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Abstract Investigation on seroprevalence and risk factors of
Toxoplasma gondii infections among indigenous and immi-
grant pregnant women in Mid-Taiwan showed that anti
Taxoplasma-specific IgG antibody counts were significantly
higher in indigenes (40.6%) than in immigrants (18.2%),
with an odds ratio of OR=3.34 (95% CI: 1.93–4.80). The
titre of Taxoplasma-specific IgG was also significantly
higher in indigenes than in immigrants (P<0.001). Differ-
ences of living styles for Toxoplasma infection between the
two groups were drinking untreated water (OR=2.34, 95%
CI: 1.36–4.02), consumption of raw/undercooked meats
(OR=10.11 95% CI: 4.92–20.78), especially raw/under-
cooked pork (P=0.000), or raw/undercooked viscera (OR=
9.16, 95% CI: 2.97–27.94), contact with cats (OR=5.69,

95% CI: 2.83–11.47), or soil (OR=2.55 95% CI: 1.72–3.80).
Differences of risk factors for Toxoplasma infection in terms
of positive IgG in the two groups were consumption of raw/
undercooked meats (P=0.005) especially raw/undercooked
pork (P=0.004), and contact with cats (P=0.013) or soil
(P=0.028). It is concluded that seroprevalence of Toxoplas-
ma infection is higher in indigenous pregnant women and
related to their living styles. To prevent congenital toxoplas-
mosis, health education seems required.

Introduction

Toxoplasmosis is a world-wide endemic disease caused by
an obligate intracellular parasite, Toxoplasma gondii (T.
gondii). The presence of immunoglobulins specifically to
the parasite in the sampling population estimated that about
20 to 80% of human beings could have been infected.
Studies showed that the prevalence of Toxoplasma infection
in pregnant women was 10% in Britain (Allain et al. 1998)
and Norway (Jenum et al. 1998) and 50% in France
(Ancelle et al. 1996) and Greece (Decavalas et al. 1990). In
addition, women at child-bearing age also showed a high
prevalence of 58% in Central European countries, 51–72%
in Latin America, 54–77% in West Africa and 4–39% in
China (Tenter et al. 2000), whereas a low rate (15%) in the
USA (Jones et al. 2001). The infection is acquired by
contact with cats, which excrete living oocysts into the
environment and cause environmental contamination
(Dubey 1996). Thus, the accidental ingestion of oocysts
through contact with soil or the cleaning up of cat faeces
could be sources of T. gondii infection, especially for
pregnant women. In addition, consumption of raw meat
containing tissue cysts of T. gondii is also an important
route for the infection. Tissue cysts are mostly found in
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pigs, sheep and goats but less often in poultry, horses and
cattle (Tenter et al. 2000). Although the overall infection
rates have been decreasing over the last decades (Horion et
al. 1990; Ades and Blokes 1993; Nokes et al. 1993),
environmental characteristics (Jenum et al. 1998) and some
particular living styles prevalent in some ethnic groups
(Gilbert et al. 1993; Dupouy et al. 1993; Remington et al.
1995) are still the major factors causing toxoplasmosis.

Babies with congenital toxoplasmosis develop intracere-
bral lesions and chorioretinitis leading to mental retardation
and blindness. This is due largely to trans-placental transmis-
sion of the parasite during pregnancy. Thus, investigation of
the paths of infection with T. gondii and examination of the
presence of acute and chronic immune responses to the
parasite in pregnant women are critical references for
prevention of congenital toxoplasmosis and clinical care.

Infection with T. gondii is usually determined by
detection of specific immunoglobulins to Toxoplasma in
patient sera. The presence of IgG is generally regarded as
an indication that an infection has occurred (Beaman et al.
1995), but IgM indicates an urgent state or an infection that
has occurred within the last year (Liesenfeld et al. 1997;
Wilson et al. 1997; Wong and Remington 1994) although
IgM remains detectable 12 years after infection in some
special cases (Bobic et al. 1991). Because humans are
intermediate hosts for T. gondii, and the parasite invades
patients’ muscles and organs, it is convenient to test the
presence of specific antibodies directly from blood samples
rather than by detecting the parasite. Alternative methods to
diagnose recent infections are to measure the level of
specific IgM or other specific antigens in patients’ blood
samples (Li et al. 2000). Different titres of specific
immunoglobulins against the parasite may indicate different
densities of infections. Relative amounts of antibodies to T.
gondii in relation to different living styles, however, require
special studies with suitable samples.

