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ABSTRACT

The venereal diseases Bovine Trichomoniasis (BT) and Bovine Genital Campylobacte-
riosis (BGC) cause economic losses in endemic areas, such as the province of La Pampa in
Argentina, where bovine production is typically extensive. This study used data compiled
from 2007 to 2013 by the Official Program for the Control and Eradication (PCE) of venereal
diseases, to determine the prevalence, incidence and persistence of BT and BGC and to provide
projections up to 2020. Fourteen univariate models were used to adjust each time series. The
prevalence and incidence of both diseases significantly decreased during the studied period,
while the persistence has remained constant. The prevalence of BT has diminished from
7.48% in 2007 to 3.03% in 2013, while the prevalence of BGC has diminished from 9.36% to
3.15%. The incidences have been reduced to an annual average of 0.60 for BT and 0.67 for
BGC. Although the estimation models are not able to accurately predict the future epidemio-
logic rates of BT and BGC in La Pampa, projections show a significant decreasing trend of the
prevalence and incidence of BT and BGC. The persistence of BGC is expected to remain close
to the 2007-2013 average, while the persistence of BT did not adjust to any of the 14 models
used. These results indicate that PCE has been effective in reducing the infection of disease-
free herds. However, in order to reduce the ratio of persistent herds, other preventive and
management measures should be considered.
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RESUMEN

Las enfermedades venéreas Tricomoniasis bovina (BT) y Campilobacteriosis genital
bovina (BGC) causan pérdidas econdmicas en areas endémicas, como en la provincia de
La Pampa en Argentina, donde la produccién bovina es tipicamente de caracter extensivo.
Este estudio ha utilizado datos compilados de 2007 a 2013 por el Programa Oficial para el
Control y la Erradicacion (PCE) de enfermedades venéreas, con el objetivo de determinar
la prevalencia, incidencia y persistencia de BT y BGC y proporcionar proyecciones hasta
2020. Catorce modelos univariantes fueron utilizados para ajustar cada serie temporal.
La prevalencia e incidencia de ambas enfermedades han disminuido significativamente
durante el periodo estudiado, mientras que la persistencia se ha mantenido constante. La
prevalencia de BT ha disminuido del 7,48% en 2007 al 3,03% en 2013, mientras que la
prevalencia de BGC ha disminuido del 9,36% al 3,15%. Las incidencias se han reducido a
un promedio anual de 0,60 para BT y 0,67 para BGC. Aunque los modelos de estimacion
no pueden predecir con precision las tasas epidemiolégicas futuras de BT y BGC en La
Pampa, las proyecciones muestran una tendencia decreciente significativa de la preva-
lencia e incidencia de BT y BGC. Se espera que la persistencia de BGC se mantenga cerca
del promedio de 2007-2013, mientras que la persistencia de BT no se ajust6 a ninguno de
los 14 modelos utilizados. Estos resultados indican que PCE ha sido eficaz para reducir la
infeccion de rebafios libres de enfermedades. Sin embargo, para reducir la proporcién de
rebafios persistentes, se deben considerar otras medidas preventivas y de manejo.

Palabras clave
Bovino e campilobacteriosis genital bovina ¢ monitoreo de enfermedades venéreas o
tricomoniasis bovina ¢« modelizacion

INTRODUCTION
Bovine Trychomoniosis (BT) and BT is caused by Tritrichomonas foetus
Bovine Genital Campylobacteriosis and BGC by Campylobacter fetus veneralis

(BGC) are venereal diseases of economic
importance, characterized by infertility,
embryonic death, abortions, irregular
reproductive cycles and long culling
intervals (6). BGC infected herds can
reduce fertility rates up to 20% and
increase abortion rate up to 10% (16).
Additionally, sterility may occur in about
11% of infected heifers (24). BT has also
been associated to low weights at birth
and reductions of more than 50% in the
weaning rate (4, 35). In the USA infection
produced by BT is estimated to generate
economic losses of over 650 million
dollars (48).
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(11, 45). Both diseases are transmitted
during coitus, being the bulls asymp-
tomatic carriers. When they reach 3 or 4
years of age they remain as permanently
infected reservoirs, while cows are usually
recovered after a period of 6-12 months
(1, 8, 22). Furthermore, there is neither
treatment nor vaccination effective
enough for these diseases (5, 7, 52).

