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1. Preamble

1.1. Need for developing case definitions and guidelines for data
collection, analysis, and presentation for small for gestational age
(SGA) as an adverse event following maternal immunisation

Small for gestational age (SGA) fetuses or newborns are those
smaller in size than normal for their gestational age, most com-
monly defined as a weight below the 10th percentile for the gesta-
tional age. This classification was originally developed by a 1995
World Health Organization (WHO) expert committee, and the def-
inition is based on a birthweight-for-gestational-age measure com-
pared to a gender-specific reference population [1,2].

Successful pregnancy, including optimal growth of the fetus,
relies on a careful balance between immune tolerance and suppres-
sion. Several mechanisms work together to protect the fetus from
rejection [3]. During normal placentation, several changes occur,
including differentiation of the endometrium to decidua, develop-
ment of the fetal placental trophoplast to invade the decidua,
migration and differentiation of trophoblast, and remodeling of
the uterine arteries [4]. Current evidence suggests that the placenta
creates a micro-environment that controls immune cell differenti-
ation at the implantation site and trophoblastic cell-induced differ-
entiation of the immune cells into a phenotype beneficial for the
trophoblast [5]. Mor and Cardenas categorized pregnancy into three
different immunological stages [6]. The first pro-inflammatory
phase, occurring during the first trimester, includes implantation
and placentation. It is associated with increased levels of inter-
leukin (IL)-8, macrophage chemo-attractor protein 1 (MCP-1), and
activated T cells. The second anti-inflammatory phase, occurring
during mid-pregnancy, is a unique period of fetal growth and

https://doi.org/10.1016/j.vaccine.2017.01.040
0264-410X/� 2017 Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

⇑ Corresponding author.
E-mail address: contact@brightoncollaboration.org (E.P. Schlaudecker).

1 Brighton Collaboration homepage: http://www.brightoncollaboration.org.
2 Present address: University of Washington, Seattle, USA.

Vaccine 35 (2017) 6518–6528

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vaccine

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2017.01.040&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.vaccine.2017.01.040
http://creativecommons.org/licenses/by/4.0/
mailto:contact@brightoncollaboration.org
http://www.brightoncollaboration.org
https://doi.org/10.1016/j.vaccine.2017.01.040
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


development. It is characterized by predominant anti-inflamma-
tory cytokines (IL-4, IL10 and IL-13). The third pro-inflammatory
phase is similar to the first phase, and it is a preparatory stage for
delivery [3]. Furthermore, different Pattern Recognition Receptors
(PRRs), including Toll-like receptors and Nod-like receptors, and
the innate immune system play a vital role in this process.

Dysfunction of the maternal innate immune response may pre-
dispose to placentally mediated diseases such as pre-eclampsia
(PET), fetal growth restriction (FGR), placental abruption, and
intrauterine fetal death. The complement system can affect angio-
genesis-related endothelial cell function. It can indirectly, through
macrophages, upregulate the anti-angiogenic soluble vascular
endothelial growth factor receptor-1 (SFlt-1). In addition, SFlt-1
can combine with soluble endoglin (sEnd) to induce PET, FGR,
and coagulation defects [7–10].

Traditionally, the causes for ‘‘pathological” growth restriction
are subdivided into fetal, placental and maternal. Genetic and
chromosomal disorders, fetal malformation, infection (e.g. rubella
or cytomegalovirus), and toxic substances (e.g. alcohol, cocaine,
or smoking) can contribute to FGR. Maternal diseases such as ane-
mia and malnutrition may also affect fetal growth. However, clas-
sical utero-placental dysfunction accounts for the vast majority of
cases of ‘‘placental” FGR, as well as to a variety of conditions such
as pre-eclampsia and placental abruption [11]. The Brighton Col-
laboration fetal growth restriction manuscript addresses the
impact of obstetric conditions on fetal growth restriction more
fully [12].

Congenital infections by Toxoplasma gondii, rubella, cytomega-
lovirus, herpes simplex virus (HSV), varicella-zoster virus, Tre-
ponema, and HIV contribute to 5–10% of fetal growth restriction
[13,14]. Several investigators believe that congenital infection
could be associated with a spectrum of disease, and it could be
quite variable, ranging from severe clinical manifestations to mild
disease only presenting with a small for gestational age fetus.
Many clinicians think that TORCH screens should be performed
on every SGA newborn infant [15–17].

Placental malaria is a major cause of fetal growth restriction. In
a case-control study of 492 pregnant Malawian women, a signifi-
cant increase of placental complement C5a levels was associated
with an increased risk of delivering a small-for-gestational-age
infant [18]. C5a was significantly increased in placental malaria
and was negatively correlated with the angiogenic factor angiopoi-
etin-1 and positively correlated with angiopoietin-2, soluble endo-
glin, and vascular endothelial growth factor [18].

