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Most serum immunoglobulins M (IgMs) are ““natural IgMs”, which are produced apparently sponta-
neously without exogenous antigenic or microbial stimuli. The IgMs are the first immunoglobulins expressed
in the human fetus, and the maternal IgM do not cross the placenta in the normal conditions. We currently
lack a clear understanding of the molecular basis for immunological differences or identities of IgM reper-
toires between adults and neonates, so we have tried to apply a simple and illustrative method to compare the
properties of such IgM antibodies. This study was undertaken to compare the abilities of pairs of maternal
and newborn highly-purified total serum IgM antibodies to block influenza virus agglutinins. We collected ten
pairs of serum samples from cord blood of apparently healthy newborns and venous blood of their mothers.
The highly purified total IgM antibodies were obtained by sequential salt fractionation and affinity chroma-
tography. The effect of IgM antibodies on virus hemagglutinin interaction with erythrocytes was evaluated by
hemagglutination reaction using influenza virus vaccine. According to the titer of influenza hemagglutinins,
the IgM antibodies of newborns decreased hemagglutination of erythrocytes two to four times more efficiently
compared to IgM antibodies of their mothers (8 out of 10 cases). Our results demonstrate that serum IgMs
of newborns are able to interfere with influenza virus agglutinins even more efficiently than those of adults.
These data may be useful for better understanding of immune system development in newborns.

Keywords: immunoglobulin M (IgM), cord blood serum, mother venous serum, hemagglutination inhibition
assay.

ewborns have an immune system that is

N anatomically intact, antigenically naive and
functionally compromised. Their B cells

have a reduced capacity to produce antibodies, their
T cells are functionally weak and their phagocytic
cells exert poor mobility and a diminished marrow
reserve. All of these weakened responses make in-
fection a significant hazard [1]. Most newborns sur-
vive their entry into the external world thanks to
innate immunity, passively acquired maternal anti-
bodies, a clean environment and sterile feedings [2].
IgM is the first immunoglobulin expressed

in the human fetus (at around 20 weeks of age) [3]

and phylogenetically the earliest antibody (Ab) to
develop [4]. Maternal IgM, IgA, and IgE antibodies
do not cross the placenta, therefore, their concentra-
tions reflect the fetal immune status [5].

IgM acts as first line of defense of an organism
and is responsible for recognizing and eliminating
infectious particles and transformed cells [6]. Two
types of IgMs exist: natural, which are present in an
organism without prior antigenic contact; and adap-
tive, which develop after antigenic challenge [7].
Natural Abs, predominantly IgM and to a lesser ex-
tent IgA and IgG [8-10], are polyreactive and possess
low affinity [11]. Natural IgMs circulate in healthy
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individuals in the absence of exogenous antigenic
stimulation or antigen (Ag)-driven selection [12, 13].
Natural IgM levels in serum of newborns and in ani-
mals that are grown under sterile conditions with an
Ag-free diet do not differ from normal ones [7, 14].

IgM in normal serum is often found to bind to
specific antigens, even in the absence of prior im-
munization [15]. This phenomenon is probably due
to the high avidity of IgM that allows it to bind de-
tectably even to weakly cross-reacting naturally oc-
curring antigens. Such innate immune response is
essential for the generation of a more effective adap-
tive immune response [15].

The hemagglutination inhibition assay is the
most commonly used methodology to determine
antibodies to the viral surface protein hemaggluti-
nin (HA) that can prevent agglutination of erythro-
cytes [16]. The presence of HA inhibiting antibodies,
which block the viral attachment to host cells [17],
correlates with actual protection from influenza in-
fection [18]. In this study, we aim to compare the
abilities of maternal and newborn IgM antibodies
to block influenza virus agglutinins from trivalent
vaccine GC FLU. The data obtained are helpful in
understanding the role of immunoglobulins M of
newborns in neutralizing influenza virus and some
aspects of innate immunity of newborns.

Materials and Methods

Sample collection. Information on gestational
age, health of mother and child was obtained by an
interview with the curator and clinical data from the
hospital.

