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Abstract

This cross-sectional study investigates Toxoplasma gondii and Neospora caninum among 445 recently spontaneously
aborted (RSA) Jordanian women using ELISA and indirect fluorescent antibody (at a cut-off value of 1/200) tests,
respectively. The type of hospital, age, cat and dog contacts, raw and barbecued meat and wild plant consumption,
number of abortions, and stillbirths were tested as independent variables using univariate and multivariate logistic
regression analyses. The true seroprevalences were 22.1% for T. gondii-IgG, 22.7% for N. caninum-IgG, 2.6% for
T. gondii-1gM, 10.6% for N. caninum-IgM, 0% for T. gondii-lgG and IgM, 6.7% for N. caninum-IgG and IgM, and 4.6%
and 0% for both parasite IgG and IgM, respectively. T. gondii-lgM-seropositivity was associated with the number of
abortions with odds ratios (OR) of 2.4 and eating barbecued meat (OR = 0.12). N. caninum-lgG-seropositivity was
associated with having a dog in the house (OR = 2.6), and with stillbirth (OR = 0.1). N. caninum-IgM was associated
with visiting a private-hospital (OR = 2.7). RSA Jordanian women are equally exposed to both parasites with
significantly (p < 0.05) higher seroprevalence of N. caninum-lgM compared to T. gondii-lgM suggestive of active
infections among RSA women in Jordan.
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Resumo

Este é um estudo transversal, investigando Toxoplasma gondii e Neospora caninum entre 445 mulheres jordanianas
recentemente abortadas espontaneamente (RSA), usando-se ELISA e testes de anticorpos fluorescentes indiretos
(comvalor de corte de 1/200), respectivamente. Tipo de hospital, idade, contato com o cdo, consumo de carne, nimero
de abortos foram testados como variaveis independentes, usando-se analises de regressdo logistica univariada e
multivariada. As verdadeiras seroprevaléncias foram 22,1% para T. gondii-IgG; 22,7% para N. caninum-IgG; 2,6%
para T. gondii-lgM; 10,6% para N. caninum-IgM, 0% para T. gondii-1gG e IgM, 6,7% para N. caninum-1gG e IgM, e 4,6%
e 0% para ambos os parasitas IgG e IgM, respectivamente. A soropositividade para T. gondii-lgM foi associada ao
numero de abortos com “odds ratio” (OR) de 2,4 e ingestdo de carne grelhada (OR = 0,12). A soropositividade para
N. caninum-1gG foi associada a presenca de cachorro em casa (OR = 2,6) e natimorto (OR = 0,1). N. caninum-IgM foi
associada a visita a um hospital privado (OR = 2,7). Mulheres jordanianas com RSA estdo igualmente expostas a
ambos os parasitas com soroprevaléncia significativamente (p <0,05) maior de N. caninum-1gM, em comparagao
com T. gondii-IgM, sugestivo de infec¢des ativas entre mulheres com RSA na Jordania.
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Introduction

Toxoplasma gondii and Neospora spp. are closely related obligate intracellular protozoan parasites, belonging
to the phylum Apicomplexa, family Sarcocystidae. There are two known Neospora species namely N. caninum and
N. hughesi that cause neosporosis (Dubey et al., 2007).

T. gondii is a major parasite that infects all the warm-blooded animals including Man and domestic animals,
causing toxoplasmosis (Montoya & Liesenfeld, 2004). Felines are the definitive and reservoir hosts for T. gondii,
with more infection in feral than in domestic cats (Montoya & Liesenfeld, 2004). The minimum annual losses to
the USA caused by T. gondii infection in man is estimated at $ 392 million (Roberts et al., 1994).

Lymphadenitis is the most common manifestation of human acute toxoplasmosis (Montoya & Liesenfeld, 2004).
The acute phase is followed by a subclinical chronic phase. However, congenital fetal involvement, and abortion
are the most important documented results (Torgerson & Mastroiacovo, 2013).

Seroprevalences of T. gondii-lgG and IgM in women have been reported from all over the world. The highest
seroprevalence of anti-T. gondii-lgG was 84.3% in Mayotte Island (Julvez et al., 1994) while one of the lowest was
4.7% in India (Mohan et al., 2002). The seroprevalences of anti-T. gondii-IgM varied between 20.7% in repeatedly
aborted females in Mexico (Galvan Ramirez et al., 1995), and 0% among the Thai women (Sukthana, 1999). Globally,
the reported seroprevalences of T. gondii-IgG and IgM among recently spontaneously aborted (RSA) women ranges
between 0% to 46.1% and 0% to 18.4 (Nayeri et al., 2020) respectively. In contrast to T. gondii-IgG, T. gondii-lgM
studies in the Middle East and in Jordan are very few (Qublan et al., 2002; Nimri et al., 2004).

Many risk factors for T. gondii-lgG seropositivity were reported from many countries (Nayeri et al., 2020). Keeping
cats inside the house was found to be either an enhancing risk factor (Baril et al., 1999; Fan et al., 2001; Bahia-
Oliveira et al., 2003; Wam et al., 2016), or a factor with no effect (Bobi¢ et al., 1998; Bobic¢ et al., 2003; Shuhaiber et al.,
2003). Concerning feeding habits; consumption of under cooked meat, eating raw vegetables and drinking raw
milk are the most incriminated risk factors (Kapperud et al., 1996; Bobic et al., 1998; Paul, 1998; Nissapatorn et al.,
2003). In addition, consumption of raw lamb, beef and pork are important enhancing risk factors (Bobi¢ et al., 1998;
Paul, 1998; Fan et al., 2001; EInahas et al., 2003; Schnieder, 2003). Low educational level is an enhancing risk factor
(Elnahas et al., 2003), while high educational level is a reducing factor (Nissapatorn et al., 2003). Childbearing age
and pregnancy are enhancing risk factors (Avelino et al., 2003).

In northern Jordan, the risk factors for seropositivity to T. gondii-lgG were studied in undergraduate female
university students (Obaidat et al., 2015), pregnant (Jumaian, 2005; Nimri et al., 2004) and repeatedly aborted
women (Abdel-Hafez et al., 1986; Qublan et al., 2002). Age, rural residence, consumption of undercooked meat
and soil contact were found to be associated with seropositivity.