Maternal vaccination during pregnancy has emerged as a rec-
ommended public health approach to prevent maternal and child-
hood infections. All current maternal vaccines were initially
designed for and tested in non-pregnant populations, but the
diverse immune modulations during pregnancy may cause preg-
nant women to respond sub-optimally or differently compared
with non-pregnant populations [19]. In addition, vaccine efficacy
could be affected by other factors including the dose, route, and
timing of the vaccination. Limited data exist on the effect of vacci-
nations in high-risk pregnancies. In spite of the success of several
maternal vaccines, many gaps exist in our knowledge of this
promising public health strategy and impact on fetal growth dur-
ing pregnancy.

Tetanus and influenza vaccines were the first vaccines recom-
mended for use during pregnancy. Trotta and colleagues evaluated
the safety of A/H1N1 pandemic vaccination of 6246 pregnant
women [20]. There was no difference in pregnancy outcome mea-
sures, including small for date. In an observational cohort study
from UK, Donegan and colleagues examined maternal and neonatal
outcomes among 6185 pertussis vaccinated pregnant women and
18,523 healthy unvaccinated historic controls [21]. There were
no significant differences between the two groups regarding low

birth weight or other maternal and neonatal outcomes [21], and
these findings were confirmed by others [22]. Currently, the World
Health Organization (WHO) provides guidance for vaccination dur-
ing pregnancy (Table 1). The key question that remains is related to
the safety and optimum timing of vaccination and if maternal vac-
cination has any negative effects on the immune system [23].

Placentally mediated severe FGR, indicated by abnormal uterine
and umbilical artery Doppler velocimetry, is associated with
impaired transplacental gas transfer and fetal hypoxaemia. This
triggers compensatory re-distribution of blood towards essential
organs (brain, heart, and adrenals) and decreases blood flow to
other organs (kidneys and bowel). This ‘‘compensatory phase” can
be recognised by observing Doppler changes (reduced resistance)
in the middle cerebral artery (MCA), decreased amniotic fluid,
and/or bright echogenic bowel. The duration of this compensatory
phase is variable. This phase is followed by a phase of myocardial
dysfunction and haemodynamic decompensation. This ‘‘decompen-
sation phase” can be recognised by abnormal venous Doppler
waveforms (absent or negative ‘a’ wave) and it is associated with
fetal acidaemia. Both hypoxaemia and acidaemia can also be
detected clinically by changes in fetal heart rate as well as the bio-
physical profile. The Brighton Collaboration growth restriction and
fetal distress guidelines further explore these issues [12,24].

Despite the presence of many pathophysiological events that
may lead to intrauterine growth restriction, SGA is not universally
associated with growth restriction. Small for gestational age (SGA),
is commonly used as a proxy for intrauterine growth restriction
(IUGR), particularly in settings where serial ultrasonography is
not readily available [2,25]. However, fetuses that are SGA are
not necessarily growth restricted; they in fact may be constitution-
ally small. If SGA babies have been the subject of intrauterine
growth retardation (IUGR), the term ‘‘SGA associated with IUGR”
is used. IUGR refers to a fetus that is unable to achieve its geneti-
cally determined potential size. This functional definition aims to
identify a population of fetuses at risk for poor pregnancy out-
comes, and excludes fetuses that are SGA but are not pathologically
small. Neonates born with severe SGA (or with severe short sta-
ture) are defined as having a length less than 2.5 standard devia-
tion below the mean [26].

A related term is low birth weight (LBW), defined as a birth
weight of less than 2500 g, regardless of gestational age at the time
of birth. Additional related terms include very low birth weight
(VLBW) which refers to less than 1500 g, and extremely low birth
weight (ELBW) which is less than 1000 g. Normal weight at term
delivery is 2500–4200 g. LBW is discussed further in a separate
document for this definition. It is important to be clear that SGA
is not a synonym of LBW, VLBW or ELBW. Approximately one third
of LBW babies weighing less than 2500 g are also SGA [12,27].

In this case definition and associated guideline, we propose a
systemic tool for evaluating the adverse event of SGA after mater-
nal immunisation. It is important to emphasize that these tools
have been developed in the absence of any data supporting such
an association but rather to facilitate studies of the safety of vacci-
nes used in pregnancy. The outcome of SGA has been examined in
several published studies of the safety of influenza and pertussis
vaccination during pregnancy. In one randomised clinical trial of
influenza immunisation in pregnant women in Bangladesh, SGA
was defined as less than 10th percentile weight for gestational
age [28,29]. In this trial, two reference standards were used - the
reference values for distributions of birth weights from the United
States [30] and the global reference standard from the World
Health Organization [31].

The remaining published studies were observational in design
and used different SGA definitions and reference standards
(Table 2) [32,33]. In most of these studies, SGA was defined as
the lowest 10th percentile of the gestational age-specific birth
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