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A B S T R A C T

N. caninum, bovine viral diarrhoea virus, Brucella abortus and Leptospira interrogans serovar Hardjo are globally
significant reproductive pathogens that cause abortion and reproductive loss in large ruminants. Prevalence
information is lacking in Lao People’s Democratic Republic (Laos) despite the poor reproductive performance of
cattle and buffalo. Serological examination of frozen cattle (n= 90) and buffalo (n = 61) sera by commercially
available enzyme-linked immunosorbent assays provided the first reported screening of some of these pathogens
in Laos. Seroprevalence differed amongst these large ruminant species, with N. caninum, BVDV and L. interrogans
serovar Hardjo antibodies found in 68.9% (95% CI ± 11.6), 4.9% (95% CI ± 5.4) and 3.3% (95% CI ± 4.5)
of buffalo sera, respectively, and in 7.8% (95% CI ± 5.5), 10.0% (95% CI ± 6.2) and 22.2% (95% CI ± 8.6)
of cattle sera, respectively. Buffalo sera had a significantly higher seroprevalence of N. caninum compared to
cattle (p < 0.001) and cattle sera had a significantly higher seroprevalence of L. interrogans serovar Hardjo
compared to buffalo (p = 0.003). Variability was also observed across provinces for N. caninum in buffalo
(p = 0.007) and for L. interrogans serovar Hardjo in cattle (p = 0.071), suggesting provincial risk factors con-
ducive to pathogen transmission. BVDV and N. caninum seropositivity were negatively associated in buffalo
(p = 0.018) and cattle (p = 0.003). In buffalo, L. interrogans serovar Hardjo and BVDV seropositivity were as-
sociated (p = 0.035, p= 0.039). The identification of antibodies against three major abortifacient pathogens in
Laos prompts further research to determine if infection is associated with low reproductive efficiency and the
risk factors for infection. This is needed for the development of evidence based prevention strategies for im-
proved large ruminant reproductive management among smallholders in Laos.

1. Introduction

Neosporosis, bovine viral diarrhoea, brucellosis and leptospirosis
are globally significant diseases causing abortion and reproductive
problems in large ruminants (Dubey et al., 2007; Lanyon et al., 2014;
Lilenbaum and Martins, 2014; Neta et al., 2010) but information on
these is lacking in Lao People’s Democratic Republic’s (herein Laos).
The majority of livestock in Laos are kept by remote smallholders as
assets in small herds of 5–10 cattle or buffalo or both per household
(Nampanya et al., 2014a). They are maintained at a subsistence level
where reproductive, nutritional or animal health management is almost
completely lacking (Matsumoto et al., 2017; Stür et al., 2002). It is
suspected that abortion and reproductive problems are present in Lao
large ruminants based on extended inter-calving intervals (ICI)

estimated at 14.6 months for cattle and 19.8 months for buffalo
(Nampanya et al., 2014a). Farmers have also anecdotally reported that
abortions, infertility and calf death occur sporadically and breeding
records are not kept. Nutritional and animal health interventions im-
plemented longitudinally have been unsuccessful in improving re-
production performance in Lao cattle and buffalo (Nampanya et al.,
2014a). This supports the hypothesis that abortifacient diseases are
contributing to low reproductive efficiency in smallholder large rumi-
nants in Laos.

N. caninum is an apicomplexan protozoan parasite that can cause
neosporosis in cattle and buffalo who consume feed or water con-
taminated by oocystes shed in canine faeces (Dubey et al., 2007; Taylor
et al., 2013). Pregnant females may infect offspring by transplacental
transfer of N. caninum tachyzoites and canids become infected through
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consumption of bovine tissue containing N. caninum bradyzoites (Dubey
et al., 2007). This transmission cycle is feasible in Laos where canine
consumption of aborted livestock foetuses and placental membranes
has been anecdotally reported and semi-domesticated free-roaming
dogs are widespread (Inpankaew et al., 2014a; Inpankaew et al.,
2014b).

BVDV is a pestivirus of the Flaviviridae family where infection of first
of second trimester pregnant females can occur by direct contact with
bodily fluids of persistently or acutely infected large ruminants
(Brownlie et al., 1989; Lanyon et al., 2014; Newcomer et al., 2014).
Subsequent transplacental infection produces immunotolerant persis-
tently infected (PI) calves who are the primary viral propagators (Dow
et al., 2015). With the recent emergence of large scale cattle enterprises
with imported cattle combined with the fact that many smallholders
engage heavily in the trade of pregnant females (Matsumoto et al.,
2017; Nampanya et al., 2014b), the potential for disease impacts is
anticipated.

