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Abstract
A serological follow-up study of 3.5 years duration was done of a dairy herd that had experienced a mass seroconversion to

Neospora caninum following a point source exposure shortly before the 17th of January 2000. A total of 913 blood samples of 244

animals at seven sampling dates were used to investigate the seroprevalence dynamics in the herd.

Most postnatally infected cattle remained seropositive during the period of investigation but 11 animals became seronegative

after 6–27 months indicating transient infection. Six animals seroconverted later than the main group of 45 animals and 5 animals

became seronegative after at least two seropositive records possibly due to a low infection dose or difference in the haplotypes of the

infected animals. In total 58% (14/24) of the offspring of postnatally infected dams was seropositive. Nine of 16 (56%) daughters

originating from inseminations after the postnatal infection of their dams were seropositive indicating endogenous transplacental

infection.

# 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Neospora caninum has been recognised as the most

important cause of abortion in cattle throughout the

world (Dubey et al., 2006). Prenatal (vertical, con-

genital) and postnatal (horizontal, lateral) infection are

the two modes of transmission in cattle. The prenatal

infection, from an infected dam to her foetus during

pregnancy, is the major route of infection. Prenatal

infection occurs in less than 100% of the cases, so
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without postnatal infection the infection would extinct

(Dubey et al., 2007). Previous studies in the Netherlands

have shown that postnatal infections with N. caninum

occur regularly in association with abortion outbreaks,

(Dijkstra et al., 2001) but may also occur without an

increased incidence of abortions (Dijkstra et al., 2002).

Bartels et al. (2007) calculated an incidence rate for

horizontal transmission of 1.4 infections per 100 cows-

years at risk, based on a random sample of 108 infected

Dutch dairy herds.

Trees and Williams (2005) advocated the use of the

more precise terminology ‘endogenous transplacental

infection (TPI)’ and ‘exogenous TPI’ to describe

respectively a foetal infection after reactivation

(recrudescence) of a pre-existing chronic infection of
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the dam and a foetal infection that results from a

primary infection of a susceptible dam during preg-

nancy. Exogenous TPI and abortion was demonstrated

in cows experimentally infected with tachyzoites or

oocysts (Trees and Williams, 2005; Dubey et al., 2007).

However, endogenous TPI could not be demonstrated in

experimentally infected cattle. Cows experimentally

infected before insemination gave birth to uninfected

calves (Williams et al., 2000; Innes et al., 2001). Also,

seven cows experimentally infected with oocysts during

their first pregnancy gave birth to uninfected calves in a

subsequent pregnancy (McCann et al., 2007). These

experimental studies suggest that postnatally infected

adult cows fail to establish a persistent infection.

The objective of the present study was to present

evidence that cattle with a naturally acquired postnatal

infection with N. caninum can become persistently

infected and can transmit the infection to their offspring

during a subsequent pregnancy (endogenous TPI).

2. Materials and methods

2.1. Herd and animals

The herd of this study was used in an earlier study,

based on repeated herd serology. Hundred thirty-four of

144 animals which were older than 3 months were blood

sampled on June 1999, and the whole herd was blood

sampled on January, and August 2000, which showed a

mass seroconversion between June 1999 and January

2000, without an increased incidence of abortions

(Dijkstra et al., 2002). There was a lack of association

between the serological status of daughters and mothers

and an extreme overrepresentation of seropositive

animals in the age group of 8–30 months, which were

housed together during a period of 4 months, suggesting

a point source infection of this age group. A recent

postnatal infection shortly before the 17th of January

2000 was substantiated by an IgG avidity analysis of

sera. The present study is a follow-up study of this herd

based on further whole herd blood samplings in

February 2001, December 2001, April 2002 and

January 2003. Part of the data of the previous study

was included in the present study to give an overview of

the infection dynamics in this herd during the period of

investigation.

On average 132 female animals were present on the

farm during June 1999 to January 2003. All animals

were of Holstein Friesian breed and were housed in the

same free-stall barn. Adult cows were pastured in

summer whereas young stock was kept indoors until

calving. Ear tags of the Dutch Identification and
Registration (I&R) System (Royal Dutch Dairy

Syndicate, Arnhem, The Netherlands) identified all

animals. The farmer had a closed herd policy and reared

his own replacement. The calves were only fed

colostrum of their own dams. Thus, false-positive

results due to the feeding of pooled colostrum could be

excluded.

At the seven consecutive sampling dates, 134, 124,

128, 121, 151, 135 and 120 blood samples were

collected, respectively (in total 913). Serological data of

244 animals were evaluated.

2.2. Blood sample collection

Blood samples were taken using disposable needles

and 8.5 ml SSTTM Gel and Clot Activator Vacutainer1

Plus serum-tubes (Becton Dickinson Vacutainer Sys-

tems Europe). All samples were immediately trans-

ported to the laboratory of the GD-Animal Health

Service (GD-AHS), Deventer, The Netherlands. Serum

was removed after centrifugation at 2000 � g for

10 min and analysed in the ELISA of the GD-AHS

within 24 h.

