donor.

Separation should preferably be effected within 8 h of blood donation.

When platelets and coagulation factors are to be prepared, it is especially
important that the venepuncture be performed in such a way as to cause
minimal tissue damage so as to prevent the initiation of coagulation. The blood
should flow freely without interruption and as rapidly as possible, and be mixed
thoroughly with the anticoagulant .

If platelets are to be prepared from a unit of whole blood, the blood shall be
kept at a temperature of 20-24°C for up to 8 h until the platelet-rich
plasma has been separated from the red blood cells.

Red cells may be prepared either by centrifugation or by undisturbed
sedimentation before the expiry date of the original whole blood. Blood
cells shall be separated by centrifugation in a manner that will not increase
the temperature of the blood.

Sedimentation is the least expensive method for separation of red blood cells

and does not require special equipment.

Repeated wéshing with saline and centrifugation and filtration are used to
reduce the number of leukocytes and platelets and the volume of trapped
plasma in red cells. Frozen red cells after thawing are also repeatedly washed

with special solutions to remove cryoprotective agents while also preventing

haemolysis.
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Expiry date

The expiry date of whole blood and red cells prepared in a closed system
from blood collected in acid-citrate-glucose or citrate-phosphate-glucose
is generally 21 days after collection. The time of removal of plasma is not
relevant to the expiry date of the red cells when the integrity of the
container is not compromised.

The shelf-life of stored blood has been extended to 35 days by collecting the
biood in acid—citrate-giucose supplemented with 0.5 mmol/| adenine or in a
mixture of 0.5 mmol/t adenine and 0.25 mmoi/i guanosine with extra glucose,
and to 42 days by adding a solution containing adenine, glucose and mannitol.
Recent studies indicate that it may also be possible to extend the shelf-life
of stored blood to 35 days by collecting it in citrate~phosphate—glucose
supplemented with 0.25 mmol/] adenine and extra glucose.

When red cells are prepared with very high erythrocyte volume fractions, an
expiry date 14 days after collection is recommended in some countries
because the cells may become glucose-deficient after this time. The
erythrocyte volume fraction of red cells collected in citrate~phosphate-
glucose~-adenine should not exceed 0.9 if the expiry date is more than 21 days.
after collection.

The usefulness of acid—citrate~glucose is limited by the significant reduction in
cell viability when the volume of cells collected is small, which is unavoidable
for some donations.

Provided that sterility is maintained, the shelf-life of red cells is not
influenced by the method of separation used. However, if an open system
is used that does not maintain sterility, the expiry date shall be 24 h after
separation and the cells should be used as soon as possible. Red cells and
whole blood should be stored at 5+ 3 °C and transported with wet ice in
insulated boxes at 5 + 3 °C. Care should be taken not to place containers
directly on ice.

Refrigerated whole blood and red celis will warm up rapidly when placed at
room temperature. Every effort should be made to iimit the periods during
which the products are handled at ambient temperatures in order to prevent the
temperature from rising above 10°C until they are used.

Modified red cells
Red cells, leukocyte-depleted and red cells, leukocyte-poor.

Because of the possibility of reactions, some countries require that red cells
contain less than 2% of the leukocytes of the original whole blood.

Leukocyte depletion may be achieved by buffy-coat removal, freezing and
washing, or by washing alone.

Leukocyte-poor red-cell concentrates are prepared by filtration.

Red cells, washed. Red cells can be washed by means of interrupted or
continuous-flow centrifugation. If the first of these methods is used, the
washing procedure shall be repeated three times.

Centrifugation should be carried out in refrigerated centrifuges. If such
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equipment is not available, the washing solution should have a temperature of

5+3°C.

Red ceils can also be washed by means of reversible agglomeration and
sedimentation using sugar solutions. '

Washed red celis should be transfused as soon as possible and in any case not
later than 24 h after processing if prepared in an open system that does not
maintain sterility, uniess the national control authority has specified a longer
shelf-life. They should be stored at all times at 5 £ 3°C.

Requirements for pilot samples, labels and storage and transport
temperatures are the same as those for unmodified red cells.

Red cells, frozen and red cells, deglycerolized. Red cells less than six days old
are usually selected for freezing in order to minimize loss of yield due to
haemolysis during processing. '

Frozen red cells are red cells that have been stored continuously at low
temperatures (-65 °C or below) in the presence of a cryoprotective agent.
The red cells must be washed to remove the cryoprotective agent before
use for transfusion. The methods of preparation, storage, thawing and
washing used should be such as to ensure that at least 70% of the
transfused cells are viable 24 h after transfusion. Storage at temperatures
below -65 °C is usually necessary to achieve 70% recovery.

The cryoprotective agent in most common use is glycerol. The temperature of
storage should be between —65°C and -160°C, depending on the glycerol
concentration used. '

The shelf-life of frozen cells below ~65°C is at least three years and may be
much Jonger under certain circumstances, but the reconstituted (thawed and
washed) red cells should be used as soon as possible and not later than 24 h
after thawing unless a closed system is used.

Frozen cells are usually shipped in solid carbon dioxide (“dry ice”) or liquid
nitrogen, depending upon the glycerol concentration used. Deglycerolized red
cells should be stored at a temperature of 1-6°C and shipped at 5+3°C.

Requirements for pilot samples and labels are the same as those for
unmodified red cells.

Plasma

Single-donor plasma shall be obtained by plasmapheresis or from units of
whole blood that comply with the requirements of Part A, section 5, and
Part B, section 7.2.

Fresh-frozen plasma and frozen plasma should be stored in carefully
monitored freezers equipped with recording thermometers and audio and
visual alarms to give warning of mechanical or electrical failure. If
refrigeration is interrupted for longer than 72 h and the temperature rises
above -5°C, the product may no longer be considered as fresh-frozen
plasma, although testing may indicate that reasonable amounts of factor
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VII remain if the plasma has not become liquid. Repeated thawing and
freezing may cause denaturation of plasma constituents and cause
prekallikrein activation.

Plasma, fresh-frozen

Fresh-frozen plasma shall be prepared by separating plasma from whole
blood and freezing it rapidly within 8 h of collection.

Ideally, fresh-frozen plasma should be prepared by rapid freezing using a
combination of solid carbon dioxide and an organic solvent such as ethanol, If
this procedure is used, it should have been shown that the container cannot be
penetrated by the solvent or substances leached from the container into the
contents. Fresh-frozen plasma should be stored at or below ~20 °C, and below
—-30°C if to be used for transfusion purposes.

Before use for infusion, fresh-frozen plasma should be thawed rapidly at
30--37 °C. Agitation of the container and/or circulation of water at a temperature
of 37°C during the thaw cycle will speed thawing. Once thawed, fresh-frozen
plasma must not be refrozen. It can be stored at ambient temperature and
should be used within 2 h of completion of thawing.

Fresh-frozen plasma shall have an expiry date one year from the date of
collection. ‘

Before its expiry date, fresh-frozen plasma may be used for preparing
cryoprecipitated factor VIl it may be used for the preparation of other pooled
plasma fractions (e.g. factors |, II, VII, VIii, IX and X) at any time, even after its
expiry date.

Plasma, frozen

Frozen plasma is, by definition, a plasma separated from whole blood
more than 8 h after the latter has been collected, but the delay should be as
short as possible. Frozen plasma may be used directly for transfusion or
fractionation, or it may be freeze-dried as single-donor units. Plasma may
be combined in small pools before freezing if it is to be used to prepare
freeze-dried plasma.

The national control authority should determine the specific requirements for
frozen plasma.

If frozen or freeze-dried plasma is intended to be used directly in patients
without further processing, the blood shall be collected in such a manner
and in containers of such a type as to allow aseptic handling, e.g. by means
of closed systems.

In some countries, frozen plasma is given an expiry date five years from the
date of collection.

Whenever the container of frozen plasma is opened in an open procedure,
the method of handling shall avoid microbial contamination; as an
additional precaution, sterile rooms or laminar-flow cabinets can be used.
Delay in processing shall be avoided, and the ambient conditions shall be
regulated $o as to minimize the risk of contamination.

Plasma may be pooled at any time after collection.
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Plasma, freeze-dried
Freeze-dried plasma shall be made from single units or small pools of
fresh-frozen plasma or frozen plasma.