N. caninum is a well-known parasite of domestic and wild animals that utilizes a wide range of animals as
intermediate hosts (Khan et al., 2020). Cattle, sheep, horses, goats, foxes, deer, buffaloes, and camels are its natural
intermediate hosts and, in addition, cats, mice, rats, gerbils, and monkeys are experimental intermediate hosts,
and many wild animal reservoirs (Gondim, 2006). Dogs and other canids have been identified as both intermediate
and definitive hosts of this parasite (Gondim et al., 2004). Dogs are likely to become infected by the ingestion of
contaminated tissue, including aborted fetuses, dead animals/birds, or placentas and shed oocysts in their faces,
which can serve as a major source of infection for other species. In the dog, inflammatory lesions of skeletal muscles
and the central nervous system predominate (Dubey et al., 2009). N. caninum is considered as a significant cause
of abortion in ruminants, especially cattle Anderson et al. (1991). Similarly, experimental infection of pregnant
monkeys with N. caninum resulted in transplacental transmission of N. caninum (Barr et al., 1994).

Humans are exposed to two N. caninum infective stages; oocyst and tissue cyst. The oocysts are found in the
contaminated environment, and the tissue cysts are located in food animal tissues (improperly cooked meat) and
N. caninum-DNA was found in cow's milk, including colostrum (Milne et al., 2006; Moskwa et al., 2007). However,
there is no conclusive evidence that lactogenic transmission of N. caninum occurs in nature (Dubey et al., 2007).

Seropositivity of N. caninum was reported in Man ranging from 0% to 38%. Several human populations
were examined for anti-N. caninum-1gG, 1) healthy blood donors in Korea (Nam et al., 1998), Northern Ireland
(Graham et al., 1999) and Central California, USA (Tranas et al., 1999). 2) samples submitted for microbiological
and biochemical testing in the UK (McCann et al., 2008) and France (Robert-Gangneux & Klein, 2009) were tested
at a titer of 1/100 and had seropositivity of 0 to 8%. 3) AIDS patients in Brazil, at a lower IFAT titer (1/50) yielded
seropositivity in 38% of 61 and 18% of 50 neurological disorder patients (Lobato et al., 2006) and HIV positive
subjects in France yielded 1% at 1/80 titer and in Brazil yielded 0.6% at a higher titer of 1/200 (Oshiro et al., 2015).
4) two attempts testing women with repeated abortion in Denmark (Petersen et al., 1999) and the UK (Hemphill &
Gottstein, 2000), at a titer of 1/400, yielded no seropositive women. 5) Four studies employing pregnant women
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from Egypt (Ibrahim et al., 2009), Senegal (Coulibaly et al., 2020) and Brazil (Duarte et al., 2020a, b) reported higher
seroprevalences of 8%, 14% 23% and 24% respectively.

Recently, N. caninum DNA was detected in the umbilical blood of two women in Brazil (Duarte et al., 2020b)
raising the concern about the zoonotic potential of N. caninum.

InJordan, N. caninum seroprevalences have been reported in sheep, goats (Abo-Shehada & Abu-Halaweh, 2010)
and cattle (Talafha & Al-Maijali, 2013) and Neospora spp. seroprevalence has been reported in horses (Talafha et al.,
2015; Abu-Halaweh et al., 2020) at high rates.

The seroprevalence of both anti-T. gondii and anti-N. caninum IgG and IgM antibodies in RSA women have not
beenreported inJordan nor have the seroprevalences of those antibodies been reported anywhere in the World for
N. caninum. This cross-sectional study compares the true seroprevalences of T. gondii and N. caninum specific IgG
and IgM among RSAwomen in Jordan and investigates some risk factors for T. gondii and N. caninum seropositivity.

Materials and Methods

Sample size determination and sampling

As the expected seroprevalences had a wide range, a seroprevalence of 50% was used. As a 95% confidence
level and a 5% absolute value precision are required according to Thrusfield (2007), the appropriate sample size
is 384. During the period January to July 2003, a total of 445 blood samples were collected from RSA women, 7-10
days after abortion.

Hospitals and subjects

Three hospitals (2 public and 1 private) were employed. The two public hospitals were Al-Bashir, which is the
largest public hospital in Jordan, located in Amman serving patients from central Jordan especially those of poor
socio-economic standard, and Al Hussein Hospital, the fifth largest public hospital, located in Al-Salt City. Hiba is a
private maternity hospital located in Amman serving mainly patients from the Christian community. The women
were recruited from the outpatient clinics of the hospitals. A qualified nurse approached them and explained the
objectives of the study. Of the women approached 48 did not want to have their blood drawn; in which cases other
eligible women were approached and recruited.

The definition of a case of miscarriage was the spontaneous end of a pregnancy after the first 6 weeks and
prior to 20 weeks of gestation. Pregnancy losses after 20 weeks are stillbirths.

Serology

Blood samples were collected, and sera were separated and stored at -20° C until testing at the end of the
collection period.

Serum samples were tested for anti-T. gondii-lgG and IgM antibodies using Enzyme Immunoassay test kits
(Biocheck, Inc, 837 Cowan Rd. Burlingame, CA 94010). According to the manufacturer, the IgG test sensitivity
and specificity are 95% and 97.3% respectively and the IgM test sensitivity and specificity are 95.5% and 96.5%
respectively.

Serum samples were tested for anti-N. caninum-1gG and IgM. Slides spotted with whole N. caninum (NC-1 strain)
tachyzoites were purchased from VMRD, Inc., (Pullman, WA.). Cattle positive sera and anti-cattle sera labelled with
fluorescein were used until positive human sera were found, after which the positive human sera were used. A
cut-off titer of 1/200 was considered positive (Tranas et al., 1999; Dubey et al., 2009). The sample was considered
positive when the fluorescent reactions involved all the periphery of the tachyzoites (Paré et al., 1998). The sensitivity
and specificity of this test were 100% and 98% respectively when animal sera were used (Packham et al., 1998).

Data collection and ethical considerations

Consenting volunteer RSAwomen briefed on the objectives of the study, were interviewed using a questionnaire
in Arabic which had been pilot tested. They were interviewed by a qualified nurse during the outpatient visit and
at the time of blood collection. Information collected included name, type of hospital, age, place of residence,
cat and dog in the house or garden/yard, feeding habits (eating raw meat, barbecued meat, or raw wild plants),
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number of miscarriages and stillbirths, pregnancy age at the time of abortion. The study protocol was approved
by the concerned committees at Jordan University of Science and Technology. All identifying information was kept
confidential.

