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ABSTRACT

Background: Many aspects of the innate
immunity of mothers and their preterm
infants in association with preterm pre-
mature rupture of membranes
(PPROM) are unknown.

Objective: To investigate the comple-
ment system and circulating
immunoglobulin (Ig) in mothers and
their preterm neonates in association
with the duration of PPROM.

Design: A convenience sample of 96
mother-infant pairs from singleton vagi-
nal deliveries at gestational age 28 to 37
weeks with PPROM was studied. The
total complement functional activity
(CH50), components of the classical
pathway (C1q-C5), and IgG, IgA, IgM,
and IgE levels were measured in mater-
nal, cord, and neonatal blood on day 3
to 4 of life and analyzed with respect to
the duration of PPROM: less than 6
hours (n = 39); 6 to 24 hours (n = 38),
and more than 24 hours (n = 21).

Results: There was no association
between PPROM and complement or
Ig level in maternal and cord blood.
However, 3 to 4 days after birth,
neonates with PPROM more than

24 hours demonstrated significantly
higher C5 (95.7 + 4.1 x 10'?) and IgM
(0.77 £ 0.14 g/L) levels.

Conclusions: PPROM of more than 24
hours duration leads to the activation of
anti-inflammatory immune reactions in
neonates that may be beneficial for the
prevention of infection-related morbidity,
but could potentially place them at risk
for complement-induced organ damage.

INTRODUCTION

Preterm premature rupture of mem-
branes (PPROM) accounts for 25% to
33% of all preterm deliveries,!? and is
associated with infection-related neona-
tal and/or maternal morbidity.>* The his-
tological counterpart of the fetal
inflammatory response syndrome
(funisitis) is twice as common in
PPROM-complicated preterm deliver-
ies as compared to labor with intact
membranes.’ The likelihood of preterm
neonatal sepsis increases with the dura-
tion of rupture of membranes.®
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Table 1. Clinical Characteristics of the PPROM Groups (mean + standard deviation)

PPROM Group GA (wks) BW (g) Apgar PPROM (h)
1 min 5 min

< 6 hours (n = 39) 33.5+2.1 2149 + 462 55+ 1.3 6.6+ 1.1 30+ 15

6-24 hour (n = 36) 33.7+ 21 2202 + 395 57+ 1.0 6.8+ 1.1 10.7+ 5.2

> 24 hours (n = 21) 329+ 20 2098 + 375 55+ 14 65+ 1.0 576+ 37.2

Immunological changes pertaining
to the complement system and circulat-
ing immunoglobulin (Ig) levels that
occur in the mother and her fetus during
the latency period of PPROM are not
well studied. Prolonged rupture of mem-
branes is associated with the up-regula-
tion of gene expression for complement
factors.” Nevertheless, the total comple-
ment hemolytic activity of classical path-
way (CHS50) in the maternal and cord
blood is unrelated to PPROM.*° There
is an association between PPROM of
more than 72 hours and increased cord
serum levels of IgA and IgM.!° To date,
no study has investigated the comple-
ment system and circulating Ig levels in
the maternal-fetal-neonatal interface in
relationship to the duration of PPROM.
We hypothesized that activation of the
complement cascade and synthesis of
circulating Ig is associated with prolon-
gation of the latency period between the
rupture of membranes and preterm
delivery. To test this hypothesis we com-
pared total complement functional activ-
ity (CH50), the complement components
(C1g-C5), and circulating IgG, IgA, IgM,
and IgE in the maternal, cord, and infant
blood (on day 3 to 4 of life) with respect
to the duration of PPROM (< 6 hours, 6-
24 hours and > 24 hours).

