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Abstract

Serum retinol was assessed inmothers and newborns from an impoverished SouthAfrican community where liver is
frequently eaten and vitamin A deficiency known to be absent. Paired cord and maternal blood (n=201) were col-
lected after delivery and analysed for serum retinol and C-reactive protein (CRP). Liver intake during pregnancy
and intention to breastfeed were also assessed. Mean serum retinol was 1.03μmol/L±0.40 in mothers and 0.73±0.24μmol/L
in newborns, with 21.4% and 49.3% having serum retinol <0.70 μmol/L (<20 μg/dL), respectively.
Raised CRP was found in 59.9% of mothers, with a significant negative correlation between serum retinol and
CRP (r=�0.273; p< 0.0001). Liver was eaten by 87.6% of mothers, and 99% indicated their intention to breastfeed.
Despite consumption of liver, serum retinol was low in both the mother and the newborn. The conventional cut-off
for serum retinol, i.e. <0.70μmol/L may therefore not apply for the mother and newborn in the period immediately
after delivery. Serum retinol may be influenced by factors other than vitamin A status, e.g. the haemodilution of
pregnancy, as well as the acute phase response induced by the birth process, as suggested by raised CRP in 60%
of mothers. In the newborns, the low serum retinol is likely to increase rapidly, as liver is frequently eaten by mothers
and practically all of them intended to breastfeed. Our results confirm the need for better indicators of vitamin A
status or alternative cut-off values during this period.
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Introduction

Vitamin A deficiency is a public health problem in
many developing countries and is estimated to affect
190 million preschool children globally (WHO 2009).
Poor vitamin A status is associated with increased mor-
bidity and mortality in young children (West et al.
2010). As a result, high dose vitamin A supplementa-
tion programmes have been implemented in numerous
countries worldwide to address vitamin A deficiency
(Sommer & Davidson 2002). In South Africa, a
national vitamin A supplementation programme was
introduced in 2002 (Department of Health 2004).

Although the national prevalence for a risk of
vitamin A deficiency (serum retinol< 0.70μmol/L)
among South African preschool children, according to
two relatively recent surveys, is 64% and 43%, respec-
tively (Labadarios 2007; Shisana 2013), there are
pockets within the country where vitamin A deficiency
does not occur (van Stuijvenberg et al. 2012; Faber et al.
2015). One example is the Northern Cape Province,
where a recent study in an impoverished community
showed that only 5.8% of preschool children and 0%
of non-pregnant female caregivers had serum retinol
below 0.70μmol/L, despite high levels of stunting, un-
derweight and wasting (van Stuijvenberg et al. 2012).
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None of the children received a vitamin A supplement
during the 6months that preceded the study. VitaminA
deficiency has also been shown to be absent in
6–9-year-old schoolchildren of the same community
(van Stuijvenberg et al. 2006). The area is surrounded
by sheep farming, and liver, an excellent source of
pre-formed vitamin A, was freely available and often
consumed, especially by those in the lower
socio-economic categories (van Stuijvenberg et al.
2012, Nel et al. 2014). The study of Nel et al. (2014)
showed that liver alone supplied enough vitamin A
to meet the vitamin A requirement of the preschool
child.

At the time of the present study, newborns and post-
partummothers were also being targeted for vitaminA
supplementation by the national vitaminA supplemen-
tation programme. Post-partum women, planning to
breastfeed, were given a 200 000 IU dose of vitamin
Awithin 6–8weeks after delivery, while non-breastfed
infants received a dose of 50 000 IU 0–8weeks after
birth (Department of Health 2004). These recommen-
dations have since been revised, because of lack of
evidence for a significant impact on morbidity or
mortality in the latter two groups (WHO 2011a,b),
and newborns and post-partum mothers no longer
receive vitamin A supplementation. Nonetheless, the
vitamin A status of the newborns and post-partum
mothers in this particular community is not known.
The aim of this study therefore was to assess serum
retinol in newborns and their mothers from an area
where liver is frequently eaten, and subclinical vitamin
A deficiency in the preschool children and non-
pregnant caregivers is known to be virtually absent
(van Stuijvenberg et al. 2012). Liver intake during
pregnancy, as well as the mothers’ intention to
breastfeed, was also assessed.