Leptospira and Brucella species are both bacterial zoonosis where
disease eradication in humans is dependent on control and prevention
in animals. Pathogenic Leptospires shed in urine can chronically infect
bovines by entering the skin through abrasions and mucous mem-
branes. They colonise renal tubes and reproductive tracts leading to
reproductive loss (Ellis et al., 1982; Levett, 2001). Cattle are the
maintenance host of serovar Hardjo (Ellis et al., 1981) which is the most
common serovar of cattle and buffalo in west Malaysia and north
Australia (Bahaman et al., 1987; Black et al., 2001) and can be the main
serovar associated with bovine abortion (Prescott et al., 1988). Humans
may be infected through exposure to urine excreted from livestock
(Levett, 2001). This is a high occupational risk to Lao smallholders who
reside in close proximity to livestock, work in flooded rice fields and
live in flood prone regions (Seng et al., 2007). Antibodies against
Leptospira icterohaemorrhagiae serovar Hardjo bovis were detected in
3.3% of cattle and buffalo in 2006 (Vongxay et al., 2012) but this re-
search has not been progressed despite human leptospiral ser-
oprevalence of 23.9% being detected in central Laos in 2008
(Kawaguchi et al., 2008).

B. abortus is the most common species of Brucella causing brucellosis
in cattle and buffalo (Neta et al., 2010). Ingestion of bacteria from late
term aborted fetuses and fetal membranes is the most typical route of
infection (Glynn and Lynn, 2008). Humans may become infected
through consumption of raw milk or exposure to contaminated car-
casses. This is high risk in Laos where human consumption of bovine
fetus is a delicacy in rural Lao diets (Nampanya et al., 2014b). There are
no published investigations on human Brucellosis from Laos although
antibodies against B. abortus have been detected at low seroprevalence
in cattle and buffalo in northern Laos of 0.2% in 2006 and 0.6% in 2015
(Douangngeun et al., 2016; Vongxay et al., 2012).

In Laos less than 60% of households engage in vaccinating (FAO,
2012) despite efforts to control foot and mouth disease (FMD) in the
region. Therefore the conventional use of vaccines to control or eradi-
cate BVDV, bovine leptospirosis and brucellosis (Kampa et al., 2004;
Schatz and Hearnden, 2008; Wang et al., 2007) may not be a viable
option. Strategic vaccination of hotspot areas and developing simple
biosecurity practices to break infectious cycles may be more realistic in
the short term and requires epidemiological investigations.

It is suggested that current large ruminant reproductivity is in-
adequate in replenishing animal stocks at the current and growing rate
of red meat demand in Asia (Smith et al., 2015). Combined with pro-
jections estimating that the Lao population will grow by 50% by 2050
(FAOSTAT, 2015), there are strong economic and food security in-
centives to enhance smallholder capacity to produce livestock effi-
ciency. This study is aligned with a large project ‘Development of a
market-driven biosecure beef production system in Lao PDR’ (DMBBP)
which is funded by the Australian Centre for International Agricultural
Research (ACIAR, 2015).

2. Material and methods

2.1. Serum sample collection and availability

The study used serum samples from a serum bank stored at the
National Animal Health Laboratory (NAHL) in Vientiane, Laos. The
samples were derived from FMD vaccine monitoring programs (VMP)
and other studies related to smallholder cattle and buffalos (Nampanya
et al., 2013; Sakamoto et al., 2016; Vongxay et al., 2012). Animals were
vaccinated against FMD and were selected based on availability from
smallholder farms in FMD hotspots. These areas had higher densities of
livestock and were in closer proximity to roads which is reflective of
cattle rearing areas in Laos. The ancillary information available per
sample included; serum identities (ID), collection date, species (buffalo
or cattle), village, district, province, gender and age. There was no in-
formation available on the reproductive history or management of the
animals. An initial selection employed the following criteria: female
gender, complete descriptive record and a collection date cut-off
of ≥ 2013. After the initial selection process a total pool of 630 female
cattle and 154 female buffalo frozen serum samples were available to
select from.

2.2. Sample size and serum sample selection

The selected sample size of 90 cattle and 60 buffalo samples used in
this study was a compromise of the literature, sample size calculations
using web based tools and sample availability at the serum bank.
Sample sizes used in published serological investigations on multiple
diseases in both cattle and buffalo in Asia ranged from 10 to 96 cattle
samples and 40–105 buffalo (Kengradomkij et al., 2015; Konnai et al.,
2008; Yu et al., 2007). Six available provinces were: Xayaboury (XB),
Xieng Khoung (XK), Savannakhet (SVK), Vientiane (VTE), Luang Pra-
bang (LPB), and Luang Namtha (LN) (Fig. 1).

