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Background. Neonatal tetanus (NT) has long remained an important cause of neonatal morbidity and mortality in the tropics, where it
coexists with a high prevalence of placental malaria. The current strategy for the control of NT involves stimulating the production of a
protective level of an anti-tetanus antibody in the mother, through tetanus toxoid immunisation, and transferring it through the placenta
to the fetus. Placental malaria is known to alter the morphology and functions of the placenta, but the results of studies on the effect of the
transfer of the anti-tetanus antibody, specifically, remain inconclusive.

Objective. To study the influence of placental malaria on the transplacental transfer of anti-tetanus antibodies among mother-infant pairs
at the University of Maiduguri Teaching Hospital in north-eastern Nigeria.

Method. Maternal and cord-blood samples were collected from 162 mother-infant pairs, and analysed for anti-tetanus antibody levels
using the enzyme-linked immunosorbent assay technique. Placental biopsies were also taken from each mother-infant pair, and placental
malaria diagnosed histologically.

Results. A total of 71.6% (n=116) of the 162 mother-infant pairs were positive for placental malaria, out of whom 50.9% (n=59) had chronic-
active, 37.9% (n=44) acute and 11.2% (n=13) past placental malaria. In addition, 25.3% (n=41) babies were classified as seronegative for
tetanus antibodies, of whom 72.7% (n=32) were delivered to mothers who were positive for placental malaria. A total of 34.5% (n=56)
mother-infant pairs had poor placental transfer for tetanus antibodies, as signified by a cord-maternal ratio of <1.0 antibodies; of these,
24.7% (n=40) were positive for placental malaria. There was a statistically significant association between type of placental malaria and
serostatus (p=0.0009), and efficiency of placental transfer (p=0.0340). Mothers with chronic-active malaria were 7.4 times more likely to
deliver a seronegative infant compared with mothers with acute malaria (p=0.0002; odds ratio (OR) 7.353; 95% confidence interval (CI)
2.327 - 23.234). Similarly, maternal-infant pairs with chronic-active malaria were 2.9 times more likely to have inefficient placental transfer
(p=0.0221; OR 2.859; 95% CI 1.200 - 6.859).

Conclusion. Placental malaria has remained a very common medical condition in Maiduguri among pregnant women, and may partly

account for the high level of neonatal tetanus prevalent in the area.

S Afr J Child Health 2017;11(4):180-185. DOI:10.7196/SAJCH.2017.v11i4.1327

Globally, neonatal tetanus accounts for 7% of neonatal mortality,"" but
in Nigeria, one of the 27 countries that account for 90% of the global
burden of the disease, it accounts for up to 20%."" Reports from
different centres across the six geopolitical zones of Nigeria revealed very
high case-fatality rates, with some approaching 100%.""" Strengthening
routine immunisation against tetanus for pregnant mothers using
tetanus toxoid (T'T) is considered the single most effective strategy,
independent of other interventions, in eliminating neonatal tetanus.
[ The effectiveness of this strategy depends on the integrity of the
placenta, which is the only medium of exchange between the mother
and the fetus.

Placental transfer of the immunoglobulin IgG is a facilitated
process that appears to be mediated by a specific fetal Fc receptor
on the syncytiotrophoblastic cells."”! Binding of IgG to this receptor
leads to endocytosis, and it is subsequently actively transported
across the villous stroma, basement membrane and, finally, through
the endothelial cells of the fetal villi vessels."* The process becomes
more efficient in late gestation; in one study, fetal concentrations
of IgG immunoglobulin approximated the maternal levels at 38
weeks gestation, and continued to increase until birth, reaching
more than twice the maternal levels by delivery." Certain prevailing
factors in the tropics, however, have been shown to interfere with
the transplacental transfer of IgGs: hypergammaglobulinaemia,
owing to endemic and recurrent infections in the tropics, inversely
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affects the transfer of specific IgG, owing to the saturation of the Fc
receptor; " HIV infection has also been shown to impair the ability
of the mother to produce and transfer adequate IgGs to her fetus."”!
Placental malaria can produce pathological changes in the placenta,
such as thickening of the basement membrane, inflammatory cell
infiltrates, villitis and microinfarct owing to clumping of parasitised
red blood cells and the occlusion of microvasculatures."” These
changes could lead to a reduction in blood flow to the intervillous
spaces, and alteration in the structure of the placental barrier, thereby
impacting negatively on the transplacental transfer of molecules.
In Nigeria, placental malaria remains highly endemic,"**” and has
been shown to impair the transplacental transfer of maternal IgG
needed to fight against common childhood infectious diseases such
as tetanus,”"*” measles”” and the Epstein-Barr virus.™!