2.3. Serology

All sera were tested for antibodies to N. caninum

using the GD-AHS ELISA (Deventer, The Nether-

lands). This ELISA is based on a detergent lysate of

whole sonicated tachyzoite antigens and detects all Ig

classes. This test has a sensitivity of 98% (95% CI 93–

100%) using post-abortion sera and a specificity of 92%

(95% CI 85–98%) using non-suspect sera (Wouda et al.,

1998a). The results of the ELISA kit were calculated as

S/P ratio = {(OD test sample � OD negative control)/

(OD positive control � OD negative control)}. A cut-

off S/P ratio of <0.5 was defined as negative, and a S/P

ratio �0.5 as positive. A positive S/P ratio of 0.5–1.5

was defined as low positive and a positive S/P ratio�1.5

as high positive (Dijkstra et al., 2003).

2.4. Analyses

Data on insemination, birth, culling, and pedigree

were obtained from the Dutch I&R System. A software

program Neospora# (Beiboer, Veterinary Software

design, Ureterp, The Netherlands) was used to link all

serologic test results to the data of the Dutch I&R

system. By this software animals can be sorted by date

of birth so that clusters of seropositives can be easily

recognised. In addition daughter–mother relationships

can be easily matched (Dijkstra et al., 2001).
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Table 1

Number of animals with the same (negative or positive) or converted serostatus (from negative to positive or reverse) at six pairs of consecutive blood

samplings within a period of 3.5 years

Serostatus June 1999/

January 2000

January 2000/

August 2000

August 2000/

February 2001

February 2001/

December 2001

December 2001/

April 2002

April 2002/

January 2003

N to N 50 50 57 48 71 67

N to P 45 6 2 0 4 2

P to P 4 57 60 47 43 30

P to N 0 2 0 8 4 5

N = seronegative; P = seropositive.
Animals younger than 6 months were not included in

the analysis because of the possible misinterpretation of

their infection status due to maternal antibodies

(Alvarez-Garcia et al., 2007).

3. Results

At the seven consecutive sampling dates, 3% (4/

134), 52% (64/124), 51% (65/128), 53% (64/121), 41%

(62/151), 39% (53/135) and 30% (36/120) of the

animals were found to be seropositive.

Table 1 presents an overview of the seroconversions

during the period of investigation. It can be seen that

after the mass seroconversion (45 animals) between the

first and the second bleeding another six animals

seroconverted between the second and the third

bleeding. These six animals were born before January

2000 and were, at the time of the point source exposure,

housed together with the group of 45 animals that
Table 2

Animals with seroconversion in January (1–45) and August 2000 (46–51)

Animal June 1999 January 2000 August 2000 Febru

1–14 N P P P

15–20 N P P P

21 N P P P

22–25 N P P P

26 N P P X

27–32 N P P P

33 N P P

34–37 N P

38 N P P P

39–40 N P P P

41–42 N P P P

43 N P P P

44 N P P P

45 N P N

46–47 N N P P

48 N N P P

49 N P P

50 N P P

51 N P P

N = seronegative; P = seropositive; X = missing value.
seroconverted earlier. The eight later seroconversions

were of three cattle (animals 38, 43 and 49, Table 2)

with fluctuating test results and of five cattle with a

single positive test result. Seroconversions from

positive to negative were seen in animals with

fluctuating or single positive test records.

Table 2 summarizes the available serological records

of the 45 and 6 cattle with seroconversions in January

and August 2000, respectively. Twenty-one of the 45

postnatally infected cattle (animals 1–14 and 38–44)

could be followed for 3.5 years. The other animals were

culled at various time points during the investigation

period. Fourteen cattle (animals 1–14) remained

seropositive during the whole period of 3 years.

Thirty-six of 45 animals (animals 1–45) were high

seropositive in January 2000. Eight of 14 seropositive

animals (animals 1–14) were still high seropositive in

January 2003. Six cattle (animals 39–44) had at least

three consecutive seropositive test results and became
ary 2001 December 2001 April 2002 January 2003

P P P

P P

X P

P

P

P N P

P P N

P N N

N P N

N N N

N N N

N P N

N N N

P N
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Table 3

Seropositive and seronegative offspring of postnatally infected dams that were infected after and before insemination

Moment of postnatal

infection of the dam

After

insemination

After or before

insemination

Before

insemination

Total

Seropositive offspring 3 2 9 14

Seronegative offspring 0 3 7 10

Total 3 5 16 24
seronegative after 12–27 months. Four of the nine

animals, which were low seropositive in January 2000,

were part of the group animals 39–44. In two cases a

positive test result was found in a later blood sample

(fluctuating test results, animals 38 and 43). All further

test records of the other cattle were positive except for

one cow (animal 45) which tested low seropositive in

January 2000 and seronegative in August 2000, but was

culled after that.

