Pierre Aucouturier 
  
Anne Barra 
  
Liliane Intrator 
  
Catherine Cordonnier 
  
Dominique Schulz 
  
Francoise Duarte 
  
Jean-Paul Vernant 
  
Jean-Louis Preud'homme 
  
Long Lasting IgG Subclass and Antibacterial Polysaccharide Antibody Deficiency After Allogeneic Bone Marrow Transplantation

Serum lgG subclasses were measured by a competitive indirect immunoassay with monoclonal antibodies in 31 leukemic patients before and after bone marrow transplantation. Antibodies to Hemophilus influenzae type
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	780														AUCOUTURIER	ET AL
	include deficiencies.32	Borderline	levels ( 0.95	mg/mL	for IgG2 and	clonal Ab followed	by peroxidase-coupled	rabbit	IgG anti-mouse
	<0. 1 mg/mL	in both sexes for IgG4) are therefore	considered	in the	IgG extensively	absorbed	with human	IgG, as described	in detail
	analysis.														previously."
	Determination	ofanti-PRP	antibody	levels.	Anti-PRP	Ab were	Statistical	analysis.	Ig and anti-PRP	Ab levels in patients and
	measured 1 1 26/M	in 79 sera from 28 patients (mean time between BMT and 30/M ALl.. let CR 0 + CMV (pneumonial (d 90)	controls were compared	by the Student's	t test when possible, or by
	collection		of the last serum studied	was 14.3 months).	PRP was	the Mann and Whitney's	test when the number of subjects was too
	prepared		from culture supernatants	by precipitation	with a cationic	small. Percentages	were compared	using the Chi-square	test.
	detergent		and further purification	by saline and phenol extractions33
	and was coupled to tyramine	according	to the method of Anthony	et	RESULTS
	al. ' Microtitration	plates were coated with PRP-tyramine	(5 g/
	ml PRP in phosphate-buffered		saline [PBSI) and saturated	with 1%	Detailed	results	of measurement	of Ig class and subclass
	bovine serum albumin	(BSA) in PBS containing	0.05% Tween-20.	and anti-PRP	antibody	levels are shown	in Table	I . Before
	One-half		of every plate was treated identically	except that PRP was	transplant,	several	patients	had low (patients	4, 7, 8, and 26)
	replaced		by PBS (blanks).	Sera diluted '/ o in 0.5% BSA containing	or borderline	(patients	18 and	19) IgG2	and/or	IgG4
	PBS-Tween		were incubated	for 90 minutes at 37#{176}C in triplicates	in	(patients	I , 2, 3, 6, 24, 28, and 3 1 ) levels. IgA and IgG3 were
	the PRP-coated	and control wells. The plates were washed six times	rarely	depressed	(patients	1, 5, and	28, respectively),
	in PBS-Tween	and incubated	with peroxidase-tagged		goat antisera	whereas	abnormally	low 1gM levels were noticed	in patients
	specific for human -y, a, and tion, Paris). After washings, o-phenylenediamine and H202, and optical Ig chains (Institut bound conjugate densities Pasteur was revealed Produc-with (OD) were recorded on a microplate reader.3' Each ELISA plate contained	I, 4, 8, 12, and 18. None history of abnormal infections. the various Ig isotypes after of these The evolution patients BMT varied	had any past of the levels of greatly from
	standard		positive and negative	sera, and, as a reproducibility	test,	patient	to patient.	However,	comparison	of the curves	drawn
	three further known positive sera (interassay	coefficients	of variation	for each patient	(not shown),	revealed	a strong	tendency	for
	were 9.8% for IgG Ab, 7.8% for IgA Ab, and I 1 .3% for 1gM Ab).	certain	isotypes	to vary together:	IgG1 and IgG3 showed	a
	For every sample,	the experiment	was repeated	on the same plate	roughly	parallel	evolution	in 68% of cases,	IgGI and 1gM in
	with serum previously	incubated	for 45 minutes	with high-concen-	48% of cases,	and IgG3 and 1gM in 45% of cases.	On the