However, there are conflicting reports regarding the effect of
placental malaria on the efficiency of the transplacental transfer
of the anti-tetanus antibody, and therefore on the cord-blood
concentrations. In a malarial area of Papua New Guinea,”" the cord-
maternal ratio (CMR) of the anti-tetanus antibody among pregnant
women with heavy placental malarial infections was considerably
lower (0.18) than that among women without such infections (0.83).
Approximately 10% of babies born to mothers whose placenta
were heavily infected with Plasmodium falciparum failed to acquire
protective levels of the anti-tetanus antibody, despite adequate
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maternal antibody concentrations. " Additionally, Cumberland
et al.” reported that in Kenya, maternal and neonatal anti-tetanus
antibody serum levels, as well as transplacental transfer, were reduced
when women had chronic-active or past placental malaria. By
contrast, studies in Malawi” and The Gambia®' did not find any
effect of placental malaria on anti-tetanus antibody serum levels or
transplacental transfer. However, these conflicting findings could be
accounted for by differences in methodology: in the Malawian study,™!
in addition to a smaller sample size, thick and thin films from placental
blood smear were used, rather than placental histology, which assessed
only the presence or absence of parasites, and therefore excluded
past placental malaria, one of the groups with a significant effect on
transplacental transfer in the Kenyan study.”” Furthermore, those
with placental malaria in both the Malawian™' and Gambian™"' studies
were not further subclassified into acute and chronic. This may be an
important distinction, as demonstrated in the Kenyan study,”” where
acute placental malaria had no significant effect on transplacental
transfer of the antibody, in contrast to active chronic and past placental
malaria. Therefore, the cases of acute malaria in both studies®?’
might have influenced the stated results. Similarly, neither of the two
studies™”! subclassified those with placental malaria based on the
degree of parasitisation, which was identified by Brair et al” as an
important factor in Papua New Guinea.

These conflicting findings, coupled with the high prevalence of
neonatal tetanus and placental malaria in Nigeria, make it imperative
to ascertain the effect of the latter on the former if the scourge is to
be overcome. Therefore, we aim to determine the effect of placental
malaria on cord serum levels of the anti-tetanus antibody, as well as
its effect on the transplacental transfer of this antibody.

Methods

Study area

The study was carried out at the labour ward of the University of
Maiduguri Teaching Hospital (UMTH), Maiduguri, Borno State,
Nigeria. UMTH is a tertiary healthcare centre located in north-
eastern Nigeria, and a centre of excellence for infectious diseases
research and immunology. It also serves as a referral site for the
six north-eastern states and the neighbouring countries of Chad,
Cameroon and Niger.

Ethical considerations

The protocol of this hospital-based cross-sectional descriptive study
was reviewed and approved by the Research and Ethics Review
Committee of UMTH (ref. no. ADM/TH.75/VolII). Signed or
thumb-printed informed consent was obtained from each mother.
Confidentiality was maintained, and mothers were informed of the
outcome of the investigations.

Sample size determination

The minimum sample size was determined using Cochran’s sample
size formula for categorical data,® at an o level of 0.05 and a standard
normal deviate of 1.96, corresponding to a 95% confidence interval
(CI). The proportion of newborns with protective levels of tetanus
IgG antibody (seropositives) was selected using the method from a
previous study in Jos by Adabara ef al.,"”” at 88%. The sample size for
the study, therefore, was 162 mother-infant pairs.