Data analysis

Data were stored in a database and analyzed using SPSS, version 10.0. The true seroprevalence and the 95%
confidence interval (Cl) were calculated according to Rogan & Gladen (1978). For both parasites true seroprevalence,
the smallest sensitivity and specificity were employed. Univariate and multivariable analyses were performed. The
dependentvariable was parasite-lg-seropositive status, coded as 0 (negative) or 1 (positive). A total of nine variables
were tested. Screening of the significant variables to be used in the final logistic regression was conducted using
univariable analysis. One variable at a time was tested for associations with N. caninum/T. gondii-seropositivity
using the Chi-square test. For ordered categorical variables, the Chi-square test for trends was employed. Fishers
exact test was used when the expected frequency was less than five. A multivariable analysis was then conducted
starting with all factors that had a p < 0.05 or an OR < 0.3 or an OR = 3.0 in the univariable analysis. Only those
factors that remained in the final models were presented. A p-value of <0.05 was considered statistically significant.
Odds ratios and its 95% confidence intervals were calculated.

Results
RSAwomen were aged between 15 and 45 years with quartiles of: Q1 = 24 years, Q2 = 27 years and Q3 = 32 years.

Table 1 summarizes the true seroprevalences results. The true seroprevalence of N. caninum-lgM was significantly
(p < 0.05) higher than that of T. gondii-IlgM. Figure 1 summarizes the number of N. caninum-IgG and IgM positive
sera and their titers up to 1/1000.

Tables 2 and 3 summarize the univariate analysis results. Two variables, eating barbecued meat and number
of abortions were associated with T. gondii-IgM seropositivity with both univariate and logistic regression analyses
(Table 2 and 4) and none of the studied variables were associated with T. gondii-IgG seropositivity with both

Table 1. Apparent and true seroprevalences of Toxoplasma gondii and Neospora caninum among 445 recently spontaneously
aborted women in Jordan

Seroprevalence

Ig class No. +ve % (95% Cl)

Apparent True

T. gondii (ELISA)

G 133 29.9(25.7,34.2) 22.1(18.2, 26.0)
M 26 5.8 (03.6, 08.0) 2.6 (01.1,04.0)
G&M 9 2.0(0.1,3.3) 0.0(0, 0)

Neospora caninum (IFAT, at a titer of 1:200)

G 110
M 55%
G&M 39

Both parasites

G 31
M 0
G&M 0

24.7 (20.7, 28.7)
12.4(09.3,15.5)
8.8(06.2, 11.4)

7.0 (04.6, 09.4)
0.0(0,0)
0.0 (0, 0)

22.7 (18.8, 26.6)
10.6 (07.7,13.4)
6.7 (04.4, 09.0)

04.6 (02.7, 06.6)
0.0 (0, 0)
0.0(0, 0)

*Significantly higher than that of T. gondii (X* = 11.4, df = 1, p = 0.007).
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Figure 1. Number of positive sera with anti-Neospora caninum-IgG and IgM titers among 445 recently spontaneously aborted
women in Jordan.

Table 2. Univariate association between risk factors and Toxoplasma gondi-IgG and IgM seropositivity among 445 recently
spontaneously aborted women in Jordan

No. IgG +ve (%) No. IgM +ve (%)

Variable Category No. (n = 133) p (n=27) p
Type of Public 410 121 (30) 0.985 26 (6) 0.407
hospital
Private 35 12 (34) 1(3)
Age group 15-20 15 4(27) 0.767 1(5) 0.127
21-25 169 47 (28) 6 (4)
26-30 131 40 (31) 7(5)
31-35 69 22 (32) 5(7)
36-40 57 18(32) 8(14)
41-45 4 2 (50) 0(0)
Cats in house No 42 14 (33) 0.346 2(5) 0.503
Yes 81 20 (25) 3(4)
Garden/yard 300 99 (33) 22(7)
Dogs in house No 338 106 (31) 0.677 21 (6) 0.797
Yes 29 11(38) 2(7)
Garden/yard 56 16 (29) 4(7)
Eating raw No 417 123 (30) 0.518 24 (6) 0.237
meat
Yes 28 10 (36) 3(11)
Eating No 9 3(33) 1.000 3(33) 0.013
Barbecued
meat
Yes 436 130 (30) 24 (6)
Eating wild No 294 90 (31) 0.664 19(7) 0.626
plants
Yes 151 43 (29) 8(5)
No. of 1 149 47 (32) 0.337 4(3) 0.001
abortions
2 215 62 (29) 14(7)
3 69 18 (26) 34
>4 12 6 (50) 6 (50)
Stillbirth No 422 129 (31) 0.239 24 (6) 0.156
Yes 23 4(17) 3(13)
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Table 3. Univariate association between risk factors and Neospora caninum-IgG and IgM seropositivity among 445 recently
spontaneously aborted women in Jordan.

Variable Category No. (";:;'(ng ; ,;’ g) p I:,Z) I(i'V:I ;‘;‘; p
Type of hospital Public 410 101 (25) 0.841 45 (11) 0.012
Private 35 09 (26) 10(29)
Age group 15-20 15 5(33) 0.018 2(13) 0.302
21-25 169 35(21) 19(11)
26-30 131 25(19) 12(9)
31-35 69 25 (36) 10(15)
36-40 57 20 (35) 12(21)
41-45 4 0(0) 0(0)
Cats in house No 44 13 (30) 0.104 4(9) 0.823
Yes 87 14 (16) 10(12)
Garden/yard 314 83 (26) 41 (13)
Dogs in house No 358 71 (20) 0.001 40 (11) 0.235
Yes 29 10 (34) 5(17)
Garden/yard 58 29 (50) 10(17)
Eating raw meat No 417 101 (24) 0.347 49 (12) 0.139
Yes 28 9(32) 6(21)
Eating Barbecued meat No 9 3(33) 0.696 0(0) 0.605
Yes 436 107 (25) 55(13)
Eating wild plants No 294 73 (25) 0.940 41 (14) 0.156
Yes 151 37 (25) 14 (9)
No. of abortions 1 149 39 (26) 0.538 22 (15) 0.214
2 215 47 (22) 20 (9)
3 69 19 (28) 10 (15)
>4 12 5 (42) 3(33)
Stillbirth No 422 109 (26) 0.022 54 (13) 0.337
Yes 23 1(4) 1(4)

Table 4. Multivariate logistic regression models of factors associated with seropositivity to Toxoplasma gondii-lgM (ELISA) and
Neospora caninum-lgG and IgM (IFAT at a cutoff titer 1/200) among 445 recently spontaneously aborted women in Jordan

Protozoal-Ig class Risk factor Category p OR 95% Cl

T. gondii-M? Number of abortions >4 0.001 24 1.5,3.7
Eating barbecued meat Yes 0.012 0.1 0.02, 0.6

N. caninum-GP Dog (s) contact In The house 0.001 2.1 1.5,2.7
Had a stillbirth Yes 0.038 0.1 0.02,0.9

N. caninum-M¢ Type of hospital Private 0.016 2.7 1.2,6.2

°Likelihood ratio of chi-square (LR | 2) = 23.25 on 2 degrees of freedom, p = 0.001, Adjusted R-Squared (AR?) = 0.072; ®(LR .2) = 31.4 on 2 degrees
of freedom, p = 0.001, AR? = 0.068; ‘LR .2 =5.1 on 1 degrees of freedom, p = 0.024, AR?=0.011.