Samples were randomly selected from the available pool of samples
using proportionate stratified random selection at the province level to
account for potential clustering based on assumptions of increased
transmission homogeneity at the province level. In the case of serum
unavailability, the next available sample from the same province was
selected from a randomised list. Proportions of animals selected per

Fig. 1. Map of provinces where cattle and buffalo serum samples were collected in Lao
PDR.
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province are presented in Table 1 and information on age is presented
in Table 2. Samples stored at −80 °C were defrosted, 500 μL were pi-
petted into 1.5 mL transport tubes, stored in a chilled BioTherm15 IA-
TA-Standard specimen container and shipped via airfreight to the Ve-
terinary Parasitology and Diagnostics Laboratory at the City University
of Hong Kong, China, where the analysis was conducted.

2.3. Serological analysis

Summary of ELISA tests used are presented in Table 2. All ELISAs
were conducted in accordance with the manufacturer’s instructions and
cut-off recommendations. One exception was made for N. caninum
IDEXX ELISA in which a lowered sample to positive (S/P) ratio% cut-off
of 21% was used instead of the manufacturer’s recommended S/P ratio
% cut-off of 50%. The lowered cut-off has been shown to be approxi-
mately equivalent to an indirect fluorescent antibody test (IFAT) titre of
1:200 (Reichel and Pfeiffer, 2002) and maximises the tests diagnostic
sensitivity which was deemed appropriate for a sero-epidemiological
study.

2.4. Statistical analysis

Calculation of seroprevalence, confidence intervals (CI), and sta-
tistical analysis proceeded in R statistical software (R Core Team,
2015). For species comparison, a 2 × 2 contingency table comparing
the probability of positive ‘1′ and negative or suspect ‘0′ sera samples
for both species was examined via a chi-squared test. Chi-squared tests

were also carried out to compare the proportions of seropositive sera
across provinces, age groups (≤1, 2–3, 4–5,≥ 6 years), and seasons per
species. When the assumptions for chi-squared tests were not met, a
Fishers exact test was used. For Brucella, two sample t-tests and one-way
analysis of variance (ANOVA) were used to assess differences in S/P
ratio% means between species, provinces, age groups and seasons.

Multivariable modelling proceeded with binary logistic regression
whereby six models were developed to identify significant predictors of
each disease per species. Available predictor variables included the
collection season, collection year, village, district, province, animal age,
the ELISA absorbance reading and S/P ratio% or percentage positivity
(PP). Quantitative predictor variables were initially assessed for skew-
ness to address potential influence of extreme values, whereby variables
with a skewness value −2 < x < 2 underwent a log transformation
which was retained if a notable reduction in skewness was observed in
the histogram distribution. A correlation cut-off of 0.65 was used for
inclusion in candidate predictor set. Of correlated pairs, the variable
with a smaller p-value in univariable analysis was included in the
multivariable model. Additionally, predictors were not included if they
had a p-value>0.5 in the univariable analysis. Random effects of
‘district’ and ‘village’ were also included in modelling to overcome
over-dispersion caused by clustering. Backward elimination followed
and ended when all predictors had a p-value of< 0.05.

3. Results

3.1. Neospora antibody status

Detailed seroprevalence for all diseases for both species are pre-
sented in Table 3. In summary, of the 61 buffalo serum samples and 90
cattle samples analysed, 42 (68.9%) and seven samples (7.8%) were
seropositive, respectively. Seroprevalence were considered significantly
different between the species (p < 0.001) (Fig. 3). The antibody S/P
ratio% against N. caninum range was smaller in buffalo sera (−3.6 to
114.5%) compared to cattle (−6.3 to 161.1%) (Fig. 2).

In buffalo sera, all six provinces had seropositive samples. There
were significant differences in seroprevalence between provinces
(p < 0.007) with LP and VTE having 100% seroprevalence while LN
had the lowest at 30.0% (Fig. 4). A higher proportion of positive sera
was identified in samples collected in the wet season of 79.3% (95%
CI ± 10.2) compared to the dry season of 59.4% (95% CI ± 12.3) but
this difference was not deemed statistically significant (p = 0.796).
Seroprevalence was slightly lower in the oldest age group (≥6 years)
with 50.0% (95% CI ± 12.5) of samples positive but overall age dif-
ferences were not considered significant (p = 0.346) (Table 3).