Data collection

Mother-infant pairs were enrolled using the systematic random
sampling method; the first of every three mother-infant pairs were
selected at the labour ward from the first day of data collection,
to ensure an even spread over the period of study. Mothers who
had had stillbirths, or had a history of anti-tetanus serum (ATS)
administration or blood transfusion within the preceding 4 weeks to
delivery, were excluded. Also excluded were mothers with diabetes
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mellitus, hypertension, eclampsia or pre-eclampsia, as a result of
the known effects of these conditions on placental function.
Upon enrolment, a questionnaire on sociodemographic variables
was completed for each mother-infant pair. This included biodata,
pregnancy and antenatal history and gestational age, as well as
indicators of socioeconomic status such as the occupations and
educational levels of both parents. A history of TT vaccination during
the current pregnancy, verifiable from the patient’s antenatal clinic
records, was obtained where possible, including the number of doses
and their interval, as well as the number of TT doses received before
the index pregnancy. Gestational age at delivery was determined by
ultrasound scan, where available, or by date using the last menstrual
period, and confirmed by the New Ballard score™ of the baby after
delivery. Socioeconomic status was assigned using Oyedeji’s™ model.
Birth weight was measured using a digital weighing scale; babies
weighing <2.50 kg were classified as low birth weight.”" All weights
were measured to the nearest 0.01 kg.

Sample collection and analysis

Maternal venous blood (2 mL) was collected from a peripheral vein
following an aseptic procedure. Additionally, 2 mL of cord blood from
the placental end of the cord, after early clamping of the cord, was also
collected, and stored in properly labelled sterile plain bottles. Sera were
separated after centrifuging these blood samples at 5 000 rpm for 5
minutes. Aliquots of serum samples were stored at —20°C until analysis.
The serums from each mother-infant pair were matched, and assayed
for tetanus IgG antibodies by the enzyme-linked immunosorbent assay
(ELISA) technique (Demeditec Diagnostics, Germany). The optical
density was measured at 450 nm (OD.s) in an ELISA microplate
reader. Standard curves were drawn for each plate, and optical densities
of the test-serum dilutions falling within the linear part of the curve
were extrapolated. The results were expressed as IU/mL. Antibody
levels below 0.1 IU/mL were classified as seronegative, in accordance
with World Health Organization (WHO) recommendations. *”

A full-thickness placental biopsy specimen was obtained from a
healthy pericentric area, and fixed in 10% neutral buffered formal
saline for 24 hours. It was then sent to the histopathology laboratory,
where subsequent processing was carried out. Representative samples
were taken from fixed placental tissue, and processed using the
Shandon automatic tissue-processing machine (Shandon Southern
Instruments Ltd., UK) over a period of 24 hours. The tissue was then
embedded using paraffin wax, and sections were cut at 4 qtm, mounted
on a slide, dewaxed using a hot plate and cleaned in xylene, before
hydrating in descending grades of ethanol and, finally, washed in water
and stained with Giemsa stain (1:10 dilution) for 30 minutes. Finally,
under a coverslip, it was examined under a x40 lens of a 4 x 4 Olympus
electric microscope (Olympus Optical Co., Ltd., Japan). The presence of
malaria parasites and/or pigment was considered positive for placental
malaria. Those classified as positive were further subclassified into
acute placental malaria, chronic-active malaria and past malaria,
based on the presence of malaria parasites alone, malaria parasites and
pigment, and pigment alone, respectively.

Data analysis

Data obtained were entered into a computer that generated a
computerised data base. Analysis was done using SPSS version
16.0 (SPSS Inc., USA). Tables were used for data presentation as
appropriate. Geometric means and standard deviations (SDs) of anti-
tetanus antibody titres were determined. Frequencies of anti-tetanus
antibody serostatus (seropositives and seronegatives) were compared
using Fisher’s exact test. A p-value of <0.05 was considered significant.