Sera. 10 maternal-cord serum pairs were col-
lected from apparently normal mothers and from
the umbilical cord blood of their infants at the time
of delivery at Maternity Hospital 5, Kyiv, Ukraine.
Written consent was obtained from all donors and
all study procedures were confirmed by the ethical
committee of Research Institute “Zhyttya” (Proto-
col No 2). Umbilical cord blood was collected im-
mediately after birth. Maternal blood was obtained
by venipuncture on the day of delivery. Freshly har-
vested blood was allowed to clot by incubation for
30 min at 37 °C, then stored for 12 h at 4 °C, and
serum was obtained after centrifugation at 1,500 g
for 30 min at 4 °C.

All sera were stored in 50% ammonium sulfate
solution at 4 °C and were not heated before use.

The study was conducted after the approval of
the institutional ethical board review and the signed
informed consent of each participant.
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IgM purification. To obtain total IgM from
maternal-cord serum pairs, each serum was treated
with saturated ammonium sulfate at 4°C. After cen-
trifugation at 2,500 g for 1 h, the precipitate was
solubilized in phosphate-buffered saline (PBS) and
again treated with ammonium sulfate at 4 °C over-
night (degree of saturation with ammonium sulfate
was 35%). After centrifugation at 2,500 g for 1 h at
4 °C, the precipitate was solubilized in PBS and dia-
lyzed overnight. The dialysate was filtered through
a 0.45 pm filter and then passed through a G-agarose
column (ABT, Spain) for maximum depletion of 1IgG
from the samples. Then total serum IgM was puri-
fied and concentrated using column chromatography
with anti-IgM-resin (Thermo Scientific, Holland).
Purified IgM preparations then were filtered through
a 0.2 um filter in sterile conditions and stored in
0.1 M glycine buffer, pH 7.4 in aliquots at 4 °C.

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and Western blotting.
All total IgM samples purified from maternal-cord
serum pairs were analyzed by SDS-PAGE in 7-22%
gradient of polyacrylamide gel under reducing con-
ditions, as described by Laemmli [19].

Equal amounts of total I[gM samples were sub-
jected to 7-22% SDS-PAGE. Next, the proteins were
transferred to 0.45 pum nitrocellulose membranes
(Amersham Biosciences, GE Healthcare, Germany)
using a trans-blot cell (Bio-Rad, US). Then mem-
branes were incubated with anti-human IgM (mu-
chain specific)-peroxidase antibodies (Sigma, Ger-
many) and visualized using ECL reagent (Sigma,
England).

Immunoglobulin quantification. Protein con-
centration (IgM — heavy chain) was determined by
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis analysis. Coomassie brilliant blue R-250
(Bio-Rad, Hercules, CA) was used to stain the gel,
and the molecular weight marker (ApplyChem, Ger-
many) and bovine serum albumin sample with cer-
tain concentrations were used for standartization.

Quantification of total IgM purified samples
was conducted by using the Image Studio Lite Soft-
ware 5.2 (LI-COR Biosciences, US). The heavy
chain of IgM samples was used for definition of pro-
tein concentration in the samples.

Vaccine. GC Flu pre-filled syringe containing
a trivalent split-virion influenza vaccine developed
by Green Cross Corporation was used. It is an in-
activated influenza vaccine derived from fertilized
eggs. A 0.5 ml dose of the vaccine contained 15 ug
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of each of the three purified hemagglutinin anti-
gens (45 ng total): A/Michigan/45/2015 (HIN1), A/
Singapore/INFIMH-16-0019/2016 (H3N2), and B/
Colorado/06/2017. Virus stocks were quantified by a
hemagglutination assay to obtain hemagglutination
units (HAU).

Isolating and washing erythrocytes. Human
blood was obtained by venipuncture using a syringe
containing sodium citrate as anticoagulant. Fresh
human blood was obtained from healthy donors
with the first blood group and Rh positive (Maternity
Hospital 5, Kyiv, Ukraine). All subsequent steps af-
ter collecting fresh human blood with sodium citrate
were performed at 4 °C. After the first centrifugation
(1,500 g for 10 min), plasma, and buffy coat were re-
moved. The red blood cells were washed three times
with PBS, pH 7.4 (centrifugation at 1,000 g).

