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Bacterial lipopolysaccharide (LPS)-specific antibodies in commercial human
immunoglobulin preparations: superior antibody content of an IgM-enriched product
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SUMMARY

The anti-LPS antibody content of commercial intravenous immunoglobulins was examined by
guantitative ELISA using LPS preparations froBscherichia coli Klebsiella and Pseudomonas
aeruginosaO serotypes occurring most frequently in Gram-negative septicaemia. Three IgG products
from different manufacturers and one IgM-enriched product were tested. Mean antibody levels were
significantly higher in the IgM fraction of the IgM-enriched product compared with ‘pure’ IgG products,
indicating that natural antibodies against bacterial LPS belong primarily to the IgM class. Immunoblot-
ting studies showed that antibody specificities were directed mainly against O side chain epitopes.
Antibodies against rough mutant LPS representing various chemotypes were detected in IgG but not in
IgM products. The virtual absence of antibodies agaifiistio choleraeLPS indicated that human anti-

LPS antibodies result from continuous environmental exposure to Gram-negative pathogens. These data
support the further development of IgM-enriched preparations for prophylaxis and treatment of Gram-
negative nosocomial infections.

Keywords immunoglobulin(s) lipopolysaccharide endotoxin

INTRODUCTION reduced the level of endotoxaemia and fever [14]. Since the

Gram-negative bacterial infections continue to be a major cause cﬁ:)ergasr?;fgarzsﬁﬂ Gln :ggz‘gt:ng: flrzmngl:]fr?cftr::i%ndI|f|feirteinstly
morbidity in hospitalized patients [1,2]. Despite the availability of P !

new-generation antimicrobials with enhanced activity against|mp0rtantto compare the levels of specific antibacterial antibodies

Gram-negative bacilli, antibiotic treatment alone is often unable'nr;tv\i'(\;'fg Ise(\e/els?scifrizvstlbody in conventional 1gG products used in
to halt the progression of such infections to septic shock and" V" PSS’ . .
death. Various adjunctive therapeutic approaches have been Since bacterial ITPS (endotoxins) are knowp to play a key role
evaluated during the last decade, but most of these studies yieldé'a the pathogenesis of _Gram-neggt_lve s_eptlc shc_)ck .[15].' we
controversial results (review in [3]). measur_ed the concentration of specific ann-LP_S antibodies in the

The preventive use of standard intravenous immunoglobulinég'\r/:]_;n'rr'c.hfdI %Odl:d arn? ;:]om[;aredn;her: with thols € tog fﬁgrs
(IVIG) has proved effective in several studies involving patientsCo ercial 19t preparations. As antigens, we selecte

. . . . . . . . . from those Escherichia coli Klebsiella and PseudomonagO

with a high risk of infection, in particular septicaemia [4—9]. There " . . : . .
are few studies in which immunoglobulins have been used fOI,antlger) serotypes that are known.from sgroep@emmlogmal studies
treatment of overt systemic infection [10,11], but two studies into l_ae mvolved most fr_e_quently In septicaemic |nfec_t|ons. LPS
which an IgM-enriched product was used showed a significanf’im'bOdles were qugntlfled bylmeans of §tanQard|zed ELISA
reduction in mortality from septicaemia in newborns [12] and method, and the epitope specificity of the antibodies was roughly

Gram-negative septic shock [13]. Both of these studies invoIveoF1etermlnm by |mmunoplott|ng. _Antlbod|es_ in-all products were
. o ound to be directed mainly against LPS side chain determinants
small numbers of patients, however. An additional study demon-

strated that this same preparation, when given prophylactically tgnd were concentrated significantly in the IgM class.
patients undergoing bone marrow transplantation, significantly

MATERIALS AND METHODS
Correspondence: Professor Dr M. Trautmann MD, Department of ) )
Medical Microbiology and Hygiene, Steifitelstrasse 9, D-89075 Uim, Bacteria and LPS preparation

Germany. The organisms used for LPS preparation are listed in Table 1. LPS
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from these strains was extracted by the hot phenol water methoQuantitative ELISA

[16]. The following LPS preparations were obtained commercially: The concentration of specific IgG and, if applicable, IgM anti-
Vibrio choleraeserotype Inaba strain 5698, coliJ5 (Rc mutant), bodies against individual LPS serotypes was determined as pre-
Salmonella minnesotavild-type, S. typhimuriumTV119 (Ra  viously described [17,18]. In short, test LPS and purified human
chemotype),S. minnesotdR5 (Rc chemotype)S. minnesotaR7 IgG- (or IgM-) specific capture antibodies (Sigma) were coated on
(Rd chemotype)S. minnesotdRe595 (Re chemotype) (all from separate segments of microtitre ELISA plates. Known dilutions of