The storage conditions and expiry dates of different forms of freeze-dried
plasma shall be approved by the national control authority. The product
normally has a shelf-life of five years when stored at 5+ 3 °C, but this will
depend on the source material, storage conditions and residual moisture in
the product. Pooled freeze-dried plasma has a significant potential for the
transmission of infectious diseases. This is likely to be substantially
diminished by the introduction of viral inactivation procedures applicable
to plasma.

Plasma, recovered 7
Recovered plasma intended to be pooled for fractionation shall not be
used directly for transfusion; a preservative shall not be added.

Plasma may be separated from whole blood at any time up to five days after
the expiry date of the blood. The method used for separation shall avoid
microbial contamination. As an additional precaution, sterile rooms or
laminar-flow cabinets can be used.

If the plasma has been pooled, it shall be stored and transported frozen at
or below -20 °C.

Plasma, platelet-rich
Platelet-rich plasma is a preparation containing at least 70% of the
platelets of the original whole blood.

The preparation shall be separated by centrifugation, preferably within 8 h
of collection of the whole blood. The temperature and time of processing
and storage shall be consistent with platelet survival and maintenance of
function.

To achieve the desired haemostatic effect, platelet-rich plasma shall be
transfused as soon as possible after collection, and not later than 72 h
afterwards, unless stored at 22 + 2 °C in containers approved for a longer
storage period.

Platelets

Platelets shall be obtained by cytapheresis or from whole blood, buffy coat
or platelet-rich plasma that complies with the requirements of Part A,
section 5, and Part B, section 7.2. Aspirin ingestion within the previous
three days precludes a donor from serving as a source of platelets.

~ Whole blood or platelet-rich plasma from which platelets are derived

shall be maintained at 22+ 2 °C until the platelets have been separated.
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The separation shall preferably be performed within 8 h of collection of
the whole blood. Blood shall be obtained from the donor by means of a
single venepuncture giving an uninterrupted flow of blood with minimum
damage to the tissue. It must have been demonstrated that the time and
speed of centrifugation used to separate the platelets will produce a
suspension without visible aggregation or haemolysis.

‘The national control authority shall determine the minimum acceptable
number of platelets that should be present in the products prepared (e.g.
5.5X10%).

A pH of 6.5-7.4 shall be maintained throughout storage of platelets. The
volume of plasma used to resuspend platelets will be governed by the
required pH of the platelet suspension at the end of its shelf-life, but shall
be noless than 50 + 10 ml.

Licensed artificial suspension media may be used to replace plasma.

Platelets stored at 5°C are inferior to the same product stored at 22 + 2°C. Cold
storage should be avoided where possible.

When stored at 22+2°C, platelet products shall be gently agitated
throughout the storage period.

Platelet products with high platelet counts that are stored at 22+ 2 °C may need
to contain as much as 70 ml of plasma or more if the pH is to be maintained
above 6.5 throughout the storage period. This period may be as long as seven
days for containers made of certain special plastics, but it is prudent 1o restrict
platelet storage o five days because of the risk of bacterial contaminants.

The product should be ABO typed and, in countries where D (Rh,) is poly-
morphic, D (Rh,) typed; it may also be desirable to know the HLA type.

The material of which the final container used for platelets is made shall
not interact with the contents under normal conditions of storage in such a
manner as to have an adverse effect on the product.

The requirements for labelling the final container are given in section 7.9.
In addition to the customary data, the label shall bear: (a) the
recommended storage temperature; (b) the statement that, when stored at
22+2°C, the platelets should be gently agitated throughout storage to
obtain maximum haemostatic effectiveness: and (c) a statement to the
effect that the contents should be used as soon as possible, and preferably
within 4 h once the containers have been opened for pooling,

Monitoring the quality of platelets

Units randomly selected at the end of their shelf-life shall be tested on a
regular basis. They shall be shown to have: (a) plasma volumes appropriate
to the storage temperature; and (b) a pH between 6.5 and 7.4.

The number of units and of platelets to be tested shall be specified by the
national control authority.
Some countries require there to be no visible contamination by red cells.
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The expiry date of platelets processed in a closed system shall be 72 h after -

the original whole blood was collected, unless they are stored in a plastic
container approved by the national control authority for a longer storage
period.

Platelets prepared in an open system should be used within 4 h of preparation
if stored at 22+ 2°C, unless the procedure used has been shown to allow a
longer storage period.

Single-donor platelet concentrates may be pooled for one recipient under
aseptic conditions before issue. Such small pools should be used as soon as
" possible, and within 4 h of preparation if stored at room temperature.

Leukocytes

Leukocytes are obtained by the separation of whole blood or by apheresis,
and may contain a large number of platelets and red blood cells, depending
on the method of preparation. When leukocytes are obtained from units of
whole blood, such units shall comply with the requirements of Part A,
section 5, and Part B, section 7.2.

The methods used to process leukocytes shall comply with the
requirements and recommendations given in section 7.4.1 for the
separation of red cells.

The label on the final container shall bear, in addition to customary data,
instructions to use the leukocytes as soon as possible and in any case not
more than 4 h after the container has been opened for pooling. The
temperature of storage and transport shall be 22 + 2 °C.

Leukocytes can be separated from blood by centrifugation, sedimentation or
leukapheresis. To obtain a sufficient number, the leukocytes .from units
obtained from several healthy donors may have to be pooled.

Leukapheresis by continuous-flow filtration or centrifugation is the most
efficient way of obtaining leukocytes, since it gives large numbers of
high-quality cells from a single donor.

If centrifugation of whole blood is used, 30-60% of the Ieukocyies present in
the original whole blood may be recovered. |

Approximately 90% of the leukocytes present in the original whole blood can
be separated by sedimentation of the red cells, accelerated by the addition of
suitable substances with high relative molecular mass.

Leukocytes should be negative for cytomegalovirus.

The product should be ABO typed and, in countries where D (Rh,) is
polymorphic, D (Rh,) typed; it may also be desirable to determine the HLA
type. If not HLA typed, leukocytes should be irradiated.

The large number of red cells present in products prepared by some
methods makes compatibility testing before transfusion necessary.
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Testing of leukocytes

The number of units to be tested and the leukocyte yield (number) required
shall be specified by the national contro} authority.

Expiry date
The expiry date of leukocytes shall be 24 h after collection of the original
whole blood.

Cryoprecipitated factor Vil

Cryoprecipitated factor VIl is a crude preparation of factor VIIL It shall
be obtained from single units or small pools of plasma derived either from
units of whole blood that comply with the requirements of Part A, section
5,and Part B, section 7.2, or by plasmapheresis.

The product may be prepared as a pool from a small number of donations,
usualty four to six but not exceeding ten. It may be freeze-dried. However,
preparations of cryoprecipitated factor Vill carry the risk of viral transmission
unless they have undergone specific virucidal procedures during manu-
facture.

The method of thawing and harvesting the cryoprecipitate shall have been

shown to yield a product containing an adequate activity of factor VIII (see
section 7.8.1).

In procuring source material for coagulation factors, the following
technical considerations should be borne in mind:

® In order to prevent coagulation, venepuncture should performed in
such a way that tissue damage is minimal. The blood should flow freely
without interruption, and be mixed thoroughly with anticoagulant
during collection.

® Microbial contamination should be avoided during separation of the
plasma by using multiple-plastic-bag closed systems or laminar-flow
cabinets if an open procedure is used.

e The recovery of factor VIII depends on the interval between

venepuncture and freezing of the plasma, the temperature at which the
plasma is held and the freezing method. While a useful product may be
obtained with plasma frozen as late as 18-24 h after phlebotomy,
freezing the plasma as early and as rapidly as possible is strongly
recommended.

® Ideally, fresh-frozen plasma should be prepared by rapid freezing using
a combination of solid carbon dioxide and an organic solvent such as
ethanol. Fresh-frozen plasma should be stored at or below -20°C.
Contamination of the plasma by the solvent or leaching of substances
from the container into the plasma should be avoided.

e Ifthe temperature of the thawed plasma exceeds 2 °C, a high proportion
of the factor VIII is lost in the supernatant. During thawing or
separation of the supernatant plasma, therefore, the temperature
should not be allowed to exceed 2 °C. The plasma may be separated
while there is still a small quantity of the ice present in the plasma
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container. Increasing the speed of thawing by circﬁlating air or water at
a temperature of 0 °C is believed to increase the yield of factor VIII.