Hemagglutination inhibition assay. To evaluate
the ability of the total IgM from mother/child pairs
to inhibit agglutination of erythrocytes by hemag-
glutinin antigens of GC Flu vaccines we conducted
the hemagglutination assay. The assays were per-
formed in a round-bottomed 96-well plate using 1%
human red blood cells (RBCs) in PBS. Fifty micro-
liters of PBS buffer (pH 7.4) were added to each well.
The influenza vaccine GC Flu was incubated with
IgM samples (0.06 mg/ml) at 36.7 °C for 40 min.
In the first well row 50 pl of control or test sample
were added. Each well sample was mixed and 50 pl
were transferred to the next well on its right. Mixing
was repeated and 50 pl were transferred down the
length of the plate. The 50 pl from the last well were
discarded. To each well, 50 ul of 1% RBCs working
solution were added and mixed gently. The reac-
tion mixture was incubated at room temperature for
60 min to allow agglutination followed by photogra-
phy to document the results. Neutralizing antibody
titers were defined as the reciprocal of the highest
dilution of IgMs that yielded at least 50% neutrali-
zation; reported titers are geometric mean titers
(GMTs) from at least 2 replicates.

As influenza positive control the virus vaccine
incubated without IgM samples at 36.7 °C for 40 min
was used. Negative control of IgM samples, Glycine/
PBS buffer alone, was prepared under similar condi-
tions, but without influenza vaccine. The IgMs were
dissolved and stored in 0.1M glycine-HCI, pH 7.4.
The negative results appeared as dots in the center of
round-bottomed plates. The positive results formed
a uniform reddish color across the well. The virus
vaccine HA titer was determined as the number of

the highest dilution factor that produced a positive
reading.

Results and Discussion

Study subjects. To collect the blood sera from
the pairs mother/ newborn child, 20 subjects were
recruited between November 11, 2018 and May 14
2019. All participants met the screening criteria:
natural childbirth, healthy mother, delivery at the
terms from 38 to 41 weeks. Basic demographic
variables of the subjects, including age of mothers
(from 24 to 36 years old), newborn's height (from
50 cm to 55 cm) and body weight (from 3300 g to
3910 g), medical history, and medication history,
were similar between the pairs. It was important to
collect from 15 to 30 ml of serum from individual
cord blood sample to get required amount of total
IgM preparation for further investigations (from 2 to
5 mg total IgM from cord blood sample).

Characterization and quantification of highly-
purified total IgM samples from maternal-cord se-
rum pairs. The procedure for obtaining total IgM
preparations from sera was carried out under the
same conditions for all mother/child pairs.

The IgM samples were affinity purified and
maximal IgG deprivation was conducted. During
each purification process, a single peak was obtained
from the affinity IgM-resin column during the elu-
tion with 0.1 M glycine HCI buffer, pH 3.06. In SDS-
PAGE under reducing condition, purified IgM was
dissociated into two major bands of 70 and 25 kDa.
These could be identified as the H and L chains of Ig,
respectively (Fig. 1). The IgM samples derived from
cord blood serum have additional protein bands (ap-
proximately 5-10% out of total protein in the sample)
compared with IgM from mother’s sera.

All IgM samples from mother-cord pairs ob-
tained by chromatographic procedures were inves-
tigated by Western-blot analysis using monospecific
anti-immunoglobulin antibodies conjugated with
horseradish peroxidase. Such approach was neces-
sary to determine the major band as the heavy chain
of IgM in the samples (Fig. 1). The heavy chain of
IgM was used as a standard for definition of equal
protein sample concentration in the following he-
magglutination inhibition assay.

Interaction of the influenza virus vaccine
GC Flu with erythrocytes and inhibition of this
interaction by the total IgM from maternal-cord se-
rum pairs. The agglutination assays have commonly
been exploited to indirectly quantify the titer of the
influenza virus, utilizing the specific interaction of
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Fig. 1. SDS-PAGE (7-22%) of human total IgM under reducing conditions. Total IgM from newborn cord
blood serum (1c, 2c) and their mothers venous blood serum (1m, 2m) were separated by SDS-PAGE and de-
tected on Westen Blot using anti-Human IgM (mu-chain specific)-Peroxidase antibodies (Sigma). The heavy
chain were detected in all samples of total IgM both from cord blood (1cw, 2cw) and from mothers venous

blood serum (Imw, 2mw)

the HA of the influenza virus with glycans expressed
on the RBC surface [20]. Fig. 2 represents hemag-
glutination reaction displayed in a round-bottomed
microwell plate after the addition of either IgM or
glycine buffer as negative control. Hemagglutination
was not observed in the wells containing the IgM or
glycine buffer alone. The RBCs agglutinated by the
influenza hemagglutinins looked as a diffuse reddish
solution. Based on this analysis, the HA titers were
calculated as the reciprocal of the minimum dilution
forming the red precipitate, indicating one HA unit.
The RBCs agglutination by the vaccine hemaggluti-
nins preincubated with 30 or 60 pg/ml of total IgMs
was decreased compared to the influenza vaccine
control, whereas preincubation with the 15 pg/ml to-
tal IgMs from cord blood or with proteins from cord
sera without IgMs (precipitated by IgM-resin from
cord serum without IgM antibodies) had no effect.

