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RESEARCH ARTICLE

Use of adjusted cut-off values for Neospora caninum antibody ELISA in calves 
after colostrum intake: on-farm evaluation as part of a neosporosis eradication 
programme
CM van Velsen a, LJ Laven b, RA Laven b and JF Weston b

aCambridge Veterinary Services, Cambridge, New Zealand; bTāwharau Ora – School of Veterinary Science, Massey University, Palmerston 
North, New Zealand

ABSTRACT  
Aims: To assess the effectiveness of testing young calves using an ELISA for antibodies to 
Neospora caninum with adjusted cut-off values to account for the presence of maternal 
antibodies, as an aid in decision-making during calf-rearing, with the purpose of eradicating 
neosporosis from endemically infected dairy herds.
Methods: Replacement heifer calves on two dairy farms with endemic neosporosis were blood 
sampled at approximately 1–4 weeks of age. Sera were tested with an ELISA for antibodies to 
N. caninum, with the thresholds increased (based on unpublished data) to account for 
colostrum intake. The sample/positive (S/P) cut-off value for seronegative animals was 
increased from the manufacturer’s recommendation of S/P < 30 to < 70; the S/P value for 
seropositive was increased from ≥ 40 to ≥ 100; and S/P values 70–100 were considered 
inconclusive. Calves with inconclusive results were retested using standard thresholds at 
approximately 4 months of age (after colostral antibodies had waned). Seropositive calves 
were removed from the replacement herd. This protocol was first implemented in 2016. 
From 2018 onwards, parentage testing was carried out, and the calves’ results were 
extrapolated to their dams. Dams of seropositive calves were bred predominantly to beef 
semen. The proportion of seronegative calves in each cohort from 2016 to 2023 was 
calculated, and the reproductive performance of seronegative replacement calves (% 
producing a calf at approximately 24 months of age) was analysed.
Results: The proportion of seropositive replacement calves peaked in 2017 (19.5%) and by 
2023 had reduced to 1.2%. The odds of a heifer being seronegative in 2023 compared to 
2016 were 14.0 (95% CI = 4.12–87.56) times higher. Compared to 2014/2015 when 
replacement heifers’ serostatus was unknown, after 2016 (the first year when replacement 
heifer serostatus was established) at least 12.9% more heifers produced a calf at 
approximately 24 months of age; compared to 2014 the odds were at least 2.88 (95% CI =  
1.75–4.88) times higher.
Conclusions and clinical relevance: Combining early testing of replacement heifers with the 
identification and breeding management of dams of seropositive replacement heifers reduced 
the proportion of seropositive heifer calves in subsequent years and improved the 
reproductive performance of heifer cohorts. Further research is required to establish optimal 
ELISA cut-off values, but this strategy is likely to be a useful tool to reduce the N. caninum 
seroprevalence in endemically infected dairy herds.

Abbreviations: BVDV: Bovine viral diarrhoea virus; S/P: Sample/positive ratio
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Introduction

Neospora caninum is an apicomplexan parasite that 
causes abortion in cattle worldwide. It is the most com
monly isolated pathogen identified during bovine 
abortion investigations in many countries (Mee 
2023), including Australia and New Zealand (Reichel 
et al. 2018). Cattle are intermediate hosts (along with 
many other mammals) and can become infected by 
ingesting feed or water contaminated with 
N. caninum oocysts. Oocysts are shed in the faeces of 
infected definitive hosts of the canid family (McAllister 

et al. 1998; Lindsay et al. 1999). A second N. caninum 
transmission route, endogenous transplacental infec
tion, is highly efficient with reports of up to 93% verti
cal transmission in seropositive cows (Paré et al. 1997; 
Schares et al. 1998). Therefore, vertical transmission 
plays a substantial role in the maintenance of neos
porosis in an endemically infected cattle herd, regard
less of whether canines are present.

