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Prenatal immune priming in onchocerciasis—Onchocerca volvulus-specific cellular
responsiveness and cytokine production in newborns from infected mothers
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SUMMARY

This study investigated the effect of mater@ichocerca volvulugfection on humoral and cellular
responsiveness in newborn children and their moti@nehocerca volvuluspecific IgG isotypes and

IgE were significantly elevated in infected mothers and their infants. Oneppsapartum, O. volvulus
specific 1gG4 was strongly reduced in children of infected mothers, while IgG1 responses weakened
only slightly. Umbilical cord mononuclear blood cells (UCBC) and peripheral blood cells (PBMC) from
mothers proliferated in response to phytohaemagglutinin (PHA), concanavalin A (ConA), and the
bacterial antigens streptolysin-O (SL-O) or purified protein derivative (PPD). UCBC from neonates
born toO. volvulusinfected mothers responded low&<0-01) to Con A (at xg/ml), PPD (at 10 and
50ug/ml) andO. volvulusderived antigens (OvAg) (at 3&/ml), and in parallel, a diminished cellular
reactivity (P<0-01) by PBMC was observed to OvAg in mothers positivedovolvulus Several Thl-

type (IL-2, IL-12, interferon-gamma (IFNJ and tumour necrosis factor-alpha (TN§} and Th2-type

(IL-4, IL-5, IL-10, IL-13) cytokines were secreted by UCBC and PBMC in response to OvAg, bacterial
SL-O and PHA. OvAg did not stimulate IL-2 and none of the mitogens or antigens induced production
of IL-4 in neonates. In response to OvAg, substantially elevateeQ:01) amounts of IFN-

were produced by UCBC from newborns @.volvulusinfected mothers. UCBC secreted low
levels of IL-5 and IL-13, while higher amounts of IL-10 were fourfd<(0-01) in newborns from
onchocerciasis-free mothers. In conclusion, matem@altolvulusinfection will sensitizein utero
parasite-specific cellular immune responsiveness in neonates and activate OvAg-specific production
of several Th1l- and Th2-type cytokines.
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INTRODUCTION has been reported f@nchocerca volvulysMansonella perstans,
fand Wuchereria bancroft{8—11], and such exposure to parasite

In onchocerciasis and lymphatic filariasis the manifestation o ntigens mav prime and bias immunocompetence in offsorin
disease varies from asymptomatic infection to severe patholog 9 y prime an ; . P otIspring.
ndeed, maternal filarial infection, ariluteroexposure to filarial

1], and filarial infection in indigenous populations often persists . . . o .
[1] 9 hop p antigens, has been considered to influence later in life infection

without evident clinical disease [2]. The lower expression of. . . o ) :
pathology in endemic populations, despite high infection inten-'mens‘Ity and cellular immunity in offspring [12,13]. Appropriate

sities, has been attributed to prenatal or neonatal exposure nd unbiased immunocompetence upon parasite challenge is

parasites or parasite antigens which may have induced parasit89nsidered to be the critical determinant for effective control of
specific immunotolerance [2—6]. During pregnancy parasite_mfection [1,14-16]. In onchocerciasis, deviated expression of
specific antibodies, antigens and even entire parasités may paimmunity is associated with chronic infection and characterized

S ) :
transplacentally from the mother into the foetus [7]. In filaria- By predominant Th2-type responses, while Thi-type responses are

infected mothers, transplacental migration of microfilariae (mf)fqund n _|nd|V|dua|s exposed to_ |nfect|_o n presenting no c||n!ca|
sign of disease [17-19]. Induction of immune responses with a
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Prenatal immune priming in onchocerciasis 131