Testing of cryoprecipitated factor Vil

Randomly selected units shall be tested for potency and sterility on a
regular basis. The number of units to be tested shall be specified by the
national control authority. The freeze-dried preparation shall dissolve
without any signs of precipitation in the solvent recommended by the
manufacturer within 30 min when held at a temperature not exceeding
37°C.

The potency of cryoprecipitated factor VIII shall be compared with that of
an appropriate plasma or intermediate-purity standard, by measuring its
ability to correct the prolonged activated partial thromboplastin time of
haemophilia A plasma or by another suitable method.

When cryoprecipitated factor VIII is produced from fresh-frozen plasma
(frozen within 8 h of donation), the yield should be greater than 400 IU/1
of starting plasma. Plasma frozen after this time will yield less
cryoprecipitated factor VIIIL.

. In many laboratories, the average yield of factor VIl is 400 U/ of starting
plasma. The average yield of factor VIl as freeze-dried cryoprecipitate is then at
least 300 IU/I of starting plasma. Whether this yield can be obtained elsewhere
will depend on local technical possibilities. In some countries, the yields will be
much lower, and the national control authority should decide as
1o the yield that is acceptable.

Expiry date
The frozen product shall be stored at or below -20 °C (if possible below

' =30 °C) and shall have an expiry date one year from the date of collection.
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The freeze-dried product shall be stored at 5+ 3 °C and shall also have an
expiry date one year from the date of collection. After thawing or
reconstitution, cryoprecipitated factor VIII should be kept at 20-24 °C.
It shall be used as soon as possible and in any case not more than 4 h after
its container has been opened for pooling or reconstitution.

Labelling

After having been tested and before being issued for transfusion, units of
single-donor and small-pool products shall be identified by means of
container labels that clearly state at least the following information:

— the proper name of the product;

— the umque number or symbol identifying the donor(s);

— the expiry date, and when appropriate, the expiry time after
reconstitution;

— any special storage conditions or handlmg precautions that are
necessary;

— areference to a package insert containing instructions for use, warnings
and precautions;

§
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— the name and address of the blood donor centre and, where applicable,
the manufacturer and distributor;
— the average content in International Units of activity, where appropriate.

"The results of red cell grouping shall be stated on the label of whole blood,
red cells, fresh-frozen plasma (for clinical use), platelets and leukocytes but
not necessarily on that of cryoprecipitated factor VIIL

Part C. Requirements for large-pool products

8.

91

9.2

Introduction

A number of requirements common to albumin, plasma protein fraction,
inmunoglobulin preparations and coagulation-factor concentrates are
given in Parts A and B, sections 3-7. However, for clarity, it has proved
convenient to bring together in Part C certain specific requirements
applicable to these products when manufactured on a large scale.

The source material for the large-scale preparation of blood products
should comply with the relevant provisions of Parts A and B.

Buildings

The buildings used for the fractionation of plasma shall be of suitable size,
construction and location to facilitate their proper operation, cleaning and
maintenance in accordance with the requirements of Good Manufacturing
Practices for Pharmaceutical (7) and Biological (8) Products. They shall
comply with the Guidelines for National Authorities on Quality Assurance
for Biological Products (6) and in addition provide adequate space,
lighting and ventilation for the activities listed below.

Each of listed activities is an important integral part of the production
procedure, and countries wishing to start manufacturing large-pool blood
products and related substances should not do so unless adequate provision
can be made for all of them.

Storage of whole blood and plasma

Whole human blood and plasma shall be stored frozen or refrigerated in
separate facilities that are used only for this purpose. The source materials
shall remain in quarantine until the results of testing show that they are
suitable for introduction into the fractionation premises.

Separation of cells and fractionation of plasma

Cells shall be separated and plasma fractionated in a buildingisolated from
those where non-human proteins or microbiological materials, such as
vaccines, are manufactured or processed and separate from the animal
house.

In some countries, cell constituents are separated in an area separate from that
where plasma is fractionated.
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9.5

9.6

9.7

9.8

10.

73

Supply and recovery of ancillary materials

Adequate facilities shall be provided for the supply of ancillary materials,
such as ethanol, water, salts and polyethylene glycol.

Facilities for the recovery of organic solvents used in fractionation may also be
provided.

Viral inactivation

A separate area shall be provided for all processing subsequent to the
completion of viral inactivation procedures when these are carried out at a
stage in production before aseptic dispensing and filling (see section 9.5).

Freeze-drying, filling, packaging, labelling and storage

Separate facilities shall be used for the freeze-drying, filling, labelling and
packaging of containers. A separate area shall be provided for the storage
of labels, package inserts and packages. Another scparate area shall be
used for the storage of final containers before dispatch.

Keeping of records

Adequate provision shall be made for keeping records of all donors,
materials, fractionation steps, quality-control procedures and results, of
the distribution of the final products and of the disposal of potentially

infectious materials. Records should be retained for at least two years .

beyond the expiry date of the products to which they relate.
Some manufacturers might wish to extend ihis period to cover any future legal
disputes.
Quality control
Separate facilities shall be provided for quality control, including
haematological, biochemical, physicochemical, microbiological, pyrogen
and safety testing.
Disposal of infective material
Provision shall be made for the suitable disposal of potentially infectious

- materials by autoclaving or incineration according to good manufacturing

practices.

The disposal of these materials should comply with local legisiation.

Equipment

Equipment used for the collection, processing, storage and distribution of
source materials and large-pool blood products shall comply with the
requirements of Good Manufacturing Practices for Pharmaceutical (7)
and Biological () Products. ~
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1.

1.1

1.2

1.3

Particular attention shall be paid to:

The maintenance, monitoring and recording of the operation of
continuously operating equipment, the validation of its reliability and
the provision of stand-by equipment.

The suitability and compatibility of the surfaces of all materials (eg.
filter medium, glass, stainless steel, plastic and rubber) that come into
contact with the products.

Metal surfaces that come into contact with proteins should be resistant to
scratching. The surfaces of some materials can denature certain proteins or
activate certain coagulation factors.

The ease and efficiency with which equipment can be cleaned and,
where necessary, sterilized. Any bactericidal agent used shall be
capable of being completely eliminated before the equipment is used.

Caution should be exercised in the use of detergents because of their possible
effects on the final product; tests should be made to ensure that they do not
have any adverse effect on it. '

The provision of suitable facilities for decontamination and for the
disposal of potentially infective materials and equipment.

Provision of support services

A number of support services are essential for the fractionation of source
materials.

Water supply

An adequate supply of suitable pvrogen-free water shall be provided for
use during the fractionation process and for the reconstitution and/or
dilution of the plasma fractions before filling and freeze-drying.

The two most commonly used types of water are pyrogen-free distilled water
and pyrogen-free deionized water, each of which should be maintained at
80°C. Water preparation and delivery systems should be tested at regular
intervals for endotoxin content and conductance. The water system should be
a continuously circulating one and should have no dead ends.

Water for injections is generally used for the preparation of final products ( 14).

Steam supply

An adequate supply of steam shall be provided for the operation of
sterilizing and cleaning equipment. The steam shall be clean and have the
quality of water for injections.

Other support facilities

Other support facilities required are:

A supply of electrical and thermal energy.
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¢ A means of refrigeration for:

— storing various source materials and fractions;

— keeping the various fractionation areas at the correct temperature;
— keeping the process equipment at the correct temperature;

— storing final products under test;

— storing final products awaiting dispatch.

* A system of ventilation providing the following two grades of filtered

air:

— air filtered to remove particles of 5 um or greater in diameter, which
shall be supplied to the entire work area; and

— air passed through a filter with a retention capacity of more than
99.95% for particles greater than 0.5 pm in diameter, which shall be
supplied at a positive pressure to areas where aseptic dispensing is to
take place.

Other support facilities may include solvent recovery and a sewage disposal
service. Sewage disposal must be carried out in accordance with the sanitary
standards of the competent health authority.

Proteinaceous sewége from a plasma processing plant is highly nitrogenous
and has a high biological oxygen demand; it should therefore not be
discharged untreated. ‘ -

These support facilities shall be located separately from the main process
areas and in a place where the conditions (light, physical access, etc.) are
conducive to the establishment of effective and routine preventive

" maintenance programmes. The equipment shall incorporate devices

capable of monitoring and recording its operation so as to ensure the safety
both of the material being processed and of the process operators. In this
way a proper record of the operations of support facilities can be kept and,
where necessary, entered into the process record of the product batches.