Both  diseases are distributed
worldwide, although they tend to be
endemicin areas where bovine production
is typically extensive and based on natural
breeding, such as the province of La
Pampa in Argentina (15, 31).
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The economic importance of the bovine
sector and the concern for the low repro-
ductive efficiency led to the implemen-
tation in 2006 of a Provincial Program for
the Control and Eradication (PCE) of BT and
BGC. The inclusion in PCE is compulsory
for all herds, and positive animals must be
removed from the herd within 120 days.
However, animals can be medically treated
as long as negativity is certified through
three post-treatment negative tests (29).

Data generated by PCE provides an
opportunity to determine epidemiological
indicators for BT and BGC. Furthermore,
in Argentina no epidemiological indicators
are generated at a national level. In these
situations where there is no existing infor-
mation about occurrence at a national level,
the estimations and projections represent
and essential tool in order to understand
the health requirements and, conse-
quently, to establish prevention and control
measures (30, 53). However, aspects such
as resistance to diseases, reproductive
characteristics or adaptation to difficult
environments will always be of value and
should be target of greater scientific and
informative efforts (34).

Different estimation methods have
been used in order to predict occurrence
rate, including decomposition methods,
ARIMA models, Bayesian models or
linear regression (20, 26, 42, 46, 57). The
advantages and applicability conditions
are specific of each model of analysis and
depend on the type of data that constitute
the time series (10).

The present study aims to determine
population epidemiological indicators for
BT and BGC in the province of La Pampa
(Argentina) for the period 2007 - 2013,
and to provide projections for the inci-
dence, prevalence and persistence of both
diseases until 2020.
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MATERIAL AND METHODS

Study area and population

The study area was the province of
La Pampa in Argentina, which includes
approximately 6% of the total bovine
population of the country (43). La Pampa
is located in the geographic center of
Argentina and covers an area of around
143.440 km? (approximately about 5.2%
of Argentina). Farm production in La
Pampa is extensive and involves two
main production systems: herds that
produce calves for fattening establish-
ments and herds where breeding, rearing
and fattening are carried out on the same
premises (full-cycle herds).

The study population consists in all
herds (from 2,000 to 6,000) annually tested
under PCE from January, 1% to December,
31 2013. PCE regulation in La Pampa
requires BT and BGC testing of all non-
virgin bulls in the herd in order to authorize
the movement of cattle to another herd,
feedlot or slaughterhouses (43). Therefore,
the study population corresponds to all the
existing herds in La Pampa between 2007
and 2013, except the few herds with no
animal movements during this period.

All non-virgin bulls in La Pampa are tested
twice a year as part of PCE. The methodology
for sample collection and diagnosis is thor-
oughly described by Molina et al. (29). A bull
is classified as negative if the results obtained
in two consecutive tests are negative, and
positive if at least one test yielded positive
results (34). Herds with at least one positive
bull were classified as positive.

Data

This study used annual data gathered
and reported by PCE from January, 1%
2007 to December, 31 2013. Annual
prevalence, incidence and persistence of
BT and BGC were analyzed.
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Prevalence is defined as the ratio of
positive herds to the total tested herds. Inci-
dence is defined as the ratio of new positive
herds to the total tested herds. Persistence
is defined as the ratio of positive herds in
the year n that were also positive in the
year n - 1 to the total tested herds.

Estimation methods

In order to characterize the behavior of
each time series, different models have been
built and evaluated using prevalence, inci-
dence and persistence as dependentvariables
(Y) and time as the independent variable (X).
Overall, 14 models have been evaluated for
each time series: random walk, random walk
with drift, constant mean model, lineal trend
model, quadratic trend model, exponential
growth trend model, S-curve model, simple
exponential smoothing, Brown’s lineal
exponential smoothing, Holt's exponential
smoothing, quadratic exponential smoothing,
ARIMA (1,0,0) and ARIMA (1,0,1).

Coefficients for each model have been
estimated using least square method and
contrasted by t-tests (2, 13). Adjustments
were determined by the root mean square
error (RMSE), the mean absolute error (MAE)
and the mean absolute percentage error
(MAPE). Adequacy was contrasted using
white noise tests to check if the residuals

were independent and normally distributed
(14). It is possible that several models could
be identified for each time series, so it is
necessary to choose an optimum model. This
optimum model was determined based on
Akaike information criterion (AIC) and on
Schwartz Bayesian criterion (SBC) (19). All
models were retrospectively validated by
comparing the means of the obtained esti-
mates and those observed during the period
2007-2013 (45).