later in life [21]. The particular susceptibility to tolerogenic signals room temperature. Plates were then washed (as above) and
during prenatal and neonatal life, and the exposure to parasitstreptavidin, conjugated to horseradish peroxidase (HRP) was
antigens at this stage of maturation, may prime for specificadded for 30min at room temperature. Following extensive
immunotolerance and facilitate parasite persistence. During th&ashes %12), specific binding was visualized by addition of
prenatal and neonatal period the developing foetal immune systeMB substrate, the reaction was then stopped after 15min, and
learns to discriminate self from non-self by developing tolerance tahe optical density (OD) was determined at 405 nm. Preparation of
antigens it encounters [22]; consequently, maternal infection ha®. volvulusadult worm-derived antigen (OvAg) was effected as
been considered a risk factor for increased susceptibility andiescribed previously [27,28].
facilitated parasite persistence in offspring [3,5,6]. Prenatal aller-
gic sensitization to helminth antigens may also contribute tolsolation of umbilical cord blood mononuclear cells and cell
inappropriate immune responsiveness and disease manifestationlture experiments
[23]. Heparinized venous or cord blood was collected from mothers and
The present study was aimed at determining whether prenatalewborns, and PBMC or umbilical cord blood cells (UCBC) were
exposure tdD. volvulusmicrofilariae and filarial antigens in new- isolated by Ficoll-Paque (Pharmacia) density gradient centrifuga-
borns will prime forO. volvulusspecific T cell responses, and if tion. Cell culture experiments were conducted as previously
prenatal priming does occur will it lead to allergic sensitization or described by Soboslagt al. [14,15]. Briefly, PBMC were adjusted
diversion of T cell responses into the Th2 pathway. Our results addo 1x 10°/ml in RPMI (Gieco, Eggenstein, Germany) supplemen-
evidence that indeed materral volvulusinfection will sensitize  ted with 25w HEPES buffer, 100 U/ml penicillin and 1Q@/ml
in utero parasite-specific cellular responsiveness in neonates anstreptomycin, 0-2ag/ml amphotericin B; they were then imme-
activate antigen-specific production of several Thl- and Th2-typaliately used to stimulate cytokine transcription and cytokine
cytokines. secretion.
Fo7r purposes of depletion of CD4r CD8' T cells, PBMC (at
1x10/ml) were suspended with anti-CD4 or anti-CD8 antibody-
SUBJECTS AND METHODS coated immunomagnetic beads (Dynal; Dynabeads M-450/CD4 or
Location of study and study population M-450/CD8) at a bead:cell ratio of 5:1, incubated at Z=-4or
This study was conducted in central Togo in West Africa, within 60 min with gentle tilting and rosetted CD4or CD8" cells
the vector controlled area of the Onchocerciasis Control Prodepleted from whole UCBC with a magnetic particle concentrator
gramme (OCP), where the risk of infection with volvulusstill (MPC) as recommended by the manufacturer. Viability of depleted
remains high [24,25]0Onchocerca volvuluinfected mothers and cell populations was always95%. For purposes of proliferation
their newborns originated from selected villages where onchoassays, isolated PBMC as well as CDgr CD8" depleted UCBC
cerciasis was mesoendemic. Authorization for this study was givemvere seeded at310° cells/well in sterile round-bottomed 96-well
by the Togolese Ministry of Health and informed consent wasmicrotitre plates (Costar, Cambridge, MA). Cells were suspended
obtained from all mothers before enrolling in this study. Serumin RPMI (as above) containing 10% fetal calf serum (FCS), and
samples and peripheral blood mononuclear cells (PBMC) werdept in 5% CQ at 37C and saturated humidity. For purposes of
obtained from mothers, and heparinized umbilical cord bloodmitogenic stimulation with phytohaemagglutinin (PHA; 1:100;
samples (30-50ml) were collected from full-term newborns atGieco) or concanavalin A (ConA; 0-5-//ml; Gisco), and of
delivery. In all pregnant mothers the density@fvolvulusmicro- antigenic stimulation with OvAg (0-35-3&/ml), streptolysin-O
filariae was determined in skin biopsies taken from the right and'SL-O; 1:50-500; Difco, Augsburg, Germany) and mycobacter-
left hip [14]. From pregnant mothers stool samples were collectedal purified protein derivative (PPD; 20—106/ml; Boehringer,
and concurrent intestinal helminth or protozoan infections wereMannheim, Germany)ultures were maintained for 3 and 5 days,
determined by standard parasitological methodology. Allrespectively. For the last 18 hyCi of *H-thymidine was added;
mothers included in this study were negative for HIV-1 and -2 ascells were then harvested on glassfibre filters (Skatron, Lier,
determined by ELISA (Enzygnost; Behring, Marburg, Germany). Norway) and the incorporated radioactivity was determined by
scintillation spectroscopy (Beta Plate; LKB-Pharmacia). Data are
Onchocerca volvuluantigen-specific ELISA indicated as mean values of triplicate cultures in ct/min minus
Paired cord and maternal blood samples were obtained and tHeaseline stimulation.
levels of O.volvulusantigen-specific (OvAg-specific) total 1gG
and IgG isotypes were determined by ELISA [14,26]. For the Determination of cytokine production
determination ofO. volvulusspecific IgE in mothers and their Freshly isolated PBMC and UCBC were cultured at a concentra-
babies, sera were preabsorbed with Sepharose Protein-G (Pharmimn of 3-7x 10°cells/ml in RPMI (as above) supplemented with
cia, Uppsala, Sweden). Briefly, equal volumes g§f sera and  10% heat-inactivated FCS, in the presence of eitbevolvulus
Sepharose Protein-G (5 mg/ml) were incubated overnigiGiba derived antigen (3-bg/ml) or PHA (1:100; Ggco) or SL-O (1:50;
a shaker, then centrifuged (150606 min) and the sera used at a Difco) in 5% CQ, at 37C and saturated humidity. Cell culture
final dilution of 1:40. Microtitre plates (Nunc Maxisorb, Wiesbaden, supernatants were collected after 48 h and stored in liquid nitrogen.
Germany) were coated with. volvuluscrude antigen (OvAg hg/ Cytokine secretion by stimulated PBMC was quantified by sand-
ml) overnight, non-specific binding capacity of wells was blocked wich ELISA using cytokine-specific monoclonal and polyclonal
with PBS containing 0-5% bovine serum albumin (BSA) and serumantibodies for IL-2, IL-5, IL-10, IL-13 and tumour necrosis factor-
samples and reference control sera were added in duplicate @pha (TNFe; Pharmingen, Hamburg, Germany), and for IL-4,
OvAg-coated wells and incubated for 2h at room temperaturelL-12 and interferon-gamma (IFN: BioSource, Ratingen, Ger-
After washing (PBS—0-05% Tween 20), biotinylated anti-humanmany) as recommended by the manufacturer, and as previously
IgE MoAb (BIOZOL, Eching, Germany) was added for 45 min at described [15].
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Statistical analysis partum (Table 1). In O.volvulusinfected mother—child pairs
Results are indicated as mean valdes.e.m. of different groups. examined 1 yeapost partum O. volvulusspecific IgG4 reactivity
Data were tested for normality and the variance of two data groupswas strongly reduced in babies at 12 months after birth, while IgG1
Statistical analyses were performed by either Studénést or the  responses weakened only slightly.
Mann—Whitney test.
RESULTS Cellular reactivity to mi_togens _and antigens in_ neon_ates _