Results from multivariable logistic modelling are presented in
Fig. 5. Increasing absorbance of BVDV titres was associated with de-
creasing log odds of N. caninum positive serum in buffalo (p = 0.018).
Similarly in cattle, an increased log of BVDV S/P% was significantly

Table 1
Proportional stratified random sampling used to select cattle and buffalo serum samples
from a serum bank in Lao PDR.

Province Nh Nh/N × 90 nh

Cattle
Xayaboury 124 18.9 19
Xieng Khouang 85 13 13
Vientiane 199 30.4 28
Savannakhet 54 8.3 10
Luang Namtha 105 16 16
Luang Prabang 22 3.4 4
Total (N) 589

Buffalo Nh/N × 61
Xayaboury 46 19 20
Xieng Khouang 41 17 18
Vientiane 12 5 3
Savannakhet 14 5.8 6
Luang Namtha 22 9.1 10
Luang Prabang 10 4.1 4
Total (N) 145

Nh, number of samples in each stratum; h, stratum; N, total samples in population; nh, the
number of samples taken from stratum h.

Table 2
Enzyme-linked immunosorbent assays (ELISA) used for the determination of antibodies against Neospora caninum, bovine viral diarrhoea virus (BVDV), Leptospira interrogans serovar
Hardjo (L. hardjo) and Brucella abortus and Brucella melitensis (Brucella) in cattle and buffalo sera from Lao PDR.

Pathogen ELISA Absorbance (nm) Calculating test Test cut-off (%)

N. caninum IDEXX Neospora X2a 620
=

−

−

S P/ SampleA NCx
PCx NCx

620 ≥21

BVDV IDEXX BVDV Total Antibody Test Kitb 450
=

−

−

S P/ SampleA NCx
PCx NCx

450 ≥30

L. hardjo PrioCHECK® L. hardjo Ab Testc 450
=PP corOD test sample

corOD Reference Serum
450

450 1
>45

Brucella IDEXX Brucellosis Antibody Test Kitd 450
=

−

−

S P/ SampleA NCx
PCx NCx

450 >120

S/P, sample to positive ratio; PP, percentage positivity; nm, nanometers; NCx , negative control mean; PCx , positive control mean; OD, optical density; cor, corrected.
a IDEXX Neospora X2 Ab test, Neospora caninum antibody test kit, IDEXX Laboratories, Westbrook, Maine, USA.
b IDEXX BVDV Total Ab test, Bovine Viral Diarrhoea Virus (BVDV) Antibody Test Kit, IDEXX Switzerland AG, Liebefeld-Bern, Switzerland.
c PrioCHECK® L. hardjo Ab Test, Prionics AG, Schlieren-Zurich, Switzerland.
d IDEXX Brucellosis Serum, Brucellosis Antibody Test Kit, IDEXX Laboratories, Westbrook, Main, USA.
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associated with decreasing log odds of N. caninum positive cattle serum
(p = 0.003). Buffalo and cattle N. caninum serostatus had a negative
correlation to BVDV absorbance (r = −0.47) and cattle N. caninum
serostatus had a negative correlation to the log of BVDV S/P%
(r = −0.27).

3.2. Bovine viral diarrhoea virus (BVDV) antibody status

Of the 61 buffalo serum samples, three (4.9%) samples were ser-
opositive to BVDV while 57 were seronegative (93.4%) and one serum
sample was suspected of being positive. Of the 91 cattle samples, nine
(10.0%) were seropositive while 78 were seronegative (86.7%) and
three were suspected of being positive (3.3%). Seroprevalence was not
significantly different between species (p = 0.362).

Two provinces had BVDV seropositive buffalo serum and both
provinces had a seroprevalence of 10.0%. Positive sera samples came
from both seasons and all age groups except buffalo aged 4–5 years old.
Cattle samples had a province-level seroprevalence of 66.6% (4/6).
Seroprevalence was 5% higher in samples collected in the wet season
but this was not deemed statistically significant (p= 0.409). Positive

serum was only found in cattle in age groups ≤ 1 yr or 4–5 yr.
L. interrogans serovar Hardjo S/P ratio% was a significant predictor

of buffalo BVDV serostatus (p= 0.039) where increasing L. interrogans
serovar Hardjo S/P ratio% was associated with increased log odds of
BVDV seropositivity (Fig. 5).

3.3. Brucellosis antibody status

All buffalo and cattle serum samples were negative to brucellosis
antibodies. For buffalo the S/P ratio ranged from −1.2 to 48.9% with a
mean of 2.8% ± 7.8 while for cattle the S/P ratio ranged from−1.0 to
73.7% with a mean of 3.4% ± 8.3). Cattle had a significantly higher
mean S/P ratio% than buffalo (p < 0.044).