Materials and methods

Study population and design

The study was carried out at the Abraham Esau Hospi-
tal, the public hospital in Calvinia, a small town in the
Hantam district of the Northern Cape Province, and
approximately 470km north of Cape Town. The hospi-
tal serves the catchment area for people in the Hantam
district and surrounding areas, most of whom are from
the poorer segments of society, and known to have an
adequate intake of vitaminAvia liver (van Stuijvenberg
et al. 2012; Nel et al. 2014). Because the birth rate in
Calvinia is only 10–15 deliveries per month, all mothers
delivering at the hospital between April 2008 and
February 2012, who gave consent, were eligible for par-
ticipation.Where possible, mothers were recruited dur-
ing the last trimester at the antenatal clinic; otherwise,
mothers were recruited when admitted to the hospital
for delivery. If the mother was in an advanced stage
of labour or presented with any kind of obstetric risk,
she was not included. Mothers were also not recruited
when it was logistically not possible to collect blood.
If a vitamin A deficiency prevalence of 20% is assumed
in this group, a minimum sample size of 198 would be
required to yield a precision level of a two-sided 95%
confidence interval of 5%. The study was approved
by the Ethics Committee of the South African Medical
Research Council (EC06-012), and permission was
obtained from the provincial and nationalDepartments
of Health. Written informed consent was obtained
from the mother.

Measurements

Approximately 5mL of cord blood (newborns) and
5mL of venous blood (mothers) were obtained within

Key messages
• Serum retinol was low in parturient mothers and newborns in an area where liver is frequently eaten and
vitamin A deficiency known to be absent.

• The conventional cut-off for a risk of vitamin A deficiency (<0.70μmol/L) may not apply for the period
immediately after birth.

• Serum retinol in mothers could have been affected by the haemodilution of pregnancy, as well as the acute
phase response induced by the birth process.
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1h after delivery by the nursing staff assigned to the
obstetric ward. The cord blood was collected from
the umbilical vein after the cord had been clamped,
cut and the placenta delivered; and both the neonate
and mother were settled and in a satisfactory condi-
tion. The blood from the mother was obtained before
administration of the vitamin A supplement, which
was given to the mother immediately after delivery.
Blood was centrifuged at the study site by a trained
fieldworker, using a portable centrifuge. Serum was
removed and stored at �20°C until collected by a
member of the research team who visited the study
site at regular intervals. Samples were transported to
the South African Medical Research Council in Cape
Town, where they were stored at �80°C until
analysed. Care was taken throughout the procedure
to protect blood samples from direct sunlight. Serum
retinol was determined under dimmed light by a
reversed-phase high-performance liquid chromatogra-
phy method based on the method described by
Catignani & Bieri (1983). The coefficient of variance
(CV) (intra-assay and inter-assay) for this method is
<4%; the method is externally validated in a 6-monthly
external Quality Assurance Programme (VITAL EQA,
CDC, Atlanta, United States), and in addition, a con-
trol sample (obtained from pooled serum) is run in
duplicate with each batch of samples. SerumC-reactive
protein (CRP) was measured as an indicator of
inflammation or infection by means of an enzyme-
linked immunosorbent assay method (DRGDiagnostics,
Marburg, Germany); the CV for this method is<7%
(intra-assay) and <15% (inter-assay). Socio-
demographic information, as well as information on
liver intake during pregnancy (frequency of intake
per month) and the mother’s intention to breastfeed,
was obtained by questionnaire the following day, when
the mother was settled and able to comfortably answer
the questions. The infant’s birthweight and gestational
age were obtained from the Road-to-Health Card.
Height of the mother was obtained to the nearest
0.1 cm, using a SECA 214 Leicester height measure
(Invicta Plastics Limited, Leiscester, UK), and height-
for-age z-scores were calculated using the WHO
height-for-age reference median for 18-year-old girls
(WHO 2006), assuming that the mother’s height had
not changed (Gibson 2005).