Indigenous tribes in Taiwan and recent immigrants
represent different cultures from the general population of
Taiwan, including particular living styles, educational
backgrounds and environmental characteristics. Tradition-
ally, indigenous tribes hunt prey and share their captures
with their people, and thus consumption of raw meats is a
part of their traditional cultures. Immigrants (most are
women) have become a special and sizeable population in
Taiwan. There is a rapid increase in the number of groups
on the island with 1/8 of pupils being born to immigrant
women. Seroprevalence of toxoplasmosis is approximately
9% in pregnant women and their babies in Taiwan.
However, 93% of the study population is Taiwanese (Hu
et al. 2006). No study on the infection of T. gondii among
indigenes and immigrants has ever been conducted, nor
have pregnant women and their newborn babies been
investigated. Therefore, this study was aimed to reveal

seroprevalence and the risk factors for Toxoplasma infec-
tion among indigenous and immigrant pregnant women and
their babies in relation to different cultures.

Materials and methods

Blood samples were collected from hospitals and clinics in
mid-Taiwan, and tested in laboratories. The Institutional
Review Board of the China Medical University Hospital
approved the ethnic experiment, and all the participating
pregnant women signed their written consents before
samples were taken. Parents signed written consents for
cord blood samples of their babies.

Participants

Indigenous and immigrant pregnant women who were in
the first trimester gestation and visited hospitals or clinics
for their first antenatal check would be participants for the
present study. Blood samples taken for antenatal routine
examination and the anti-Toxoplasma antibody test were
collected at the same time. Because not all women
delivered their babies during the investigation period or at
participating hospitals, only 160 cord blood samples were
collected for the investigation. Indigenous tribes including
Atayal, Bunun, Amis, Yami and Palwan were studied, and
immigrant women from Vietnam, Indonesia, Laos, Main-
land China, Thailand and the Philippines were included in
the current study (Table 1).

Samples

Pregnant women (426) and 160 1-day-old newborn babies
donated their blood samples. Blood samples were spun at
3,000 rpm for 10 min to remove cells and the sera were
shipped to the laboratory in dry ice. All samples were
stored at −80°C until use.

IgG and IgM assays

T. gondii IgM μ-capture ELISA (enzyme linked immuno-
sorbent assay) kit and T. gondii IgG ELISA kit were
purchased from IBL (Immuno-Biological Laboratory, Ham-
burg, Germany). Assays for specific IgG and IgM of the
blood samples were carried out according to the manufac-
turer’s instructions. A series of dilutions were prepared
from serum samples and then added to the ELISA plates
coated with specific antigens of T. gondii. This was
followed by a 2-h incubation at room temperature. After
blocking, rabbit anti-human Ig conjugated with horse radish
peroxidase (HRP) was added and incubation was carried
out as described above. After the unbound materials were
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washed away in PBS, the plate was finally developed with
tetramethylbenzidine (TMB) and read in an ELISA reader
at 450 nm. The cut-off for IgG was >35 IU/ml and the
equivocal threshold was 30–35 IU/ml, whereas the cut-off
for IgM was 1.1 U. For instance an IgM measurement
between 0.9 and 1.1 U could not be considered positive or
negative as an equivocal threshold.

Information collection

Information on sources of the infection and on environ-
mental characteristics was collected by means of a
questionnaire given out on the day blood samples were
taken. Those who could not read the questionnaire were
interviewed instead. Questionnaires were designed to reveal
the participant’s knowledge of the parasite, the ways of
infection and prevention. These were followed by their
tribe/nationality, age, educational background, occupation,
maternal history, and habits of consumption of such items
as unwashed vegetable/fruit, untreated water, raw/under-
cooked meats or viscera; questionnaires finally asked
whether interviewees came in contact with cats, cat faeces
or soil, or lived on farms and worked with animals.

Statistical analysis

For data analysis and statistics, the PC-based software
SPSS 13.0 was applied. Population constituents, age,
education and occupation were analyzed in relative to the
presence of specific anti-Toxoplasma IgG and IgM. The
correlation of antibody titre between mothers and babies
was tested by the Spearman test. The titre of antibodies of
two groups was expressed as mean±SE. The difference
between two groups was tested by Student t test. Risk
factors responsible for T. gondii infection were analyzed
using odd ratios, chi-square test and Fisher exact test.