Sigma, Deisenhofen, Germany). the immunoglobulins were added to both types of wells, and bound
human IgG (or IgM) was traced with appropriate, alkaline phos-
IVIG preparations phatase-conjugated secondary antibodies. Standard curves were

Two batches each of Sandoglobulin (Sandoz, Basel, Switzerlandyenerated by plotting optical density (OD) values against the
Polyglobin N (Tropon-Cutter, Ko, Germany), Intraglobin F corresponding concentrations of pure 1gG or IgM added to anti-
(Biotest Pharma, Dreieich, Germany), and four batches of Pentammunoglobulin-coated wells. OD values measured on LPS-
globin (Biotest-Pharma) were included in the study. The three firstcoated segments (usually at dilutions of 1:32—-1:64 for I1gG and
mentioned products are human polyclonal IgG preparations mad&:2—1:16 for IgM) were used to calculate the concentration of LPS-
compatible for i.v. use by treatment at pH 4 with traces of pepsinspecific antibody by comparison with the linear part of the standard
(Sandoglobulin), reduction and alkylation (Polyglobin N), ghd  curve. In these experiments, each immunoglobulin was used as its
propiolactone treatment (Intraglobin F). Polyglobin N and Intra- own standard, e.g. known concentrations of IgG from Polyglobin N
globin F are supplied as liquid formulations containing a declaredvere used to construct the standard curve for determining LPS-
concentration of 50 ¢/IgG. Sandoglobulin is supplied as a lyo- specific antibody in Polyglobin N. IgM antibody levels were
philized preparation to which physiological sodium chloride solu- measured using purified IgM from Pentaglobin.
tion has to be added to yield a final IgG concentration of 80g/
60gl. For the sake of comparability, we added only 60ml of Competitive ELISA
sodium chloride solution to a 3-g bottle of Sandoglobulin to obtainIn order to test for competition between IgG and IgM antibodies for
a calculated IgG concentration of 50.g/ the LPS target, plates were coated with LPS as described above. A
The IgM-enriched product Pentaglobin is made from Cohndilution series of IgG purified from Pentaglobin (batch 1461073)
fraction 11l by treatment with octanoic acid, Sephadex absorptionwas added to duplicate wells, after premixing of each dilution with
and incubation with3-propiolactone. The final product contains either buffer (control) or with purified IgM from the same batch at
approximately 38 d¢/IgG, 6 gf IgM and 6 gl IgA. In preliminary  a constant final concentration of 1 mg/ml IgM. After incubation,
experiments, we found that the IgG antibodies contained irthe plate was labelled with IgG-specific secondary antibody and
Pentaglobin may compete with IgM antibodies for LPS binding. developed as described above. Alternatively, a dilution series of
Therefore, for ELISA and immunoblot studies, the IgG and IgM purified IgM was added to the wells, after premixing with buffer or
fractions of the product were separated by gel filtration using thel mg/ml (final concentration) purified IgG. The percentage inhibi-
HiLoad 26/60 Superdex 200 column (Pharmacia, Freiburg, Gertion by the alternative immunoglobulin class was calculated by the
many), followed by affinity chromatography on the HiTrap protein reduction of OD values compared with the buffer control in the
G column (Pharmacia). Purity of the separated IgM was 98—99%ilinear part of the ELISA curve.
Total IgG and IgM concentrations of all products were determined
nephelometrically (Beckman Array, Starnberg, Germany). Determination of antibody avidity
Plates were coated with LPS as described above, and primary
antibodies were incubated on the wells for 5min, 15 min, 30 min,
1h, 2hand 4 h, whereafter they were washed off and the remainder

Table 1. Bacterial strains used for LPS preparation of the ELISA reaction developed as described.