Thus, the optimal concentration of IgM for
inhibition of RBC agglutination was defined to be
30 pg/ml; it decreased the HA titer of influenza vac-
cine two to six times (Fig. 3).

The IgM preparations obtained from the cord
blood of newborns inhibited erythrocyte agglutina-
tion stronger than IgM preparations of their mothers
(eight out of ten cases, Fig. 4).

IgM and other immunoglobulin isotypes are
produced even before overt exposure to antigen, con-
stituting the so-called natural antibodies [21]. Thus,
immunoglobulins are found in human cord blood
and in mice that have been kept in germfree con-
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ditions with minimal exposure to external antigens
[22-24]. Therefore, in a normal, non-infected neonate
the IgM Abs are predominately not stimulated by
foreign Ags (excepting the possibility of Abs develo-
ped against maternally transferred Ags) [25].

Among the naturally occurring antibodies, IgM
is the most abundant isotype [26]. IgM class Abs do
not cross the placenta in significant amounts during
normal pregnancy [27], presumably due to their
large pentameric structure and the lack of specific
transporter mechanism as for IgG [28]. Therefore,
the IgM Abs circulating in the umbilical cord and
neonate are predominantly the product of neonatal
lymphocytes [29-31].

For a long time it was believed that natural
antibodies recognize self-antigens only. However,
it has now been demonstrated that natural IgM
binds different pathogens and plays a role in defense
against infection [32, 33]. The role of IgM can also
be studied in mutant mice that cannot produce the
AID protein, which is required both for class switch
recombination and somatic hypermutation. Using
this model, it was found that unmutated IgM suffices
for protection against influenza virus [34]. Overall,
natural and/or immune IgM provide protection
against many viruses (influenza, West Nile virus,
lymphocytic choriomeningitis, vesicular stomatitis,
mouse hepatitis, HIV), bacteria (Franciscella tula-
rensis, Ehrlichia muris, Nocardia brasiliensis, Bor-
relia hermsii, S. pneumoniae, and P. aeruginosa),
parasites (Toxoplasma gondii, Plasmodium chabau-
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Fig. 2. The IgM inhibition of the human RBCs 0 (1) agglutination mediated by the influenza vaccine GC-Flu
HA proteins. Glycine + RBCs: negative control of the used buffer in reaction; mothers IgM + RBCs: negative
control of the total IgM obtained from mothers venous blood serum (30 pg/ml); cord IgM + RBCs: negative
control of the total IgM obtained from cord blood serum (30 pg/ml); co precip. proteins without IgM+RBCs:
negative control of the proteins co precipitated by IgM-resine from cord blood serum without IgMs (=20 ug/
ml); GC-Flu HA + RBCs: influenza vaccine HA positive control (with 18 ug/mL and 9 ug/mL); GC-Flu HA
+ mother IgM + RBCs: test of the influenza vaccine HA preincubated with total IgMs obtained from moth-
ers venous blood serum at concentrations 60, 30 and 15 pg/ml; GC-Flu HA + cord IgM + RBCs: test of
the influenza vaccine HA preincubated with total IgMs obtained from cord blood serum at concentrations
60, 30 and 15 pg/ml. The HA titer was tested by HA assay. The documented photo is shown as one of eight
independent experiments
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Fig. 3. The IgM inhibition of the human RBCs 0 (1) agglutination mediated by the influenza vaccine GC-Flu
HA proteins: comparative analyses between maternal-cord pairs. GC-Flu HA + RBCs: influenza vaccine HA
positive control (with 18 mg/ml; GC-Flu HA + 1 C (from IC to 10C) + RBCs: test of the influenza vaccine
HA preincubated with total IgMs obtained from cord blood serum at concentrations 30 pg/ml; GC-Flu HA +
1 M (from IM to 10M) + RBCs: test of the influenza vaccine HA preincubated with total IgMs obtained from
mothers venous blood serum at concentrations 30 pg/mL. The HA titer was tested by HA assay. The docu-
mented photo is shown as one of eight independent experiments
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Fig. 4. Demonstration of inhibition effect of RBCs agglutination influenza viruses GC-Flu vaccine proteins by

total IgMs obtained from maternal (M) - cord (C) pairs

di/falciparum, Strongyloides stercoralis, Brugia pa-
hangi), and fungi (Cryptococcus neoformans, Can-
dida albicans) [23, 35, 36].