UCBC from mothers with or withou®. volvulusinfection prolif-
The study population erated after mitogenic stimulation with PHA and Con A, and after
Prevalence 00. volvulusinfection in mothersri{=113) was 44%  stimulation with bacterial (SL-O, PPD) an@. volvulusderived
(mean), while 75% (aggregate) of the study group were infectedintigens (Table 2). The background proliferation of unstimulated
with protozoan or helminth parasites. One-third (30%) of thecells from babies born to infected and non-infected mothers was
mothers were singly infected, in 27% of the cases two parasitesompared and was similar in both groups, indicating that prolif-
were detected, a triple infection was diagnosed in 15% of theerative responses were not raised due to presence of a maternal
mothers and 4% harboured a quadruplicate helminth and protozoanfection (Table 2). Pronounced cellular responses were measured
infection. Hookworm (42%), amoebiasis (30%), strongyloidiasiswhen UCBC were stimulated with PHA, Con A and SL-O, while
(17%), mansonelliasis (12%giardia lamblia(9%), Trichomonas  cellular reactivity remained low when stimulated with mycobac-
intestinalis (19%), Ascaris lumbricoideq4%) and Schistosoma terial PPD orEchinoccocus multilocularislerived antigens (not
mansoni(1%) were found. The mean age of mothers was 22 yearshown). Reactivity to the T cell mitogen Con A (aug/ml) was
(range 17—40years) and the reported average number of births pewer (P<0-01) in UCBC fromO. volvulusinfected mothers, but
mother was 3-2 (range 1-10). lower Con A concentrations (0¢8/ml) did not induce such differ-