The equipment should be such as to ensure that both the fractionation process
and the proteins are protected if the support services are interrupted. To this
end, adequate spare equipment and emergency reserve systems should be
available, serviced by engineering staff skilled in the maintenance and repair of
such equipment.

Personnel

The plasma fractionation plant shall be under the direction of a designated
qualified person who shall be responsible for ensuring that all operations
are carried out properly and competently. The director shall have a good
working knowledge of the scientific principles involved and shall be

-responsible for ensuring that employees are adequately trained, have

adequate practical experience and are aware that accepted good practices
should be applied in their work.

The personnel involved in quality-control functions shall be separate from
those involved in production. The head of the quality-control department
shall be responsible only to the director.

~-68-

T~ e o~ = e

S



13.
13.1

Where appropriate, personnel shall wear gowns, masks, boots, gloves and
eye protectors.

Personnel should be medically examined at regular intervals. Those
known to be carriers of specific pathogenic organisms that may adversely
affect the product shall be excluded from the production area.

Vaccination against hepatitis B is strongly recommended for employees
routinely exposed to blood or blood products.

Production control
Fractionation of source materials

The general conditions for the large-scale fractionation of source materials
to prepare prophylactic or therapeutic blood products shall comply with
Good Manufacturing Practices for Pharmaceutical (7) and Biological €]
Products and shall be approved by the national control authority.

Most physical and chemical techniques of protein separation may be used
for the preparation of plasma fractions, provided that they yield protein
preparations that have previously been shown to be safe and effective.

The fractionation procedures used shall give a good yield of products
meeting the quality requirements of international or national authorities.
Fractionation shall be carried out in such a manner that the risk of
microbiological contamination and protein denaturation is minimized.

The safety of fractionation steps may be increased by using protected or closed
systems. Reproducibility may be increased by the use of autornation.

The biological characteristics of the products (such as antibody activity,
biological half-life and in vivo recovery of the proteins) should not be affected
by the fractionation procedures to the extent that they are unacceptable for
clinical use.

Methods shall be used that exclude or inactivate pathogenic organisms,
in particular hepatitis viruses and human retroviruses, from the final
products intended for clinical use. Manufacturers shall validate the ability
of their manufacturing processes to inactivate and/or remove potential
contaminating viruses by the use of relevant model viruses.

There is increasing evidence that certain manufacturing procedures,
coupled with strict control to ensure that the final product complies with
precise specifications, result in a product free from HIV, hepatitis B and
hepatitis C infectivity.

For coagulation products, viral inactivation and removal methods such as
chromatography or treatment with dry heat, wet heat, steam under
pressure, heated organic solvents or solvents/detergents shall be used, in
combination with other methods that have been shown to be successful in
reducing or eliminating the risk of HIV and hepatitis virus transmission.
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13.1.1

Donor screening and viral inactivation procedures used in manufacturing
plasma coagulation concentrates have significantly improved the safety of
these products.

Fibrinogen prepared from plasma pools continues to carry a risk of
infection unless it is treated to remove or inactivate viruses. Where
large-pool, virally inactivated fibrinogen concentrates are not available,
cryoprecipitated factor VIII prepared from individual units or small pools
of plasma is preferred as a source of fibrinogen. Approximately 150 mg
of fibrinogen is contained in the cryoprecipitate from one unit of plasma
(200 mt) frozen within 8 h of collection from the donor.

The operating manual for the fractionation procedure shall specify the
times of sampling of the products and the volumes to be taken at each stage
of the process as well as the tests to be made on the samples.

Where appropriate, all materials used for fractionation shall be tested for
microbiological contamination, identity, purity, endotoxin content and
toxicity in accordance with The international pharmacopoeia (14, I5) or
national pharmacopoeia.

Certain procedures, equipment and materials may introduce contaminants
into the final product that can induce allergenic or immunogenic responses
in recipients. The quantities of such contaminants in the final product shall
be minimized. For example, where monoclonal antibodies are used for
product purification, the residual concentration in the final product must
be below clinically reactive levels.

It is advisable to use air filtration under positive pressure during fractionation, to
exclude airborne allergenic dust.

Preservatives and stabilizers

No preservatives shall be added to albumin, plasma protein fraction,
intravenous immunoglobulin or coagulation-factor concentrates either
during fractionation or at the stage of the final bulk solution. Antibiotics

_ shall not be used as preservatives or for any other purpose in the

13.2

fractionation of plasma.

To prevent protein denaturation, stabilizers may be added. Such
substances shall have been shown to the satisfaction of the national control
authority not to have any deleterious effect on the final product in the
amounts present and to cause no untoward reactions in humans.

Stable solutions of immunoglobulins may be prepared in approximately 0.3
mol/1 glycine or 0.15 mol/l sodium chloride. In some countries, thiomersal and
sodium timerfonate are not permitted as preservatives in intramuscular
immunoglobulins.

Storage and control of source materials
At all stages of the manufacturing process, the source materials and

. resulting fractions shall be stored at temperatures and under conditions
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shown to prevent further contamination and the growth of micro-
organisims, 10 protect the identity and the integrity of the proteins and to
preserve the biological activity and safety of the products.

If similar materials are stored together, the places allocated to them shall
be clearly demarcated.

All source materials and resulting fractions shall be fully identified at all
times; such identification shall include the batch number of all In-process
fractions and final containers awaiting labelling.

13.2.1 In-process control
Source materials are subject to biological variability and the products
resulting from protein separation will contain various amounts of other
protein components of plasma. It is essential, therefore, to establish a
monitoring system such that the safe operating limits of each process are
maintained.

The main information collected is on variations in physical conditions
{temperature, pH, fonic strength, timing, etc.) and in the number and species of
contaminating organisms.

Owing to the numerous and interdependent factors involved, there are no
universally accepted specifications for such in-process quality-assurance
systems. For this reason, the information collected should be combined with
data from previous experience with the same manufacturing process to ensure
production control appropriate to the quality requirements of the final product.

13.2.2 Record-keeping
Records shall be kept of the performance of all steps in the manufacture,
quality control and distribution of large-pool blood products and related
substances (7, ).

These records shall:

— be original (not a transcription), indelible, legible and dated;

— bemade at the time that the specific operations and tests are performed;

— identify the person recording the data as well as the person checking
them or authorizing the continuation of processing;

— bedetailed enough to allow all the relevant procedures performed to be
clearly reconstructed and understood;

— permit the tracing of all successive steps and identify the relationships
between dependent procedures, products and waste materials;

— be maintained in an orderly fashion that will permit the retrieval of data
for a period consistent with shelf-lives and the legal requirements of the
national control authority and. if necessary, allow a prompt and
complete recall of any particular lot;

— show the lot numbers of the materials used for specified lots of
products;

— indicate that processing and testing were carried out in accordance with
procedures established and approved by the designated responsible
authority.
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141

80

Control of albumin and plasma protein fraction

Source materials should be processed in such a manner that the albumin in
the solutions manufactured will be changed as little as possible and will not
cause undesirable reactions in the recipients. Source materials may contain
either vasoactive substances or substances capable of generating or
releasing endogenous vasoactive substances. Such substances may also be
formed in the course of fractionation, and consequently contaminate the
albumin and plasma protein fraction. To guard against this possibility,
adequate in-process controls and the testing before release for
prekallikrein activator activity are mandatory for albumin solutions of
purity less than 95% (such as plasma protein fraction) containing 35-50 g
of protein per litre. Such testing is also recommended for highly purified
albumin products (purity greater than 95%).

Within 24 h of the start of filling, albumin and plasma protein fraction in
solution shall be heated in the final container to 60+0.5°C and main-
tained at that temperature for not less than 10 h but not more than 11 h
by a method that ensures uniform heat distribution throughout the batch.
Although pasteurization at the final bulk stage may be possible, this
approach requires careful validation before use.

Special attention should be given to microbial contamination of source
material and intermediates, since soluble microbial substances, especially
endotoxins, may accumulate in the finished albumin solution. In addition,
it is possible that small amounts of endotoxin, present even in products for
which satisfactory results have been obtained in tests for pyrogens, may
have a cumulative effect in recipients receiving large product volumes in
relatively short periods of time, as, for example, in therapeutic plasma
exchange.