The aim of our study was to find a simple and
illustrative method for comparing the properties of
IgM antibodies produced by either the newborn ba-
bies or their mothers.

The HAI assay is commonly used to determine
the response to influenza virus intervention (eg.
following influenza vaccination) due to its ease of
performance, good standardization between labora-
tories and low price [37].

There are several limitations of this study.
Firstly, the influenza vaccines are usually produced
for one year, according to epidemiology prognosis,
and therefore, the hemagglutinin type may vary from
year to year. Secondly, the IgM concentration in the
cord blood of newborns is smaller compared to that
in the blood of adults. In order to obtain comparable
amounts of the total IgM, it was necessary to collect
at least ten times more cord blood sera than mother’s
sera. That is why the results presented in this paper
are limited to the analysis of only ten maternal-cord
serum pairs.

There are many multistep approaches of iso-
lating and purifying human IgM; however, they are
often accompanied by significant immunoglobulin
loss and not always provide reproducible results [38].
We show here that combining ammonium sulfate
precipitation with affinity chromatography was ef-
fective in obtaining IgM-rich highly purified sam-
ples from maternal-cord serum pairs. We suppose
that the isolation of total IgM from human serum by
this approach can be useful for the development of
immunodiagnostic assays, investigations and com-
parison of individual immunochemical properties of
immunoglobulins from different sources.
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In the present study, the total IgMs from mater-
nal-cord serum sample pairs were evaluated for their
ability to influence HA-glycan interactions using the
agglutination assay. Both the cord blood IgM of new-
borns and IgM from venous blood of their mothers
were found to inhibit the binding of influenza virus
vaccine hemagglutinines to the RBCs that causes
hemagglutination. Our results demonstrate that the
HI titer was higher in the neonatal than in the cor-
responding maternal serum (8 out of 10 cases). Di-
rect ELISA and Western blot experiments confirmed
that IgM preparations from both newborns and their
mothers bound to influenza vaccine and not to eryth-
rocyte antigens (data not shown here).

It has previously been shown that sera from
naive mice contain natural lgM that binds to viruses
[32]. Natural IgM has been implicated in enhanc-
ing the adaptive immune response during influenza
virus infection and virus-reactive natural antibody
has been demonstrated to bind to various strains of
influenza virus [39]. It was shown that passive trans-
fer of natural IgMs significantly reduced the initial
level of early morbidity and slightly extended the
survival of mice infected with influenza virus [15].
The study by Baumgarth et al. [39] demonstrated
that natural IgM produced by B1 cells is important
to enhance the response of B2 cells during influenza
virus infection. Additionally, Harada et al. showed
that non-mutated IgM was able to protect AID de-
ficient mice infected with a lethal dose of influenza
virus [34].

The newborns” immune system is still in the
state of embryonic development; therefore, the IgMs
found in the cord blood are mostly natural antibodies
selected by autoantigens. Our results demonstrating
that IgMs from the cord blood inhibit hemaggluti-
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nation indicate that self-reactive natural antibodies
may mediate virus neutralization. Such antibodies
have been shown to be polyreactive [40, 41] and may
cross-react with pathogen-encoded epitopes [42, 43].
It is known that anti-phosphorylcholine natural an-
tibodies play an important role in protection against
streptococcal infections [44, 45]. Therefore, it is pos-
sible that natural IgM antibodies recognize both vi-
rus- and host-derived molecules.