Pfeiffer et al. (1998) reported that the economic loss 
on farms with herds with endemic neosporosis in New 
Zealand was more than NZ$3,000 per year in more 
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than 70% of cases. In chronically infected herds, losses 
due to the disease are ongoing. Abortion results in 
cows not entering the milking herd, potentially prema
ture culling, and the possible need to buy replace
ments. Also, abortion reduces the number of calves 
born, so there may be fewer suitable heifer replace
ments or young stock to be reared for beef production. 
Abortion investigations and management plans add to 
the costs, and there are reports that seropositive 
animals may produce 3–4% less milk than seronega
tive cows (Thurmond and Hietala 1997a; Hernandez 
et al. 2001) although other studies have found a 
slight production increase (Pfeiffer et al. 2000). Beef 
calves with neosporosis may have reduced weight 
gain and carcass weight (Barling et al. 2000) but this 
needs further investigation and has not been 
confirmed in dairy calves. Finally, the rearing of seropo
sitive young stock and poorer reproductive perform
ance in these animals add to the cost of neosporosis 
in a chronically infected herd.

Thurmond and Hietala (1997b) established in their 
trial that the RR of abortion of congenitally infected 
heifers was 7.4 times higher than that of seronegative 
heifers, while Weston et al. (2005) found that seroposi
tive heifers had a substantially increased RR of abor
tion, between 22.2 and 23.6 times higher than 
seronegative heifers on the same farm. Following a 
cohort of heifers, Thurmond and Hietala (1997b) and 
Hernandez et al. (2002) observed a significant risk of 
abortion during subsequent pregnancies in congeni
tally infected cows with a history of abortion, com
pared with congenitally infected cows without 
previous abortions. Considering the increased risk of 
abortion in congenitally infected heifers, Weston 
et al. (2005) suggested that testing and culling of sero
positive heifers may be worthwhile.

Rearing of replacement heifers is considered the 
single largest cost to a dairy farm. Boulton et al. 
(2017) found that only 25% of farms achieved a 
return on investment following a heifer’s first lacta
tion. The cost of feed to rear a replacement heifer 
makes up the largest proportion of the total cost 
(Gabler et al. 2000; Boulton et al. 2017). In New 
Zealand, the cost of rearing a calf until weaning has 
been estimated at approximately NZ$440 (Muir 
2024), with the additional costs to get them to their 
first lactation estimated at approximately NZ$1,500 
(DairyNZ 2024).

In theory, testing young calves and culling those 
that are infected can significantly reduce the seropre
valence of neosporosis in a herd over time. This also 
limits cost to the farmer as only a proportion of the 
herd (replacement calves) are tested each year, and 
costly rearing of seropositive youngstock is avoided. 
This could make young-calf testing a more economic 
option than delaying testing until after maternal anti
bodies have waned. Furthermore, if parentage 

testing is carried out, calf results can be extrapolated 
to their dams.

The commercially available ELISA has been vali
dated to identify adult cattle that have recently 
aborted due to N. caninum infection rather than 
calves that were congenitally infected (Wu et al. 
2002). Adult cattle that have aborted recently are 
likely to have higher antibody concentrations than 
neonatal calves, so using adult thresholds to identify 
infections in calves may lack sensitivity (Paré et al. 
1996). This issue is further complicated by the difficul
ties with collecting pre-colostral blood samples on 
commercial dairy farms. The difficulty then lies in inter
preting serum antibody titres in calves post-colostrum 
intake, when the antibody concentration in the serum 
could have arisen from maternal colostrum, pooled 
colostrum, and/or congenital infection of the calf. To 
account for this, higher sample/positive (S/P) ratio 
thresholds than the manufacturer’s standard interpret
ation for N. caninum antibody status (S/P < 30 = nega
tive; 30 ≤ S/P < 40 = inconclusive; and S/P ≥ 40 =  
positive) to identify the calves’ serostatus, need to be 
used.