ences (Table 2). At all antigen concentrations tested reactivity to
Parasite-specific immunoglobulins in mothers, neonates and childreiMycobacterium tuberculosiderived antigens (PPD) was lower in
In O.volvulusinfected mothers and their babies, parasite-specifidJCBC from O. volvulusinfected mothers (Table 2); however,
IgG4 and IgE were significantly higher than in non-infected pronounced cellular proliferation of UCBC was induced by the
mothers and their children (Fig. Inchocerca volvuluspecific  bacteria-derived SL-O with no differences between the study groups
IgG subclasses were always higher in mothers than in thei(Table 2). Low cellular reactivity of UCBC to OvAg was measured
offspring, with 19G4 showing strongest reactivity in infected at antigen concentrations of g§/ml, but responsiveness to OvAg
mothers and their offspring, and all IgG isotypes were positivelyincreased with decreasing antigen concentrations and was highest
correlated in mothers and their babies (data not shown). In babieis both groups at OvAg concentrations of 3-5 and @.@ml.
born to O. volvulusmicrofilariae-positive mothers OvAg-specific Proliferative reactivity to OvAg (at 3pg/ml) was significantly
IgE reactivity was twice as high as in babies born to non-infectedreduced P<0-01) in newborns oD. volvulusinfected mothers,
mothers, providing clear evidence that prenatal sensitization haliut no such differences were observed when cells were stimulated
occurred in these children. In addition, paired cord and maternaith lower antigen concentrations (Table 2). Depletion of C4
immunoglobulin isotype reactivity to OvAg were determined at CD8" from UCBC drastically reduced cellular responsiveness to
birth and, inO. volvulusinfected mother—child pairs, 1yepost  mitogens (PHA, Con A) and antigens (SL-O, OvAg) (data not shown).
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04l * %

0-2

oD

*

0-0
[e[€] 1gG1 1gG4 IgE

Bl newborn/O.v.-negative mother (n=62) {4 O.v.-negative mother (n=62)

[J newborn/O.v.-positive mother (n=44) O.v.-positive mother (n=44)

Fig. 1. Onchocerca volvuluspecific IgG isotype and IgE reactivity (optical density (GD3.d.) in newborns and theiD. volvulus
microfilariae-positive or -negative mothers. Determination of IgG isotypes as well as IgE-specific react@ityoloulusderived antigens
was performed as described in Subjects and Methoés 0:05)
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Table 1. Determination ofOnchocerca volvuluspecific IgG1 and 1gG4 reactivity i@. volvulusinfected 6 = 44) and non-infected mothers and their
children (optical density (OD) at 405 nm)

lgG1 lgG4
Child Child
Child at lyear after Child lyear after
Mother birth birth 6=31) Mother at birth birthrf=31)
O.volvulusnegative 0-0% 0-02 0-05-0-01 ND 0-09- 0-05 0-08+0-05 ND
O. volvuluspositive 0-20+ 0-05 0-12+-0-03 0-14+ 0-06 0-70-0-13 0-27 0-06 0-03=0-01

ND, Not determined.

Cellular reactivity to mitogens and antigens @ volvulus
infected and non-infected mothers
PBMC isolated fromO. volvulus microfilariae-positive and mf-

cytokines was measurable in cell culture supernatants, but none of
the mitogens or antigens used in this study induced measurable
production of IL-4 or IL-12. Spontaneous production of IL-10 in

negative mothers proliferated in response to mitogenic (PHApabies born to non-infected mothers was three times higher than
ConA) as well as OvAg-specific stimulation (Table 3). A similar the IL-10 production from babies born to infected mothers and
magnitude of cellular responsiveness to PHA and ConA wasnore of them (41/54versus18/39) produce spontaneous IL-10
observed in mf-positive and mf-negative mothers, but cellular(Fig. 2, legend). In contrast, spontaneous TdlBroduction was

responses to OvAg (at 3-5 and@¥ml) were significantly reduced
in mf-positive women.

Cellular production of cytokines in neonates
Neonate cytokine production by UCBC fro@ volvulusinfected

nearly twice as high in babies from infected mothers, and 29/34
versus36/54 babies produced TNk{Fig. 2, legend).