In some countries, information is being collected about the usefulness of
quantitative Limulus assays for the presence of endotoxin.

The in-process controls should be capable of detecting contamination with
bacteria and moulds. In addition, care should be taken to ensure, by a
method that shall be validated, that all equipment and reagents used in the
manufacturing process are scrupulously clean and free from toxic
materials.

Stability of albumin solutions

The stability of solutions of albumin and plasma protein fraction (that have
been heated for 10-11 h at 60°C) shall be tested by heating adequate
samples at 57°C for 50 h. The test solutions shall remain visually
unchanged when compared to control samples that have been heated for
only 10-11 h at 60 °C. '

The thermal stability of albumin solutions shall be taken into consideration
by the national control authority in determining the expiry dates.
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The physicochemical quality of stored albumin solutions, as measured by the
formation of dimers and particuiarly polymers, is influenced by:

— the quality of the starting plasma;

— the quality of the fractionation, particularly with respect to the degree of
purity achieved and the number of reprecipitation and reheating
procedures involved; and

— the storage conditions with respect not only to temperature and time but
also to the physical state and concentration of the solutions.

With regard to the thermal stability of albumin solutions, the following general
statements may be mace:

* The addition of stabilizing chemicals is necessary. Commonly used
products are sodium octanoate and sodium acetyltryptophanate.

* Albumin prepared from aged liquid or dried plasma is less stable than
albumin made from fresh-frozen plasma. .

* Reprocessing steps, such as reprecipitation and reheating, may reduce the
stability of albumin solutions.

* Onlong-term storage, albumin solutions are more stable at 5+3°C than at
32-35°C. Long-term storage above 30°C should be avoided.

14.2 Control of bulk material

14.2.1 Tests on bulk material

Tests on the bulk powder or solution shall be made if the manufacturer
sends the material to another institution for further processing. Samples
for these tests shall be taken under conditions that do not impair the quality
of the bulk material. Tests shall be carried out on a spectally dissolved
sample processed to a stage equivalent to the final product, after
steribization by filtration. The teésts shall be those listed in sections 14.3.2
to 14.3.7 inclusive.,

14.2.2 Storage
‘The bulk material shall be stored as liquid or powder in sealed containers
under conditions that minimize denaturation and the multiplication of
microbial agents.

14.3 Control of the final bulk solution

14.3.1 Preparation
The final bulk solution shall be prepared from bulk powder or by the
dilution of concentrates by a method approved by the national control
authority. It shall meet all of the requirements of sections 14.3.2 to 14.3.7
inchusive.

14.3.2 Concentration and purity
The albumin concentration in final bulk albumin solutions shall be
between 35 and 265 g/1. Not less than 93% of the proteins present shall be
albumin, as determined by a suitable electrophoretic method after the
sample has been heated for 10-11 h at 60 °C,
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The protein concentration in final bulk solutions of plasma protein
fraction shall be at least 35 g/l. Plasma protein fraction shall contain at
least 83% albumin and not more than 17% globulins. Not more than 1% of
the protein in plasma protein fraction shall be y-globulin.

14.3.3 Hydrogen ion concentration
The final bulk solution, diluted with 0.15 mol/1 sodium chloride to give a
protein concentration of 10 g/], shall, when measured at a temperature of
20-27°C, have a pH of 6.9+ 0.5 (albumin) or 7.0+ 0.3 (plasma protein
fraction).

In some countries, different ranges of pH values and temperatures are
permitted.

14.3.4 Sterility and safety
The final bulk shall be sterile. If required by the national control authonty,
it shall be tested for sterility; samples shall be taken for such testing in a
manner that does not compromise the sterility of the bulk material. Part A,
section 5, of the revised Requirements for Biological Substances No. 6
(General Requirements for the Sterility of Biological Substances) (9, p-48)
shall apply.

14.3.5 Sodium content
The final bulk solutions of albumin and plasma protein fraction shall have
a maximum sodium concentration of 160 mmol/l. '

14.3.6 Potassium content
The final bulk solutions of albumin and plasma protein fraction shall have
a maximum potassium concentration of 2.0 mmol/1.

14.3.7 Aluminium content
The final bulk solutions of albumin and plasma protein fraction shall have
a maximum aluminium concentration of 7.5 pmol/1 (200 ug/l).

14.4 FiIIing and containers

The requiremens concerning filling and containers given in Good
Manufacturing Practices for Biological Products (&) shall apply.

Special attention shall be paid to the requirement that solutions of albumin
and plasma protein fraction in the closed final containers shall be heated to
inactivate any infectious agents that may be present (see section 14,
paragraph 2). In order to prevent protein denaturation, a stabilizer shall
be added to albumin solution before heating (see section 13.1.1).

In some countries, the national control authority may authorize an interval
longer than 24 h between filling and heating to 60°C.
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14.5 Control tests on the final product

The tests specified below shall be performed on representative samples
from every filling lot. If the product is processed further after filling, e.g. by
freeze-drying, the tests shall be performed on samples from each drying
chamber.

14.5.1 Identity test
An identity test shall be performed on at least one labelled container from
each filling lot to verify that the preparation is of human origin. The test
shall be one approved by the national control authority. Additional tests
shall be made to determine that the protein is predominantly albumin or

plasma protein fraction as appropriate. The tests mentioned in section
14.3.2 shall be used.

14.5.2 Protein concentration and purity
The protein concentration and purity of each filling lot shall be within the
limits prescribed in section 14.3.2.

Tests to determine the concentration of additives {(such as polyethylene glycol,
porcine enzymes and reducing and alkylating agents) used during production
shall be carried out if required by the national control authority.

14.5.3 Sterility test
Each filling lot shall be tested for sterility. Part A, section 5, of the revised
Requirements for Biological Substances No. 6 (General Requirements for
the Sterility of Biological Substances) (9, p.48) shall apply. Samples for
sterility testing shall be taken from final containers selected at random after
heating at 60 °C for 10-11 h.

In one country, the sterility test is carried out at least 10 days after heating at
60°C for 10 h. in some countries, the sterility test is carried out both before and
after heating at 60°C for 10 h.

14.5.4 General safety test
In some countries a general safety test may be required, whereby each
filling lot is tested for extraneous toxic contaminants by appropriate tests
nvolving injection into mice and guinea-pigs. The injection shall cause
neither significant untoward reactions nor death within an observation
period of seven days. The tests shall be approved by the national control
authority.

Tre tests generally used ars the rtraperitoneai injection of 0.5 m! into each of
at least two mice weighing approx'mate’y 20 g and the injection of 5.0 ml into
each of at least two guinea-pigs ~eighing approximately 350 g. In some
countries, if one of the an'mals dies or shows sigas of ill-health, such as weight
loss, during a specified period, the test is repeated. The substance passes the
testif none of the animals of the second groug dies or shows signs of ill-health,
such as weight loss, during that period.
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14.5.5 Freedom from pyrogenicity )

Each filling lot shall be tested for pyrogenicity by the intravenous injection
of the test dose into three or more rabbits that have not previously received
blood products. In general, the dose shall be at least equivalent
proportionally, on a rabbit body-weight basis, to the maximum single
human dose recommended, but not more than 10 ml/kg of body weight.
For albumin at concentrations of 200 g/l and 250 g/1, the test dose for each
rabbit shall be at least 3 ml/kg of body weight, and for albumin at
concentrations of 35 g/l and 50 g/1 and plasma protein fraction, 10 ml/kg
of body weight.

A filling lot shall pass the test if it satisfies the requirements specified by
the national control authority.

14.5.6 Moisture content
The residual moisture content shall, where appropriate, be determined by
a method approved by the national control authority.

The methods in use are: {a) drying over phosphorus pentoxide for at least 24 h
at a pressure not exceeding 2.7 Pa (0.02 mmHg); and (b) the Karl Fischer
method.

The acceptable moisture content shall be determined by the national
control authority.

- 14.5.7 Prekallikrein activator .
An assay shall be performed for prekallikrein activator. The product shall
contain not more than 35 IU of prekallikrein activator per ml.

14.5.8 Hydrogen ion concentration
The final product, reconstituted if necessary and diluted with 0.15 mol/l
sodium chloride to give a protein concentration of 10 g/, shall, when
measured at a temperature of 20-27 °C, have a pH of 6.9 + 0.5 (albumin)
or 7.0+ 0.3 (plasma protein fraction).