The owner of two neighbouring, spring-calving, 
dairy farms in the Waikato region of New Zealand 
wanted to implement a plan to control neosporosis 
in the herds. N. caninum abortion was first confirmed 
in 2013 in these herds, which comprised around 480 
and 300 predominantly Jersey cows. Since 2013, abor
tions due to N. caninum had been reported but no sig
nificant abortion outbreak had occurred. N. caninum 
ELISA testing of cows that were confirmed as not-preg
nant after a 12-week mating period identified that 15– 
20% of these cows were seropositive, confirming 
endemic neosporosis. The proportion of rising 2-year- 
old heifers found to not be pregnant approximately 
7 weeks after the end of the mating period was esti
mated by the farmer at 20% and was the main 
reason for the wish to implement a neosporosis inter
vention plan. Young-calf testing was started in 2016.

This paper reports the effect of the use of an ELISA 
for antibodies to N. caninum with adjusted cut-off 
values, to compensate for the presence of maternal 
antibodies in young calves, as part of a neosporosis 
intervention plan spanning multiple years. Outcomes 
that were measured were the N. caninum seropreva
lence in newborn replacement calves, and the pro
portion of replacement heifers producing a calf at 
approximately 24 months of age.

Materials and methods

As all the procedures outlined in this study were 
undertaken for clinical purposes in order to diagnose 
neosporosis, in animals that were under the immediate 
care of a veterinarian, they did not come under the 
definition of manipulation in the New Zealand 
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Animal Welfare Act 1999 (Anonymous 1999) and thus 
did not need approval by an animal ethics committee.

Young-calf N. caninum testing programme

Calves were born on pasture and allowed to suckle 
colostrum. They were collected once daily and taken 
to a calf shed, where they were hand-reared. 
Newborn calves were fed pooled colostrum and there
after colostrum or first milk as available. Colostrum of 
cows that had given birth to a seropositive calf was 
not excluded from the pooled colostrum. Older 
calves were fed whole milk ad-libitum with hay, con
centrates, and water also offered.

Heifer replacement calves were sedated with an IM 
injection of xylazine (Phoenix Xylazine 2%; Auckland, 
NZ) at approximately 1–4 weeks of age for routine dis
budding. After disbudding, while still sedated, the 
calves were blood sampled by jugular venipuncture. 
Blood was collected in 10-mL red top vacutainer 
tubes (BD, Plymouth, UK) using a 20 g x 1′′ Vacutainer 
Blood Collection PrecisionGlide Needle (BD, Plymouth, 
UK). Samples were refrigerated, sent to IDEXX Labora
tories (Hamilton, NZ), and tested for antibody to 
N. caninum using an ELISA (Antibody Test Kit 
NET1135 T; IDEXX Laboratories). A second blood 
sample was taken from all calves with inconclusive 
results when the youngest replacement calf was at 
least 3 months of age. For these re-tests, blood 
sampling, using the same equipment as described 
above, was carried out either by jugular or coccygeal 
venipuncture. Animals returning an inconclusive 
result at this second test were sampled again 4–6 
weeks later.

Parentage testing was conducted from 2018 
onwards. Calf results were extrapolated to their DNA- 
confirmed dams. Dams of calves that were considered 
congenitally infected were permanently marked with 
an ear tag, remained in the herd, and were mostly 
bred to beef-breed semen so their calves would not 
be reared as replacements.

Adjustment of N. caninum ELISA cut-off values 
for use in calves post-colostrum intake

The N. caninum ELISA was used to measure N. caninum 
antibody concentration against soluble proteins 
derived from the N. caninum tachyzoites stage. The 
optical density of the sample dilutions was compared 
to that of a positive control sample on the same micro
titer plate, to provide an S/P ratio.

The manufacturer’s standard interpretation for 
N. caninum antibody status in adult cows is: S/P < 30  
= negative; 30 ≤ S/P < 40 = inconclusive; and S/P ≥ 40  
= positive. These thresholds are probably not suitable 
for neonatal calves, as antibodies from maternal and 
pooled colostrum will affect interpretation of the 