3.4. Leptospira interrogans serovar Hardjo antibody status

Only two (3.3%) of the 61 buffalo serum samples were seropositive
for L. interrogans serovar Hardjo, while one sample was deemed in-
conclusive and 58 (95.1%) were seronegative. The two seropositive
samples were aged four and six years old at time of blood collection and
were collected during the dry and wet season, respectively.

Cattle had a significantly higher L. interrogans serovar Hardjo ser-
oprevalence than buffalo (p = 0.003) (Fig. 3) with 20 (22.2%) out of 91
samples being seropositive while seven (7.8%) samples were deemed
inconclusive and 63 (70.0%) samples were seronegative. Positive
samples were identified in all six provinces and seroprevalence ranged
from 5.3–39.3% and this variation was deemed suggestive of statistical
significance (p = 0.071). Positive samples were found in all age groups
and seasons.

In buffalo, BVDV serostatus was a significant predictor of L. inter-
rogans serovar Hardjo serostatus (p = 0.039) (Fig. 5) with a positive
BVDV status being associated with a positive L. interrogans serovar
Hardjo status.

3.5. Co-infection

Of the nine cattle positive to N. caninum, two were also infected
with L. interrogans serovar Hardjo. Of the three buffalo positive to
BVDV, one was also infected with L. interrogans serovar Hardjo.

4. Discussion

This study provides the first report of antibodies against N. ca-
ninum, BVDV and L. interrogans serovar Hardjo in cattle and buffalo in
northern and central Laos. Significant differences in species infection
indicate that buffalo are more susceptible to N. caninum (p < 0.001)
compared to cattle, with the latter more susceptible to L. interrogans
serovar Hardjo (p = 0.003). Co-housing of buffalo and cattle may fa-
cilitate inter-species transmission to the species more susceptible to
clinical infection. There were differences in buffalo N. caninum
(p = 0.007) and cattle L. interrogans serovar Hardjo (p = 0.071) ser-
oprevalence between provinces. Increasing BVDV titres was associated
with a decreasing odds of cattle and buffalo being infected with N.
caninum (p = 0.003, p = 0.018, respectively). Meanwhile, increasing L.
interrogans serovar Hardjo titres was linked to increasing odds of buffalo
being infected with BVDV (p = 0.035) and vice versa (p = 0.039). The
association between infections and province variability may relate to
the varying quality of farmer biosecurity practices or their proximity to
animal trafficking routes. Further research is justified to deduce if re-
productive disease is contributing to the low reproductive efficiency in
Lao large ruminants and identify the risk practices associated with in-
fection in order to develop biosecure smallholder reproductive man-
agement strategies. An additional finding was that the serum bank at
NAHL can be used to expedite screening of novel infectious disease
agents in Laos which reduced the costs, logistics, time and ethical
constraints that can limit the progression of disease research in

Table 3
Detection of Neospora caninum, bovine viral diarrhoea virus (BVDV) and Leptospira in-
terrogans serovar Hardjo (L. hardjo) antibodies in cattle and buffalo serum samples taken
from the national serum bank in Lao PDR.

Characteristics n N. caninum No. of
positive (%, 95%
CI)

BVDV No. of
positive (%,
95% CI)

L. hardjo No. of
positive (%, 95%
CI)

Buffalo 61 42 (68.9 ± 11.6) 3 (4.9 ± 5.4) 2 (3.3 ± 4.5)
Province
LN 10 3 (30.0 ± 11.5) 1 (10.0 ± 7.5) 1 (10.0 ± 7.5)
LPB 4 4 (100.0 ± 0) 0 0
SVK 6 5 (83.3 ± 9.4) 0 0
VTE 3 3 (100.0 ± 0) 0 0
XB 20 11 (55.0 ± 12.5) 2 (10.0 ± 7.5) 1 (5.0 ± 5.5)
XK 18 16 (88.9 ± 7.9) 0 0

Season
Wet 29 23 (79.3 ± 10.2) 2 (6.9 ± 6.4) 1 (3.4 ± 4.5)
Dry 32 19 (59.4 ± 12.3) 1 (3.1 ± 4.3) 1 (3.1 ± 4.3)

Age (yr)
≤1 14 10 (71.4 ± 11.3) 1 (7.1 ± 6.4) 0
2–3 19 15 (78.9 ± 10.2) 1 (5.3 ± 5.6) 0
4–5 14 10 (71.4 ± 11.3) 0 1 (7.1 ± 6.4)
≥6 14 7 (50.0 ± 12.5) 1 (14.3 ± 8.8) 1 (7.1 ± 6.4)