Thi-type cytokinedNeonatal cellular production of IL-2 was
detectable when UCBC were stimulated with PHA or SL-O, while
O.volvulusderived antigen did not induce IL-2 (Fig. 2a,c). In

or non-infected mothers is shown in Fig. 2. In response to OvAgfesponse to the mitogen PHA (not shown) and bacterial SL-O,
PHA and SL-O production of several Thl as well as Th2 typesubstantial amounts of IFN-were secreted by UCBC, there being

Table 2.Cellular reactivity of umbilical cord mononuclear cells (UCBC) in
neonates born t®nchocerca volvulugicrofilariaepositive and negative
mothers. UCBC were stimulated with concanavalin A (Con@)yolvulus-
derived antigens (OvAg)Streptococcus pyogendsyived streptolysin-O
(SL-O) andMycobacterium tuberculosiderived purified protein derivate
(PPD). Values are indicated as mean ct/mis.e.m. of triplicate cultures.

O. volvuluspositive O. volvulusnegative

(n=37) (n=66)
ConA Sug/ml 38543+ 7225 67481+ 8382*
0-5ug/ml 14318+ 1792 15646+ 1604
OvAg 35.g/ml 487+ 219 2616+ 1145
3-5ug/ml 5521+ 1080 6464+ 799
0-35ug/ml 5252+ 1104 5608+ 690
SL-0 1:50 23184 3476 22297 3068
1:200 8557+ 2179 10427+ 3324
1:500 15608 2693 21369+ 5168
PPD 10Qug/ml 1359+ 276 2063+ 711
50ug/ml 892+ 305 2920+ 929%*
10pg/ml 584+ 215 1959+ 543*

UCBC background proliferation for mitogen stimulation assays

(ConA): newborns fromO. volvulus microfilariae mf-positive mothers
2307+ 236 ¢ct/min  (mean =s.e.m.) (range 30-8587ct/min; median
1670ct/min); newborns from O.volvulus mf-negative mothers

no differences between newborns froth volvulusinfected or
non-infected mothers (Fig. 2c). However, in response to OvAg
substantially elevated amounts of IFNwere produced by UCBC
from newborns ofO. volvulusinfected mothers compared with
those from non-infected mothers (Fig. 2a). ThFwas produced
by UCBC in response to mitogen PHA (not shown) as well as to
bacterial SL-O andO. volvulusderived antigens, with TNk-
being similarly high in newborns fron®. volvulusinfected or
non-infected mothers (Fig. 2a,c).

Table 3.Cellular reactivity of peripheral blood mononuclear cells (PBMC)

from Onchocerca volvulumiicrofilariaepositive and mf-negative mothers.

PBMC were stimulated with phytohaemagglutinin (PHA), concanavalin A
(Con A) andO. volvulusderived antigens (OvAQ)

O. volvuluspositive O. volvulusnegative

(n=20) (n=26)
PHA 1:100 35830 6347 27917 3779
ConA Sug/ml 23184+ 3476 22297+ 3068
OvAg 35ug/ml 1230+ 342 6843+ 2226**
3-5ug/ml 2531+ 734 6547+ 1807*

Background proliferation in mitogen (PHA and ConA) stimulation
assays0. volvulusmf-positive mothers 141¢ 130 ct/min (mean: s.e.m.)
(range 787-2796 ct/min, median 1184 ct/mi@; volvulus mf-negative

2650+ 498 ct/min (range 29—7312 ct/min; median 1384 ct/min). Backgroundmothers 153@ 288ct/min (range 684—8288ct/min, median 1190 ct/
proliferation for antigen stimulation assays (OvAg, SL-O, PPD): newbornsmin). Background proliferation in antigen (OvAg) stimulation assays:

from mf-positive mothers 295F 234 ct/min (range 44-13921 ct/min,
median 2173 ct/min); newborns from mf-negative mothers 24284 ct/
min (range 43—-12 126 ct/min, median 1090 ct/min).

**P<0-01.

mf-positive mothers 1553 349 ct/min (range 169-9804 ct/min, median
775 ct/min); mf-negative mothers 1832301 ct/min (range 113-7379ct/
min, median 1531 ct/min).