result. Alternative thresholds to identify calves as 
infected/not infected were derived from approxi
mately 400 calves from four New Zealand herds with 
endemic neosporosis where the calves were sampled 
at an average 9 days of age, and again at an average 
140 days of age when the maternal antibody concen
tration had waned (J. Weston, unpublished data). The 
second set of samples were tested with both an 
ELISA (IDEXX Laboratories) and an immunofluorescent 
antibody test (VMRD, Pullman, WA, USA). The results of 
these two tests were > 99% consistent, and used to 
classify the calves as congenitally infected, N. caninum- 
negative, or postnatally infected. The S/P values at 
the first sample were compared for each of these cat
egories and, based on these data, ELISA cut-off values 
for young calves were adjusted to S/P < 70 = presumed 
seronegative, 70 ≤ S/P < 100 = inconclusive, and S/P ≥ 
100 = congenitally infected (seropositive). Using these 
cut-off values with the above-described dataset, the 
young-calf testing programme had a sensitivity and 
specificity of 100% and 99.4% respectively. At the 
prevalence of N. caninum in the test population 
(10.2%), the positive predictive value was 0.954 and 
negative predictive value 1. These adjusted cut-off 
values were used in the intervention programme for 
the two dairy herds in this study.

In 2019, and subsequent years, the S/P threshold for 
determining presumed seronegativity was reduced 
from 70 to 60 to reflect the reduction in the number 
of congenitally infected heifers entering the herd and 
thus a probable reduction in the concentration of 
N. caninum antibodies in pooled colostrum and calf 
serum S/P ratios. No change to the upper S/P threshold 
(i.e. 100) was made. Throughout the intervention, 
serum ELISA results from calves that returned an incon
clusive result were rechecked when > 3 months of age 
(when maternal antibodies were judged to have 
waned), and at the retest, were interpreted according 
to the standard manufacturer’s recommendations.

Heifer reproduction

The proportion of replacement heifers that produced a 
calf at approximately 24 months of age was calculated 
as the number of heifers that produced a calf at 
approximately 24 months of age, divided by the 
number of heifer calves that were born and reared 2 
years previously.

The number of heifer calves reared in 2014 and 
2015 was retrieved from the farms’ herd management 
programme (MINDA LIVE; Livestock Improvement Cor
poration, Hamilton, NZ) in which the farm managers 
recorded animal information. From 2016 onward, the 
number of replacement heifer calves that were 
N. caninum tested was used. The number of 2-year- 
old heifers that entered the milking herd each year 
was obtained from MINDA LIVE.
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Bulk milk testing for bovine viral diarrhoea virus 
(BVDV) antigen was carried out annually, when all 
new heifers were contributing milk to the vat, to 
monitor for active BVDV infection in the herds.

Description of data set

The following data were recorded for each heifer repla
cement calf: year of birth, identification, birth date, 
dam identification, date at first N. caninum test, 
N. caninum S/P ratio, date of retest (where necessary), 
N. caninum S/P ratio at retest (if necessary), date and 
N. caninum S/P ratio of second retest (if necessary).

Data analysis

The number of heifers reared in 2017 included two 
calves that had an initial test on their day of birth. 
Data from these calves was excluded from the calf 
test analysis because maternal antibody absorption 
from colostrum would have been incomplete, and its 
effect on the serum S/P value uncertain. Similarly, in 
2019, one calf had its initial test on the day of birth, 
and also two seropositive calves were accidentally 
reared – they were also excluded from the analysis. 
In 2022, unlike previous years, not all replacement 
calves were retained and mated, resulting in a 
different number of heifers reared than the number 
in the tested calf cohort.

Statistical analysis was carried out using RStudio IDE 
(RStudio; Boston, MA, USA). The effect of year of birth on 
the probability of a calf being identified as seropositive 
was analysed using generalised linear regression with a 
logit link function with calf status (seropositive or not) as 
the dependent variable and year of birth as the predic
tor variable. The referent year was 2016. Age of calf was 
also included as a potential confounder.

The effect of year of birth on the probability of a 
heifer producing a calf at approximately 24 months 
of age was analysed using generalised linear 
regression with a logit link function with calving 
status at approximately 24 months (produced a calf 
or not) as the dependent variable and year of birth 
as the predictor variable. The proportion of the 2014- 
born heifer cohort producing a calf in 2016 was used 
as the reference value for the predictor variable year 
of birth.