Results

Information on participants

As already stated, a total of 426 pregnant women and 160
newborn babies from mid-Taiwan participated in this study.
The 245 indigenous pregnant women were from five
different indigenous tribes. The 181 pregnant immigrant
women were from Vietnam, Indonesia, Laos, Mainland

Table 1 Information of
participants

a Others among the indigenes
and immigrants include busi-
nessmen (0.8 and 0.6%),
labourers (0.8 and 0.6%) and
free lance workers (1.2 and
0.6%), respectively.

Tribes No. of indigenes (%) Nationalities No. of immigrants (%)

Atayal 130 (53.1) Vietnam 124 (68.5)
Bunun 108 (44.1) Indonesia 31 (17.1)
Amis 5 (2.0) Laos 9 (5.0)
Yami 1 (0.4) Mainland China 6 (3.3)
Palwan 1 (0.4) Thailand 4 (2.2)

Philippines 3 (1.7)
Unknown 4 (2.2)

Age
15–19 32 (13.1) 5 (2.9)
20–24 113 (46.1) 110 (64.0)
25–29 55 (22.4) 43 (25.0)
30–34 25 (10.2) 11 (6.4)
35–39 15 (6.1) 3 (1.7)
40–44 4 (1.6) 0 (0.0)
45–49 1 (0.4) 0 (0.0)
Education
Illiteracy 0 (0.0) 3 (2.0)
Primary school 14 (5.9) 37 (25.0)
Junior high school 93 (39.4) 67 (45.3)
Senior high school 116 (49.2) 35 (23.6)
Bachelor 13 (5.5) 5 (3.4)
Master 0 (0.0) 1 (0.7)
Occupation
Civil service 4 (1.7) 0 (0.0)
Teacher 4 (1.7) 1 (0.6)
House wife 189 (79.1) 154 (92.8)
Farmer 23 (9.6) 6 (3.6)
Service trade 12 (5.0) 2 (1.2)
Othersa 7 (2.8) 3 (1.8)
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China, Thailand and the Philippines (Table 1). The majority
of indigenous women were from the Atayal (53.1%) and
Bunun (44.1%) tribes and the majority of immigrant
women were from Vietnam (68.5%). The distribution of
age 20–29 was 68.5% in indigenes and 89% in immigrants.
Their highest level of education was mostly high school
and the occupation of 79.1% of indigenes and 92.8% of
immigrants was given as “house wife.”

Seroprevalence of toxoplasmosis

Sera of pregnant women and cord blood samples of
newborn babies were obtained and tested for specific
antibodies (IgG and IgM) to Toxoplasma by ELISA. Initial
antibody assays showed that about 40.6% (99 of 244) of
indigenous and 18.2% (33 of 188) of immigrant pregnant
women developed specific anti-Toxoplasma IgG (Table 2).
The relative risk (RR) of indigenous to immigrant women
was 2.35 and the odds ratio (OR) was 3.34, 95% CI: 1.93–
4.8 (P<0.001). For IgM assay, 2.9% (7 of 244) indigenous
and 2.2% (4 of 181) immigrant women present specific
anti-IgM positive. Among the newborn babies, 44.3% (39
of 88) of indigenous and 23.6% (17 of 72) of immigrant
babies had specific anti-Toxoplasma IgG. No specific IgM
for Toxoplasma was detected in both groups of babies and
the body weight of babies showed no marked different
between the two groups. Assays for specific IgG titre
showed that indigenous women had an 8.5-fold-higher
reading than the immigrant (P<0.001) and their babies had
10-fold difference (P<0.001; Fig. 1). Cross analysis
demonstrated that the IgG titre in both indigenous and
immigrant mothers had significant correlation to the IgG
titre of their babies (P<0.001; Table 3).

Risk factors for toxoplasmosis

To assess the knowledge of Toxoplasma and source of
infection, the information was collected by questionnaire or
interview. Only 4.2% (10 of 236) of indigenous and 1.7%
(3 of 177) of immigrant women ever heard about the
parasite. Seven indigenous women but none of the
immigrant women knew how to avoid T. gondii infection.