* P<0-01; P <0-05.
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Fig. 2. Secretion of Thi-type (IL-2, IL-12, IFN- and tumour necrosis 12000 (e) 12000 (5
factor-alpha (TNFe)) and Th2-type (IL-4, IL-5, IL-10 and IL-13) cyto- 10000 SL-O 10000+ sL-O0
kines by umbilical cord mononuclear blood cells (UCBC) from neonates — 8000 8000}
born to Onchocerca volvulupositive @) or negative mothersC{) in S, 6000 6000
response td). volvulusderived antigens (OvAg 3:®/ml) (a,b), and in 2 4000} 4000}
response tdtreptococcus pyogendsrived streptolysin-O (SL-O; 1:50) 2000} ND HND ND 2000F ND ND
(c,d). The results represent net cytokine production with spontaneous o-

| | | | |

(baseline) cytokine production subtracted. Spontaneous cytokine produc- IL-2 IL-12 IFN-y TNF-a 0 IL-4 IL-5 IL-10 IL-13

tion in the absence of antigen in babies frémvolvulusnegative (Neg) and ) ) .

babies fromO. volvuluspositive (Pos) mothers was: for IL-2, detected in Fig- 3. Secretion of Thi-type (IL-2, IL-12, IFN-and tumour necrosis

one out of 93 babies; for IL-5, detected in two out of 54 Neg{5@5pg/ ~ factor-alpha (TNF)) and Th2-type (IL-4, IL-5, IL-10 and IL-13) cyto-

ml) and in four out of 31 Pos (2t 12 pg/ml); for IL-10, 920+ 310 pg/mlin  Kines by peripheral blood mononuclear cells (PBMC) fr@nchocerca

Neg (1=54) and 358+ 131 pg/ml in Posr{=39); for IL-13, detected in vol\_/uluspos_ltlve @) and negative mother&l] in response t@._vc_JIvulus-

three of 54 Neg and in two of 31 Pos; for IFN-260+ 122 pg/ml for Neg derived antigens (OvAg, 3gg/ml) (a,b), phytohaemagglgtlnm (PHA,

(n=54) and 370+ 140 pg/ml for Post{= 31); for TNF«, 516+ 159 pg/ 1:100) (c,d) andStreptococcus pyogendsrived streptply5|n—0 (S_L—O,_

ml in 36 out of 54 Neg and 91# 211 pg/ml in 29/43 Pos. 1:50) (e,f) (**P<0-01). The results represent net cytokine production with
spontaneous (baseline) cytokine production subtracted. Spontaneous cyto-
kine production in the absence of antigerOnvolvulusnegative (Neg) and

. O. volvuluspositive (Pos) mothers was: for IL-2, 123830 pg/ml in Neg
Th2-type cytokinesUCBC from newborns produced several (,_ »3) and 368 42 pg/ml in Posif= 25); for IL-4, detected in two out of

Th2-type cytokines, i.e. IL-5, IL-10 and IL-13, in response t0 14 Neg (3+ 2 pg/ml) versus3/20 Pos (3= 2 pg/ml); for IL-5, 32= 20 pg/
mitogenic or antigenic stimulation. Low levels of IL-5 were ml in Neg (1=28) and 51t 25pg/ml in Pos tf=22); for IL-10,
detected when UCBC were stimulated with OvAg in newborns558=+ 103 pg/ml in Neg 1= 26) and 61Q- 96 pg/ml in Pos if= 23); for
from O. volvulusinfected and non-infected mothers (Fig. 2b), with IL-12, 371= 54 pg/ml in Neg 1= 14) and 503+ 92 pg/ml in Pos (22); for
clearly more IL-5 being produced by UCBC following stimulation [L-13, 4+ 3 pg/ml detected in 2/17 Neg and 2010 pg/ml in 2/20 Pos; for
with the mitogen PHA (not shown) or bacterial SL-O (Fig. 2d). No !FN-y, 118=50pg/ml for Neg (=26) and 6Q-21pg/ml for Pos
statistical differences in IL-5 production were observed betweer{"=24); for TNF, 441+ 144 pg/mi for Neg 1 =17) and 114 28 pg/
newborns fromO. volvulusinfected and non-infected mothers. mi for Pos =20). ND, Not determined.

However, a significantly greater amount of IL-10 was secreted

by UCBC in newborns fron®. volvulusinfection-free mothers in

response to the mitogen PHA (not shown) as well as to bacterial i ) i i

SL-O and toO. volvulusderived antigens (Fig. 2b,d). Umbilical !L-4, while no mitogen-induced IL-4 was detectable in UCBC
cord blood cells from newborns secreted IL-13 in response tgultures. Secretion of IL-12 by PBMC in response to OvAg was
mitogenic and antigenic stimulation. Low levels of IL-13 were loW, detected only in 3/22 mf-positive and 11/14 mf-negative
induced by OVAg in contrast to PHA or SL-O stimulation, after Mothers. Production of IL-5 in response to OvAg was twice as
which UCBC secreted higher amounts of IL-13. No statistical igh in O.volvulusnegative mothers than in those positive for
differences were found between cellular IL-13 production by Microfilariae ofO. volvulus