Year
2013 29 20 (67.0 ± 11.8) 1 (3.4 ± 4.5) 1 (3.4 ± 4.5)
2014 5 5 (100.0 ± 0) 0 0
2015 21 12 (57.1 ± 12.4) 2 (9.5 ± 7.4) 1 (4.8 ± 5.4)
2016 6 5 (83.3 ± 9.4) 0 0

Cattle 90 7 (7.8 ± 5.5) 9 (10.0 ± 6.2) 20 (22.2 ± 8.6)
Province
LN 16 1 (6.3 ± 5.0) 1 (6.3 ± 5.0) 4 (25.0 ± 8.9)
LPB 4 0 0 1 (25.0 ± 8.9)
SVK 10 0 0 2 (20.0 ± 8.3)
VTE 28 3 (10.7 ± 6.4) 2 (7.2 ± 5.3) 11 (39.3 ± 10.1)
XB 19 1 (5.3 ± 4.6) 4 (21.1 ± 8.4) 1 (5.3 ± 4.6)
XK 13 2 (15.4 ± 7.5) 2 (15.4 ± 7.5) 1 (7.7 ± 5.5)

Season
Wet 39 1 (2.6 ± 3.3) 5 (12.8 ± 6.9) 5 (12.8 ± 6.9)
Dry 51 6 (11.7 ± 6.6) 4 (7.8 ± 5.5) 15 (29.4 ± 9.4)

Age (yr)
≤1 39 3 (7.7 ± 5.5) 5 (2.1 ± 3.0) 12 (30.8 ± 9.5)
2–3 11 0 0 2 (18.2 ± 8.0)
4–5 29 3 (10.3 ± 6.3) 4 (3.5 ± 3.8) 3 (10.3 ± 6.3)
≥6 11 1 (9.1 ± 5.9) 0 3 (27.3 ± 9.2)

Year
2013 25 3 (12.0 ± 6.7) 2 (8.0 ± 5.6) 4 (16.0 ± 7.6)
2014 33 3 (9.1 ± 5.9) 3 (9.1 ± 5.9) 12 (36.4 ± 9.9)
2015 22 1 (4.5 ± 4.3) 4 (12.1 ± 6.7) 2 (9.1 ± 5.9)
2016 10 0 0 2 (20.0 ± 8.3)

n, sample size; Xayaboury, XB; Xieng Khoung, XK; Savannakhet, SVK; Vientiane, VTE;
Luang Prabang, LPB; and Luang Namtha, LN.
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developing countries.
N. caninum seroprevalence was high in female buffalo in central and

northern Laos (68.9%) and was detected at a higher rate than global
estimates (47.8%) (Reichel et al., 2015). It is possible that clinical
neosporosis is present in Lao buffalo but has not been identified by
farmers due to poor pregnancy monitoring, poor animal health re-
porting services and consumption of aborted foetuses by free-roaming
semi-domesticated dogs. Whilst it is generally recognised that buffalo
are quite resilient to the clinical effects of N. caninum, experimental
inoculation of buffalo with this pathogen has been shown to induce
foetal loss (Konrad et al., 2012), seropositivity is associated with buffalo
abortion history (Nasir et al., 2011), and congenitally infected buffalo
foetuses demonstrate N. caninum DNA in brain tissue (Chryssafidis

et al., 2011). Aborted fetus retrieval for pathogen DNA isolation is
complicated because farmers consume aborted foetus or fail to detect
them in Laos (Nampanya et al., 2014b). Identification of farmers ex-
periencing abortion followed by thorough consultation will be needed
to facilitate tissue collection. An association study to link farmer con-
firmation of abortion history with farm serostatus may be a more im-
mediately achievable approach to demonstrate disease impacts.

The seroprevalence of N. caninum observed in cattle (7.8%) is si-
milar to regional prevalence of 5.5% reported in dairy cattle in southern
Vietnam, 5.5% reported in central Thailand, and lower than 17.2%
reported in China (Huong et al., 1998; Kyaw et al., 2004; Yu et al.,
2007). Despite the lowered infection rates compared to buffalo, cattle
infection is more likely associated with clinical effects. Cattle

Fig. 2. a. Histograms of Neospora caninum titre level
frequencies in serum samples from Lao PDR de-
termined using IDEXX Neospora Ab ELISA from a. 61
buffalo (Bubalus bubalis) and b. 90 cattle (Bos in-
dicus). The dashed line indicates the cut-off S/P ratio
of 21%.