Information of living styles pertaining to the sources of
infection revealed that drinking untreated water (OR=2.34.
95% CI: 1.36–4.02), eating raw or undercooked meats
(OR=10.11 95% CI: 4.92–20.78) and viscera (OR=9.16,
95% CI: 2.97–27.94), contact with cats (OR=5.69, 95% CI:
2.83–11.47), contact with soil (OR=2.55 95% CI: 1.72–
3.80), working with animals (OR=2.03, 95% CI: 1.04–
3.97) and living on a farm (OR=2.95, 95% CI: 1.17–7.39)
were significantly different between indigenous and immi-
grant groups (Table 4). Risk factors of Toxoplasma
infection in terms of positive IgG between these two
groups were also analyzed. The significantly higher
percentage of infection in indigenous women compared to
immigrant women seems caused mainly by the consump-
tion of raw/undercooked meats (OR=4.47, 95% CI: 1.46–
13.74, P=0.005), contact with cats (P=0.013) and contact
with soil (OR=2.56, 95% CI: 1.12–5.85, P=0.028; Table 5).

Further analysis of the investigated indigenous women
who indicated that they regularly ate raw/undercooked
meats (85 of 244) or viscera (33 of 242) showed that they
mainly consumed raw/undercooked pork (67.1%) and the

Table 2 Specific anti-Toxoplasma IgG and IgM antibodies positive rate in pregnant women and newborn babies

Indigenes (no. positive/no. total) Immigrants (no. positive/no. total)

Antibodies Mothers Babiesa Mothers Babies

IgG (+) 40.6% (99/244)* 44.3% (39/88) 18.2% (33/181) 23.6% (17/72)
IgM (+) 2.9% (7/244) 0% (0/88) 2.2% (4/181) 0% (0/72)

*P<0.001, indigenous versus immigrant mothers, OR=3.34, 95% CI: 1.93–4.80.
a Not every mother delivers her baby during the investigation period.

Fig. 1 Positive titre of specific anti-Toxoplasma IgG antibody in
pregnant women and newborns. Sera from indigenous and immigrant
women with 12-week pregnancy and 1-day-old newborn babies were
tested for the titre of specific anti-Toxoplasma IgG antibody by
ELISA. The statistics was indigenes versus immigrants using Student t
test *P<0.001
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raw/undercooked viscera of pigs (31.8%), whereas only
three immigrant women consumed raw/undercooked meat
or viscera and only one of those ate raw/undercooked meat
or the viscera from pigs. Investigation also showed that
some of the indigenous women also consumed other raw or
undercooked meats (19.3%) from seafood, boar or pola-
touche. Analysis of risk factors in different raw/under-
cooked meats or viscera (Table 6) showed that indigenes
and immigrants had significantly different habits of eating
raw/undercooked pork (P=0.000). Further study of these
categories in women who had specifically positive IgG to
Toxoplasma also showed that consumption of raw/under-
cooked pork was significantly different in the cases of
indigenes and immigrants (P=0.004).

Discussion

The investigation of toxoplasmosis in Taiwan is focused on
two special groups: indigenes of Taiwan and immigrants
from Mainland China or Southeast Asian countries (Table 1;
Hu et al. 2006). Specifically positive IgG and IgM standard

Table 4 Risk factors responsible for T. gondii infection among indigenous pregnant women compared to immigrant pregnant women

Exposure to risk factorsa Indigenes Immigrants Odds ratio (95% CI)

Yes No Yes No

Fruits/vegetables with soil 59 181 42 133 1.03 (0.66–1.63)
Unwashed fruits/vegetables 37 206 25 151 1.08 (0.63–1.87)
Untreated water 58 183 21 155 2.34 (1.36–4.02)*
Raw/undercooked meats 85 157 9 168 10.11 (4.92–20.78)**
The raw/undercooked viscera 33 209 3 174 9.16 (2.97–27.94)**
Contact with cat 61 178 10 166 5.69 (2.83–11.47)**
Cat at home 30 106 8 25 0.88 (0.36–2.15)
Cleaning cat faeces 13 58 1 19 – P=0.506b

Cat fed raw meat 7 49 2 18 – P=1.000b

Cat that hunts 14 38 7 13 0.68 (0.23–2.06)
Cat fed tinned food 13 38 4 16 1.37 (0.40–4.64)
Contact with soil 152 91 70 107 2.55 (1.72–3.80)**
Working with animals 34 210 13 163 2.03 (1.04–3.97)*
Living on farm 23 222 6 171 2.95 (1.17–7.39)*
Travel outside Taiwan 1 243 12 164 – P=0.001b

*P<0.05, indigenes versus immigrants, using Chi-square test.
**P<0.001, indigenes versus immigrants, using Chi-square test.
a Exposure to risk factors in the past four months.
b Fisher exact test.