Calf-dam mismatch ratios were calculated, from 
2018 to 2022, as the number of calves recorded by 
farm staff with either an incorrect or no dam identifi
cation, divided by the total number of calves for 
which a dam was confirmed using a DNA test.

Results

From 2016–2023, samples from 1,669 potential replace
ment heifer calves were collected. The mean and 

median age of calves at initial sampling was 21 and 
22 days respectively (IQR = 16–26) and median age at 
first and second re-test (if needed) were 134 days 
(IQR = 124–141) and 161 days (IQR = 156–165), 
respectively.

Calf serology results

The distribution of S/P ratios for each of the eight 
cohorts of calves are presented in Figure 1. The 
number of calves in each N. caninum serostatus cat
egory at the initial test is summarised for each year 
in Table 1, alongside the total number of calves ident
ified as seropositive.

The 2019 calf cohort was the first for which the odds 
of a heifer calf being seropositive was significantly 
lower than it had been in 2016 (OR = 0.35; 95% CI =  
0.15–0.75), when the intervention was implemented. 
This difference continued across all subsequent years. 
As maternal antibody concentration decreases over 
time, calf age at initial test was included in the 
model, but it was found to have no appreciable 
effect on the proportion of seropositive calves (OR =  
1.01; 95% CI = 0.99–1.03).

Following the reduction (from 2019 onwards) of the 
lower S/P cut-off value from 70 to 60, there were 11 
calves that would previously have been identified as 
N. caninum seronegative which were now classified 
as inconclusive; of these, two (18%) were identified 
as seropositive by subsequent testing.

Heifer reproduction

Bulk milk BVD testing confirmed that there was no evi
dence of BVDV affecting the herds during the interven
tion period, or in the years prior to the start of the 
study. Table 2 shows the number of replacement 
heifers that were reared and the number in each 
cohort that produced a calf for the first time at approxi
mately 24 months of age. For 2016–2022, heifers are 
only included if they were N. caninum antibody serone
gative as a young calf.

Compared to the heifer calves born in 2014, the 
odds of a heifer producing a calf at approximately 2 
years of age were 2.88–4.38 times higher for all 
cohorts tested for N. caninum antibodies (i.e. from 
2016; Table 2). The risk of failing to produce a calf at 
approximately 24 months of age decreased for 
heifers born after the implementation of the testing 
policy. For 2014 and 2015, before implementation of 
the testing policy, the mean percentage of heifers 
born that failed to produce a calf 2 years later was 
30.3 (95% CI = 26.0–35.0)%, compared to a mean of 
11.8 (95% CI = 10.0–35.0)% of heifers born in 2016– 
2022. The intervention strategy thus reduced the risk 
of a heifer calf failing to produce a calf when 24 
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months of age by 18.5 (95% CI = 14.0–23.0)%, com
pared to calves born before the intervention strategy.

Calf-dam mismatch ratios

In 2018, the combined calf-dam mismatch ratio for 
both farms was 10.1%. In 2019, the calf-dam mismatch 
ratios were similar on the two farms: 12.7% and 11.4% 
for the 480 and 300 cow herd, respectively. From 2020 
to 2022, the accuracy of calf-dam matching on the 300- 
cow farm was better than on the 480-cow farm, with 
an average of 2.9% compared to 21.3% mismatches 

recorded, respectively. Some significant seasonal 
differences also occurred within herds.

Discussion

The N. caninum young-calf test and removal pro
gramme, using adjusted ELISA S/P values, aligned 
well with normal farm management practices, as the 
majority of blood sampling took place alongside dis
budding when calves were already sedated, and no 
additional input was required from farm staff. Sample 
results were available within days, allowing 

Figure 1. Data from two New Zealand spring calving, pastoral dairy farms demonstrating the impact of a control programme 
starting in 2016 to eradicate infection with Neospora caninum and showing, as box and whisker plots, the distribution of 
sample/positive (S/P) ratios for antibodies to N. caninum for calves born in each successive year and tested when approximately 
3 weeks of age. The median is indicated by the horizontal line within each box which marks the IQR for the data, with the whiskers 
extending 1.5 times the IQR from the top and bottom of the box and outliers marked by solid dots.