	tration were taken into account. (500 g/mL) PRP. Only specific OD (inhibited Results were expressed in arbitrary by PRP) units calculated from specific OD in PRP-coated wells after results on uncoated wells were deducted by comparing the same data with the positive and negative standard sera.	other and IgG4 (61% ofcases), hand, roughly parallel IgG4 and IgA (48% ofcases). Ig isotypes was noted in <19% curves IgG2 and IgA (52% ofcases), were observed for IgG2 and Any other association between of cases. In contrast, IgGl
	Due to lack of material,		the subclass distribution	of lgG anti-PRP	and	IgG2	varied	in the opposite	way	in 61%	of cases.
	Ab could be studied in four patients	only. These experiments	were	Consequently,	IgG2	levels	were	lower	in late (>350	days
	performed		by a procedure	similar to that previously	described	except	after transplant)	than in early samples	in 1 1 cases. Subclass
	that bound anti-PRP	Ab were revealed	by subclass-specific	mono-	deficiencies	or borderline	levels	at the end of follow-up
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Table 1 . Diagnosis. Infection Patterns. Serum 1g. and Anti-PRP Ab Levels (Cont'd) .
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	Patient	Age/Sex	Donor			GVH								Serum Ig (mg/mU			Anti-PRP	Ab (U)
	No.	)yr)	(Age/Sex)		Diagnosis	Acute	Chronic		Infections		Date	lgG	gA	gM	)gGl	IgG2	lgG3	IgG4	lgG	gA	gM
										d	-7	14.0	1.55	0.9	11.5	5.0	0.7	2.4
										d	12	11.0	1.61	1.1	7.6	4.25	0.38	1.53
										d	128	M	0.69	0.35	9.2	1.4	0.21	0.25
										d	273	M	0.68	1.07	9.1	2.4	0.50	0.33
	12	22/M	27/M	AML. let CR					d	-7	9.8	0.81	0.32			-	-
										d	0	9.8	0.67	0.25	6.6	4.3	0.23	0.24
										d	112	8.5	0.3	1.4	5.7	2.2	0.43	0.06
										d	240	M	0.27	M	14.6	0.9	1.10	0.04
	13	42/M	35/F	AMI.	lstCR					d	7	9.0	1.24	0.87	6.4	2.2	0.25	0.18
										d	154	9.3	0.57	0.89	9.9	0.6	0.85	0.06
										d	700	9.2	0.68	0.69	8.25	0.9	0.57	0.34
	14	33/F	35/M	AML. let CR					d	-8	9.7	1.67	2.72	9.35	2.7	0.55	0.26
										d	153	10.7	1.17	1.42	17.5	1.55	0.61	0.13
										d	291	10.0	0.74	2.7	15.1	2.75	0.57	0.13
	15	35/M	39/F	AML. 1st CR	0	0	Herpes-zoster	Id 90)	d	-9	11.6	0.88	1.04	10.7	3.15	0.84	0.43
										d	81	9.2	0.48	0.34	11.5	1.6	0.72	0.16
										d	216	11.7	0.6	1.6	13.4	0.3	-	0.014
	16	41/F	38/F	ALL. lstcR	0	0	Varicella(d145)		d	8	3.5	0.51	0.33	3.15	0.65	0.32	0.119
										d	68	8.3	0.64	0.23	6.75	1.45	0.43	0.215
										d	230	M	0.68	0.49	9.1	0.95	0.35	0.094
	17	15/M	12/M	ALL.	lstCR					d	5	7.4	0.87	0.41	5.7	1.85	0.27	0.16
										d	377	10.5	0.68	1.13	11.1	1.0	0.76	0.23
										d	474	7.6	0.41	0.72	7.0	1.2	0.58	0.17
	I 8	34/M	28/F	ALL. 4th CR					d	-8	8.2	0.7	0.2	7.3	0.75	0.33	0.33
										d	82	4.9	0.25	0.29	3.5	0.6	0.24	0.15
										d	353	M	0.22	0.29	15.7	0.25	0.24	0.026
	19	22/F	20/F	AML. let CR	Grade I)	+			d	-5	17.9	1.14	1.58	15.7	0.92	1.37	0.39
										d	358	8.6	0.26	0.92	9.1	0.35	1.25	0.12
	20	28/M	29/F	CML. chronic phase	0	+ +	Herpes-zoster	(d 310)	d	102	2.4	0.13	M	2.65 0.6	0.28	0.04
								AV (pneumonia)	Id 360)	d	385	2.9	0.3	0.27	2.65	0.35	0.34	0.06
										d	432	3.6	0.25	M	4.0	0.06	0.50	0.06
								Herpes-zost	Id 790)									
								F. cch)septicemi.)	(d 855)									
								Mumps (orchitis)	Id 920)									
	21	27/F	24/F	AML.	let CR	Grads IV			Id 133)									
	22	35/M	32/M	AMI.	let CR													
	23	29/F	30/M	CML. ctwonic phase													
	24	20/F	20/M	AML. let CR													
	25	1 1/M	14/F	AML.	let CR													
	26	15/F	17/M	AML. 1st CR													
	27	16/F	14/M	ALL. lstCR	0	0											
	28	30/F	14/M	AMI.	lstCR	0	0											
	29	25/M	Syngeneic	CML. acute phase	0	0											
			1															
	30	27/M	25/M	ALL,letCR	0	0											
	31	24/F	39/F	ALL. lstCR	0	0											