Strain designation Antigen formula Source  Electrophoresis and immunoblotting of LPS
Purified LPS preparations were separated by PAGE as described by
E. coli E 864 O1:K1:H7 WRAIR*  Sidberryet al. [19], using the buffer system of Laemmli [20].
E. coli E 518 02:K-:H46 WRAIR Electrophoresed LPS were either directly visualized by the silver-
E. coli E 863 04:K12:H1 WRAIR stain procedure [21], or transblotted to a 0 4B-nitrocellulose
E. coli E 701 O6:KS:H1 WRAIR  membrane (Millipore, Molsheim, France) using the transfer buffer
E. coli E 650/568 015:K52:H1 WRAIR  of Towbin et al. [22]. Blot membranes were reacted overnight
E. coli E 794 016:K1:H86 WRAIR \\ith the immunoglobulin preparations diluted to a concentration
E. coli E 833 018:K1:H7 WRAIR . -
P. aeruginosa FD1t WRAIR pf 5 ol of t.otal_ IgG or IgM, res'pectlvely, or other concentrfitlon_s as
P. aeruginosa ED2 WRAIR indicated in I_:lg. 2. Aft_er washing, bound IgG or IgM was visualized
P. aeruginosa FD3 WRAIR by sequential addition of class-specific alkaline phophatase-
P. aeruginosa ED5 WRAIR conjugated antibodies and developing substrate as described [19].
KlebsiellaFriedlander 201 O1l:K- SSIf
Klebsiella7380 O2ab:K- SSI Statistical analysis
Klebsiella390 03:K11 SSl IgG and IgM antibody concentrations against different O antigen
serotype LPS preparations were compared by the Mann—Whitney
*Walter Reed Army Institute of Research, Washington, DC. U-test using a software package (Statistics for Windows, version
t Fisher-Devlin immunotype. 4.5, StatSoft, Tulsa, OKP = 0-05 was considered significant. All
1t Statens Seruminstitut, Copenhagen, Denmark. comparisons were two-tailed.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:81-90



83

'sadAounwiw ulAeg-Jiaysegoulbniae seuowopnasd |

LPS antibodies in IVIG

(e68)  (v€9) (oLv) () (199) (90¢€) (t21) (z81) (g81) (z9)

¥-0S

¥-19

0-€v

0Ty

8y

(444

6-0%

6Ty

9-/€

'8¢

86T 692 L€2 z0 €-€e ¥-ST 9-8 76 €6 9z 9-z¢

(eze)  (09g) (66€) > (&) (181) (ez1) (eL1) (T9T1) (6%)
99T §8T 5-02 20> €2 €6 €9 68 €8 5z 1-92
(882)  (981) (091) &> (oew) (9z1) (zvT) (sot) (ooT1) (z1)

vzt 08 69 2:0>5-8T ¥'G 19 G v S0 S-GT
(868)  (6£9) (sov) &> (z09) (z0g) (t21) (e81) (Z11) (sT)
€91 T2 9:9T 2:0>9:02 921 0L 88 8 9:0 zl2
(991)  (9g¢) (8€¢g) (%> (oze) (v02) (6€T1) (62) (oz1) (2]

0'8 z9T €971 2:0> ST 0'6 L9 8-€ 8'G Z0 A
(89)  (60T1) (8e1) (> (12 (L9 (z9) (st) (st) ()

0-€ 8y 19 20> 96 5z €z 02 02 €0 6'6
(862) (16T) (zv2) (%> (sz1) (€2) (zz1) (6€T) (88) (99)

rATA 8L 6'6 20> TG 0-€ 0'S LG 9:€ €z 0-9T
(ove) (9eT)  (ev2) & (et2)  (091) (69) (6TT) (s6) (92)

€07 LS Z0T 20> 68 L9 62 0'S oV 11 96
(6€2) (0.7) (esa) &> (29¢) (¥ST) (zs1) (8.1) (G12) (e1)

06 9 56 2:0>9-€T 8'G LS L9 18 S0 86T
(9€9)  (e81) (602) (3> (882) (89) (19) (zot) (€9) (81)

eve 0L 0'8 2:0>0°TT rAYA 1€ 6'€ vz L0 LT

€0  Qezo 10 sr 810 910 STO 90 1%0) Z0

‘99X "G3IM LG9 11093 )jod '3 fjod 3 11003 1109’3 jod '3 1102 3

woly paAusp sd1 isurebe (96 reior 6/67) jw/hrusiuod Apognue 96| oyeds

(1wy/Bu)
Jualuod
90 fel0L

suoieredaid ulngojBounwiwl SNOUSARIIUI [BIDISWILWOD Ul JUSlU0d Apognue 56| a4103ds-Sd7°Z a|qe.L