Braz ] Vet Parasitol 2021; 30(3): e008821 6/11



Seroprevalence of N. caninum and Toxoplasma gondii in women

univariate and logistic regression analyses. Three variables, namely, age group, dog contact and had a stillbirth
were associated with N. caninum-IgG seropositivity with univariate analysis (Table 3). After stepwise selection, the
final model had dog contact in the house and had a stillbirth (Table 4). Only one variable, the type of hospital, was
associated with N. caninum-IgM-seropositivity with both univariate and logistic regression analyses (Table 3 and 4).

Discussion

The current results showed a significantly (p < 0.05) higher true seroprevalence of N. caninum-lgM compared
to T. gondii-lgM but similar with the respect of IgG against both parasites. A portion of the sample had only N.
caninum-IgM antibodies, a second had both IgM and IgG and a third had IgG only (Table 1), which is suggestive of
active infections at different stages during pregnancy in RSA women.

Only 7.0% (95% Cl: 4.6, 9.4) of women had both anti-T. gondii-lgG and anti-N. caninum IgG (Table 1), which is
similar to previous findings of 5.9% and 8.4% seropositivity among pregnant women in Egypt (Ibrahim et al., 2009)
and Brazil (Duarte et al., 2020b) respectively.

In northern Jordan, the apparent seroprevalence of T. gondii-IgG is 57% in repeatedly aborted women (Abdel-
Hafez et al., 1986) was similar to the 54% finding in high-risk women who had abnormal pregnancies (Nimri et al.,
2004). However, the current results showed lower apparent seroprevalence among RSA women (Table 1).

Analogous with the current results (Table 1), the seropositivity of T. gondii-IlgM in pregnant women in northern
Jordan was reported at 1.5% (2 of 132) (Qublan et al., 2002) and in Central Jordan at 2.7% (4 of 148) in high-risk
women who had abnormal pregnancies (Nimri et al., 2004).

Most of previous N. caninum seroprevalence studies employed IFAT and reported the results at different titers,
which impacts the validity of the seropositivity comparison. A cutoff titer of 1/50 in the IFAT was considered fitting
to avoid cross-reactivity between N. caninum and T. gondii in animal studies (Lobato et al., 2006; Silva et al., 2007).
A cutoff titer of 1/160 for IFAT was found to give the greatest sensitivity and specificity values for N. caninum
(Packham et al., 1998) in cattle and a titer of 1/50 was recommended for dogs (Dubey et al., 2009). For this study,
a cut-off titer of 1/200 was considered positive (Tranas et al., 1999).

By contrast, the search for anti-N. caninum-IgM took two attempts using IFAT. One yielded no seropositivity
in normally delivered umbilical cord blood (Duarte et al., 2020b) and another in pregnant women reported 5.9%
seropositivity at a 1/100 titer (Duarte et al., 2020a).

The reported high seroprevalences in Jordan is a reflection of the heavy environmental contamination with the
infective stages, as well as the vertical transmission of the parasite in livestock (Dubey et al., 2007) which has been
proved experimentally in nonhuman primates (Barr et al., 1994) but not yet in women.

However, European studies from Denmark (Petersen et al., 1999) and the UK were negative for the N. caninum
test (Hemphill & Gottstein, 2000). The low N. caninum seropositivity in Europe may be explained by differences with
other countries reporting higher seropositivity rates. For example, an association between N. caninum seropositivity
and climate was found in livestock, in Europe (Julvez et al., 1994; Rinaldi et al., 2005). In Jordan, which encompasses
six climatic zones and a high seroprevalence of Neospora spp., only the cool temperate rainy climatic zone was
associated with reduced small ruminant flock-level seroprevalence of N. caninum (Abo-Shehada & Abu-Halaweh,
2010) and with horse titers <1/400 (Abu-Halaweh et al., 2020).

In addition, seroprevalences of parasites transmitted from dog to Man are influenced by locally adopted
measures aimed at controlling stray dogs, reducing parasitic infections in owned dogs, and mitigating environmental
contamination with the parasites. Such measures included, dog testing and treatment, the use of parasite free and
cooked dog feed and proper canine waste disposal. Each of those measures play a role in mitigating the spread
of infection in Man and animals and are reflected in the frequencies of parasites transmitted from dog to Man,
including N. caninum.

Globally, most previous studies concentrated on consumption of raw/undercooked meat as an enhancing
risk factor for T. gondii seropositivity. None studied properly cooked meat as an important food, representing a
source of needed nutrients for the pregnant woman, and very few studies investigated risk factors for T. gondii-
IgM seropositivity.

As consuming blood is prohibited in Islam, most Jordanians eat well cooked meat and only 6% (28 of 445) of
the examined women ate raw or undercooked meat. This feeding habit is expected to reduce the transmission of
the studied parasites through eating meat. In Jordan, eating barbecued meat reflects high socio-economic status
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and can be confounded with malnutrition and education level. On the other hand, well cooked meat provides
nutrients needed by pregnant women and its consumption is associated with reduced T. gondii-IlgM seropositivity.
The association between nutritional status and resistance to protozoal parasites is well established and reported
with regards to other protozoal infections. For example, malnutrition was reported as a risk factor for severe
visceral leishmaniasis (Cerf et al., 1987). This finding emphasizes the need of pregnant women for good balanced
nutrition to safeguard their own health and that of their unborn children.

To date, as far as is known, only three risk factors for N. caninum-IgG seropositivity in pregnant women were
reported. These are: eating Senegalese barbecued meat (OR = 3.5) (Coulibaly et al., 2020) and the presence of
domestic animals (OR = 2.3), and dogs (OR = 2.0) [11] (Duarte et al., 2020b).