MATERIALS AND METHODS

We conducted a prospective study using
a convenience sample of 96 mothers and
their preterm infants with gestational
age between 28 and 37 completed weeks
as estimated by the maternal menstrual
dates and confirmed by the clinical
assessment of maturity. After obtaining
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maternal permission, approximately 1 to
1.5 mL of maternal, cord, and neonatal
blood (on day 3 to 4 of life) was collect-
ed when other blood tests were ordered
by the primary care physician, thereby
avoiding additional venopuncture.
Within 25 to 30 minutes of collection,
the blood was centrifuged and the serum
stored at —80°C until analysis.

Data that was recorded for the
mothers and their infants included ges-
tational age (weeks), birth weight
(grams), parity (nuliparity, multiparity),
mode of delivery (vaginal, cesarean sec-
tion), complications during pregnancy
(genital and urinary tract infections, dia-
betes, pregnancy induced hypertension,
and asthma), intrapartum clinical signs
of chorioamnionitis,'! Apgar score (at 1
and 5 minutes), and the duration of
PPROM (hours). The duration of
PPROM was determined by the interval
between the documented leakage of
amniotic fluid and the onset of labor.
Additionally, we collected information
regarding any complications or treat-
ments in the infants during the first
three days of life.

We identified 39 mother-infants
pairs with PPROM of less than 6 hours,
38 pairs with PPROM of 6 to 24 hours,
and 19 with PPROM of more than 24
hours before the onset of labor. A previ-
ously published definition of PPROM
was used to categorize the study
groups.?

The sera obtained from the mater-
nal, cord, and neonatal blood (day 3-4 of
life) was tested for total hemolytic activ-
ity of the classical pathway (CH50) and
functional activity of complement com-
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Table 2. Total Hemolytic (CH50) and Complement Components (C19-C5) Activity of the
Classical Pathway, and Circulating IgM, IgA, IgG and IgE in Maternal, Cord, and Neonatal
Blood on Day 3-4 of Life Based on Duration of PPROM

Tested Parameter

Blood PPROM C1X 10% C2x 10" C3x 10" C4 x 102

Sample

Maternal < 6 hours 113.2+11.7 101.3+10.6 136.9 + 12.8 1104 + 14.6
6-24 hours 113.9+9.7 93.4+6.9 1274+ 738 100.3+9.9
> 24 hours 955+ 13.5 941 +13.2 130.3+17.9 97.4+13.9
P value NS NS NS NS

Cord < 6 hours 80.3+84 48.0+5.2 85.0+7.7 81.5+10.1
6-24 hours 81.0+7.6 53.3+6.6 93.6 £9.2 75.7 £10.4
> 24 hours 80.2 +11.0 576 +£6.7 86.8+7.9 90.7 £ 15.5
P value NS NS NS NS

Neonatal < 6 hours 82.8 £ 6.1 69.9+45 99.1+7.6 87.7+8.8

Day 3-4 6-24 hours 80.3+7.6 60.3+7.2 97.9+8.2 76.6 £ 9.6
> 24 hours 93.7+7.2 84.1+8.7 109.6 + 8.9 89.6+7.5
P value NS NS NS NS

ponents (C1q-C5), and circulating IgM,
IgA, IgG, and IgE. The CH50 and Clqg-
C5 was measured using specific anti-
body/hemolysin coated sheep
erythrocytes.!>!15 The CH50 was
expressed as the titer of CH50 U/mL
that was a reciprocal of the dilution of
complement, which lysed 50% of the
sheep erythrocytes (U/mL). Activity of
Cl1q-C5 was expressed by the quantita-
tive determination of the number of
effective molecules/mL (x 10'2) of the
complement components in the human
serum. This was estimated by multiplica-
tion of the number of erythrocytes with
the number of lyzed erythrocytes using
the equation z = -In (I-y), where y was
the number of lyzed erythrocytes. The
concentration of the three major classes
of IgA, IgM, and IgG was determined
using commercially available monospe-
cific antiserum by the single radial
immunoassay method.!'* The ABBOTT
solid-phase enzyme immunoassay was
used to measure total serum IgE in
human serum and plasma (IU/mL) in
dynamic range of 0.5 to 200 ITU/mL."