Table 1. Data from two New Zealand spring calving, pastoral dairy farms demonstrating the impact of a control programme 
starting in 2016 to eradicate infection with Neospora caninum and showing the distribution of calves born in each successive 
year when classified based on adjusted ELISAa sample/positive (S/P) cut-off ratios for antibodies to N. caninum. For each year, 
the total number of calves tested, the total percentage classified as seropositive and the OR for testing seropositive compared 
to 2016 are also shown.

Initial test resultb Final resultc

Test 
year

Seronegative 
(S/P < 70)

Inconclusive 
(70 ≤ S/P < 100)

Seropositive 
(S/P ≥ 100)

Seronegative 
(S/P < 40)

Seropositive 
(S/P ≥ 40)

Total 
tested

Total (%) 
seropositive

OR for being 
seropositive (95% CI)

2016 141 39 19 30 9 199 28 (14.1) Reference
2017 167 27 37 19 8 231 45 (19.5) 1.48 (0.89–2.50)
2018 138 15 17 11 4 170 21 (12.3) 0.86 (0.46–1.57)
2019 142 18 4 13 5 164 9 (5.5) 0.35 (0.15–0.75)
2020 177 4 10 4 0 191 10 (5.2) 0.34 (0.15–0.69)
2021 165 11 2 7 4 178 6 (3.4) 0.21 (0.08–0.49)
2022 191 5 3 4 1 199 4 (2.0) 0.09 (0.02–0.27)
2023 167 2 1 1 1 173 2 (1.2) 0.07 (0.01–0.24)
aAntibody Test Kit NET1135 T; IDEXX Laboratories, Hamilton, NZ 
bCalves approximately 3 weeks old. Classified using a modification of the manufacturer’s recommendation. From 2019 onward, the negative S/P cut-off 

value was decreased to 60, and the “inconclusive” S/P ratio range was changed to 60 ≤ S/P < 100 
cCalves ≥ 3 months old. Only calves initially testing inconclusive were retested. Classified using the manufacturer’s recommended S/P cut-off values
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congenitally infected calves to be identified at an early 
age. This allowed for their prompt removal, thus limit
ing costs associated with rearing.

As far as the authors are aware, this is the first report 
of using adjusted ELISA S/P thresholds to attempt to 
identify congenitally infected calves post-colostrum 
intake. As the proportion of seronegative adult cattle 
in the herd increased over time, the S/P threshold to 
distinguish between seronegative calves and those 
with an inconclusive result was reduced from 70 to 
60. This change was made to account for the 
reduced herd seroprevalence and lower concentration 
of N. caninum antibody in pooled colostrum, meaning 
that calves were ingesting less colostral N. caninum 
antibody. The reduction in cut-point increased the 
number of calves with an “inconclusive” result that 
needed to be retested, but did identify two calves as 
seropositive that would previously have been cate
gorised as seronegative. Further research is required 
to determine the optimal strategy for altering 
thresholds as an intervention programme continues, 
and in herds with a lower initial N. caninum seropreva
lence. Specific farm details and farmers’ attitudes, 
especially their attitudes to risk, need to be considered 
when deciding on S/P cut-off values to identify conge
nitally infected calves.

Even though the adjusted cut-off values in the orig
inal (unpublished) study were chosen to identify all the 
seropositive calves amongst the approximately 400 
calves tested, this cannot completely rule out the 
possibility of false negative results in some situations. 
Due to slight fluctuations in ELISA results, it is possible 
that some calves with S/P ratios just below the chosen 
lower “inconclusive” cut-off were not re-tested even 
though they might have been seropositive. Such 
calves would be reared and have an increased risk of 
aborting, as mentioned earlier. Also, since the specifi
city of the programme is not 100%, some seronegative 