ulngojfopues

ulingojfopues

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:81-90



M. Trautmannet al.

84

'Z 9|ge 89S ‘suonelirsiqge Jo-

¥'0 81 9v 192 vZT 78I 122 T2 20> 882 ¥'ZT S/ Z6 6'8 9-Z ¥-62 6-05 N uigo|BAjod
20> v'T Sz 86T CL ad T-ST  8TT Z2:0> 96T 06 99 L9 9y 9-0 12 0-Zv ungojbopues
20> 90 80 Sy 9T S'S §0T 2TT 20> ST 8'G S 62 6'¢ €0 6-€T Z-9v 4 uigojBeunul
91> 8§ 8¢ €es 62T S0€ 8vZ  ¥8T 9-T>6-9¢ 9¢T €eT L'ST T0T €S 2S¢ S-9% uigo|beluad
selslolgdd4 e€ad4 zad  1ad €0 gqezo 10 Se 8TO 910 STO 90 ¥0 20 TO (Jw/Bw) 1onpoid
OUQIA  ‘Sd 'sd 'Sd 'sd OENY ‘goIM 'g9IM 11093 1109 '3 1093 1109 '3 1093 109’3 1102 '3 1109 "3 JUBWO0J ulngojBounwiwi
[e10) uea|\

wioJj panuap Sd1 1surebe (u/hrusiuod Apognue eiol oi1oads

pa1sal s1onpoud 8y Ul s|aAs| Apognue oi1oads-Sd [e10) UBsN & a|gel

"Z 9|qel 99s ‘suoinelnaiqae o4

(d1> (826) (vzv)  (Lety)  (T60T) (T26T) (vL22) (re02) (201> (ge95)  (e281)  (v8€1)  (¥6€2)  (826)

(ovy)  (¥9ST)

10> 1S 9 AT L9 121 0T 52T L:0> 9vE S 1T g8 LT LS L2 96 vT-9 €80ToVT
(zot> (1) (ss2)  (ozre)  (1S9) (eL€1) (zr21) (rzrT) (zot> (2252) (9v2) (619) (8zot)  (829) (9zs)  (09sT)
10> LT LT z-0z 9-€ 6'8 Z8 Z6 10> 29T 8 0t S-0T a4 v-€ T-0T Lv9 €/0ToPT
(181> (¥€9) (9ev)  (ze68)  (2T6) (g15¢) (e582) (6¥1T) (181> (g622)  (0c0T)  (BC6T)  (6VTT)  (Z22) (68y)  (0c0T)
71> 8 €€ 8-62 69 9-92 9-12 L8 v 1> L-G2 8/ LT L8 [ L€ 8/ 1S°L ZITL97T
(eb1> (1T29) (968)  (88e8)  (2Se) (rvs2) (98¢€) (s602) (eh1> (ccev)  (evtT)  (8€2T)  (8%0OT)  (2S6) (zt8)  (89LT)
1> 2 62 9-6€ 02 18T ¥-82 ¥-ST T-T> 6T€ ¥-8 16 Ll 02 L9 0-€T <153 Z0TTOPT
aelajoyeq4 €a4 za4 a4 €O g9  gezo TO g3/ sC 81O 910 STO 90 ¥0 Z0 10 (Iw/Bw) "ou yoreq
OugIA  'sd "Sd ‘sd "Sd LY 109°3  1100°3  §odo°'3  oo°3 11003 023 102 °F oo g uswod  uigo|feiusd
INB|
[elo0L

woly paausp sd1 isurebe (W6 reon 6/67) jw/Briusiuoo Apoguue W6| oyoads

uonetedald W/v/OB| [e1218WWO0I e ul JUdu09 Apognue |NB| o1108ds-Sd7°E a|gel

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:81-90



LPS antibodies in IVIG 85

RESULTS batches showed a uniform pattern of reactivity with the various
Quantification of LPS antibodies by direct ELISA smooth LPS. At equivalent total immunoglobulin concentrations,

The results of these determinations are summarized in Tables 2 ai LS reactivity appeared to be more intense with the IgM fraction of