Statistical analysis

Data were analysed using the IBM SPSS for Windows
program (version 22.0, SPSS Inc., IL, United States).
Continuous data were reported as mean (standard
deviation) or when not normally distributed as median
(interquartile range). Categorical data were expressed
as percentages. Inadequate vitamin A status was
defined as a serum retinol concentration below
0.70μmol/L (WHO 1996). Serum CRP concentrations
>5 mg/L were regarded as an indication of inflamma-
tion or infection (Thurnham & McCabe 2012).
Spearman’s correlation coefficients were used to test
for correlations between variables. The paired t-test
was used to compare serum retinol in the mother with
that in the newborn and the two-sided Mann–Whitney
U-test to compare the difference between two indepen-
dent groups. P-values <0.05 were considered statisti-
cally significant.

Results

A total of 215 mothers were recruited, and 201
maternal–cord blood samples were collected and
analysed.Maternal and infant characteristics are shown
in Table 1. Themean age of themothers was 24.9 years,
with a quarter of the mothers being less than 20years
old. Almost 50% of mothers were primiparous. Half
of the mothers were single, i.e. not married or living
with a partner. Only 28% completed high school, while
22% had 7 years or less of schooling. Almost 50% of
mothers admitted having smoked and 13%having used
alcohol while pregnant. Practically all mothers (99%)
indicated their intention to breastfeed, with 74% plan-
ning to breastfeed for at least 24months. Birthweight
was below 2500 g in 15% of newborns, while 15% of
the mothers were stunted. A significant positive corre-
lation was found between the mother’s height and the
birthweight of the child (r=0.251; P=0.022).

Serum retinol concentrations in the mothers and
newborns are given in Table 2 and Fig. 1. Serum retinol
in the newborns was significantly lower than serum ret-
inol in the mothers (0.73 vs. 1.03μmol/L), with the
prevalence of low serum retinol concentrations
(<0.70μmol/L) being 49.3% and 21.4% in the new-
borns and mothers, respectively. Only two mothers
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(1%) and five newborns (2.5%) had serum retinol
levels below 0.35μmol/L, while 16.4% of mothers and
2% of newborns had serum retinol concentrations
above 1.4μmol/L. There was a significant positive cor-
relation between serum retinol in the mother and in
the newborn. CRP concentrations were raised
(CRP> 5mg/L) in 59.9% of mothers and in 2.5% of
newborns. A significant negative correlation was found
between serum retinol and CRP in the mother, and to a
lesser extent in the newborn. When participants with
CRP concentrations of >5 mg/L were excluded from
the analysis, the prevalence of low serum retinol levels

was 13.9% and 47.7% in the mothers and newborns,
respectively, and the correlation between maternal ret-
inol and serum retinol in the newborn rose to 0.420
(P< 0.0001). Median placental transfer (ratio of new-
born to maternal serum retinol) was 0.74 (interquartile
range: 0.55–1.01); when excluding mothers with raised
CRP concentrations, the ratio dropped to 0.67
(interquartile range: 0.54–0.87). Retinol concentrations
in both the mothers and newborns were substantially
lower than concentrations previously reported for
non-pregnant women and preschool children in the
same community (Table 2 and Fig. 1).

Table 3 presents the correlation coefficients for var-
ious variables and birth outcomes. A weak, but signif-
icant, negative correlation was found between
maternal serum retinol and birthweight. No correla-
tion was found between cord retinol and birthweight;
neither was there a correlation between serum retinol
(in either the mother or newborn) and gestational age.
Educational level correlated positively and signifi-
cantly with the birthweight of the child. Substance
use (tobacco and alcohol) during pregnancy, which
was negatively associated with educational level
(r=�0.276; P< 0.0001), was also negatively associ-
ated with birthweight (r=�0.322; P< 0.0001). Mean
birthweight of children whose mothers did not smoke
or use alcohol during pregnancy was 3173±484g.
Birthweight was significantly lower in children of
mothers who smoked while pregnant (2866± 556 g;
P< 0.0001) and even lower in children whose mothers
both smoked and used alcohol during pregnancy
(2628±574g; P< 0.0001).