Fig. 3. Seroprevalence of antibodies against
Neospora caninum and Leptospira interrogans serovar
Hardjo (L. hardjo) in cattle (Bos indicus) and buffalo
(Bubalus bubalis) in Lao PDR identified by the en-
zyme-linked immunosorbent assay technique.
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seropositivity has been shown to increase the risk of abortion by 3.7
times in New Zealand breeding herds, 9.2 times in Japanese beef herds
and 1.3 times in Chinese dairy cattle (Koiwai et al., 2006; Sanhueza
et al., 2013; Yu et al., 2007). Similar to buffalo, further work is needed
to access foetal tissue and perform DNA isolation to confirm clinical
cases in Laos.

This study also reveals that buffalo N. caninum seroprevalence is
significantly higher than cattle seroprevalence in cohabiting Lao large
ruminants (p < 0.001). This finding is consistent with ranches in
Argentina where buffalo were 1.5–4.5 times more susceptible to in-
fection than cohabiting cattle (Moore et al., 2014) and in northern
Australia where wild and domestic buffalo seroprevalence exceeded
cattle by over 50% (Neverauskas et al., 2015). This suggests that buffalo
are the maintenance host for N. caninum in Laos and are potential pa-
thogen reservoirs for cattle. The practice of co-rearing buffalo should be
included in a risk factor study to determine if farmers should be te-
thering species separately in conjunction with other biosecurity prac-
tices.

There is potentially a different species exposure risk to N. caninum
in Laos facilitating higher buffalo infection rates. The practice of
keeping higher value or draught buffalo closer to the homestead
(Nampanya et al., 2013) may increase the contact with free-roaming
canids and thereby increase the risk of infection. Canine seroprevalence
of 7.0% has been detected in dairy herds in western Thailand and po-
sitive cattle dairy herds were 9 times more likely to have seropositive
dogs (Arunvipas et al., 2012). Canine infection investigations are
lacking in Laos but are needed to confirm the role of canines in low
density extensive beef herds, although considerations will have to be
made to minimise rabies risks to researchers and staff. Additionally,
vertical transmission is often the dominant bubaline infection route
with congenital transfer rates of 74% and high neonate prevalence
being previously reported in buffalo (Nasir et al., 2011; Rodrigues et al.,
2005). High province-level seroprevalence (100%) combined with a
lack of age association found in this study failed to incriminate either
transmission route as the main source of infection and should be further
examined by a risk factor investigation.

Cattle L. interrogans serovar Hardjo seroprevalence of 22.2% found
in this study is much higher than the previous report of 3.3% for
Leptospira icterohaemorrhagiae serovar Hardjo bovis in northern Laos in
2006 (Vongxay et al., 2012). It is possible that infection risk is higher in
FMD hotspot areas where samples were taken (Nampanya et al., 2013).
However, the identified seroprevalence is similar to recent regional
prevalence of serovar Hardjo of 34.0% reported in west Malaysia and
25.8% in east India (Bahaman et al., 1987; Behera et al., 2014). This
may indicate that infection has increased due to trade in northwest Laos

(Fig. 1.) which represents a major large ruminant transit route from the
Greater Mekong Sub-region (including Malaysia, Myanmar, Bangladesh
and India) via Laos to China.

The significantly higher seroprevalence of L. interrogans serovar
Hardjo in cattle compared to buffalo (p < 0.003) suggests that Hardjo
is a main serovar of bovines who may be the maintenance host in Laos.
However, buffalo seroprevalence is probably much higher than cur-
rently identified by the ELISA technique as the swampy environment
preferred by water buffalo and the urine-oral route of infection is
conducive to increased disease risk in bubalines (Levett, 2001). Buffalo
in Thailand are 3.1 times more likely than cattle to be microscopic
agglutination test (MAT)-seropositive to leptospirosis of which the main
serovar was Mini (Suwancharoen et al., 2013). ELISA techniques were
used due to the unavailability of the reference test MAT and are unable
to identify predominant serovars. MAT is needed in future study to
correctly identify serovars per species, their associated risk factors and
whether they are correlated with the main human serogroups in Laos;
Panama, Autumnalis, Hebdomadis, and Icterohaemorrhagiae (Kawaguchi
et al., 2008).