3. The concentration of total IgG measured nephelometrically was entaglobin compared with the 1gG products, in particular with

slightly lower in some of the products compared with the concen-res‘IOECt o staining of the side chainskofcoli 02, E. coli O15, and

tration declared by the manufacturer. Also, the IgM-enrichedKle{:)s'e”"’1 LPS (Fig. 1). The stepladder-like reaction patterm

product contained a lower concentration of total 1gG antibodies()bserved with all of the products showed that the reactivity of

compared with the ‘pure’ IgG products. Therefore, correctedteheitlc‘)Pess's?rizf'l(;\?vnzmg(':esl‘av:ﬁe?'rﬁtcf:ngj'ggrzzag:éisr:digllﬁg‘
specific 1gG concentrations were calculated by dividing the PHOpeES. u 9 p 9

amount of specific IgG antibody (ipg) by the amount of total core oligosaccharide regions were stained only faintly in blotting

IgG (in g). These figures (shown in parentheses) allow a moreexperlments performed with the purified IgM fractions (Fig. 1b),

direct comparison between individual products. ergijeuérseylz;/verlec sien lr; r?;i ilejrlila:; tilgtslrr]e:g:‘;c: d\;v:1t2elsvciih
All 10 batches tested contained IgG antibodies against th (Fig. 1c, e.g. S ):

enterobacterial LPS and against LPS derived ff@naeruginosa he ELISA resuIFs, neither IgG nor IgM reactivity was seen With
(Table 2). A statistical comparison of weight-corrected values(:hc’lerae"PS (Fig. 1). ForE. coli 018 LPS, stepwise dilutions of

could be made only for the 1gG levels in Pentaglobin becauseIgG and IgM purified from Pentaglobin were tested. The higher

values from four batches were available for Wilcoxon analysis.?rg';;i?lt?tg'; k:c));cg:nse 2dea<r:2:t||1(;:s,ipegl)1‘|c antibodies in the IgM
Specific 1IgG concentrations againgt coli O1 and O18 were agant PP 9. 2).

S : - . . Additional immunoblotting experiments were performed to
significantly higher compared with those against all othecoli O examine the binding pattern for various rouah mutant LPS. In
serotypes P<0-05). The IgG antibody content agair®seudo- xami inding p variou ug u )

monasFisher-Devlin serotype 3 and Fisher-Devlin serotype 5 I_Pscontrast to the ELISA experiments, antibodies reactive with the

was significantly lower compared with the two other Fisher-DeinnfaSt'mlgratmg bands corresponding to these LPS were detected in

serotypes testedP 0-05). The same trend was seen with the Otherexperlments with all of th? IgG products, but not_|n blots reacted
ith two batches of purified IgM. A representative example of

commercial preparations, although statistical comparisons coul ese findinas is depicted in Fig. 3
not be made since only two batches were tested. With the exception 9 P 9 2

of a weak reactivity in one preparation (Polyglobin N, Table 2, Competition between LPS-specific IgM and IgG

lower 2 rows), no antibody activity could be detected against . . o
Vibrio choleraeserotype Inaba LPS. One concern when infusing a product containing both 1gG and IgM

ELISA experments were o peromed sing Salmonela R 0S CTPEIC e o ot wie cou st
Rc, Rd and Re as well &. coli J5 (Rc) LPS as coating antigens. . . 9 ' glooi
. solution as it comes from the manufacturer, we measured lower anti-

IgG levels against the Salmonella rough mutant LPS wéréug/

ml in all of the IgG products, with the exception of the two batches"PS IgM antibody levels compared with tests in which we used the

of Polyglobin N, which contained variable concentrations of anti-punf'ed IgM fractions from the same batches. For instance, mean

body to individual rough mutant antigens ranging from 0-2 to.(ils'd') ELISA-reactive IgM antibody levels to Klebsiella O1 LPS

2.9ug/ml (data not shown). Table 2 shows the dataocoli J5 in the four batches of Pentaglobin were 6-3-6ug/ml (test with
LPS, which were representative for the other chemotypes studied.

Specific IgM antibody determinations in Pentaglobin are
Summanzed |n Table 3 Pre||m|nary expe”ments showed thaﬂ—able 5. LPS-SpeCIfIC |gG and |gM antlbody content in four batches of a

LPS-specific IgG (and possibly IgA) antibodies present in this commercial IgG/A/M preparation

product competed with specific IgM for LPS binding in the direct

ELISA (see below). Therefore, we removed both the IgG and IgA pg IgG IgM Fold

fractions by column chromatography and protein G trapping ofantigen (meart s.d.)* (meant s.d.)* differencet

IgG. IgM antibody levels determined in this purified material and

recalculated toug per ml of the original product are given in E. coliO1 383+ 122 1481+ 274 3.9