--S.,.. pn )menin tis) (d 520) + CMV + Str. pn (pneumonia) Abbreviations: AML acute myeloidleukemia; CR. complete remission; CML. chronic myeloid le temia; ALL. acute lymphoblastic leMmi. H. influ, H Mus mnzas; K. pn. KMbai epnetanonise; Asp.. Aspw lus llen,g.t&e; S. aoreus; St ,1i#{216}QcOcCUS aor.m; CMV, cytomegelovirue; L. ion. Listens inonocyrogeoes; L. pn. La cmeIa pn.c.vnofiIa; PV. p ovavirue; AV. adeno*ue; SU. Pt'. Streptococcus pne inonrne; C. co& Esch chS, co8; Ui. unidentified pathogen. M, not measured because o the presence o
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  32% of cases, P < .02).

	predominantly	affected		IgG2	(20 patients)			and IgG4	(19	in GVHD	(75% v As	for	IgG
	patients),	together		with low or borderline		IgA levels in 78%	subclasses,	the incidence	of deficiency	did not differ accord-
	of cases.																ing to the presence	or absence	of acute	or chronic	GVHD.
	The analysis		of subclass	levels in the last studied	samples	However,	the patient	who received	a syngeneic	graft (patient
	showed predominantly that long-term in infected	subclass patients	deficiencies (only	were observed one noninfected	29) is one of the only two patients at normal or high levels throughout	26 in whom every isotype 7 4 1 the study.	was 16 18
	patient	had IgG4 deficiency).	Every patient	with an infection	Six of nine patients	affected	with	6 Hib pneumonia	1	10 had
	pattern	compatible		Grads I with both cellular	+ and humoral Varicella CMV (pneumonia) Id 30) ID was Id 131)	abnormally	low or borderline	serum	IgG2	13 levels,	4 an mci-4
	subclass-deficient,			with a maximum				follow-up		of 25 months.	dence	that is not different	from that observed	16 in patients 8	10	in
	Borderline including	levels noninfected	were	observed subjects,	&a I, in whom in all patients' 0 CMV(pneumonia)(d Herpes-zoeter groups, (d 240) the incidence	120) of	whom Hib pneumonia to determine serum	could not be demonstrated. levels of anti-PRP Ab. Before	13 35 25	3 10 This led us 3 9 9 5 transplant,
	complete	recovery		was the highest.				Differences		according	to	patients	4 and 7, who had low IgG2,	23 also had low Ab levels 4 9
	the infection	patterns	are reflected			0 in the mean 0	CMV (pneumonia) IgG subclass	Id 145)	(Table	1). Mean Ab levels before	graft,	calculated	excluding
	values	in the last studied		samples			(Table	2). On the whole,	patients	with IgG2 deficiency,	were similar	in the different
	IgG 1 and IgG3 were higher	and IgG2 and IgG4 lower than	patient	groups	and comparable	to those in normal	101	26 adults.	34	We
	in normal	subjects		(differences	between		patients		and controls	had enough	material	to study anti-PRP	12 6 Ab at the moment 57 96	4	of
	were significant		except	for IgG3 levels in infected	patients);	Hib pneumonia	in only two patients	(patients	2 3 and 7); their 04
	the lowest values with infections	for the two latter of both types (mean	0	0 0.33 and 0.08 mg/mL, Ilerpes-zoeterld 155) isotypes were in patients	levels were low although case 3. After Hib infection,	7 4 13 was in the normal IgG anti-PRP IgG2 Ab remained range 04 03 -	-	in low