calves may have been classified as seropositive and 
culled, with the potential loss of good genetic material. 
Another downside of the programme is that seronega
tive calves may become postnatally infected, and these 
will not be identified. However, in herds with endemic 
neosporosis, the incidence of transplacental trans
mission is much higher than that of horizontal trans
mission (Davison et al. 1999). Over time, as the 
intervention programme continues and the herd 
N. caninum seroprevalence reduces, horizontal trans
mission may become relatively more important. Mod
elling indicates that an approach combining available 
control options – vaccination, treatment, and test- 
and-cull of adult animals – is more effective than a 
single option (Liu et al. 2020, 2021). Yet, to the 
authors’ knowledge, no vaccines for neosporosis are 
commercially available anywhere in the world, and 
so far, no suitable treatment options for cattle have 
been developed (Imhof et al. 2024). This young-calf 
test-and-cull programme may be worth considering 
as a new control option for endemically infected 
dairy herds.

In the first 3 years of the intervention, the pro
portion of calves categorised as seropositive ranged 
from 12.3–19.5% (Table 1). However, from 2019, all 
cohorts had a significantly lower proportion of seropo
sitive calves than in 2016, with the lowest proportion 
(1.2%) occurring in 2023 (the last year included in the 
analysis). The decline in the proportion of seropositive 
replacement calves first occurred in 2019 since, as on 
most farms in New Zealand, calves from 24-month- 
old heifers were not kept as heifer replacements. 
Thus, the first calves born to heifers that had them
selves been sampled as part of the intervention, were 
the 2019 calf cohort.

The intervention strategy was clearly effective at 
reducing the proportion of seropositive replacement 
heifer calves. When parentage testing was carried 
out, from 2018 onward, calf results were extrapolated 
to their dams. The necessity of parentage testing is 
illustrated by the considerable number of calf-dam 
mismatches recorded by farm staff. The mismatch pro
portion was generally worse in the 480-cow herd 
(21.3% on average between 2020 and 2022) compared 
to the 300-cow herd. This is much higher than the 
4–6% error rate reported by Spelman (2002). For the 
300-cow herd, the error rate was 2.9% from 2020 to 
2022. Herd size may account for some of the differ
ence, as when multiple cows give birth on pasture in 
a short period of time, the risk of mismothering and 
errors allocating calves to dams is higher. Staffing 
changes may have accounted for the seasonal differ
ences within farms. Calf-dam mismatches did not 
affect the young-calf testing programme but highlight 
the need for DNA testing if calf results are to be 
extrapolated to their dams. DNA-matched dams of pre
sumed seropositive calves were retained in the herds 

Table 2. Data from two New Zealand spring calving, pastoral 
dairy farms demonstrating the impact of a control programme 
starting in 2016 to eradicate infection with Neospora caninum 
by identifying and culling replacement heifer calves 
seropositive to N. caninum. The table shows the number of 
heifers reared each year, the number (percentage) of heifers 
producing a calf approximately 24 months later and the OR 
for each birth year cohort of producing a calf at 
approximately 2 years of age compared to heifers born in 
2014.
Birth year 
cohort

Heifers 
reared

Heifers producing a 
calf as 2-year-old (%) OR (95% CI)

2014 212 142 (67.0) Reference
2015 211 153 (72.5) 1.30 (0.86–1.98)
2016 171 146 (85.4) 2.88 (1.75–4.88)
2017 188 169 (89.9) 4.38 (2.56–7.81)
2018 149 132 (88.6) 3.83 (2.19–7.03)
2019 158 139 (88.0) 3.61 (2.10–6.45)
2020 181 161 (89.0) 3.97 (2.34–7.00)
2021 172 152 (88.4) 3.75 (2.20–6.62)
2022 172 152 (88.4) 3.75 (2.20–6.62)
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and mated predominantly with beef semen. This pre
vented their subsequent calves from being reared. 
Moreover, insemination with beef-breed semen has 
been shown to reduce the risk of abortion in 
N. caninum seropositive cows (López-Gatius et al. 
2005; Santolaria et al. 2011; Sala et al. 2018). Some 
dams with a high breeding worth index were still 
mated with Jersey semen and eventual replacement 
heifer calves tested. Allowing N. caninum seropositive 
cows to remain in the herd reduces the loss of good 
genetics and income from milk production. However, 
it may mean that the amount of N. caninum antibody 
in pooled colostrum remains relatively high if, as 
occurred on these farms, the colostrum from these 
cows is not withheld from the pooled colostrum and 
is fed to replacement calves.