All statistical analysis was performed
with a significance level of alpha < 0.05
and using the software SPSS v.15.0.

RESULTS

Table 1 shows the prevalence of BT
and BGC registered during the period
2007 - 2013 in La Pampa. An average
9.51% of the sampled herds showed at
least one bull positive to BT or BGC. Herds
infected with either of the two diseases
have been reduced from 14.18% in 2007
to 5.57% in 2013, involving an annual
average decrease of 0.78%. Herds with
positive bulls to both diseases averaged
1.60%. Co-infection has been reduced by
an annual average of 0.18%, from 2.66%
in 2007 to 0.60% in 2013.

Table 1. Herd-level prevalence of BT and BGC during the period 2007-2013 in
La Pampa (Argentina).
Tabla 1. Prevalencia a nivel de rebafio de BT y BGC durante el periodo 2007-2013 en
La Pampa (Argentina).

Year Herds BT BGC BT or BGC BT and BGC

2007 3,610 270 (7.48 %) 338 (9.36 %) 512 (14.18 %) 96 (2.66 %)
2008 4,105 418 (10.18%) | 421(10.26%) | 679 (16.54 %) 160 (3.90 %)
2009 2,352 95 (4.04 %) 127 (5.40 %) 190 (8.08 %) 32 (1.36 %)
2010 4,078 140 (3.43 %) 250 (6.13 %) 346 (8.48 %) 44 (1.08 %)
2011 5,167 168 (3.25 %) 283 (5.48 %) 397 (7.68 %) 54 (1.05 %)
2012 5,588 135 (2.42 %) 232 (4.15 %) 337 (6.03 %) 30 (0.54 %)
2013 5,777 175 (3.03 %) 182 (3.15 %) 322 (5.57 %) 35 (0.61 %)
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Prevalence of BT and BGC has been
reduced by an annual average of 0.44%
and 0.51%, respectively. Prevalence of
BT has decreased from 7.48% in 2007 to
3.03% in 2013, while the prevalence of
BGC has diminished from 9.36% to 3.15%.

The average persistence of BT and BGC
was 26.78% and 18.98%, respectively.
While the persistence of BT has been
reduced from 53.03% in 2007 to 39.13%
in 2013, the persistence of BGC has slightly
increased from 25.93% to 26.47% in 2013
(table 2).

The incidence of both diseases has
been reduced by an annual average of
0.61% for BT and 0.67% form BGC.

The projections reveal a reduction of
the rates of prevalence and incidence of
BT and BGC (table 3).

Results exposed in table 4 (page 325)
indicate that the expected changes are
statistically significant. The prevalence of
BT showed the best adjustment with the
S-curve model. An annual reduction of BT
prevalence by 0.25% is expected, reaching
0.54 % (0.10-2.07 95% CI) in 2020.

Table 2. Persistence and incidence of BT and BGC during the period 2007-2013 in
La Pampa (Argentina).
Tabla 2. Persistencia e incidencia de BT y BGC durante el periodo 2007-2013 en
La Pampa (Argentina).

Year BT Persistence | BGC Persistence
2007 - -

2008 143 (53.03 %) 88 (25.93 %)
2009 24 (5.84 %) 27 (6.51 %)
2010 13 (13.33 %) 26 (20.59 %)
2011 37 (26.42 %) 52 (20.65 %)
2012 39 (22.95 %) 39 (13.75 %)
2013 53 (39.13 %) 61 (26.47 %)

BGC Incidence
338 (9.36 %)
333 (8.30 %)
100 (4.28 %)
224 (5.52 %)
231 (4.52 %)
193 (3.48 %)
121 (2.11 %)

BT Incidence
270 (7.48 %)
275 (6.94 %)
71 (3.03 %)
127 (3.13 %)
131 (2.55 %)
96 (1.74 %)
122 (2.13 %)

Table 3. Estimation models with the best adjustment for epidemiological indicators of
BT and BGC in La Pampa (2007-2013).

Tabla 3. Modelos de estimacion con el mejor ajuste para indicadores epidemioldgicos
de BT y BGC en La Pampa (2007-2013).