	respectively)	and	the		highest		in noninfected	Ui (pneumonia) (d 355) patients.	or continued	to decrease	except	in patients	4 4 and 24, in whom 11 11
	Because patients, patients	of the small differences were significant	Grade II size of the group + between infected for IgG2 levels only (P < .05). No Ui (pneumonia) Id 391 of noninfected and noninfected Ui (pneumonia) Id 164) they reached without known response after I-Iib pneumonia, levels comparable Hib infection.	14 in normal 7, who showed to those Patient experienced a second	-	-subjects a poor bout of
	significant	correlation		was observed			between			Ui (pneumonia) the ages of the (d 120)	Hib infection	3 months	later.	Mean	131 175 IgG anti-PRP	64 11 Ab level 32 5
	donors	and recipients		of the graft		and the incidence	of	was not higher	in patients	infected	25 with Hib than in the other 13 14
	subclass	deficiency.														patients	under	study	(Table	3). Patients	-4 and 24 had low -0
	Serum	collected		at periods	close to infectious		episodes	was	IgG2 levels. Due to lack of material,	0 we could not study the 00
	available	in certain	patients	only. Comparison			with subclass	subclass	distribution	of these IgG Ab. This experiment	was
	levels incidence	in the sera of subclass	from deficiency noninfected possibly	patients higher	showed in infected	an	d d performed contained	-8 109 subthreshold 15.6 0.8 M 0.29 in patient	1.3 I at day 401; 15.8 4.1 0.43 M 4.4 0.55 0.36 levels of IgG2 and low but detectable the patient's serum 0.40 0.04
	patients	(the difference		is not significant	in such a small	d IgG anti-PRP 119	-	-Ab. Two-thirds -	5.25	0.60 of these 0.25	0.03 Ab belonged	to the
	series).	Indeed,		for IgG2,	&adell low levels were observed + Herpes-zoster(d185) during	Id 369) 8	IgGl	d d subclass, -8 81	14.3 4.1	1.8 0.19 and one-third 2.67 0.2	16.5 3.6	1.5 0.75 belonged	0.75 0.21	0.48 0.18 to IgG2.	61 14	40 0	77 17
	of 21 infectious		episodes		(4 with extracellular			bacteria	and 4	d A moderate 384	11.2	0.46 increase	1.86 in 1gM and IgA Ab was observed 12.0 0.01 0.58 0.01 5 4	11 just
	with intracellular			bacteria	or viruses)		and borderline	levels	d after the pneumonia 662 13.4	0.41	1.82 in four and three cases, respectively. 12.0 0.06 0.55 0.045 4 1	27	A
	during	6 other	episodes,		whereas			0	0 of 14 samples Hsrpes-zost	(d 1251 collected	Id 1801	strong	d d	74 204 IgA response -N 0.61 -	-1.68 was manifested 8.5 1.0 10.8 0.5	0.3 0.52	0.28 0.026 by one case. 1	9	19 Conse-
	from noninfected contained low and subjects 5 contained at similar Despite this, the finding of normal	0	0 periods borderline subclass	chronicsinusitis(d varicsll.(d370( after graft, IgG2 H. influ (pneumonia) Id 760) 1951 d 285 d -7 d 377 one levels. quently, mean were similar d 770 levels during Most patients to normal 18.8 1.19 9.9 1.61 M 0.95 1gM and IgA Ab levels after 1.35 21.3 0.55 0.64 0.09 1.53 8.5 1.45 2.7 0.016 1.43 28.9 0.75 0.68 0.066 subject levels (Table 12.5 1.28 1.0 19.4 0.4 0.9 0.065 without known Hib infection	3).	3 15 34 Hib infection -27 -6 11 3 34 114 1 had low anti-
	one-third	of the infectious		episodes			0	0 and the rare but possible	d PRP Ab of the three classes, -8 8.9 1.63 0.47	8.0 the latest 2.5	0.84 samples 0.20	32 studied	37	11 often