Results
A total of 162 mother-infant pairs were enrolled. The mean (SD)
age of the mothers was 27.2 (6.0) years. Most (74.7%; n=121) were
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multipara, and belonged to the low socioeconomic class, 81.5%
(n=132). A total of 85.2 (n=138) mothers had had at least two TT
vaccinations during the current pregnancy, and 71.6% (n=116) of
them were positive for placental malaria (Table 1). Out of those with
placental malaria, 38% (n=44) had acute malaria, 59 (51%) chronic
-active malaria while 11% (n=13) had past malaria.

Of the 162 babies enrolled, 51.9% (n=84) were male and 48.1%
(n=78) were female, giving a male to female ratio (M:F) of 1.08:1.
A total of 92% (n=149) were term and the remaining 8% (n=13)
were preterm. None of the babies was post term. Low birth weight
was observed in 9 5.6% (n=9) of babies, while the remaining 94.4%
(n=153) were of normal birth weight.

The mean (SD) anti-tetanus antibody titre of the mothers and
their babies was 0.160 (0.122) IU/mL and 0.230 (0.170) IU/mL,
respectively, giving an overall CMR of 1.437. A total of 76.5%
(n=124) of mothers and 74.4% (n=121) of babies were seropositive
for tetanus antibodies (titre of 0.1 IU/mL). There was a strong
positive correlation between maternal and cord-blood levels of
tetanus antibodies (r=0.668; p<0.001), with a shared variance of
44.6% (Fig. 1). There was a weak but significant negative correlation
between maternal anti-tetanus antibody levels and CMRs (r=-0.158;
p=0.045) with a shared variance of only 2% (Fig. 2).

Table 1. Sociodemographic and obstetric characteristics of
the mothers studied (N=162)

Characteristic n (%)
Age (years)

14 - 19 14 (8.6)

20 - 24 38 (23.5)

25-29 54 (33.3)

>30 56 (34.6)
Parity

Primipara 41 (25.3)

Multipara 121 (74.7)
Socioeconomic status

High 14 (8.6)

Middle 16 (9.9)

Low 13 (81.5)
TT vaccination status

None 12 (7.4)

1 12 (7.4)

>2 138 (85.2)
Placental malaria status

Positive 116 (71.6)

Negative 46 (28.4)

TT = tetanus toxoid.

A total of 25.3% (n=41) of babies were classified as seronegative for
tetanus antibodies (titre of <0.1 IU/mL), out of whom 72.7% (n=32)
were delivered to mothers who were positive for placental malaria.
Similarly, 34.5% (n=56) mother-infant pairs had poor placental
transfer (CMR <1) for tetanus antibodies, out of whom 24.7% (n=40)
were positive for placental malaria. However, placental malaria did
not show a significant association with either the tetanus serostatus
of the babies (p=0.3233) or with the efficiency of placental transfer of
tetanus antibodies (p=1.000).

Of the 32 seronegative infants born to placental-malaria positive
mothers, 78.1% (n=25) of the mothers had chronic-active malaria,
while 12.5% (n=4) and 9.4% (n=3) had acute and past malaria,
respectively. Similarly, of the 40 maternal-infant pairs with CMR <1
and placental malaria positive, 67.5% (n=20), 25.0% (n=10) and 7.5%
(n=3) had chronic-active, acute and past malaria respectively. There
was a statistically significant association between type of placental
malaria and serostatus (p=0.0009) and with the efficiency of placental
transfer (p=0.0340). Mothers with chronic-active malaria were 7.4
times more likely to deliver a seronegative infant than mothers
with acute malaria (odds ratio (OR) 7.353; 95% CI 2.327 - 23.234;
p=0.0002) (Table 2) Similarly, maternal-infant pairs with chronic-
active malaria were 2.9 times more likely to have inefficient placental
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Fig. 1. Pearson correlation between maternal and cord-blood tetanus antibody
titres.

Table 2. The effect of various types of placental malaria on newborn anti-tetanus antibody status

Anti-tetanus antibody status

Placental malaria type  Seronegative (<0.1), n Seropositive (>0.1),n  OR 95% CI p-value*
Chronic-active 25 34
7.353 2.327 -23.23 0.0002
Acute 4 40
Past 3 10
. . 0.4050 0.1016 - 1.638 0.2282
Chronic-active 25 34
Past 3 10
3.000 0.5762 - 15.62 0.3325
Acute 4 40

OR = odds ratio; CI = confidence interval.
*Fisher’s exact test.
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transfer (OR 2.859; 95% CI 1.200 - 6.859; p=0.0221) than those with
acute malaria (Table 3).