All six cattle (animals 46–51) that seroconverted

between the second and the third blood sampling had at

least two consecutive seropositive test results. Five of

these six animals were low positive in August 2000.

Five animals (animals 46–47, 49, 50, 51) remained

seropositive for 6–14 months, before they became

seronegative. One animal (animal 48) was culled after

two seropositive test results. Another animal (animal

49) had a positive test record later on.

Table 3 summarizes data on the serostatus of

offspring of the postnatally infected dams. In total

58% (14/24) of the offspring was seropositive. Three

seropositive daughters were from dams that had been

inseminated before June 1999 and thus before the

period of postnatal infection. These dams had ser-

oconverted during their pregnancy, causing exogenous

TPI of their calves. Two seropositive daughters were

born from dams that were inseminated during the period

of postnatal infection between June 1999 and January

2000. In these cases no conclusion on the origin of the

transplacental infection – endogenous or exogenous –

could be made. Nine seropositive daughters were born

from dams that were inseminated after January 2000

when they were already seropositive. Five of these

daughters were from a first pregnancy and four from a

second pregnancy after the postnatal infection of their

dams.

4. Discussion

This longitudinal study of a dairy herd that had

experienced a mass seroconversion to N. caninum

following a point source exposure, shows that most high

seropositive and postnatally infected cattle remained
high seropositive during the period of investigation (3

years) but 11 became seronegative after 6–27 months.

Another field study also indicates that some infected

cattle can get rid of the infection (Chanlun et al., 2007).

There is a decrease in S/P ratio during the study. Most

low seropositive animals became seronegative and few

high seropositive animals became low seropositive after

3 years.

Five of the six animals, seroconverted later than the

group of 45 animals, became seronegative within the

investigation period after at least two seropositive

records. These six animals were mainly low seroposi-

tive in August 2000. The six animals had been housed

together with the group that had seroconverted earlier.

We speculate that these six animals may have been

infected during the point source exposure by a low

infection dose and that the duration of the infection may

be dose dependant. Björkman et al. (2006) found lower

avidities and less consistent results in experimentally

oocysts-infected animals with a low infection dose than

in the tachyzoite-infected animals with a high infection

dose. In their view avidity maturation of specific

antibodies for particular antigens might occur only late

after infection and might be influenced by the infection

dose. Alternative explanation of dose dependant

infection is difference in the haplotypes. So, some

animals are more resistant than the others.

Five animals with seroconversions later than August

2000 were single test-positive results, which we

consider as false positive test results (Dijkstra et al.,

2003).

Nine out of 16 (56%) daughters, originating from

inseminations of postnatally infected dams after the

infection period, were seropositive indicating endogen-

ous transplacental transmission. Postnatal infection of

these daughters cannot be completely excluded but

appears to be very unlikely in view of the seropreva-

lence dynamics in the herd. These findings are in

contrast with those of experimental studies (Williams

et al., 2000; Innes et al., 2001; McCann et al., 2007).

Cows experimentally infected before insemination gave

birth to uninfected calves (Williams et al., 2000; Innes

et al., 2001). Also, seven cows experimentally infected
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with oocysts during their first pregnancy gave birth to

uninfected calves in a subsequent pregnancy (McCann

et al., 2007). These experimental findings suggest that

adult cows fail to establish a persistent infection. On the

other hand Maley et al. (2001) found indirect evidence

for a persistent infection of cattle after experimental

infection with a NC1 isolate of N. caninum, based on the

serological profile, which was similar of that in sheep

infected with a complete isolate of Toxoplasma gondii

leading to tissue cyst formation and thus a persistent

infection (Buxton et al., 1991).

The transplacental transmission of postnatally

infected cattle was 58% (14/24) in this herd, without

an obvious increased incidence of abortions. In a

previous study of three herds with N. caninum abortion

rates of 23–43%, we found a transplacental transmis-

sion of approximately 45% in postnatally infected

animals (Dijkstra et al., 2006). These figures are lower

than the rates varying from 81 to 95% reported in some

studies (Paré et al., 1996, 1997; Schares et al., 1998;

Wouda et al., 1998b; Davison et al., 1999), but in the

same range as in other studies in herds with postnatally

infected cattle: 56% (Mainar-Jaime et al., 1999), 44%

(Bergeron et al., 2000), 39.3% (Dyer et al., 2000) and

63.7% (Romero and Frankena, 2003). We suggest that

TPI may be more likely to occur in dams that were

themselves prenatally infected compared with postna-

tally infected dams.

It appears from this study that postnatally and

prenatally infected dams have different rates of

transplacental transmission and differ in persistence

of infection. This should be considered in culling

strategies. Selection of postnatally infected dams and

their offspring for breeding is preferable compared with

prenatally infected animals because of a higher chance

of a transient infection and a lower TPI in postnatally

infected dams.
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