Variable Model
Prevalence BT Y = e (B1+B/9
Prevalence BGC Y=e b2 9
Prevalence BT or BGC Y=eF1*F2/9
Prevalence BT and BGC | Y=¢e #1529
Persistence BT Y=8,+B,.t
Persistence BGC Y=p,

Incidence BT Y=eB1+8/0)

Incidence BGC Y = e (B1+62/9

RMSE | MAE | MAPE | AIC SBC
1.846| 1.076| 20.441| 1.798 1.782
1189 0.769| 11.540, 0.917| 0.902
2.146| 1.184| 10.853| 2.099 2.083
0.762 0.430 22.834| 0.030, 0.014

13.742| 10.245| 42.171 5.352| 5.937
4.780| 3.675| 19.361| 3.414| 3.407
0.964| 0.642| 17.548 0.499 0.483
0.984 0.667| 15.202| 0.539 0.523

RSME: the root mean square error; MAE: the mean absolute error; MAPE: the mean absolute percentage
error; AIC: Akaike information criterion; SBC: Schwartz Bayesian criterion.

RSME: error cuadratico medio; MAE: error absoluto medio; MAPE: error absoluto medio (%); AIC: criterio de
informacion de Akaike; SBC: criterio bayesiano de Schwartz.
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Table 4. Coefficients of the estimation models of epidemiological indicators of BT and
BGC with the best adjustment in La Pampa (2007-2013).

Tabla 4. Coeficientes de los modelos de estimacion de indicadores epidemioldgicos de
BT y BGC con el mejor ajuste en La Pampa (2007-2013).

Variable Model Constant Slope

B, E.E. t P B, EE. t P
Prevalence BT Y=e®1*F2/9 | -415.152|111.637| -3.71 0.011 837,364 | 224,390 3.73| 0.012
Prevalence BGC Y=e®1*629 | 365.193| 62409 5.85| 0.002| -0.180, 0.031| -5.82| 0.002
Prevalence BT or BGC | Y=e®:1*F2Y | -347.606| 67.329 -5.16| 0.003| 703,063| 135,332| 5.19  0.003
Prevalence BT and BGC| Y=e®:1*f2-9 | 619.812|117.838 5.25/ 0.003| -0.308 0.058| -5.25| 0.003
Persistence BT Y=p,+p,.t| 438431 -2.165 0.61| 0.569| -2.165 3.524| -0.61 0.572
Persistence BGC Y= 22.005, 1951 11.27| 0.000| - - - -
Incidence BT Y=e®17F2Y | -480.657  91.747| -5.234| 0.003| 969,026 184,504 5.25| 0.003
Incidence BGC Y=e®17F/9 | -440.106| 77.656 -5.67 0.002 887,775| 156,088 5.69| 0.002

The prevalence of BGC was adjusted DISCUSSION

with the exponential growth trend model
and shows an expected annual decrease
of 0.35%, reaching 0.94% (0.38-1.93
95% CI) in 2020.

The prevalence of BT and BGC was
adjusted with the S-curve model. Herds
infected by either one disease are expected
to be reduced by an annual average
of 0.52%, reaching 1.56% (0.58-3.18
95% CI) in in 2020 (figure 1, page 326).
Co-infection by BT and BGC was adjusted
with the exponential growth trend model
and shows an expected annual decrease of
0.06% (figure 2, page 326).

The incidences of BT and BGC were
adjusted with the S-curve model and
showed and expected annual decrease of
0.19% and 0.28%, respectively.

The persistence of BT was adjusted
with the lineal trend model, although it
was not statistically significant (table 4).
The best adjustment for persistence of
BGC was with the constant mean model,
what suggests that persistence will remain
constant at about 22% during the period
2013-2020.
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The accumulated data in La Pampa
during 7 years have been used to
determine the population epidemiological
indicators of BT and BGC in the province.
The initial prevalence of both diseases
was generally lower than those reported
in other endemic areas in Asia, Australia,
North America, South America and South
Africa (3, 4, 12, 21, 22, 24, 33, 41, 56). A
prevalence of 37% for BGC was reported
in Uruguay, while no herds were found
to be positive to BT (39). In Buenos Aires
(Argentina) a prevalence of 1.5% was
reported for BGC and of 19.4% for BT
(40). In the east of La Pampa, a prevalence
of 11.1% was found for BT and of 7.0%
for BGC (49). Most of the reported data of
prevalence comes from studies conducted
with few herds and limited conditions, so
it is possible that they do not accurately
reflect the actual situation. For instance, in
South Africa, the occurrence of BGC seems
to be vastly underestimated (31).