Table 3, with weight-corrected values in parentheses. E. coli 02 28+ 19 595+ 217 21.3
By adding LPS-specific IgG and IgM antibody levels of Penta-E. coli O4 115=68 821+ 139 7.1

globin, we calculated the mean concentration of total LPS-specifi€- coli O6 135+ 33 1555+ 614 115

antibody per ml of infused product and compared these values with: CO'? 015 106+ 38 1295+ 543 122

E. coliO16 111+ 53 1198+ 480 10.8

the mean anti-LPS levels found in the other products (Table 4)E .
Pentaglobin contained more LPS-specific antibody than Intraglobin”

F and Sandoglobulin for all antigens tested. Polyglobin N containedfleb- 01 23719 1676+ 464 71
the highest IgG anti-LPS levels, but even when compared with thi leb. 02ab 170-24 2566+ 1084 15.1

oli 018 247+ 102 3985+ 1313 16.1

product, Pentaglobin had higher levels against 11 out of the 14 LP leb. 03 355190 2351912 6.6
types studied. Table 5 shows the extent to which LPS-specifiéDs' FD1 17685 877+ 230 52
antibody was enriched in the IgM fraction of Pentaglobin. The Ps. FD2 613-184 4146= 938 6.8

h . . . . . Ps. FD3 28t 13 378+ 84 135
proportion of specific antibody in this fraction was 3-9-21-3-fold Ps. ED5 35 31 638+ 214 182

higher than that in the IgG fraction of the same product.

o ) ) ] *Values areug/g total IgG or IgM, respectively.
Specificity of LPS-reactive antibodies t Ratios were calculated for mean values.
Western blot studies performed with all 10 immunoglobulin  For abbreviations, see Table 1.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:81-90
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native product)versus11-5x 3-1 ug/ml (test with purified IgM). (5
Thus, IgM antigen binding was approximately halved by the pre-
sence of 38 mg/ml IgG in the native product.

Since this 1gG concentration is higher than the levels of
exogenous IgG found in patients after infusion of IVIG [23], we
performed additional experiments in which we added 1 mg/ml of
either purified 1gG or IgM as a competitor to a dilution series of the
alternate immunoglobulin class. LPS frdincoliO1, 06, 018 and
KlebsiellaO1 were selected as representative antigens for thes
experiments. At this lower concentration, IgG did not inhibit IgM
antigen binding (data not shown). However, IgM reduced the
antigen binding of 19G by 15-9%E( coli O1), 4-7% E. coli o
06), 17-2% E. coli O18), or 7-8% Klebsiella O1). Thus, both £
immunoglobulin classes were able to compete with each other, an -

!
1

. z 3

IgM did so at a lower concentration than IgG. This is probably due
to the higher concentration of specific LPS antibodies in the IgM
fraction, since ELISA experiments in which we studied the avidity
of anti-LPS antibodies did not show significant differences
between the two immunoglobulin classes (Fig. 4).

%]
[#5 )
-~
(411
[s7]

DISCUSSION

L

Beneficial effects of polyvalent immunoglobulins have been{b} P*
demonstrated in animal models of sepsis. However, most o _——
these studies have also shown that such effects are most pr

nounced when IVIG is given either before or very early after e
bacterial challenge [17,24,25]. In humans, treatment of establishe
sepsis with IVIG has yielded controversial results, a fact that may
be due to the heterogeneity of causative organisms and th
variation in underlying diseases and clinical status of the patient:
included in such studies (review in [26,27]). Recently, it has beer
suggested that a careful stratification of patients with respect t
their Acute Physiology and Chronic Health Evaluation (APACHE)
and sepsis scores or the demonstration of endotoxaemia may le
to more conclusive results [27,28]. At least in Europe, variations ol
antibody levels in the raw material of IVIG may play a lesser role
in the outcome of clinical studies, because the European Pharm:
copoeia prescribes the inclusion of plasma units frerh000
donors per batch [29].