Epidemiological evidence for the role of the dog in neosporosis, was found before the discovery of the dog as
a definitive host for this parasite. This was an association between seropositivity of N. caninum in cattle and the
presence of dogs (Bartels et al., 1999). As with N. caninum seropositivity in livestock hosts, e.g., cattle and small
ruminants (Abo-Shehada & Abu-Halaweh, 2010), and the cord blood of women (Duarte et al., 2020b), N. caninum-
IgG seropositivity in RSA women was associated with the presence of dogs in the house (OR = 2.6).

N. caninum-1gG seropositivity is associated negatively (OR= 0.1) with fetal loss during the second half of pregnancy.
A significant inhibitory effect on the intracellular multiplication of the N. caninum in cells was demonstrated in
vitro using sheep serum which had anti-N. caninum antibodies (Omata et al., 2005). N. caninum-IgM antibodies are
detectable within two weeks of infection, while N. caninum-IgG requires several weeks, peaking six months later
(Khan et al., 2020).

N. caninum-IgM seropositivity was associated with the type of hospital visited, as the women who used the
private hospital had high odds of N. caninum seropositivity. The private hospital included in this work was utilized
by Christian women, and women of a high socio-economic standard who could afford the private hospital costs
and may have closer contact with pet dogs unlike those of the Muslim population in Jordan by whom dogs are
perceived as unclean. Additionally, the low number of hospitals tested may have biased the results.

Conclusions

Jordanian RSA women are equally exposed to both N. caninum and T. gondii with a significantly (p < 0.05) higher
true seroprevalence of N. caninum-IgM compared to that of T. gondlii, which is suggestive of active infections. Despite
sero-evidence of N. caninum-lgG and IgM and molecular evidence in the blood of two human umbilical cords, N.
caninum has yet to be isolated from human tissue. The zoonotic potential and the role of N. caninum in human
pregnancy needs to be investigated.

The current findings suggest that the aborted human placenta is a suitable tissue for isolating N. caninum from
Man and bring the zoonosis verdict closer than ever. The causal relationship between N. caninum infection and
spontaneous abortion can be explored by utilizing a large cohort study of pregnant women infected with N. caninum
compared to controls. An avidity ELISA was developed to discriminate between acute and chronic antibody titers
in individual cattle (Bjérkman et al., 1999). There is a need to develop a similar assay for use in humans.

Acknowledgements

We thank the Deanships of Research, of Jordan University of Science and Technology, and Philadelphia University
for financial support. The sponsors had no role in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for publication.

References

Abdel-Hafez SK, Shbeeb I, Ismail NS, Abdel-Rahman F. Serodiagnosis of Toxoplasma gondii in habitually aborting women and
other adults from North Jordan. Folia Parasitol 1986; 33(1): 7-13. PMid:3516814.

Abo-Shehada MN, Abu-Halaweh MM. Flock-level seroprevalence of, and risk factors for, Neospora caninum among sheep and
goats in northern Jordan. Prev Vet Med 2010; 93(1): 25-32. http://dx.doi.org/10.1016/j.prevetmed.2009.08.004. PMid:19923025.

Abu-Halaweh M, Abo-Shehada MN, Khalil R. Age, gender and climate associations with the seroprevalence of Neospora species
infection in horses in Jordan. Rev Bras Parasitol Vet 2020; 29(2): e016019. https://doi.org/10.1590/51984-29612020004.

Braz ) Vet Parasitol 2021; 30(3): e008821 8/11


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3516814&dopt=Abstract
https://doi.org/10.1016/j.prevetmed.2009.08.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19923025&dopt=Abstract
https://doi.org/10.1590/S1984-29612020004

Seroprevalence of N. caninum and Toxoplasma gondii in women

Anderson ML, Blanchard PC, Barr BC, Dubey JP, Hoffman RL, Conrad PA. Neospora-like protozoan infection as a major cause of
abortion in California dairy cattle. / Am Vet Med Assoc 1991; 198(2): 241-244. PMid:2004983.

Avelino MM, Campos D Jr, ParadaJCB, Castro AM. Pregnancy as a risk factor for acute toxoplasmosis seroconversion. Eur/ Obstet
Gynecol Reprod Biol 2003; 108(1): 19-24.

Bahia-Oliveira LMG, Jones JL, Azevedo-Silva J, Alves CCF, Oréfice F, Addiss DG. Highly endemic, waterborne toxoplasmosis in
north Rio de Janeiro state, Brazil. Emerg Infect Dis 2003; 9(1): 55-62.

Baril L, Ancelle T, Goulet V, Thulliez P, Tirard-Fleury V, Carme B. Risk factors for Toxoplasma infection in pregnancy: a case-control
study in France. Scand J Infect Dis 1999; 31(3): 305-309. http://dx.doi.org/10.1080/00365549950163626. PMid:10482062.

Barr BC, Conrad PA, Sverlow KW, Tarantal AF, Hendrickx AG. Experimental fetal and transplacental Neospora infection in the
nonhuman primate. Lab Invest 1994; 71(2): 236-242.

Bartels CJ, Wouda W, Schukken YH. Risk factors for Neospora caninum-associated abortion storms in dairy herds in The Netherlands
(1995 to 1997). Theriogenology 1999; 52(2): 247-257. http://dx.doi.org/10.1016/S0093-691X(99)00126-0. PMid:10734392.

Bjorkman C, Naslund K, Stenlund S, Maley SW, Buxton D, Uggla A. An IgG avidity ELISA to discriminate between recent and chronic
Neospora caninum infection. / Vet Diagn Invest 1999; 11(1): 41-44. http://dx.doi.org/10.1177/104063879901100106. PMid:9925210.

Bobi¢ B, Jevremovi¢ |, Marinkovi¢ ], Sibali¢ D, Djurkovi¢-Djakovic O. Risk factors for Toxoplasma infection in a reproductive age female
population in the area of Belgrade, Yugoslavia. Eur | Epidemiol 1998; 14(6): 605-610. http://dx.doi.org/10.1023/A:1007461225944.
PMid:9794128.

Bobi¢ B, Nikoli¢ A, Djurkovi¢-Djakovi¢ O. Identification of risk factors for Toxoplasma gondii infection in serbia as a basis of
a program for prevention of congenital toxoplasmosis. Srp Arh Celok Lek 2003; 131(3-4): 162-167. http://dx.doi.org/10.2298/
SARH0304162B. PMid:14608881.