The frequency of liver intake during pregnancy is
shown in Table 4. Liver was eaten by 87.6%ofmothers,
and 21% reported eating liver at least once a week.
Mean liver intake per month was significantly higher
in mothers with less than 12years of schooling; 26.9%
of mothers who did not complete school reported eat-
ing liver at least once a week as opposed to only 5%
in those who completed school. Although no significant
correlation was found between the frequency of liver
intake and maternal serum retinol, serum retinol
tended to be higher in mothers who ate liver at least
once a week and was significantly higher in the new-
borns of mothers who ate liver at least once a week
(Table 5).

Table 1. Maternal and infant characteristics of the study population
(n= 201)

Mean (±SD)
or %

Maternal age (years) 24.9 ± 6.6
Age distribution (%)

<20 years 26.0
20–34.9 years 64.0
≥35 years 10.0

Maternal height (cm) 155.8 ± 6.9
Stunted (%)* 15.1

Parity (%)
1 47.0
2 30.3
≥3 22.7

Maternal education (%)
No formal schooling 2.0
Grades 1–3 0.5
Grades 4–7 19.9
Grades 8–11 49.8
Grade 12 24.9
Higher qualification 3.0

Employed before or during pregnancy (%) 34.8
Never married/not living with a partner (%) 50.7
Smoked during pregnancy (%) 48.5
Used alcohol during pregnancy (%) 13.0
Mothers intending to breastfeed (%) 99.0
Mothers intending to breastfeed for ≥24months (%) 73.9
Birthweight of infant (g) 2997.4 ± 545.9

Prevalence of low birthweight (<2500 g; %) 15.1
Gestation age (weeks) 38.9 ± 1.9
Premature (<37weeks; %) 10.2
Gender: male/female (%) 53.6/46.4

SD, standard deviation.
*Height-for-age z-scores less than �2 SD of the WHO reference
median for girls aged 18 years (WHO 2006); heights available for only
86 mothers.
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Discussion

Although liver is frequently consumed in this commu-
nity (Nel et al. 2014), and subclinical vitamin A defi-
ciency (<0.70 μmol/L) virtually absent in the
preschool children and non-pregnant caregivers (van
Stuijvenberg et al. 2012), low serum retinol concentra-
tions in the present study were observed in as many as
21% of post-partum mothers and 49% of newborns.

Information on serum retinol concentrations during
the period immediately after birth is sparse. However,
results similar to ours have been reported (Dhansay
et al. 1999; Shah & Rajalakshmi 1984; Wang et al.
2009). Dhansay et al. (1999) showed that serum retinol
concentrations in mothers and newborns from a low
socio-economic Cape Town community were 1.03
± 0.38 and 0.68± 0.21μmol/L (1 μmol/L=28.6 μg/dL)
despite being exposed to a vitamin A intervention

Table 2. Serum retinol in post-partum mothers and their newborns

Mothers Newborns

All
mothers
(n = 201)

Mothers with
elevated CRP*
excluded (n = 79)

Non-pregnant women
from the same

community (n = 202)†
All newborns
(n = 201)

Newborns with
elevated

CRP* excluded
(n = 193)

Preschool children
from same community

(n = 243)†

Serum retinol
(mean ± SD; μmol/L)

1.03 ± 0.40 1.10 ± 0.41 1.93 ± 0.50 0.73 ± 0.24‡
,§ 0.74 ± 0.24 1.10 ± 0.27

Serum retinol
< 0.7 μmol/L (%)