In some countries, different ranges of pH values are permitted.

14.5.9 Absorbance
A sample taken from the final solutions of albumin and plasma protein
fraction, when diluted with water to a concentration of 10 g/1 of protein
“and placed in a cell with a 1-cm light path, shall have an absorbance not
~ exceeding 0.25 when measured in a spectrophotometer set at 403 nm.

1.5.10lnspection of filled containers
All final containers shall be inspected for abnormalities, such as non-uniform
colour, turbidity, microbial contamination and the presence of atypical
particles, after storage at 20-35°C for at least 14 days following heat
treatment at 60 °C for 10 h. Containers showing abnormalities shall not be
distributed.
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14.6

14.7

14.8

14.9

The normal colour of albumin solutions may range from colourless to yellow or
green to brown.

When turbidity or non-uniform colour raises the possibility of microbial
contamination, testing should be done to isolate and identify the
microorganisms.

Records

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 27-28) shall applw. ’

Samples

The requirements of Good Manufacturing Practices for Biological
Products (8, page 29, paragraph 9.5) shall apply.

Labelling

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 26-27) and the national control authority’s- re-
quirements for parenteral solutions shall apply.

In addition, the label on the container should state:

= the type of source material,

— the protein concentration,

— the oncotic equivalent in terms of plasma,
— that preservatives are absent

— the warning “Do not use if turbid”,

— the sodium and potassium concentrations.

Distribution and shipping

The requirements of Good Manufacturing Practices for Biological
Products (8) shall apply. :

14.10 Storage and shelf-life

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 26-27) shall applyv.

Final containers of albumin solution shall have a maximum shelf-life of
three years if they are stored at or below 30 °C, and of five vears if they
are stored at 5+ 3°C.

Other storage conditions and shelf-lives may be approved by the national
control authority.

Final containers of plasma protein fraction solution shall have a maximum
shelf-life of three vears if they are stored at or below 30 °C, and of five years -
if they are stored at 5 + 3°C.

Other storage coaditions and snel-ives may oe approved by the national
control authority.
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15.

86

Control of immunoglobulins

The final bulk solution of normal immunoglobulin shall be made from
material from at least 1000 donors. If normal immunoglobulin is to be used
for preventing or treating a particular infection, the titre of specific
antibody should be measured.

For normal immunoglobulins, a large number of donors are needed if the final
product is to contain adequate amounts of the various desired antibodies.

For specific immunoglobulins, whether intended for intravenous or
intramuscular injection, the number of donors represented is less important

because the requirement for specific antibody in the final product will be '

defined.

The immunoglobulin concentration in the final bulk of normal and specific
immunoglobulin preparations for intramuscular use shall be 100-180 g/1.
Concentrations lower than 100 g/ shall require the approval of the
national control authority.

The immunoglobulin concentration in the final bulk of intravenous
immunoglobulin shall be at least 30 g/1. If, in a specific immunoglobulin
preparation, the concentration is lower than 30 g/, it shall require the
approval of the national control authority.

The immunoglobulin preparation shall be composed of not less than 90%
of immunoglobulin, as determined by a method approved by the national
control authority.

Tests shall be conducted on each filling lot of immunoglobulin solution to
determine the proportion of aggregated and fragmented immunoglobulin.
The recommended distribution shall be that at least 90% of the protein,
other than proteins added as stabilizers to intravenous immunoglobulins,
shall have the molecular size of immunoglobulin monomer and dimer. Not
more than 10% shall consist of split products together with aggregates
(oligomers of relative molecular mass equal to or greater than that of
immunoglobulin trimer). This requirement shall not apply to products
deliberately fragmented. The tests and limits shall be approved by the
national control authority. Of the material having the molecular size of
immunoglobulin monomer and dimer, most will consist of monomer. If a
minimum level of monomer per se is to be established, the time and
temperature at which samples must be incubated before analysis shall be
specified.

Gel-permeation chromatography and high-performance exclusion chroma-
tography are useful techniques for determining molecular size distribution
and can be standardized for making these measurements.

For intravenous immunoglobulin, the following tests shall be performed
on a sample from each filling lot:

* A testfor hypotensive activity.
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15.2

An appropriate test is that for prekallikrein activator content. In sofme countries
the kallikrein test is also used.

* Actest for anticomplement activity.

Several methods are available. The test method used and the maximum level of
anticomplement activity permitted should be approved by the national control
authority. .

* Atest for haemagglutinins by the antiglobulin (Coombs) technique.

in such tests, group O D(Rh,)-positive cells should be used to test for anti-D
(anti-Rh,); group A and group B D(Rh,}-negative cells should be used for
anti-A and anti-B, respectively. :

The purpose of the test is to ensure that the use of the product wifl not give rise
to haemolylic reactions. The upper limit of activity should be specified by the
national control authority.

Potency of normal immunoglobulins

A 160 g/1 solution of normal immunoglobulin shall be prepared from final
bulk solution by a method that has been shown to be capable of
concentrating, by a factor of 10 from source material, at least two different
antibodies, one viral and one bacterial, for which an international standard
or reference preparation is available (16) (e.g. antibodies against
poliomyelitis virus, measles virus, streptolysin O, diphtheria toxin, tetanus
toxin, staphylococcal a-toxin).

For immunoglobulins formulated at an immunoglobulin concentration
lower than 16%, the concentrating factor for antibodies from source
material may be proportionally lower.

The immunoglobulin solution shall be tested for potency at the
concentration at which it will be present in the final container.

Since preparations of normal immunogiobulins produced in different countries
can be expected to differ in their content of various antibodies, depending
upon the antigenic stimulation to which the general population has been
subjected (either by natural infection or by deliberate immunization), at least
two antibodies should be chosen for the potency test by the national control
authority. The final product passes.the test if it contains at least the minimum
antibody levels required by the national control authority.

Potency of specific immunoglobulins

The potency of each final lot of specific immunoglobulin shall be tested
with respect to the particular antibody that the preparation has been
specified to contain. For intramuscular immunoglobulins, the following
levels shall apply:

¢ For tetanus immunoglobulin, at least 100 IU/ml of tetanus antitoxin, as
determined by a neutralization protection test in animals or by a
method shown to be equivalent.

¢ For rabies immunoglobulin, at least 100 IU/ml of anti-rabies antibody,
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15.3

15.4

as determined by an appropriate neutralization test in animals or by a
method shown to be equivalent.

¢ For hepatitis B immunoglobulin, at least 100 TU/ml of anti-hepatitis
antibody.

e For varicella zoster immunoglobulin, at least 100 TU/ml of anti-
varicella zoster antibody, as measured by a comparative enzyme-
linked immunosorbent assay or by a method shown to be equivalent.

o For anti-D (anti-Rh,) immunoglobulin, the estimated potency shall be
expressed in International Units and shall be not less than 90% and not
more than 120% of the stated potency, and the fiducial limits of error
shall be within 80% and 125% of the estimated potency.

The national control authority shall specify the antibody limits for other
immunoglobulins.

After the potency tests, a test for immunoglobulin subclass may be performed.
Different mahufacturing steps have been shown to reduce the concentration of
specific immunoglobulin subclasses (e.g. 1gG1, 1gG2, IgG3 and IgG4) in
immunoglobulin preparations. The distribution of the four subclasses of IgG
may be a factor in the efficacy of intravenous immunoglobulin preparations,
since specific antibodies belonging to particular subclasses have been
identified as being important in several infectious diseases.

In some countrie$ the distribution of IgG subclasses has been measured by
radial immunodiffusion. Enzyme-linked immunosorbent assays have also been
described, and may be used if properly validated. Assays should be calibrated
against the appropriate international reference materials. -

Sterility and safety

Each filling lot shall be tested for sterility. Part A, section 5, of the revised
Requirements for Biological Substances.No. 6 (General Requirements for
the Sterility of Biological Substances) (9, p.48) shall apply.

In some countries a general safety test may be required, whereby each
filling lot is tested for extraneous toxic contaminants by appropriate tests
involving injection into mice and guinea-pigs. The injection shall cause
neither significant toxic reactions nor death within an observation period

of seven days. The tests shall be approved by the national control authority.