Cerf BJ, Jones TC, Badaro R, Sampaio D, Teixeira R, Johnson WD Jr. Malnutrition as a risk factor for severe visceral leishmaniasis.
J Infect Dis 1987; 156(6): 1030-1033. http://dx.doi.org/10.1093/infdis/156.6.1030. PMid:3680989.

Coulibaly F, Ndiaye JL, Ndour AP, Aka NA, David KSP, Adjde FJF, et al. Seroprevalence and risk factors of neosporosis in women
attending antenatal care and in domestic carnivores in Dakar city, Senegal. African J Parasitol Res 2020; 7(1): 001-007.

Duarte PO, Csordas BG, Oshiro LM, Higa LOS, Zimmermann NP, Martins KR, et al. Serological evaluation of Neospora caninum
in pregnant women treated at referral center for prenatal screening in Mato Grosso do Sul, Brazil. Rev Bras Parasitol Vet 2020b;
29(4): e010820. http://dx.doi.org/10.1590/s1984-29612020097. PMid:33237190.

Duarte PO, Oshiro LM, Zimmermann NP, Csordas BG, Dourado DM, Barros JC, et al. Serological and molecular detection of
Neospora caninum and Toxoplasma gondii in human umbilical cord blood and placental tissue samples. Sci Rep 2020a; 10(1):
9043. http://dx.doi.org/10.1038/s41598-020-65991-1. PMid:32493968.

Dubey JP, Lindsay DS, Lappin MR. Toxoplasmosis and other intestinal coccidial infections in cats and dogs. Vet Clin North Am
Small Anim Pract 2009; 39(6): 1009-1034. http://dx.doi.org/10.1016/j.cvsm.2009.08.001. PMid:19932360.

Dubey JP, Schares G, Ortega-Mora LM. Epidemiology and control of neosporosis and Neospora caninum. Clin Microbiol Rev 2007;
20(2): 323-367. http://dx.doi.org/10.1128/CMR.00031-06. PMid:17428888.

Elnahas A, Gerais AS, Elbashir MI, Eldien ES, Adam I. Toxoplasmosis in pregnant Sudanese women. Saudi Med J 2003; 24(8): 868-
870. PMid:12939674.

Fan CK, Liao CW, Kao TC, Lu JL, Su KE. Toxoplasma gondii infection: relationship between seroprevalence and risk factors among
inhabitants in two offshore islands from Taiwan. Acta Med Okayama 2001; 55(5): 301-308. PMid:11688954.

Galvan Ramirez ML, Soto Mancilla JL, Velasco Castrejon O, Pérez Medina R. Incidence of anti-Toxop/lasma antibodies in women
with high-risk pregnancy and habitual abortions. Rev Soc Bras Med Trop 1995; 28(4): 333-337. http://dx.doi.org/10.1590/S0037-
86821995000400005. PMid:8668832.

Gondim LF. Neospora caninum in wildlife. Trends Parasitol 2006; 22(6): 247-252. http://dx.doi.org/10.1016/j.pt.2006.03.008.
PMid:16616642.

Gondim LFP, McAllister MM, Pitt WC, Zemlicka DE. Coyotes (Canis latrans) are definitive hosts of Neospora caninum. IntJ Parasitol
2004; 34(2): 159-161. http://dx.doi.org/10.1016/j.ijpara.2004.01.001. PMid:15037103.

Graham DA, Calvert V, Whyte M, Marks J. Absence of serological evidence for human Neospora caninum infection. Vet Rec 1999;
144(24): 672-673. http://dx.doi.org/10.1136/vr.144.24.672. PMid:10404607.

Hemphill A, Gottstein B. A European perspective on Neospora caninum. IntJ Parasitol 2000; 30(8): 897-924. http://dx.doi.org/10.1016/
S0020-7519(00)00072-2. PMid:10927081.

Braz ) Vet Parasitol 2021; 30(3): e008821 9/11


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2004983&dopt=Abstract
https://doi.org/10.1080/00365549950163626
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10482062&dopt=Abstract
https://doi.org/10.1016/S0093-691X(99)00126-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10734392&dopt=Abstract
https://doi.org/10.1177/104063879901100106
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9925210&dopt=Abstract
https://doi.org/10.1023/A:1007461225944
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9794128&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9794128&dopt=Abstract
https://doi.org/10.2298/SARH0304162B
https://doi.org/10.2298/SARH0304162B
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14608881&dopt=Abstract
https://doi.org/10.1093/infdis/156.6.1030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3680989&dopt=Abstract
https://doi.org/10.1590/s1984-29612020097
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33237190&dopt=Abstract
https://doi.org/10.1038/s41598-020-65991-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32493968&dopt=Abstract
https://doi.org/10.1016/j.cvsm.2009.08.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19932360&dopt=Abstract
https://doi.org/10.1128/CMR.00031-06
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17428888&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12939674&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11688954&dopt=Abstract
https://doi.org/10.1590/S0037-86821995000400005
https://doi.org/10.1590/S0037-86821995000400005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8668832&dopt=Abstract
https://doi.org/10.1016/j.pt.2006.03.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16616642&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16616642&dopt=Abstract
https://doi.org/10.1016/j.ijpara.2004.01.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15037103&dopt=Abstract
https://doi.org/10.1136/vr.144.24.672
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10404607&dopt=Abstract
https://doi.org/10.1016/S0020-7519(00)00072-2
https://doi.org/10.1016/S0020-7519(00)00072-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10927081&dopt=Abstract

Seroprevalence of N. caninum and Toxoplasma gondii in women

Ibrahim HM, Huang P, Salem TA, Talaat RM, Nasr MI, Xuan X, et al. Short report: prevalence of Neospora caninum and Toxoplasma
gondii antibodies in northern Egypt. Am J Trop Med Hyg 2009; 80(2): 263-267. http://dx.doi.org/10.4269/ajtmh.2009.80.263.
PMid:19190225.

Julvez J, Magnaval JF, Baixench MT, Maron |. Seroepidemiology of toxoplasmosis on Mayotte (Comores Archipelago). Med Trop
1994; 54(4): 343-344. PMid:7746127.

Jumaian NF. Seroprevalence and risk factors for Toxoplasma infection in pregnant women in Jordan. East Mediterr Health / 2005;
11(1-2): 45-51. PMid:16532670.