Only heifer replacement calves were tested for 
N. caninum on these farms. Therefore, for some 
dams, it took multiple years before their calf was 
tested and management decisions could be made 
based on their calf’s serostatus. This is a minor down
side of the young-calf testing strategy and may have 
affected the rate at which the number of seropositive 
calves reduced. However, this is outweighed by 
indirectly testing only a proportion of the herd each 
year via the offspring that are destined to be replace
ment heifers, and the opportunity to extrapolate 
results of seropositive calves to their dams when 
parentage is confirmed.

Rearing only heifer replacement calves that were 
not congenitally infected with N. caninum resulted in 
the proportion of heifers that produced a calf at 
approximately 24 months of age increasing to 
around 85–90%, whereas previously it had been 
approximately 70%. Using a database with approxi
mately 190,000 spring-born heifers from across New 
Zealand, Handcock et al. (2020) reported that approxi
mately 92% of heifers produced a calf for the first time 
at approximately 24 months of age. Thus, although this 
intervention strategy was effective at improving the 
proportion of heifers that produced a calf at approxi
mately 24 months of age, their reproductive perform
ance was still below the New Zealand average. This 
may in part be due to heifers being misdiagnosed as 
seronegative when they are, in fact, infected with 
N. caninum, but may also reflect issues with other dis
eases and/or with heifer management. When identify
ing the impact of N. caninum on heifer reproduction, it 
is important to look at the proportion of heifers produ
cing a calf rather than just pregnancy rate since abor
tion due to neosporosis can take place either before or 
after the pregnancy test, and thus only recording preg
nancy rate can significantly underestimate the impact 
of neosporosis on the farm.

We believe that the difference in proportion of 
heifers producing a calf at approximately 24 months 
of age between the heifer cohorts in 2014 and 2015 

and the subsequent cohorts is principally due to 
N. caninum status. However, this conclusion does 
need the caveat that, although the only thing that 
was deliberately different between the years was 
N. caninum status, other factors which could influence 
the proportion of heifers producing a calf, such as 
disease, nutrition, or changes in management, could 
also have been different between years. However, 
there were no major changes in heifer management 
across the 8 years analysed, and there was no evidence 
of other diseases such as BVDV affecting the animals. 
Furthermore, the consistency in the proportion of 
heifers producing a calf around 24 months of age 
between 2017 and 2022 suggests that between-year 
variation is unlikely to have been responsible for the 
large differences in the proportions of heifers producing 
a calf between those years and 2014/2015.

Conclusion

In the absence of control groups to rule out other con
tributory factors, there is no guarantee that the associ
ation between the intervention programme and the 
observed benefits is causal. Despite this, and the short
comings of serological tests, analysis of field data col
lected during implementation of this young-calf 
intervention programme to reduce N. caninum herd 
seroprevalence suggests that the N. caninum IDEXX 
ELISA, with S/P cut-off values adjusted to compensate 
for the presence of maternal antibodies, can be useful 
to test young calves post-colostrum intake. While 
testing is an expense, the cost of rearing presumably 
congenitally infected replacements is saved, and if 
parentage has been confirmed, calf results can be 
extrapolated to their dams. Thus, combined with 
parentage testing, young-calf testing also identifies 
seropositive dams in the herd and they can be 
managed so as not to contribute heifer replacement 
calves in future years. This intervention resulted in a 
significant decrease in the number of congenitally 
infected calves born in the following years. Further
more, rearing heifers that were not congenitally 
infected resulted in a significantly increased pro
portion of heifers that produced a calf at approxi
mately 24 months of age compared with that of 
heifer cohorts born prior to the implementation of 
young-calf testing. Further analysis is needed to calcu
late at what proportion of seropositive replacement 
calves testing is no longer economic, but the degree 
of commitment of the farmer to eliminating all 
N. caninum-infected animals also needs to be taken 
into account.
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