Stratifying selection by province was an important design feature of
the study as there was significant between-province variation. This may
be linked to province location in relation to animal transit pathways as
VTE had the highest seroprevalence for buffalo N. caninum and cattle L.
interrogans serovar Hardjo, and is an area of high animal transit caused
by higher red meat demand (Smith et al., 2015). The same four pro-
vinces (LPB, SVK, VTE and XK) that were free from BVDV were also free
from L. interrogans serovar Hardjo antibodies in buffalo suggesting
disease incursion is again related to trade in northwest Laos. This re-
lationship was probably reflected in multivariable modelling where
BVDV and L. interrogans serovar Hardjo titres were positively asso-
ciated. Transboundary animal disease (TADs) risk remains high in Laos
which is a landlocked country in south-east Asia heavily engaged in
transboundary large ruminant trade. FMD epidemics have been attrib-
uted to exposure gained during animal transit (Rast et al., 2010). Al-
ternatively, the diseases may be immunologically linked as BVDV in-
fection can cause immunosuppression resulting in reactivation of other
latent diseases (Chase, 2013). However, it is likely that unofficial
transboundary trade and poor biosecurity practices remain the main
current threats to biosecurity and animal health in Laos and co-infec-
tion may increase in importance in the future.

Findings for brucellosis are similar to previous reports from
northern Laos (Vongxay et al., 2012) and probably reflect lowered ex-
posure risk in extensive management systems with little occurrence of
dairy. A potential reason for low BVDV seroprevalence is the small herd
sizes favouring self-clearance by increasing the probability that the

Fig. 4. Seroprevalence of antibodies against
Neospora caninum in buffalo (Bubalus bubalis) and
Leptospira interrogans serovar Hardjo (L. hardjo) in
cattle (Bos indicus) identified by the enzyme-linked
immunosorbent assay technique in Luang Namtha
(LN), Luang Prabang (LPB), Savannakhet (SVK),
Vientiane (VTE), Xayaboury (XB), and Xiengkhoung
(XK) provinces in Lao PDR.
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infectious cycle is broken (Graham et al., 2013; Lindberg and Alenius,
1999). Similarly, Leptospiral infection is higher in semi-intensive
compared to smallholder farms (Bahaman et al., 1987; Behera et al.,
2014). However, smallholders in the Mekong are on average starting to
raise more cattle per household (Olmo et al., 2017) and may increase
the risk of future disease cases. Additionally, in a slaughterhouse survey
in Laos, 54–60% of female cattle and buffalo carcasses were carrying
foetuses and 7–13% of surveyed farmers reported knowingly selling
pregnant cows although many probably unknowingly were selling
pregnant animals (Matsumoto et al., 2017; Nampanya et al., 2015). The
identification of BVDV antibodies in large ruminants highlights the risk
of trading pregnant dams who are potentially carrying PI calves
(Graham et al., 2013). Efforts should be directed towards improving
pregnancy detection among farmers and abattoir workers and in-
creasing rural biosecurity knowledge.

There are many low input measures to reduce the abortifacient in-
fection risk that are not currently being practiced in Laos. They include:

tethering buffalo out of proximity to cattle, protecting ruminant feed
sources from canine and rodent faeces and urine, reducing pregnant
female herd introductions, and preventing canine ingestion of aborted
ruminant foetuses or afterbirth. This may require housing peri-
parturient bovines and cleaning calving areas with disinfectant opposed
to the current system of field calving. In the remote Lao village context
where culling seropositive and vaccinating may not be a viable, the
only control option is interrupting the pathogen transmission cycle.
Therefore, a risk-factor investigation is necessary to confirm if these risk
mitigating practices are relevant to infection in Laos in order to develop
appropriate biosecurity interventions. Improved record keeping of an-
imal reproductive history, particularly regarding abortions and foetal
death is also needed in Laos. Identifying the impact of disease on pro-
duction will be a crucial tool to promote changed practices as farmers
increasingly value cattle as their ‘bank’ and may respond to these in-
centives.

Fig. 5. Significant predictors of Neospora caninum, bovine viral diarrhoea virus (BVDV), Leptospria interrogans serovar Hardjo (L. hardjo) serostatus and Brucella Sample to Positive (S/P)
ratio% in cattle and buffalo serum samples taken from the national serum bank in Lao PDR and analysed by indirect enzyme-linked immunosorbent assay.
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5. Conclusions

The presence of three major reproductive pathogens in cattle and
buffalo identifies reproductive health as an important avenue for re-
search that has not been previously considered in reproductive man-
agement investigations in Laos. Province, animal transit routes, cor-
ralling cattle and buffalo together, keeping buffalo near the household
dwelling and a lack of good village biosecurity practices have been
identified as important considerations for a future risk factor study. This
will enable investigations targeting the most risky farmer practices and
infectious diseases of reproductive importance. While interventions to
improve reproductive efficiency in smallholders quite appropriately
focus on improving animal nutrition, management of TADs and para-
sites, and farmer husbandry, investigations into reproductive diseases
are potentially important to ensure all the relevant constraints to large
ruminant reproduction in Laos are addressed through the most appro-
priate interventions.
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