Among the remaining maternal and infant factors studied, only
gestational age at birth showed a statistically significant association
with cord-blood serostatus (p=0.004) as well as CMR (p=0.002). The
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Maternal tetanus antibody titre (IU/mL)

4.00

Cord-maternal ratio

Fig. 2. Pearson correlation between maternal anti-tetanus antibody titres and
cord-maternal ratios (CMR).

preterms were 5.624 times more likely to be seronegative (OR 5.624;
CI 1.961 - 28.41) and 7.464 times more likely to have inefficient
transfer of anti-tetanus antibody (OR 7.464; CI 1.724 - 18.35)
compared to term neonates.

Logistic regression analysis showed that only an infant’s gestational
age could significantly predict the anti-tetanus antibody serostatus,
even after controlling for all other factors in the model (Table 4).

Discussion
The 71.6% prevalence of placental malaria among the mothers in this
study was more than twice that reported by Bako et al."™ (33.9%)
from the same centre. It is also higher than the 57.6% reported by
Ibhanesebhor and Okolo™ in Benin, Nigeria, as well as the 51.1%
reported in The Gambia by Okoko et al.” However, this higher
prevalence observed in this study when compared with these earlier
studies may be accounted for by the difference in the criteria used
for the diagnosis of placental malaria. While the other studies used
only the presence of the malaria parasite as the diagnostic criterion,
this study used the malaria parasite and/or malaria pigment, so that
past or chronic malaria, which are more likely to be associated with
structural and functional changes in placenta than acute malaria,
could also be diagnosed.™

Similarly to earlier studies,””*" in both mothers and babies, the
overall geometric mean titres of anti-tetanus antibodies were within
the protective range (>0.1 IU/mL), with a correspondingly high
proportion of anti-tetanus antibody seropositivity. Cumberland et
al.” in 2007 reporting from Kenya found the geometric mean titres
of anti-tetanus antibody of both the mothers and their babies to
be within the protective range. Similarly, Hood et al.* found the
geometric mean concentration of anti-tetanus antibodies in Nigerian
mothers and their infants to be within the protective range. The

Table 3. The effect of various types of placental malaria on efficiency of transplacental transfer (cord-maternal ratio) of anti-

tetanus antibody

Efficiency of transplacental transfer

Inefficient transfer

Efficient transfer

Placental malaria type (<1),n 1), n OR 95% CI p-value
Chronic-active 27 32
2.859 1.200 - 6.859 0.0221
Acute 10 34
Past 3 10
. . 0.3556 0.0886 - 1.425 0.2139
Chronic-active 27 32
Past 3 10
1.020 0.2344 - 4.4439 1.000
Acute 10 34
OR = odds ratio; CI = confidence interval.
*Fisher’s exact test.
Table 4. Logistic regression analysis results exploring the proportion of seropositive motgle]rs and babies V\?Ze;e similarly very hlgh
predictive significance of some maternal and infant %actors in these studies by Hood ef al.,™ Adabara et al.*” (both from Nigeria)
on cord-blood anti-tetanus antibody serostatus and Cumberland et al.”” from Kenya. However, the findings from this
Wald study and the earlier ones”*”*! may not be a true reflection of the

Independent variables test Df p-value anti-tetanus antibody serostatus in the general population, because
Maternal age 2.050 3 0.562 women who deliver in hospital are more likely to have received the
SES 3.052 5 0217 TT vaccination than women who deliver at home.” This is further
Tty 0.386 1 0.534 sup.ported. by the [E;g.hel.‘ 1n(51dence of neonatal tetanus among home-
N 0.141 5 0.932 delivered infants,"”* indicating a lower or non-protective anti-tetanus

| vacc1lnat1;)n ‘status : : antibody level. It is known that in Nigeria and other developing
P.acenta. e atg 1.312 1 0252 countries, the proportion of pregnant women not enrolling for
Birth weight 0.063 1 0.802 antenatal care has continued to remain high, with an attendant high
Gestational age 7.859 1 0.005 proportion of home deliveries.””!
Gender 0.545 1 0.460 The mean CMR found in this study was higher than that in most
Constant 0.165 1 0.685 previous studies, such as in Ibadan, Nigeria,”" Kenya,” Libreville,