Statistical analysis was performed
using “STATISTICA” software

(Statistica 6.0 for Windows, Stat Soft,
Inc.). Continuous data was presented as
mean + standard deviation. One-way
ANOVA with post-hoc comparisons and
multiple regressions were used to ana-
lyze the data. Two-sided P value < 0.05
was considered statistically significant.

RESULTS

All preterm neonates included in this
study were singleton, born vaginally
without asphyxia, and were appropriate
for gestational age. The study groups
were comparable by gestational age,
birth weight, and Apgar scores at 1 and
5 minutes (Table 1). Genital and/or uri-
nary tract infection during pregnancy
was diagnosed in 16 mothers (41.0%)
with PPROM of less than 6 hours, 16
(42.1%) with PPROM of 6 to 24 hours,
and 8 (42.1%) with PPROM of more
than 24 hours. None of the mothers had
a history of asthma, diabetes, or hyper-
tension. The clinical presentation of
chorioamnionitis (ie, maternal fever
associated with fetal or maternal tachy-
cardia, uterine tenderness, or foul-
smelling amniotic fluid) was recorded in
three mothers with rupture of mem-
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C5x 10" CH50 U/mL IgMg/L IgGg/L IgAg/L IgEIU/mL
974 +59 136.1 + 6.8 1.11 £0.13 10.3+0.72 1.3+0.14 33.6+44
942+53 126.9+ 7.8 1.13%0.13 9.8 +0.69 0.99+0.10 36.2+5.8
82271 119.4£10.7 1.17+0.18 10.9+1.03 0.98+0.10 295+6.2
NS NS NS NS NS NS

68.5 + 4.6 81.9+8.0 0.29 +0.03 7.5+0.47 0.46 +0.20 1.8 +£0.38
72.8+54 729 +8.4 0.25 +0.03 8.4+0.77 0.27 £ 0.04 1.7 + 0.39
71.2+5.8 71.6 £9.8 0.21 £0.03 7.0 +0.38 0.28 + 0.05 1.6 +£0.47
NS NS NS NS NS NS
82.6+4.6 87.2+49 0.41 £ 0.04 7.0 +0.37 0.46 + 0.04 3.3+0.62
71.2+45 72.3+5.9 0.49 = 0.09 6.9 +0.32 0.59 +0.08 2.9+0.55
95.7 £ 4.1 88.7+9.6 0.77 £0.14 6.8 £ 0.57 0.57 £ 0.09 45 +1.09
0.01 NS 0.02 NS NS NS

branes for more than 24 hours (14.3%).
After birth, the majority of neonates in
each PPROM group (74.4%, 71.1%, and
73.7%, respectively) received antibiotic
prophylactic therapy and none devel-
oped signs or symptoms of sepsis.

There was no significant variation in
the complement components and Ig
level in the maternal and cord blood in
relation to PPROM (Table 2). However,
on day 3 to 4 of life, the neonates with
PPROM of more than 24 hours had sig-
nificantly increased number of effective
molecules of C5 and elevated IgM lev-
els. The variation in the gestational age-
adjusted C5 and IgM values in the
neonatal blood (day 3 to 4 of life) was
significantly associated with the duration
of PPROM (C5 8 =0.241 = 0.110, P =
0.024 and IgM = 0.245 + 0.111, P =
0.023). The regression analysis-derived
predictive values of C5 and IgM showed
significant and similar correlation with
the duration of PPROM (Figures 1
and 2).