The potential effect of IVIG in established sepsis may be
related to its recently discovered ability to inhibit the release of
proinflammatory mediators [30]. Inhibition by IVIG of tumour g 2. Reactivity of IgM and IgG from Pentaglobin at various dilutions
necrosis factor-alpha (TN&) and IL-1 release from monocytes with LPS fromEscherichia coli018. LPS (2Qug) was electrophoresed as in
has been linked to the presence of anti-LPS antibodies in polyFig. 1 and blotted onto nitrocellulose. (a) Blot strips reacted with IgM
clonal immunoglobulin [30]. Our own data show that this inhibi- purified from Pentaglobin and developed with anti-human IgM alkaline-
tory effect was stronger for an IgM-enriched IVIG preparation phosphatase conjugate. (b) Blot strips reacted with Pentaglobin and devel-
compared with ‘pure’ IgG products, which may point to a higher oped with anti-human IgG alkaline-phosphatase conjugate. Class-specific
concentration (or avidity) of endotoxin-neutralizing antibodies in immunoglobulin concentrations were as follows: lane 115ghe 2, 14k
the IgM class [31]. We therefore decided to measure quantitativel| ne 3, 0-2df lane 4, 0-044f lane 5, 0-008 ¢/ lane 6, 0-0016 ¢/ Side

e . . . L chain-specific staining by IgM is seen at concentrations as low as 0-0016 g/
the level of LPS-specific antibodies in IgM-containingrsus
conventional IVIG products.

i

2110

| I | I | |
1 2 3 4 5 6

Fig. 1.LPS silver stain (a) and corresponding immunoblots reacted with Pentaglobin-IgM (b) and Pentaglobin-1gG (c). LPS preparatiopng (E2 {é2)

were subjected to electrophoresis on 14-5% polyacrylamide gels. Lane EscR&richia colO1; lane 2, LPE. coliO2; lane 3, LPE. coliO4; lane 4, LPS

E. coliO6; lane 5, LP<E. coli O15; lane 6, LPE. coliO16; lane 7, LPE. coli O18; lane 8, LPS Klebsiella O1; lane 9, LPS Klebsiella O2ab; lane 10, LPS
Klebsiella O3; lane 11, LPSibrio choleraeserotype Inaba; lane 12, LPS Pseudomonas FD1; lane 13, LPS Pseudomonas FD2; lane 14, LPS Pseudomonas
FD3; lane 15, LPS Pseudomonas FD5. (a) Silver-stained gel. (b) Identical companion gel blotted onto nitrocellulose, reacted with IgM purified from
Pentaglobin at 5 ¢fand developed with anti-human IgM alkaline-phosphatase conjugate. (c) Additional companion gel reacted with Pentaglobin at an IgG
concentration of 5 ¢/and developed with anti-human 1gG alkaline-phosphatase conjugate.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:81-90
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. - Fig. 4.Avidity for Klebsiella O1 LPS of IgG M) and IgM @) purified from

Pentaglobin (batch no. 1461073). The purified immunoglobulins were

| I I I | I I added to the wells at dilutions yielding optimal ELISA reactivity (2mg/ml
for IgG and 0-5mg/ml for IgM) and left on the plates for the time periods
1 2 3 4 5 6 7 indicated. Optical density (OD) values reached after each period of incuba-

tion were expressed as percentage of the final OD measured after 4h. The
steepness of the curves can be regarded as a measure of antibody avidity.
Similar results were obtained for LPS frofascherichia coliO6 and
Pseudomonas aerugino§®1.

(b} b g

A drawback of previous studies examining the anti-LPS anti-
e body content of IVIG was that either the O antigens examined were
poorly defined, or that antibody concentrations were reported in
arbitrary units, which precluded a comparison with antibody levels
known to be protective from animal models of sepsis [17,32—-35].
— In the present study, we used a previously described quantitative
- ELISA system [17,18] to quantify the level of O antigen-specific
IgG and IgM antibodies in four commercial IVIG preparations.
- Purified LPS preparations were obtained from those O antigen
. serotypes that have been identified most frequently among isolates
- causing Gram-negative septicemia. Eorcoli, various seroepide-
. miological studies were available which showed that, of the more
1 ] 1 | | | | than 150 known O serotypes, the O antigens O1, 02, 04, 06, 08,
1 2 3 4 5 6 7 015, 016, 018 and O75 account fs80% of the antigenic types
causing septicaemia [36—40]. When the data from the last-
(c) - mentioned studies were pooled, the O6 antigeE.afoli occurred
B most frequently (11-9% of septicaemia cases), while the other
indicated antigens each accounted for 6—8% of cases [36—40].
. Studies of the seroepidemiology of bacteraerRicaeruginosa
== isolates showed that Fisher-Devlin serotypes 1-5 were predomi-
-:"'-"-'-“ -4 nant in this setting [41,42]. In the study of Sguezet al., Fisher-
Devlin serotype 1 (corresponding to international type (IATS) type
6) was found in 50%, Fisher-Devlin type 2 (IATS 11) in 24-3%,
and Fisher-Devlin type 3 (IATS 2) in 11-4% of bacteraemic
isolates [42]. Recently, we examined the distributioiKtebsiella
O serotypes in clinical material and found that the O serotypes O1,
0O2ab and O3 accounted for 36:7%, 12-7% and 30-4% (together,

".i
'.