Surprisingly, IgM from the newborns inhibited
hemagglutination even more efficiently than mater-
nal IgMs. However, their concentration in the blood
serum was ten times less than in maternal blood.
Probably, this data demonstrate the difference in
IgM repertoire of newborns and adults: in newborns
it is mostly “natural”, selected by autoantigens, while
adults have their history of infections, which shape
the antibody repertoire. In addition, the majority
of B lymphocytes in newborns belong to B1 cells,
while in adults the proportion of B1 cells drops to
only a few percent. The antibody repertoire of B-1
cells from healthy old individuals differs from that
of healthy young individuals in ways that restrict di-
versity. Beside a cell intrinsic defect in spontaneous
immunoglobulin secretion, it was shown a reduction
in IgM antibody heterogeneity among B-1 cells from
old donors [46].

The data presented here allow suggesting that
natural IgM antibodies produced by B1 cells are able
to inhibit virus-induced hemagglutination and, there-
fore, ensure anti-viral protection of newborns. This
observation opens the way for further investigation
of the role of IgM in innate immunity of newborns
and its possible application in medical practice.
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IMYHOIVIOBYJIHHU M
HOBOHAPOJXEHUX TA MATEPIB
HPUTHIYYIOTb IHAYKOBAHY
ATJIIOTUHALNIIO BIPYCOM I'PUITY
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Binpwicte iMmyHornooyninis M (IgM) cupo-
BaTKH KPOBI € «mpuponHumu IgMp», siki, BiporigHo,
YTBOPIOIOTHCSI CIOHTAHHO 0€3 BILTUBY €K30T€HHUX
AHTHUTEHIB a00 MIKpOOHMX YWHHUKIB. Bimomo, 1o
IgM onni 3 mepmux iMyHOTTIOOYITiHIB, SIKI CHHTE-
3YIOThCS B IUIOJA JIFOAMHH, OAHAK MaTeprHChKi IgM
HE JI0JIal0Th IJIALCHTApHUN Oap’ep 3a HOPMAJIbHUX
YMOB MPOTiKaHHs BariTHOCTi. DyHKLIOHATBHI BiJ-
MiHHOCTI IgM MarepiB i HOBOHAPOIDKEHUX JOCIIi-
JOKEHHI Majio. Metoro poboTu Oyino TpOBEIEHHS
MOPIBHAUTBHOTO aHallizy cyMmapHux IgM marepi
Ta HOBOHAPO/KEHUX OJIOKYBATH ariIOTHHAINIIO Bi-
pyCy Tpumy JUisi BU3HAUYEHHSI MOXJIMBUX (DyHKLI-
OHAJILHUX BIAMIHHOCTEH MIK LMMH AHTUTIIAMU.
BucokoouuiiieHi npenapatu cymapaux IgM Oyio
OTPUMaHO 3a JOMOMOTOI0 METOIIB ITOCIiOBHOTO
CONTbOBOTO (ppaKIioHyBaHHS Ta aiHHOI XpOMaTo-
rpadii 3 gecaTH map CHpPOBATOK MaTH/HOBOHApO-
JokeHuHd. BB IgM-aHTHUTIN Ha B3aeMoOil0 epu-
TPOLMUTIB 3a arjlOTHHAII] BipyCHUMHU MPOTEIHAMH
BU3HAYAJIH 32 JIOTIOMOT'OI0 PeaKIlii reMaraioTHHALI{
3 BHKOPHCTAaHHSIM BaKIIMHHU Bipycy rpuiry. Bimmo-
BiJIHO TUTPY BipyCHUX reMaritoTHHiHiB IgM HOBO-
HapOJKEHUX 3HUKYIOTh TeMariIOTUHALIII0 EPUTPO-
IUTIB BiJ JIBOX JO YOTUPHOX pa3iB e(PEeKTUBHIIIC
nopiBasHO 3 IgM ixHix marepiB (8 3 10 BUmaakiB).
Iloxazano, mo cupoBarkoBi IgM HOBOHapOMKEHUX
3MaTHI NPUTHIYYBaTH anIIOTHHIHU BIpyCy TPHITY
edexruBHime, Hix IgM mopocnux. Onepxani gani
MOXYTb OyTH KOPUCHUMH JJISI KPAIIOTO PO3yMiHHS
IPOIECIB PO3BUTKY IMYHHOI CHCTEMH HOBOHApO-
JOKCHUX.

KnmouoBi cnoBa: imyHornoOyminu M
(IgM), nynoBrHHA CHPOBATKa KPOBi, BEHO3HA CUPO-
BaTKa KPOBI MaTepi, peakilisi reMariioTHHALIII.
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