SES = socioeconomic status; Df=degrees of freedom; p significant at <0.05.
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Gabon,” Thailand™ and India."” While it was found to be >1.0 in
this study, signifying efficient placental transfer, the others reported
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<1.0, pointing to the earlier held view of poor placental transfer of
tetanus antibodies in African mothers. However, a further limitation,
apart from the small sample size in the Ibadan study, lay in the fact
that most of the studies used an in vitro technique to determine anti-
tetanus antibody levels that measures both IgG and IgM antibodies,
resulting in misleadingly high maternal titres, and therefore low
CMRs, compared with the standard ELISA (in vivo) used in this
study, which measures only IgG.

A highly significant positive correlation was observed between
the maternal and baby tetanus antibody levels, affirming the direct
relationship between the two, with the later dependent on the former.
A similar significant positive correlation was reported by Adabara
et al” in Nigeria. However, in our study, a significant but weak
negative correlation was found to exist between maternal tetanus
antibody levels and CMR, with only about 2% of its variance being
attributable to changes in maternal tetanus antibody levels. The
reason for the decreasing efficiency of the transplacental transfer of
anti-tetanus antibody with increasing maternal levels of the antibody
is not clear. It may be that mothers with high tetanus antibody
levels might generally be hypergammaglobinaemic. It is known
that this condition is associated with reduced placental transfer
of tetanus antibodies, as previously reported.”*"*) High maternal
IgG has been found to be common in Africa.”* This is owing to
the fact that the IgG binding site on the FcRn receptor can become
saturated. Therefore, the amount of IgG transmitted depends on the
number of cell surface receptors, because unbound IgG molecules
are digested by lysosomal enzymes inside the vesicles."” Michaux et
al.”? reported that total IgG concentrations in cord sera tend to be
lower than in the mothers when total IgG levels in maternal serum
reached 15 g/L.

Similarly to the observations in Malawi by de Moreas-Pinto et al.””
and Okoko et al.”” in The Gambia, this study found no significant
association between placental malaria and materno-fetal transfer of
tetanus antibodies, or cord-blood tetanus antibody levels. However,
this finding seems to be the result of the cofounding effects of the
various types of placental malaria on one another. This is evident
from the significant association, demonstrated in this study, between
the types of placental malaria and cord-blood levels (serostatus) of
the tetanus antibody, as well as the efficiency of tetanus antibody
transfer. As Cumberland et al.?” also found, chronic-active placental
malaria was significantly associated with reduced transplacental
transfer and cord-blood levels of tetanus antibody in this study. The
reason for the difference between chronic-active malaria and the
other types of placental malaria in this study is not clear, but may
be the result of differences in the extent and type of changes to the
placental membrane. However, in contrast to this study, Cumberland
et al.* also demonstrated that past placental malaria was significantly
associated with reduced cord-blood levels, and poor tetanus antibody
transfer. The reason for this contrasting finding remains unclear, but
this study might not have demonstrated the effect of past placental
malaria owing to the small number of mothers involved who had
past placental malaria. It could also be that active inflammation and
past damage to the placenta act synergistically to cause the observed
effect of chronic-active malaria, but neither individually would have
had a significant effect on cord-blood levels and the efficiency of
tetanus antibody transfer, as in this study.

Conclusion and recommendations

Placental malaria remains a very common medical condition in
Maiduguri among pregnant women, and may partly account for the
high level of neonatal tetanus prevalent in the area. Prompt treatment
of cases of malaria in pregnancy, as well as scaling up of the strategy
of intermittent preventive treatment of malaria in pregnancy might
go a long way towards reducing the scourge of neonatal tetanus.
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