The tests generally used are the intraperitoneal injection of 0.5 mi into each of
at least two mice weighing approximately 20 g and the injection of 5.0 ml into
each of at least two guinea-pigs weighing approximately 350 g. In some
countries, if one of the animals dies or shows signs of ill-health, such as weight
-loss, during a specified period, the test is repeated. The substance passes the
test if none of the animals of the second group dies or shows signs of ill-heaith,
such as weight loss, during that period.

Identity test

An identity test shall be performed on at least one labelled container from
each filling lot to verify that the preparation is of human origin. The test
shall be one approved by the national control authority.

_80_



15.5

15.6

15.7

15.8

Additional tests shall be made to determine that the protein is
predominantly immunoglobulin.

The methods in most common use are radial immunodiffusion and
electrophoresis.

Freedom from pyrogenicity

Each filling lot shall be tested for pyrogenicity by the intravenous injection
of the test dose into three or more rabbits that have not previously received
blood products. In general, the dose shall be at least equivalent
proportionally, on a rabbit bodv-weight basis, to the maximum single
human dose recommended, but not more than 10 ml/kg of body weight.
The recommended test doses are 1 ml/kgand 10 ml/kg of body weight for
intramuscular and intravenous preparations, respectively.

A filling lot shall pass the test if it satisfies the requirements specified by the
national control authority.

Moisture content

The residual moisture content of a sample from each filling lot shall, where
appropriate, be determined by a method approved by the national control
authority.

The methods in use are: (a} drying over phosphorus pentoxide for at least 24 h
at a pressure not exceeding 2.7 Pa (0.02 mmHg); and (b) the Karl Fischer
method.

The acceptable moisture content shall be determined by the national
control authority.

Hydrogen ion concentration

The final product, reconstituted if necessary and diluted with 0.15 mol/l
sodium chloride to give a protein concentration of 10 g/1, should, when
measured at a temperature of 20-27 °C, have a pH of 6.9+ 0.5.

In some countries, a different range of pH values is permitted for intravenous
immunoglobulins.

Stability

For immunoglobulin solutions, a stability test shall be performed on each
filling lot by heating an adequate sample at 37°C for four weeks. No
gelation or flocculation shall occur.

Alternatively (or in addition), the molecular size distribution of the immuno-
globulin or assays of enzymes such as plasmin (fibrinolysin) may be used,
when shown to predict stability reliably and when approved by the national
control authority.
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15.9 F_Iecords.

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 27-28) shall apply.

1510 Samples

The requirements of Good Manufacturing Practices for Biological
Products (8, page 29, paragraph 9.5) shall apply.

15.11 Labelling

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 26-27) shall apply.

In addition, the label on the container shall state:

the type of source material;

the protein concentration;

the concentration of preservative, 1f any;

“For intramuscular use only” (if the immunoglobulins are not specially
prepared for intravenous use);

“For intravenous use”, when appropriate;

for specific immunoglobulin, the content of specific antibody expressed
in International Units or equivalent national units;

for freeze-dried preparations, the name and volume of reconstituting
liquid to be added.

The label on the package or the package insert shall show:

the approximate concentration of electrolytes and excipients and, for
intravenous preparations, the approximate osmolality;

the buffering capacity when the pH of the diluted product is lower than
that specified in section 15.7;

the concentration of preservative, if any;

the recommended dose for each particular disease or condition;

the warning “Do not use if turbid”;

the sodium and potassium concentrations (if the immunoglobulin is
intended for intravenous use).

15.12 Distribution and shipping

The requirements of Good Manufacturing Practices for Biological
Products (&) shall apply.

1513 Storage and shelf-life

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 26-27) shall apply.

L1qu1d immunoglobulin shall be stored at 5+3°C and shall have a
shelf-life of not more than three years. Freeze-dried preparations shall be
stored below 25 °C and shall have a shelf-life of not more than five years.
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16.

16.1

16.1.1

Other storage conditions and shelf-lives may be approved by the national
controi authority.

Control of preparations of coagulation-factor concentrates
(factor VIII, factor IX and fibrinogen)

Factor VIII preparations are available as both frozen products and
freeze-dried concentrates. The frozen products are usually derived from a
single donation and consist of the cryoprecipitated factor VIII from the
donor concerned prepared in a closed separation system. The control of
this product and the freeze-dried product from fewer than 10 plasma
donations is covered in Part B. section 7.8.1.

Generally, the small-pool product undergoes little or no purification and is
handled and subdivided in such a way that many control tests are
inappropriate. However, freeze-dried factor VIII concentrates prepared
from more than 10 donations may be purified.

Source material for factor VIII preparations shall meet the general criteria
for donor selection and testing for disease markers as specified in Parts A
and B. It shall preferably be plasma frozen within 8 h of collection or frozen
cryoprecipitate. Such material shall be kept frozen at such a temperature
that the activity of the factor VIII is maintained.

Tests on final containers

Sterility and safety ‘

Each filling lot shall be tested for sterility. Part A, section 5, of the revised
Requirements for Biological Substances No. 6 (General Requirements for
the Sterility of Biological Substances) (9, p.48) shall apply.

In some countries a general safety test may be required, whereby each
filling lot is tested for extraneous toxic contaminants by appropriate tests
involving injection into. mice and guinea-pigs. The injection shall cause
neither significant toxic reactions nor death within an observation period
of seven days. The tests shall be approved by the national control authority.

The tests generally used are the intraperitoneal injection of 0.5 m! into each of
at least two mice weighing approximately 20 g and the injection of 5.0 mi into
each of at least two guinea-pigs weighing approximately 350 g. In some
countries, if one of the animals dies or shows signs of ill-health, such as weight
loss, during a specified period, the test is repeated. The substance passes the
test if none of the animals of the second group dies or shows signs of ill-health,
such as weight loss, during that period. For factor VI and factor IX
concentrates, the test dose should not exceed 500 iU of the coagulation factor
per kg of body weight of the test animal.

16.1.2 Freedom from pyrogenicity

Each filling lot shall be tested for pyrogenicity by the intravenous injection
of the test dose into three or more rabbits that have not previously received
blood products. In general, the dose shall be at least equivalent
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proportionally, on a rabbit body-weight basis, to the maximum single
human dose recommended, but not more than 10 ml/kg of body weight.

The following test doses are suggested: factor VIII, 10 IU/kg of body
weight; factor IX, 50 IU/kg of body weight; and fibrinogen, 30 mg/kg of
body weight.

16.1.3 Solubility and clarity
Factor VIII preparations shall dissolve in the solvent recommended by the
manufacturer within 30 min when held at a temperature not exceeding
37°C. Factor IX preparations shall dissolve in the solvent recommended
by the manufacturer within 15 min when held at 20-25 °C. The solutions,
when kept at room temperature, shall not show any sign of precipitation or
gel formation within 3 h of dissolution of the coagulation factors.

16.1.4 Protein content
The amount of protein in a final container shall be determined by a method
approved by the national control authority.

16.1.5 Additives
Tests to determine the concentration of additives (such as heparin,
polyethylene glycol, sodium citrate and glycine) used during production
shall be carried out if required by the national control authority.

16.1.6 Moisture content
The residual moisture content shall be determined by a method approved
- by the national control authority. The acceptable moisture content shall be
determined by the national control authority.

The methods available are: (a) drying over phosphorus pentoxide for 24 h at a
pressure not exceeding 2.7 Pa (0.02 mmHg); and (b) the Karl Fischer method.

16.1.7 Hydrogen ion concentration - .
When the product is dissolved in a volume of water equal to the volume
stated on the label, the pH of the resulting solution shall be 7.2+ 0.4.

In some countries, different pH values are approved.

16.2 Test applicable to factor Vill concentrates

Each filling lot shall be assayed for factor VIII activity by a test approved
by the national control authority, using a standard calibrated against the
International Standard for Blood Coagulation Factor VIII: Concentrate.

The national standard and the manufacturer's house standard should be a
concentrate rather than a plasma because the former has better long-term
stability and provides more homogeneous assay results.

The specific activity shall be at least 500 IU/g of protein. The estimated
potency shall be not less than 80% and not more than 125% of the stated
potency. The confidence limits of error shall be not less than 64% and not
more than 156% of the estimated potency.
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16.3

Tests applicable to factor IX concentrates

16.3.1 Potency

Each filling lot shall be assayed for factor IX activity by a test approved by
the national control authority, using a standard calibrated against the
International Standard for Human Blood Coagulation Factors II, IX, and
X in Concentrates.