21.4 13.9 0 49.3 47.7 5.8

CRP > 5mg/L (%) 59.9¶ — — 2.5** — —

CRP, C-reactive protein; SD, standard deviation.
*CRP> 5 mg/L. †van Stuijvenberg et al. 2012. ‡P< 0.0001 compared withmothers (paired t-test). §Significant positive correlation between serum ret-
inol in the mother and newborn (r = 0.227; P = 0.001). ¶Significant negative correlation between serum retinol and CRP (r =�0.273; P< 0.0001).
**Significant negative correlation between serum retinol and CRP (r =�0.148; P = 0.037).
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Fig. 1. Distribution of serum retinol in (a) post-partum mothers and (b) newborns (cord blood) from an area where liver is frequently eaten (n= 201),
compared with previously reported data for non-pregnant women (n= 202) and preschool children (n= 243) from the same community
(van Stuijvenberg et al. 2012).
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during pregnancy. In India, similar results were obtained
for a high-income professional group [1.03±0.03 (stan-
dard error; SE)μmol/L and 0.69±0.02 (SE)μmol/L,
respectively], which were in contrast to the lower values
obtained in a group of unskilled workers [0.76±0.02
(SE)μmol/L and 0.48±0.01 (SE)μmol/L, respectively]
(Shah & Rajalakshmi 1984). According to a review
article by Allen & Haskell (2001), cord blood retinol
concentrations in developing countries tend to be gener-
ally lower than in industrialised countries and are ap-
proximately 50% of maternal values.

Serum retinol in parturient mothers and newborns
may, however, not accurately reflect the vitamin A sta-
tus of a community, as serum levels during the period
immediately after birth may be influenced by factors
other than vitamin A status. The conventional cut-off
value for serum retinol, i.e. <0.70μmol/L (WHO
1996), may therefore not apply. Pregnancy, for
example, results in an expansion of blood volume
(King 2000), and this haemodilution causes a decrease
in serum retinol concentrations without necessarily af-
fecting stores. Serum retinol in pregnant women from a
low socio-economic Cape Town area was found to be
considerably lower than values observed in non-
pregnant women from the same community (1.21±0.38
vs. 1.78±0.44μmol/L) (MADhansay 1999, unpublished
data). Similar values were obtained for healthy pregnant
women (1.18±0.54μmol/L) from the same area in
another study (van Stuijvenberg et al. 1995).

It is also possible that the birth process per se may
have induced an acute phase response in the mother,
resulting in a transient lowering effect on serum retinol.
In our study, the raised CRP concentrations in 60% of
the mothers and the significant negative correlation
between serum retinol and CRP make this suggestion
plausible. CRP is an indicator of acute infection or
inflammation and known to rise within hours after the
onset of infection or trauma (Pepys 1981). A transient
decrease in serum retinol,mirrored by a transient increase
in CRP concentrations, has also been reported in a pro-
spective study in patients undergoing uncomplicated

Table 3. Relation between different variables and birth outcome

Variables n r* P-value

Maternal retinol and birthweight 179 �0.172 0.022
Maternal retinol and birthweight† 69 �0.249 0.039
Cord retinol and birthweight 178 0.018 0.807
Maternal retinol and gestational age 130 �0.105 0.233
Maternal retinol and gestational age† 55 �0.163 0.235
Cord retinol and gestational age 128 �0.062 0.488
Educational level and birthweight 186 0.184 0.012
Substance use‡ and birthweight 185 �0.322 <0.0001

*Spearman correlation coefficients.
†Mothers with CRP> 5 mg/L excluded from the analysis. ‡Tobacco
and alcohol use.

Table 4. Frequency of liver intake during pregnancy

Mean (±SD)
or %

Mean frequency of intake (times per month) 1.79 ± 1.84
Frequency distribution of liver intake (%)

Never 12.4
Less than once a month 12.4
Once a month 36.8
Twice a month 17.4
Four times per month 16.4
>4 times per month 4.5

Mothers who ate liver during the last 2 weeks (%) 38.5
Frequency of liver intake according to education level

≥12 years of schooling (n = 56)
Mean frequency of intake per month 1.21 ± 1.29
% Eating liver once a week or more 5.4

<12 years of schooling (n = 145)
Mean frequency of intake per month 2.02 ± 1.97 *
% Eating liver once a week or more 26.9

SD, standard deviation.
*P = 0.008, compared with ≥ 12 years of schooling (Mann–Whitney
U-test).