Kapperud G, Jenum PA, Stray-Pedersen B, Melby KK, Eskild A, Eng J. Risk factors for Toxoplasma gondii infection in pregnancy.
Results of a prospective case-control study in Norway. Am J Epidemiol 1996; 144(4): 405-412. https://doi.org/10.1093/oxfordjournals.
aje.a008942.

Khan A, Shaik JS, Sikorski P, Dubey JP, Grigg ME. Neosporosis: an overview of its molecular epidemiology and pathogenesis.
Engineering 2020; 6(1): 10-19. http://dx.doi.org/10.1016/j.eng.2019.02.010.

Lobato J, Silva DAO, Mineo TWP, Amaral JDHF, Segundo GRS, Costa-Cruz JM, et al. Detection of immunoglobulin G antibodies to
Neospora caninum in humans: high seropositivity rates in patients who are infected by human immunodeficiency virus or have
neurological disorders. Clin Vaccine Immunol 2006; 13(1): 84-89. http://dx.doi.org/10.1128/CVI.13.1.84-89.2006. PMid:16426004.

McCann CM, Vyse AJ, Salmon RL, Thomas D, Williams DJ, McGarry JW, et al. Lack of serologic evidence of Neospora caninum in
humans, England. Emerg Infect Dis 2008; 14(6): 978-980. http://dx.doi.org/10.3201/eid1406.071128. PMid:18507920.

Milne E, Crawshaw M, Brocklehurst S, Wright S, Maley S, Innes E. Associations between Neospora caninum specific antibodies in
serum and milk in two dairy herds in Scotland. Prev Vet Med 2006; 77(1-2): 31-47. http://dx.doi.org/10.1016/j.prevetmed.2006.06.001.
PMid:16834998.

Mohan B, Dubey ML, Malla N, Kumar R. Seroepidemiological study of toxoplasmosis in different sections of population of Union
Territory of Chandigarh. / Commun Dis 2002; 34(1): 15-22. PMid:12718337.

Montoya ]G, Liesenfeld O. Toxoplasmosis. Lancet 2004; 363(9425): 1965-1976. http://dx.doi.org/10.1016/S0140-6736(04)16412-X.
PMid:15194258.

Moskwa B, Pastusiak K, Bien J, Cabaj W. The first detection of Neospora caninum DNA in the colostrum of infected cows. Parasitol
Res 2007; 100(3): 633-636. http://dx.doi.org/10.1007/s00436-006-0288-7. PMid:17024360.

Nam HW, Kang SW, Choi WY. Antibody reaction of human anti-Toxoplasma gondii positive and negative sera with Neospora
caninum antigens. Korean J Parasitol 1998; 36(4): 269-275. http://dx.doi.org/10.3347/kjp.1998.36.4.269. PMid:9868893.

Nayeri T, Sarvi S, Moosazadeh M, Amouei A, Hosseininejad Z, Daryani A. The global seroprevalence of anti-Toxoplasma gondii
antibodies in women who had spontaneous abortion: a systematic review and meta-analysis. PLoS Negl Trop Dis 2020; 14(3):
€0008103. http://dx.doi.org/10.1371/journal.pntd.0008103. PMid:32168351.

Nimri L, Pelloux H, Elkhatib L. Detection of Toxoplasma gondii DNA and specific antibodies in high-risk pregnant women. Am J
Trop Med Hyg 2004; 71(6): 831-835. http://dx.doi.org/10.4269/ajtmh.2004.71.831. PMid:15642979.

Nissapatorn V, Noor Azmi MA, Cho SM, Fong MY, Init I, Rohela M, et al. Toxoplasmosis: prevalence and risk factors. / Obstet
Gynaecol 2003; 23(6): 618-624. http://dx.doi.org/10.1080/01443610310001604376. PMid:14617462.

Obaidat MM, Al-Sheyab NA, Bani Salman AE, Lafi SQ. Seroepidemiology and risk factors of Toxoplasma gondii infection in
undergraduate university female students in Jordan. Epidemiol Infect 2015; 143(9): 1898-1903. http://dx.doi.org/10.1017/
S0950268814003604. PMid:25543692.

Omata Y, Kano R, Masukata Y, Kobayashi Y, Igarashi M, Maeda R, et al. Development of Neospora caninum cultured with human
serum in vitro and in vivo. J Parasitol 2005; 91(1): 222-225. http://dx.doi.org/10.1645/GE-3364-RN. PMid:15856911.

Oshiro LM, Motta-Castro ARC, Freitas SZ, Cunha RC, Dittrich RL, Meirelles AC, et al. Neospora caninum and Toxoplasma
gondii serodiagnosis in human immunodeficiency virus carriers. Rev Soc Bras Med Trop 2015; 48(5): 568-572. http://dx.doi.
org/10.1590/0037-8682-0151-2015. PMid:26516966.

Packham AE, Sverlow KW, Conrad PA, Loomis EF, Rowe JD, Anderson ML, et al. A modified agglutination test for Neospora caninum:
development, optimization, and comparison to the indirect fluorescent-antibody test and enzyme-linked immunosorbent assay.
Clin Diagn Lab Immunol 1998; 5(4): 467-473.

Paré ], Fecteau G, Fortin M, Marsolais G. Seroepidemiologic study of Neospora caninum in dairy herds. / Am Vet Med Assoc 1998;
213(11): 1595-1598. PMid:9838960.

Paul M. Potential risk factors for Toxoplasma gondii infection in cases with recently acquired toxoplasmosis. Przegl Epidemiol
1998; 52(4): 447-454. PMid:10321088.