UCBC in newborns fromO. volvulusinfected and non-infected

mothers. DISCUSSION

Cellular production of cytokines in mothers Maternal helminth infections were found to be a risk factor for
Cytokine production by PBMC fror®. volvulusinfected and non-  offspring, causing increased infection susceptibility, higher para-
infected mothers is shown in Fig. 3. PBMC from mothers secretedsite densities after exposure in later life and impaired parasite-
IL-2 spontaneously, and higher amouni&s>(0-05) were detected specific immunocompetence [3-5]. The presencécofolvulus

in O.volvulusnegative mothers (legend to Fig. 3). In response tomicrofilariae in fetal tissues [10] and blood-circulating microfilar-
OvAg, more IL-2 and IFNy (P<0-01) were produced by PBMC iae in newborns fronW. bancroftiinfected mothers [11] indicated
from O.volvulusnegative mothers. In response to the mitogenthat prenatal sensitization may occur in children born to filaria-
PHA, cells from mothers produced substantial amounts of IL-2 andnfected mothers. As a consequencénafteroexposure to foreign
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(parasite-derived) antigens, progeny could become tolerized bproduction [12,13]. However, other investigators seeking to deter-
negative selection of antigen-specific T cells [22], sensitized fomine the influence of maternal filarial @. mansoninfections
allergic responsiveness [23], or deviated in their T cell reactivity[39,40] on neonate immunity have found little evidencénaftero
[29]. sensitization or skewed immune responses.

Prenatal sensitization will induce parasite-specific IgM and IgE  In onchocerciasis, a dominant expression of Thl-type immu-
production in newborns, but fetal IgG subclass production remaingity was found in ‘putatively immune’ [17,18,41] and ‘endemic
difficult to determine due to passage of maternal IgG across theontrol’ individuals [19], while Th2-type cytokine responses were
placenta [7,30]. In newborns from infected mothe@syolvulus associated with chronic infection and clinical manifestation of
specific 1gG isotypes and IgE were prominent at birth, cord anddisease. Thus, activation of prenatal and early life immune
maternal IgG levels being directly correlated, and in babies born tgesponses towards a Th2 phenotype may predispose to parasite
O. volvulusmicrofilariae-positive mothers OvAg-specific IgE reac- persistence, and evidence from epidemiological [42] and experi-
tivity was twice as high as in babies born to non-infected mothersmental studies [43] suggests thatutero exposure to filarial
providing clear evidence that prenatal sensitization had occurred iantigens may at the same time protect from pathology. Our
these children. Furthermore, isotype reactivity in neonates changeabservations disclosed that UCBC from newborn®ofolvulus
differentially during the first year of life. 1IgG4 responses were infected and non-infected mothers secreted substantial amounts of
reduced to low levels, but children’s IgG1 remained elevated. Suclseveral Thl- and Th2-type cytokines upon mitog@nyolvulus
differential development of antibody isotypes may reflect a markedspecific or bacteria-derived antigenic stimulation. Systemically
decrease in maternal IgG4, while post-natal IgG1 production mayiased cellular responsiveness towards a Thl or Th2 pattern,
have started after the first 6 months of life. All children in this study however, was not observed, i.e. both IFNand IL-10 were
were breast fed during the first year, and therefore postnatgbroduced by neonates’ mononuclear cells upon stimulation with
IgG1 reactivity could be due to immunoglobulins contained in filarial antigens. Despite the fact that cellular production of IL-4
breast milk, or else the continuous transfefolvulusantigens  was not detectable in our study, UCBC from neonates secreted
by breast feeding [31] may have induced early specific 1gG1IL-13, which induces immunoglobulin isotype switching and 1I9G4
production in offspring. and IgE synthesis in immature human fetal B cells [43hcho-