Fig. 3. Reactivity of immunoglobulins with rough mutant LPS in a
representative immunoblot experiment performed with Sandoglobulin
and Pentaglobin-IgM. Gels were loaded with 154800f smooth LPS,

| | | 1 1 | and 3—4ug of rough LPS. Lane 1Salmonella minnesotaild-type LPS;

1 2 3 4 5 6 7 lanes 2-5, Salmonella Ra, Rc, Rd and Re chemotype LPS, respectively;

lane 6,Escherichia coliO18 smooth LPS; lane E. coli J5 (Rc) LPS.
(a) Silver-stained gel. (b) Immunoblot reacted with Sandoglobulinl§5 g/
(c) Immunoblot reacted with IgM purified from Pentaglobin (§g/
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79-8%) of bacteraemic isolates, respectively [43]. Thus, the panedubsequent immunoblotting studies revealed the presence of such
of enterobacterial anBseudomonakPS preparations used in the antibodies in the IgG products (Fig. 3), it is possible that the direct
present study comprises a significant portion of the O antigerELISA system is not optimally suited to detect such antibodies. In
serotypes associated with septicaemia. future studies, the use of capture molecules such as polymyxin B
All products tested contained specific IgG antibodies againsf49] or poly--lysine [50] may enhance the detection of rough
the LPS antigens included in the study (Table 2). The differencesnutant antibodies.
of antibody levels against specific LPS antigens may be The question whether IgG and IgM, when infused together,
explained by different frequencies in which strains of individual will compete for LPS recognitioin vivo cannot be answered by
O serotypes occur in the gut flora of the plasma donor populathis study. Our ELISA experiments show that both immuno-
tions. Furthermore, after having colonized the gut, strains carryglobulin classes are able to compete with each othevitro.
ing different O antigens may also differ in their ability to Both classes contain specific antibody which appears to have the
translocate to the mesenteric lymph nodes and stimulate an LPSame avidity for LPS (Fig. 4). When Pentaglobin is infused to
specific humoral immune response [44,45]. The view that theseptic patients, competition effects are less likely to occur because
presence of natural antibodies in human serum is related t@PS is distributed widely throughout the vascular system. IgG and
(transient or stable) intestinal colonization is substantiated by outgM antigen contacts may therefore occur at separate sites in the
finding that none of the immunoglobulin preparations containedbloodstream compared with the situation on the ELISA plate,
detectable antibody against LPS derived frdm cholerag an ~ where both classes of antibody compete for antigen concentrated
organism that does not usually colonize the human gut, at least ion a minimal area of contact. To our knowledge, clinical deteriora-
the Mid-European and North-American donor populations fromtion of septic patients related to the infusion of Pentaglobin has
which the plasma units used for commercial immunoglobulinnever been described.
production are obtained. Taken together, the present data show that IVIG preparations
The main goal of the present study was to elucidate whether anontain significant levels of LPS-specific antibodies directed
enrichment of IgM antibodies, which is part of the specific against various clinically relevant O antigen serogroups of
production process of Pentaglobin, correlates with an enrichmenBram-negative species. Such antibodies are concentrated in the
of LPS-specific antibody. This was suggested by the results ofgM fraction of the IgM-enriched product by a factor of 3-9—21-3.
Jacksoret al., who tested a single batch of Pentaglobin against eSince antibodies of the IgM class have been suggested to be the
pool of four LPS antigens and found that the anti-LPS IgM titre most important in the neutralization and clearance of endotoxin
was 1/1024, compared with an IgG titre of 1/32 [14]. Also, after [51], further experimental and clinical studies employing IgM-
infusion of this product in bone marrow transplant patients, LPS-enriched preparations of IVIG are clearly warranted.
specific IgM levels rose significantly, in contrast to an insignificant
rise of anti-LPS 1gG levels [14]. Our data confirmed and extended
these findings for a total of 14 LPS serotypes. Although Pentaglo- ACKNOWLEDGMENTS
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