Other coagulation factors may also be present in the final product,
depending on the method of production, and products shall be assayed
for all coagulation factors claimed to be present at a therapeutic level,
mncluding factors II. VII and X. The assay methods used for these factors
shall be approved by the national control authority.

16.3.2 Presence of activated coagulation factors

A test for the presence of activated coagulation factors shall be carried out
by a method approved by the national control authority.

In some countries. the non-activated partial thromboplastin times of normal
plasma are measured after the addition of an equal volume of a number of
different dilutions of the product under test.

In some countries, a test for the presence of thrombin is carried out by mixing
equal volumes of the product under test and fibrinogen solution. The mixture is
held at 37°C and should not coagulate within 6 h. The usual range of
concentrations of fibrinogen solution is 3-10 g/1.

16.3.3 Alloantibodies

16.4

16.5

A test shall be made for the presence of alloantibodies A and B by a
method approved by the national control authority.

Itis not possible to be speciic about the tests for aloantibadies or to specify an
upper limit for the titre.

Test applicable to fibrinogen

Each filling lot shall be assaved for clottable protein by a test approved by
the national control authority.

Not less than 70% of the total protein should be clottable by thrombin.

Identity test

An identity test shall be performed on at least ong labelled container from
each filling lot of coagulation-factor concentrate to verify that the
preparation is of human origin. The test shall be one approved by the
national control authority.

For albumin and plasma protein fraction. additional tests shall be made to
determine that the protein is predominantly albumin.

The methods in mos: common use are radiz immunodiffusion and
electrophoresis.
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16.6

16.7

16.8

16.9

-

¢

Records

The requirements of Good Manufacturing Practices for Biological
Products (&, pages 27-28) shall apply.

Samples

The requirements of Good Manufacturing Practices for Biological
Products (8, page 29, paragraph 9.5) shall apply.

Labelling

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 26-27) shall apply.

In addition, the label on the container shall state:

— the content of the coagulation factor expressed in International Units,
where they exist;

— the amount of protein in the container;

—. the volume of diluent ieeded for reconstitution;

— a reference to a package insert giving instructions for use, warnings
about the possible transmission of infectious agents and precautions.

Distribution and shipping

The requirements of Good Manufacturing Practices for Biological
Products (8) shall apply.

16.10 Storage and shelf-life

The requirements of Good Manufacturing Practices for Biological
Products (8, pages 26-27) shall apply.

Final containers of freeze-dried preparations of factor VIII and factor IX
shall have a maximum shelf-life of two years if they are stored at 5+ 3 °C.
Final containers of fibrinogen shall have a maximum shelf-life of five years
if they are stored at 5+ 3 °C.

Other storage conditions and shelf-lives may be approved by the national
control authority provided that they are consistent with the data on the stability
of the products.

Part D. National control requirements

17.

General

The general requirements for control laboratories in the Guidelines for
National Authorities on Quality Assurance for Biological Products (6)

- shall apply.

The national control authority shall provide the standards and reference
preparations necessary for the quality control of human blood and blood
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18.

products. Where appropriate, these standards should be calibrated against
the relevant International Standard.

The national control authority shall have authority to approve the
production and control methods used and settle all matters left for its
decision or approval in Parts A, B and C.

The national control authority shall also have authority to approve the use
of materials that carry potential risk and shall approve any new method of
production and the preparation of any new product.

New products or products prepared by new production methods may be
monitored to confirm their efficacy and safety.

Releaée and certification

Human blood and blood products shall be released only if they satisfy the
requirements of Parts A, B and C, wherever applicable.

A certificate signed by the appropriate official of the national control
authority shall be provided at the request of the manufacturing
establishment and shall state whether the product in question meets all
national requirements as well as Parts A, Band C (Whichever is relevant) of
the present Requirements. The certificate shall also state the date of the last
satisfactory potency test performed by the manufacturer, if applicable, the
number under which the lot is released, and the number appearing on the
labels of the containers. In addition, a copy of the official national release
document shall be attached.

The purpose of this certificate is to facilitate the exchange of human blood and
blood products between countries.
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Appendix
Summary protocol for collection of source
material

1. Name and address of collecting centre

2. Source material

3. Details of single donations, where applicable:
(a) Donor identification
(b)Date of collection
(¢) Volume in container
(d)Results of tests for HBsAg
(e) Results of tests for anti-HIV
(f) Results of tests for anti-HCV
(g) If applicable, results of tests for antibody

to hepatitis B core antigen
(h)If applicable, results of tests for
alanine aminotransferase

4. Special information:
(a) Anticoagulantused
(b)Was the material collected for special purposes (e.g. as a source of

specific antibodies)?
(c) Precautions to be taken when using the material

5. Conditions of storage

6. Does the donation comply with existing agreements between the
supplier and manufacturer?

7. Does the donation comply with the Requirements for the Collection,
Processing and Quality Control of Blood, Blood Components and
Plasma Derivatives published by WHO?

Name and signature of responsible person

Date
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Assessmg suutablhty of donor for
blood donation

- Medlcal Oﬁ" icerin charge of Donor Area
- Master File

This SOP describes the criteria for a donor to be accepted for blood donation, for
ensuring safety of donor as well as recipient. The purpose of donor selection is to
identify any factors that might make an individual unsuitable as a donor, either
temporarily or permanently.

The Medical Officer is responsible for determining the suitability of donor for blood
donation. He/She should confirm that the criteria are fulfilled after evaluation of
health history questionnaire and med|cal examination including the results of pre
donation screening tests.

‘Technical Manual of American Association of Biood Banks- 13"‘ edition, 1999 pgs 90-
97, 103-110.

e Donor Questionnaire
¢ Donor Card

CRITERIA FOR SELECTION OF BLOOD DONORS

A. Accept only voluntary/replacement non-remunerated blood donors if

following criteria are fulfilled.
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The interval between blood donations should be no less than three months.
The donor shall be in good health, mentally alert and physically fit and shall
not be a jail inmate or a person having multiple sex partners or a drug-addict.
The donors shall fulfill the following requirements, namely:-

The donor shall be in the age group of 18 to 60 years
The donor shall not be less than 45 kilograms
Temperature and pulse of the donor shall be normal

The systolic and diastolic blood pressures are within normal limits without
medication

Haemoglobin shall not be less than 12.5 g/dL

The donor shall be free from acute respiratory diseases

The donor shall be free from any skin disease at the site of phlebotomy

The donor shall be free from any disease transmissible by blood
transfusion, in so far as can be determined by history and examination
indicated above

9. The arms and forearms of the donor shall be fee from skin punctures or
scars indicative of professional blood donors or addiction of self-injected
narcotics

BN

®~No o

B. Defer the donor for the period mentioned as indicated in the following table:

CONDITIONS PERIOD OF DEFERMENT

Abortion 6 months

B

Surgery 12 months i

B 2
History of Malaria duly treated 3 months (endemic)

3 years (non endemic area)
i e i

Breast feeding 12 months after deinver‘y‘

a

Rabies vaccination 1 year after vaccination

sy

Hepatltls“lmmu’ne globulin | 12 months

C. Defer the donor permanently if suffering from any of the foliowing diseases:

Cancer

Heart disease

Abnormal bleeding tendencies
Unexplained weight loss
Diabetes

Hepatitis B infection

Chronic nephritis

N AN =
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. Signs and symptoms, suggestive of AIDS

9. It is important to ask donors if they have been engaged in any risk
behaviour. Allow sufficient time for discussion in the private cubicle. Try
and identify result-seeking donors and refer them to VCTC (Voluntary
Counseling and Testing Center). Reassure the donor that strict
confidentially is maintained.

10 Liver disease

11 Tuberculosis

12 Polycythemia Vera

13 Asthma

14 Epilepsy

15 Leprosy

16 Schizophrenia .
17 Endocrine disorders '

D. Private interview:

A detailed sexual history should be taken. Positive history should be recorded on
confidential notebook.

E. Informed consent:
Provide information regarding:

Need for blood

Need for voluntary donation

Regarding transfusion transmissible infections
Need for questionnaire and honest answers
Safety of blood donation

How the donated blood is processed and used

Tests carried out on donated blood

NoO AN

N.B. This gives the donor an opportunity to give his/her consent if they feel they are
safe donors )

\

* Request the donors to sign on the donor card indicating that he is donating
voluntarily.
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