DISCUSSION
We found that PPROM of more than 24
hours was associated with increased C5
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and IgM levels in neonatal blood on day
3 to 4 of life. However, the duration of
PPROM was not associated with
changes in complement activity or Ig
level in the maternal and cord blood.
Therefore, it is not surprisingly that pre-
vious studies did not find an association
between PPROM duration and CH50 in
cord blood.*® Our study was unable to
confirm the previously reported associa-
tion between PPROM of more than 72
hours and increased levels of IgA and
IgM in the cord blood,!’ perhaps due to
the small sample size. However, our
findings of increased IgM level on day 3
to 4 of life in preterm infants with
PPROM of more than 24 hours indicates
an immunological response to an anti-
genic stimulus. The ability of preterm
infants to synthesize IgM antibodies in
response to intrauterine infection has
been previously reported.!®!” The IgM
antibodies are capable of activating the
complement cascade,” which could be of
relevance to our findings of increased
C5 levels. The complement system is
activated directly by bacterial
endotoxin?! and other factors such as
lactic acidosis, especially in neonates.?
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Raw Predicted Values =76.924 + .25957 * PPROM
r=.96819

Raw Predicted Values (C5 x 10'?)

-20 0 20 40 60 80 100 120 140

PPROM (hours) | e _95% confidence

Figure 1. Predictive ability of PPROM for the estimation of C5 in neonatal blood.

Raw Predicted Values = .43874 + .00493 *PPROM
r=.97472

Raw Predicted Values (Ig/M g/L)

-20 0 20 40 60 80 100 120 140

PPROM (hours) | e _95% confidence

Figure 2. Predictive ability of PPROM for the estimation of IgM in neonatal blood.

The increased numbers of effective mol- the recruitment of polymorphonuclear
ecules of C5 in neonatal blood represent leukocyte and bacterial cell lysis. 242
the terminal pathway of complement PPROM of more than 24 hours
activation, which may be important for leads to the activation of anti-inflamma-
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tory immune reactions in preterm
neonates that protect against infection-
related morbidity, but could potentially
place them at risk for complement-
mediated tissue damage?’?® due to their
poor capacity to control complement
activation.’® We speculated that the seri-
ous morbidity in preterm neonates
exposed to PPROM 3*? may caused in
part by uncontrolled complement activa-
tion rather than as a consequence of
direct bacterial invasion, and certainly
merits further research.

REFERENCES

1. Savitz DA, Blackmore CA, Thorp JM.
Epidemiologic characteristics of preterm
delivery: etiologic heterogeneity. Am J Obstet
Gynecol.1991;164:467-471.

2. Mercer BM. Preterm premature rupture of
the membranes. Obstet Gynecol.
2003;101:178-193.

3. Nicaise C, Gire C, Fagianelli P, et al. Neonatal
consequences of preterm premature rupture
of membrane (PPROM) at 24-34 WG:118
singleton pregnancies. J Gynecol Obstet Biol
Reprod (Paris). 2002;31:747-754.

4. McGregor JA, French JI. Evidence-based
prevention of preterm birth and rupture of
membranes: infection and inflammation. J
SOGC. 1997;19:835-852.

5. Pacora P, Chaiworapongsa T, Maymon E, et
al. Funisitis and chorionic vasculitis: the histo-
logical counterpart of the fetal inflammatory
response syndrome.J Matern Fetal Neonatal
Med. 2002;11:18-25.

6. Seo K, McGregor JA, French JI. Preterm
birth is associated with increased risk of
maternal and neonatal infection. Obstet
Gynecol.1992;79:75-80.

7.  Tashima LS, Millar LK, Bryant-Greenwood
GD. Genes upregulated in human fetal mem-
branes by infection or labor. Obstet Gynecol.
1999;94:441-449.

8. Levy DL, Cox A, Leffell MS, Wilds PL.
Serum complement activity in pre-term preg-
nancies: relationship to duration of ruptured
membranes and clinical infection. Am J
Reprod Immunol. 1982;3:142-147.

9.  Huffaker J. Witkin SS. Cutler L, Druzin ML,
Ledger WJ. Total complement activity in
maternal sera, amniotic fluids and cord sera
in woman with premature labor, premature
rupture of membranes or chorioamnionitis.
Surg Gynecol Obstet. 1989:168:397-401.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ismail MA, Yang SL, Abusharif AN,
Moaward AH. Immunoglobulins in pro-
longed ruptured membranes. Am J Obstet
Gynecol. 1985;153:390-393.