	occurrence	of low levels	in noninfected		patients	make	the	showing	d d	77 372 the lowest values. 6.1 0.98 9.3 0.98 0.32 1.56	1.7 4.4 A number 1.7 1.46	0.60 1.35 of sera collected 0.063 0.09 14 5	14 4	7 8 after	1
	finding	of subclass		deficiency	0 suggestive	0 but not predictive	of	d year contained -8	17.6	1.19 no detectable 0.74	12.7	0.6 Ab or levels similar 0.90 0.06	56	1 to those in 27
	occurrence	of infection	in individual				cases.				young	d	61 children	7.8	0.39 (Tables	0.51	9.4 I and	2.3	0.01 3). However, 0.19	42 there -	-were
	Comparison		of serum	Ig levels		in patients	with	and	d d exceptions,	369 -7	6.6 8.3 such as patients 0.51 1.14 0.42 1.03	6.1 6.4 19, 29, and 30. Patient 0.86 0.65 0.04 2.0 0.47 0.17 3 35	0 19	1 15 19 had
	without	GVHD		clearly		shows	that class deficiencies	occur-	d high Ab levels before 97 5.0 0.2	0.43 transplant 4.3	0.7 and I year later, 0.24 0.07 16	0 despite	1	a
	ring late after BMT were observed GVHD: Only patients with chronic	predominantly GVHD		in chronic had total IgG	d d d very low IgG2 level. This striking 363 M 0.30 -8 9.2 0.71 222 12.8 1.35 0.71 12.4 0.54 7.2 7.9 11.1 subclass ofthe Ab in the sample	0.95 2.4 contrast 0.33 0.01 0.4 0.9 collected	0.009 led us to study the 0 0 2 4 4 12 0.029 0.032 0 4 11 at day 358. In fact,
	and 1gM deficiencies,	and IgA deficiency		was more frequent	d we found	450 that anti-PRP 7.2 2.07	1.52	7.2 Ab in this serum 1.7 1.3	0.13 was restricted 3 5	7	to
																	d-118	15.3	2.15	2.33	16.5	2.9	2.1	1.11	31	70	51
																	d	134	13.8	1.3	1.61	10.1	3.1	1.35	0.27	69	61	8
																	d	293	9.9	0.96	0.69	11.1	2.9	1.1	0.185	35	51	14
																	d	-8	7.0	1.51	0.96	6.2	1.1	0.39	0.11	56	47	23
																	d	91	7.2	1.24	0.2	7.6	2.6	0.51	0.09	34	18	15
																	d	217	8.0	1.37	1.2	8.7	2.2	0.49	0.048	45	21	18
																	d	-8	9.0	0.7	0.54	6.5	1.5	0.38	0.065	13	3	7
																	d	8	7.8	0.92	0.53	5.0	1.75	0.35	0.06
																	d	113	7.9	0.1	0.23	3.5	1.0	0.39	0.037	13	0	4
																	d	275	8.1	0.37	0.65	8. 1	0.9	0.65	0.077	5	0
																	d	522	M	6.7	0.7	0.62	0.06	0	00
	Boldface numbers r.prsssnt	abnormally		Pow levels.								
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Table 2 . Serum lgG Su bclass Levels in BM T Patients and Controls
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			Subjects		n		lgG 1		lgG2	lgG3	lgG4
	BMT									
	All patients								
		Before aft			25	9.24 ± 3.63	2.12 ± 1.33	0.66 ± 0.59	0.39 + 0.56
		Last sample			31	1 1.49	± 7.19	1.01	± 0.77	0.58	± 0.33	0.12	± 0.12
	Infected	patients,	last sample	24	12.49	± 7.94	0.86 ± 0.73	0.50 ± 0.28	0.125	± 0.135
	Noninfected	patients,	last sample	7	8.09	± 2.63	1.54 ± 0.74	0.83 ± 0.38	0.08	± 0.06
	Normal	adults			129-186	6.43			

± 1.50 2.64 ± 1.36 0.42 ± 0.17 0.39 ± 0.38 Values are mean ± SD, mg/mL.

Table 3 . Anti-P RP Ab Lev els in the L ast Studied S amples Fr om BMT P atients and in Control Sera

 3 

			IgG		lgA		lgM
	Subject	n		Range	n	Range	n	Range
	BMT						
	All patients	27	17	(0-175)			
	Hemophilusinfluenzae	8	14	(2-34)			
	NoHemophilusinfluenzae	19	18