Table 5. Liver intake during pregnancy and serum retinol in post-partum
mothers and newborns

Mothers Newborns

n

Serum
retinol*
(μmol/L) n

Serum
retinol†

(μmol/L)

Mean ± SD Mean ± SD
Liver intake

< once a week 55 1.05 ± 0.36 144 0.71 ± 0.21
Once a week or more 18 1.17 ± 0.42 36 0.85 ± 0.29‡

SD, standard deviation.
*Mothers withCRP> 5mg/L excluded. †Newborns with CRP> 5mg/L
excluded. ‡P = 0.018, compared with less than once a week
(Mann–Whitney U-test).
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orthopaedic surgery (Louw et al 1992). We unfortunately
do not have information on the birth process in terms of
time spent in labour, level of difficulty and other factors
that may have triggered the acute phase response. We
also did not measure any indicators of chronic subclini-
cal infection such as serum alpha-1-acid glycoprotein,
which could have further contributed to the low serum
retinol in the mothers (Filteau 1999). The low preva-
lence of raised CRP concentrations observed in the
newborns (2.5%> 5 mg/L) is in line with other studies
(Darboe et al. 2007) showing low values at birth.

In newborns, vitamin A stores are known to be low
(Allen & Haskell 2001), but stores increase rapidly if
the infant is breastfed by a mother with adequate vita-
min A status (WHO 1996). In this study, 88% of the
mothers reported eating liver during pregnancy and
99% indicated their intention to breastfeed. This high
intention to breastfeed is in line with the results of a
previous study in the same community, which showed
that 93% of pre-schoolers had been breastfed, with
69% having been breastfed for longer than 6months
(van Stuijvenberg et al. 2012). Liver is an excellent
source of pre-formed vitamin A, containing approxi-
mately 8000μg retinol equivalents (RE) per 100 g
(Wolmarans et al. 2010). The Estimated Average Re-
quirement during pregnancy is 550μg RE (Institute of
Medicine, 2001). Assuming a portion size of 100 g, liver
therefore needs to be eaten only once every 14days to
theoreticallymeet vitaminA requirements during preg-
nancy. Slightly more liver would be needed to meet the
requirement of the lactating mother, but it can be
assumed that liver would continue to be eaten after
birth.Asmany as 98%of households in this community
have been shown to eat liver, with liver on average be-
ing eaten 2.3 times per month (van Stuijvenberg et al.
2012). The low serum retinol concentrations observed
in the newborns are therefore likely to increase. Unfor-
tunately, we do not have longitudinal follow-up data for
the newborns in our study, but another South African
study showed post-partum serum retinol levels among
infants increased significantly from 0.68± 0.21μmol/L
at birth to 0.94± 0.22μmol/L at 6months without any
intervention, while the prevalence of low serum retinol
levels decreased from 62% to 14.5% (Dhansay et al.
1999). Darboe et al. (2007) also showed that the preva-
lence of low serum retinol concentrations dropped

from 61%at birth to 32%at 5months in a group receiv-
ing no supplements. Our results confirm the need for
better indicators of vitamin A status or alternative
cut-off values for serum retinol in the newborn, as sug-
gested by (Allen&Haskell 2001) and theWorldHealth
Organization (WHO 2011a).

The prevalence of low birthweight was lower than
previously reported for children (n=243) born in the
area between 2002 and 2007 (15% vs. 28%), and
stunting in the mothers was also lower (15% vs. 29%)
(van Stuijvenberg et al. 2012). This suggests either a
shift in nutritional status over time or that the mothers
who participated in this study may have represented
the better nourished segment of the community.
Mothers in an advanced stage of labour and those pre-
senting with any kind of obstetric risk were not
included, which could have introduced a bias in partic-
ipant selection. Nonetheless, even though the mothers
in this study appeared to be better off nutritionally,
serum retinol was still relatively low, which further
strengthens our contention that serum retinol in the
period immediately after birth may not be a true reflec-
tion of vitamin A status.