Table 3 Correlation of specific anti-Toxoplasma IgG titre between
mothers and their newborn babies

Mum’s IgG level Parametersa Baby’s IgG level

Indigene Immigrant

Indigene r 0.616 NA
P 0.000* NA

Immigrant r NAb 0.882
P NA 0.000**

*P<0.001, correlation of specific IgG titre between indigenous
mothers and their babies.
**P<0.001, correlation of specific IgG titre between immigrant
mothers and their babies.
a Spearman’s rho test.
b NA means not applicable.

Table 5 Risk factors responsible for T. gondii infection among
pregnant women compared to immigrant pregnant women, who had
specific anti-Toxoplasma IgG positive

Exposure to risk factors Indigene Immigrant P value

Yes No Yes No

Fruits/vegetables with soil 21 76 7 25 1.000
Unwashed fruits/vegetables 17 81 5 28 1.000
Untreated water 24 74 4 28 0.336
Raw/undercooked meats 37 60 3 29 0.005*,a

The raw/undercooked viscera 14 84 2 30 0.559
Contact with cat 25 71 1 32 0.013*
Cat at home 12 41 2 8 0.710
Cleaning cat faeces 4 26 0 5 1.000
Cat fed raw meat 2 23 0 6 1.000
Cat that hunts 7 17 0 5 1.000
Cat fed tinned food 3 21 0 5 1.000
Contact with soil 55 43 11 22 0.028*,b

Working with animals 12 86 3 29 1.000
Living on farm 5 94 0 32 1.000
Travel outside Taiwan 1 91 4 29 0.034*

*P<0.05, indigenes versus immigrants, using Fisher exact test
a OR=4.47, 95% CI: 1.46–13.74.
b OR=2.56, 95% CI: 1.12–5.85.
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titre were used to predict the prevalence of T. gondii
infection (Jenum et al. 1998; Decavalas et al. 1990; Paul et
al. 2001; Montoya et al. 2001), and these are still the best
way to predict possible congenital toxoplasmosis from the
sera of pregnant women.

The presence of immunoglobulins G and M specifically
against T. gondii suggests chronic or recent infection in
mothers and congenital infection in babies. IgG present in
pregnancy and cord blood samples indicates maternal
exposure to toxoplasmosis during her lifetime, whereas
IgM in the pregnancy samples reflects recent infection in
the woman. Moreover the presence of IgM in cord blood
reflects congenital toxoplasmosis. Our present study shows
that seroprevalence of specific IgM for toxoplasmosis does
not differ much in indigenous and immigrant groups.
However, for specific IgG study, we found that specific
IgG for Toxoplasma was higher in indigenes (40.6%) and
immigrants (18.2%) as compared with 9.1% in Taiwanese
(Hu et al. 2006). Especially in indigenous tribes, T. gondii
infection is closely related to traditional cultures. The
majority of indigenous women investigated in the current
study live in mountainous areas of Taiwan and some of
them eat raw prey. Immigrants, however, do not generally
do so and thus a 2.2-fold-higher (in percentage) infection
was found in the indigenous group as compared to the
immigrant group (Table 2). Moreover, their specific IgG
titre was 8.5-fold higher than the immigrants, suggesting
high-density infection (or repeated infections) could have
occurred (Fig. 1). Immigrant women counted for 16.8% in
all the married couples of Taiwan and 11.6% of babies were
born to immigrant mothers in 2006 (Bulletin of Department

of Statistics 2007). As the positive rate of specific IgG for
Toxoplasma indicates, childhood infection and the positive
rate in immigrants is still higher than in Taiwanese,
implying that the living style in their mother countries
may differ from that in Taiwan. In analyses of relative
amounts of specific antibodies of mothers pertaining to
their babies, the total amount of antibodies is an important
indicator especially for high-density and repeated infection.
The IgG titre found in newborn babies are significantly
related to their mothers’ infection in both indigenous and
immigrant (P<0.001) groups (Table 3), indicating that the
IgG was probably transmitted from mother to baby via the
placenta. We did not find specific IgM positive for
Toxoplasma in the babies, however, seroprevalence of IgG
for toxoplasmosis in mothers, especially in indigenous
mothers, presents a high positive rate and it reflects the
possibility that congenital infection could have occurred.