Cunningham FG, Mac Donald PC, Gant NF,
Leveno K], Gilstrap LC. Williams Obstetrics.
19th ed. Norwalk, CT: Appleton & Lange;
1993:863.

Keirse MINC, Ohlsson A, Treffers PE,
Kanhai HHH. Prelabour rupture of mem-
branes preterm. In: Chalmers 1, Enkin M,
Keirse MINC, eds. Effective Care in
Pregnancy and Childbirth. Oxford, UK:
Oxford University Press; 1989:666-693.

Mayer MM. Complement and complement
fixation. In: Kabat EA, Mayer MM, eds.
Experimental Immunochemistry.2™ ed.
Springfield IL: Charles C Thomas; 1967:133-
240.

Kozlow LV, Krylova YI, Chikh VP,
Molchanova NN. Modified methods of func-
tional assay of the complement factors C2,
C3, C4 and C5. Biol Chem. 1982;8:652-659.

Kolb WP, Kolb LM, Podack ER. Clq: isola-
tion from human serum in high yield by affin-
ity chromatography and development of a

highly sensitive hemolytic assay. J Immunol.
1979;122:2103-2111.

Mancini G, Carbonara AO, Heremans JE
Immunochemical quantitation of antigens by
single radial immunodiffusion.
Immunochemistry. 1965;2:235-254

Lindberg RE, Arroyave C. Levels of IgE in
serum from normal children and allergic chil-
dren as measured by an enzyme immunoas-
say. J Allergy Clin Immunol. 1986;78:614-618.

McMurray DN, Rey H. Immunological seque-
lae of intrauterine infection. Clin Exp
Immunol. 1981;44:389-395.

Schelonka RL, Infante AJ. Neonatal
immunology. Semin Perinatol. 1998;22:2-14.

Cooper NR. The classical complement path-
way: activation and regulation of the first
complement component. Adv Immunol.
1985;37:151-216.

Carroll MC. The role of complement and
complement receptors in induction and regu-
lation of immunity. Annu Rev Immunol.
1998;16:545-568.

Hecke F, Hoehn T, Strauss E, Obladen M,
Sonntag J. In-vitro activation of complement
system by lactic acidosis in newborn and
adults. Mediators Inflamm.2001;10:27-31.

Whaley K. The complement system. Whaley
K, ed. Complement in Health and Disease.
United Kingdom: MTP Press Ltd., 1992:1-38.

The Journal of Applied Research ¢ Vol. 5, No. 2, 2005 287



24.

25.

26.

27.

288

Zilow G, Zilow EP, Burger R, Linderkamp O.

Complement activation in newborn infants
with early onset infection. Pediatr Res.
1993;34:199-203.

Bohnsack JF, Widjaja K, Ghazizadeh S, et al.
A role for C5 and C5a-ase in the acute neu-
trophil response to group B streptococcal
infections. J Infect Dis. 1997;175:847-855.

Miletic VD, Frank MM. Complement-
immunoglobulin interactions. Curr Opin
Immunol. 1995;7:41-47.

Singhrao SK, Neal JW, Rushmere NK,
Morgan BP, Casque P. Spontaneous classical

28.

29.

pathway activation and deficiency of mem-
brane regulators render human neurons sus-
ceptible to complement lysis. Am J Pathol.
2000;157:905-918.

Watford W, Wright JR, Hester CG, Jiang H,
Frank MM. Surfactant protein A regulates
complement activation. J Immunol.
2001;167:6593-6600.

Furman B, Shoham-Vardi I, Bashiri A, Erez
O, Mazor M. Clinical significance and out-
come of preterm prelabor rupture of mem-
branes: population-based study. Eur J Obstet
Gynecol Reprod Biol. 2000;92:209-216.

Vol. 5, No. 2, 2005  The Journal of Applied Research