All mothers of this study originated from rural villages in cerca volvulusspecific antigens likewise stimulated production of
central Togo where onchocerciasis is hyper- to mesoendemic [25]L-5, which is known to propagate eosinophil granulocytes. These
meaning that all mothers were exposedQovolvulusinfection, observations, together with the OvAg-specific IgE in newborns,
and such exposure being confirmed by their OvAg-specific cellulaprovide further evidence that indeed allergic sensitization by
reactivity. The higher responsiveness to OvAgdnvolvulusmf- helminth antigens did occur in offspring @. volvulusinfected
free mothers is in accordance with previous observations, whiclmothers.Onchocerca volvuluspecific cytokine production was,
showed that individuals exposed @ volvulusbut without mf or ~ however, differentially expressed, i.e. cells from children born to
clinical disease have higher cellular responses to OvAg than mfmicrofilariae-positive mothers secreted significantly more HN-
positive individuals [17—19]. Therefore, OvAg-specific respon-and less IL-10 than cells from babies born to non-patent mothers.
siveness in hewborns of onchocerciasis-free mothers could be dugince Thl-type and Th2-type cytokines are mutually inhibitory,
to the leakage across the placenta of low or ultra low levels ofelevated IFNy responses may down-regulate the Th2-type cyto-
O. volvulusderived antigens, possibly complexed with circulating kines and promote cell-mediated inflammatory reaction and DTH.
antibodies, which may provide the stimulus for T cell priming. Despite the fact that we were unable to detect cellular production
Furthermore, ultra low levels of antigen that cross the placenta aref IL-2 and IL-4 in response to OvAg in offspring froM. volvu-
in the range that is preferentially stimulatory to Th2 cells [32—34], lus-infected mothers, expression of immunity in neonates appeared
and this could be the reason for enhanced OvAg-specific Th2-lik&'h0-like, resembling immune responsiveness as observed in adults
IL-10 and the diminished Thi1-type IFMproduction in newborns exposed to infection [15,19]. Low level production of IL-2 by
from non-infected mothers. The cell-mediated immunocom-UCBC in response to helminth-specific antigens [39] has been
petence of neonates, compared with adults, has been considerszborted previously. IL-2 is an autocrine growth factor and difficult
for some time as immature and intrinsically deficient as regard¢o measure in antigen-stimulated cell cultures, and therefore the
becoming appropriately activated upon antigen encounter [35—37]ack of IL-2 may simply reflect the use of the cytokine as it is
Recent studies have shown that neonatal T cells responses, likgoduced.
those in adults, can be appropriately activated, tolerized, or To date, investigations into the consequences of prenatal
switched to Thl or Th2 responses by such parameters as dosagensitization by helminth parasites have presented contrasting
of antigen, type of antigen presentation, and the mode of immunizevidence. Our study has added further evidence that maternal
ation [20,29,38]. Interestingly, neonatal T cells require much lowerinfections will indeed sensitizein utero, for parasite-specific
doses of antigen than adult T cells to become activated, tolerizedsellular responsiveness in neonates, and also actatelvulus
or biased towards a Th2 phenotype [38]. From our observations wantigen-specific production of several Thl- and Th2-type cyto-
conclude that filaria-specific cellular hyporesponsiveness in prokines, but it remains unknown how long such specific reactivity
geny may be manifested with an increasing parasite load, i.e. witlmay persist and the extent to which prenatal sensitization may alter
repeated post-natal infections and continuous accumulation afesistance or susceptibility to filarial infection. As an equally
parasites, cellular anergy may develop and facilitate parasitémportant factor, the epidemiological situation in onchocerciasis-
persistence as well as predispose for chr@higolvulusinfection. endemic areas, i.e. repeated exposure to infection, transmission
Indeed, previous studies support this notion, since children borintensity, individual genetic predisposition, and concurrent hel-
to filaria-infected mothers were found to have higher numbersaminth infections, may decisively influence post-natal development
of microfilariae, diminished cellular responsiveness to filaria- of immunocompetence. Only long-term follow up of children in a
specific antigens, and an impaired Thl-type and Th2-type cytokinevell defined epidemiological situation may resolve this as yet
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enigmatic issue; and our ongoing investigations are addressing th8 Elson LH, Calvopina MH, Paredes WY, Araujo E, Bradley JE,

extent to which prenatal exposure@ovolvulusmay contribute to Guderian RH, Nutman TB. Immunity in onchocerciasis: putative
differential clinical and immunological outcomes of infection in ~ immune persons produce a Th1-like respons@rchocerca volvulus
later life. J Infect Dis 1995171:652-9.
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egulation in onchocerciasis: predominance of Thl-type responsiveness
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