Risk factors for Toxoplasma infection were analyzed
from living styles and listed in Table 4, showing that living
styles in indigenous women including drinking untreated
water, consumption of raw/undercooked meats (especially
raw/undercooked pork), or viscera, contact with cats or soil,
working with animals or living on a farm are the most
likely ways to the infection. Risk factors for positively
specific IgG to Toxoplasma were further analyzed (Table 5),
showing that consumption of raw/undercooked meats,
especially raw/undercooked pork (Table 6), contact with
cats and contact with soil are the most important risk factors
for Toxoplasma infection in indigenous women. Similar
results regarding the risk factors for Toxoplasma infection
had been reported elsewhere (Cook et al. 2000). Pork was
shown to be a major infection source from food (Dubey
1994), thus we also paid much attention to the raw or
undercooked meats in our investigation of risk factor for T.
gondii infection. Some edible meats from commercial
products in the UK were also found to contain virulent T.
gondii (Aspinall et al. 2002). Although only 2.8% immi-
grant women consumed raw/undercooked meats, a common
feature between indigenous and immigrant groups is that
the majority of them are housewives (Table 1), and thus,
most of them typically come in contact with raw meats in
kitchens. Therefore, processing or tasting meats during
meal preparations could be another risk source of infection.
Some reports have ruled out contact with cats as a risk
factor (Cook et al. 2000), and others suggested that there
was no close correlation between cat owners and the T.
gondii infection (Dubey 1995). Examination for the
presence of oocyst indicated that, though no oocyst on cat
fur was found, the oocyst was found in faeces buried in soil
(Dubey 2000). Our results showed, however, that contact
with cats is also an important risk factor for pregnant
women and this is closely related to another risk factor,
contact with soil, in the present study.

Table 6 Detailed categories of raw/undercooked meats or the viscera
consumed by indigenous and immigrant pregnant women

Exposure to risk factors Total
women

IgG positive
women

P value P value

Raw/undercooked pork 0.000* 0.004**
Raw/undercooked beef 1.000 1.000
Raw/undercooked lamb 0.641 0.442
Raw/undercooked chicken 1.000 1.000
Other raw/undercooked meatsa 0.111 0.714
The raw/undercooked viscera of pig 0.201 0.450
The raw/undercooked viscera of cow 1.000 1.000
The raw/undercooked viscera of sheep 1.000 0.442
The raw/undercooked viscera of chicken 0.402 1.000
The other raw/undercooked visceraa 0.313 1.000

*P<0.001, total indigenous pregnant women versus total immigrant
pregnant women.
**P<0.005, anti-Toxoplasma IgG antibody positive indigenous
pregnant women versus anti-Toxoplasma IgG antibody positive
immigrant pregnant women.
a Others mean meats or the viscera were from seafood, boar or
polatouche.
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Indigenous people living in the mountainous areas of
mid-Taiwan are more likely than the general population to
drink untreated water (especially untreated spring water),
work with animals and live on farms. Although these
factors were related to Toxoplasma infection in overall
analysis (Table 4), they were not significantly related to the
infection if only positively specific IgG samples were
analyzed (Table 5). The safety of drinking untreated water
is largely related to the hygiene conditions of the
investigated region, and investigation has disclosed that
some outbreaks associated with toxoplasmosis are closely
related to contaminated water (Benenson et al. 1982; Bowie
and King 1997; Bahia-Oliveira et al. 2003); thus, drinking
untreated water should be avoided during pregnancy.

In conclusion, our study revealed seroprevalence of
toxoplasmosis in indigenous and immigrant pregnant
women in Taiwan. We also identified some risk factors
for the infection. High seroprevalence of toxoplasmosis in
the mother implies a possibility of congenital toxoplasmosis
in the baby. This investigation also revealed that educa-
tional backgrounds were not significantly related to
Toxoplasma infection, however, knowledge of the parasite
and prevention as a part of special antenatal health
education seems required in both groups of women.
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