Braz ) Vet Parasitol 2021; 30(3): e008821 10/11


https://doi.org/10.4269/ajtmh.2009.80.263
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19190225&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19190225&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7746127&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16532670&dopt=Abstract
https://doi.org/10.1093/oxfordjournals.aje.a008942
https://doi.org/10.1093/oxfordjournals.aje.a008942
https://doi.org/10.1016/j.eng.2019.02.010
https://doi.org/10.1128/CVI.13.1.84-89.2006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16426004&dopt=Abstract
https://doi.org/10.3201/eid1406.071128
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18507920&dopt=Abstract
https://doi.org/10.1016/j.prevetmed.2006.06.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16834998&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16834998&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12718337&dopt=Abstract
https://doi.org/10.1016/S0140-6736(04)16412-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15194258&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15194258&dopt=Abstract
https://doi.org/10.1007/s00436-006-0288-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17024360&dopt=Abstract
https://doi.org/10.3347/kjp.1998.36.4.269
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9868893&dopt=Abstract
https://doi.org/10.1371/journal.pntd.0008103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32168351&dopt=Abstract
https://doi.org/10.4269/ajtmh.2004.71.831
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15642979&dopt=Abstract
https://doi.org/10.1080/01443610310001604376
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14617462&dopt=Abstract
https://doi.org/10.1017/S0950268814003604
https://doi.org/10.1017/S0950268814003604
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25543692&dopt=Abstract
https://doi.org/10.1645/GE-3364-RN
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15856911&dopt=Abstract
https://doi.org/10.1590/0037-8682-0151-2015
https://doi.org/10.1590/0037-8682-0151-2015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26516966&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9838960&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10321088&dopt=Abstract

Seroprevalence of N. caninum and Toxoplasma gondii in women

Petersen E, Lebech M, Jensen L, Lind P, Rask M, Bagger P, et al. Neospora caninum infection and repeated abortions in humans.
Emerg Infect Dis 1999; 5(2): 278-280. http://dx.doi.org/10.3201/eid0502.990215. PMid:10221883.

Qublan HS, Jumaian N, Abu-Salem A, Hamadelil FY, Mashagbeh M, Abdel-Ghani F. Toxoplasmosis and habitual abortion. / Obstet
Gynaecol 2002; 22(3): 296-298.

Rinaldi L, Fusco G, Musella V, Veneziano V, Guarino A, Taddei R, et al. Neospora caninum in pastured cattle: determination of
climatic, environmental, farm management and individual animal risk factors using remote sensing and geographical information
systems. Vet Parasitol 2005; 128(3-4): 219-230. http://dx.doi.org/10.1016/j.vetpar.2004.12.011. PMid:15740859.

Robert-Gangneux F, Klein F. Serologic screening for Neospora caninum, France. Emerg Infect Dis 2009; 15(6): 987-989. http://dx.doi.
org/10.3201/eid1506.081414. PMid:19523316.

Roberts T, Murrell KD, Marks S. Economic losses caused by foodborne parasitic diseases. Parasitol Today 1994; 10(11): 419-423.
http://dx.doi.org/10.1016/0169-4758(94)90171-6. PMid:15275523.

Rogan W), Gladen B. Estimating prevalence from the results of a screening test. Am J Epidemiol 1978; 107(1): 71-76. http://dx.doi.
org/10.1093/oxfordjournals.aje.a112510. PMid:623091.

Schnieder T. Parasitological risks--from animal husbandry to food and humans. Dtsch Tierarztl Wochenschr 2003; 110(8): 326-
328. PMid:14535062.

Shuhaiber S, Koren G, Boskovic R, Einarson TR, Soldin OP, Einarson A. Seroprevalence of Toxoplasma gondii infection
among veterinary staff in Ontario, Canada (2002): implications for teratogenic risk. BMC Infect Dis 2003; 3(1): 8. http://dx.doi.
org/10.1186/1471-2334-3-8. PMid:12769831.

Silva DAO, Lobato J, Mineo TWP, Mineo JR. Evaluation of serological tests for the diagnosis of Neospora caninum infection in
dogs: optimization of cut off titers and inhibition studies of cross-reactivity with Toxoplasma gondii. Vet Parasitol 2007; 143(3-4):
234-244. http://dx.doi.org/10.1016/j.vetpar.2006.08.028. PMid:16973287.

Sukthana Y. Difference of Toxoplasma gondii antibodies between Thai and Austrian pregnant women. Southeast Asian J Trop Med
Public Health 1999; 30(1): 38-41. PMid:10695786.

Talafha AQ, Abutarbush SM, Rutley DL. Seroprevalence and potential risk factors associated with Neospora spp. infection
among asymptomatic horses in jordan. Korean J Parasitol 2015; 53(2): 163-167. http://dx.doi.org/10.3347/kjp.2015.53.2.163.
PMid:25925174.

Talafha AQ, Al-Majali AM. Prevalence and risk factors associated with Neospora caninum infection in dairy herds in Jordan. Trop
Anim Health Prod 2013; 45(2): 479-485. http://dx.doi.org/10.1007/s11250-012-0244-8. PMid:22869339.

Thrusfield M. Veterinary epidemiology. London: Blackwell Science; 2007.

Torgerson PR, Mastroiacovo P. The global burden of congenital toxoplasmosis: a systematic review. Bull World Health Organ
2013; 91(7): 501-508. http://dx.doi.org/10.2471/BLT.12.111732. PMid:23825877.

Tranas J, Heinzen RA, Weiss LM, McAllister MM. Serological evidence of human infection with the protozoan Neospora caninum.
Clin Diagn Lab Immunol 1999; 6(5): 765-767.

Wam EC, Sama LF, Ali IM, Ebile WA, Aghangu LA, Tume CB. Seroprevalence of Toxoplasma gondii 1gG and IgM antibodies and
associated risk factors in women of child-bearing age in Njinikom, NW Cameroon. BMC Res Notes 2016; 9(1): 406. http://dx.doi.
org/10.1186/s13104-016-2206-0. PMid:27528009.

Braz ) Vet Parasitol 2021; 30(3): e008821 11/11


https://doi.org/10.3201/eid0502.990215
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10221883&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2004.12.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15740859&dopt=Abstract
https://doi.org/10.3201/eid1506.081414
https://doi.org/10.3201/eid1506.081414
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19523316&dopt=Abstract
https://doi.org/10.1016/0169-4758(94)90171-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15275523&dopt=Abstract
https://doi.org/10.1093/oxfordjournals.aje.a112510
https://doi.org/10.1093/oxfordjournals.aje.a112510
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=623091&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14535062&dopt=Abstract
https://doi.org/10.1186/1471-2334-3-8
https://doi.org/10.1186/1471-2334-3-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12769831&dopt=Abstract
https://doi.org/10.1016/j.vetpar.2006.08.028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16973287&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10695786&dopt=Abstract
https://doi.org/10.3347/kjp.2015.53.2.163
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25925174&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25925174&dopt=Abstract
https://doi.org/10.1007/s11250-012-0244-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22869339&dopt=Abstract
https://doi.org/10.2471/BLT.12.111732
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23825877&dopt=Abstract
https://doi.org/10.1186/s13104-016-2206-0
https://doi.org/10.1186/s13104-016-2206-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27528009&dopt=Abstract