Several studies have found a positive association
between serum retinol and birth outcomes (Shah &
Rajalaskshmi 1984; Gazala et al. 2003; Masters et al.
2007; Neel & Alvarez 1990). On the other hand, we
found a significant negative association betweenmater-
nal retinol and birthweight. A positive correlation was,
however, observed between the educational level of the
mother, which was used as a proxy for socio-economic
status, and birthweight of the child. This suggests that,
in this population at least, the association between edu-
cational level and birthweight is not exerted via serum
retinol but rather through other factors related to poor
socio-economic status. Tobacco and alcohol use, for
example, is known to affect birthweight (Aliyu et al.,
2009; Iniguez et al. 2013). In our study, 49% of mothers
smoked while pregnant, and 13% reported using alco-
hol. Substance use was significantly associated with
educational level and with birthweight. The inverse as-
sociation observed between serum retinol and
birthweight could be explained by the fact that the
mothers with less education ate liver more often
(Table 4) and consequently tended to have higher se-
rum retinol concentrations. This is in line with previous
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studies in this community, which showed that the socio-
economically more vulnerable households ate more
liver (van Stuijvenberg et al. 2012; Nel et al. 2014).
The community falls within a sheep farming region,
and slaughtering at the two local abattoirs takes place
on a daily basis (Nel et al. 2014). This results in organ
meat, including liver, being an available and affordable
source of meat (the price of liver per kilogram is
approximately one-third than that of lamb), thereby
ensuring adequate vitamin A intake in the poorer seg-
ments of this population.

Although vitamin A is known to play an important
role in foetal development, too much vitamin A may
be teratogenic (Dibley & Jeacocke 2001). As a result,
retinol intakes greater than 25 000 IU (7576μg RE)
per week are not recommended for pregnant women
(Dibley & Jeacocke 2001; WHO 1998). With liver con-
taining around 8000μg RE per 100g (Wolmarans et al.
2010), liver intake during pregnancy should therefore
theoretically not exceed 100 g per week. In this commu-
nity, it was the socio-economically more vulnerable
who consumed liver more often; as many as 27% of
thosewho did not complete school reported eating liver
at least once a week while pregnant. Depending on the
portion size and because the vitamin A content of liver
could vary [the analysed vitamin A content of four
sheep livers randomly bought in the area ranged
between 5000 and 24000μg RE per 100 g (M van
Stuijvenberg, unpublished data)], these mothers could
be at risk of too much vitamin A. Unfortunately, we
did not quantify liver intake nor did we measure all-
trans retinoic acid, the major teratogenic metabolite
of retinol (Buss et al. 1994); we also do not have infor-
mation on teratogenicity in this community. Vitamin
A from liver, however, has been shown to produce less
teratogenic metabolites than vitamin A from supple-
ments in equal amounts (Buss et al. 1994). Nonetheless,
health authorities in many first world countries, such as
the UK, the Netherlands, Finland and Sweden (Bates
1995; Söderlund et al. 2005; van den Berg et al. 1996),
advise pregnant women to limit their intake of liver. Be-
fore such recommendations are considered for South
Africa, further studies that more accurately quantify
liver intake during pregnancy, and also include markers
of excessive vitamin A intake, e.g. all-trans retinoic
acid, are recommended.

In conclusion, this study showed low serum retinol
concentrations in newborns and theirmothers in a com-
munity where liver is frequently eaten, and vitamin A
deficiency is known to be absent in the preschool and
non-pregnant female population. Serum concentra-
tions of retinol in the mother and newborn during the
period immediately after delivery may not be a true
reflection of vitaminA status and should be interpreted
with caution. Our results confirm the need for better
indicators of vitamin A status or alternative cut-off
values during this period.
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