The detection of BT and BGC in La
Pampa has been based on the collection
of two consecutive preputial smegma
samples and on cultural methods (29).
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Figure 1. Adjustment and prediction of the prevalence of BT or BGC in La Pampa with

the S-curve model.

Figura 1. Ajuste y prediccion de la prevalencia de BT o BGC en La Pampa con el modelo
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Figure 2. Adjustment and prediction of the prevalence of BT and BGC in La Pampa with

the exponential growth trend model.

Figura 2. Ajuste y prediccién de la prevalencia de BT y BGC en La Pampa con el modelo
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de tendencia de crecimiento exponencial.
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There are, however, different factors
that could negatively affect the accuracy
of the diagnoses, being some of them
easily upgradable. For instance, sample
collection is not always effective due
to the intermittent presence of patho-
genic agents in the foreskin of bulls (17,
27). Furthermore, the frequency and the
samplingintervals affect the effectiveness of
the diagnosis techniques (32, 37). Although
none of them is 100% sensible, PCR based
techniques represent an improvement
compared to those obtained by bacterial
culture (25, 50). According to Yao et al
(2013), an unpredictable and often ignored
factor is the delay in the delivery of samples
to the diagnostic laboratories after sample
collection. Another factor is the existence
of positive cows that are currently not
detected as they are not included in PCE.
In order to improve accuracy in diag-
nosis, it would be highly recommended to
consider these factors and to analyze the
relationship between the sample collection
and the situation of the herd.

Prevalence of BT and BGC reached
their highest peakin 2008. Ever since, they
have decreased, proving effective control
measures. In Wyoming (USA), a similar to
PCE control plan, managed to reduce the
herd-level prevalence of BT to 1.29% in
nine years (55). Besides, the estimation
models show a decreasing trend, and
both prevalences are expected to continue
diminishing in the future, although the
models are not capable of accurately
predicting the levels of prevalence. This is
partly due to the fact that only data from
2007 to 2013 is available. The decrease of
the prevalence of BT and BGC is mainly due
to a reduction of new infections, although
the proportion of persistent herds has
remained broadly stable. Although they
cannot precisely predict the levels of inci-
dence and persistence, estimation models
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suggest that in the future, incidence will
continue to decrease while persistence
will remain constant.

PCE has been especially useful to
reduce the infection of disease-free herds.
This is explained by the reposition with
bulls certified as negative to both diseases.
However, PCE has not managed to signifi-
cantly reduce the rate of persistent herds.
On one side, the disposal of positive
bulls might not be enough to eliminate
the disease from the flock, resulting also
necessary to remove breeding cows or
to establish a period of reproductive rest
during 6-12 months to facilitate recovery
(22, 38). On the other hand, it could be
possible to eliminate the disease replacing
positive bulls, although effective measures
to prevent new infections are not simulta-
neously taken. In this sense, in the areas of
higher BT and BGC risk in La Pampa, the
exchange of bulls between farmers and
pasture sharing, are very common (29).

According to Yao et al. (2013), in order
to eradicate the disease, it is not enough
to detect and remove the positive bulls,
but also replacing them with disease-free
bulls. In addition to PCE, other preventive
and herd management measures should
be considered. BT and BGC share in La
Pampa some of their main risk factors (15,
18, 23, 27). Besides, there is some spatial
correlation between the risk of BT and
BGC (29). Thus, the development of inte-
grated actions focused on the common
features of BT and BGC should enhance
the effectiveness and efficiency of the
intervention methods (9).

Taking into  consideration the
common features of both diseases and
the productive conditions in La Pampa,
the priority actions should focus on the
improvement of the reproductive control
and keeping the herd in a closed cycle.
Practices as seasonal breeding or rectal
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examination are not usual in the province
of La Pampa and yet could greatly improve
reproductive efficiency and control of
venereal diseases. On one side, they allow
the early identification of reproductive
failures and the discard of non-breeding
cows. On the other hand, testing bulls
before breeding and after a period of
sexual repose, reduces the probability of
false negatives due to low concentration
of microorganisms, and avoids positive
bulls to encounter other cows in the herd
(28). Finally, keep the herd in a closed
cycle prevents contact with animals from
other herds with an unknown sanitary
status. In this sense, it is important to
keep wiring and perimeter fences in good
conditions, avoiding the exchange of bulls
and the sharing of pastures (18, 23).
According to Yao et al. (2013) eradication
of BT and BGC is only possible through
the replacement of natural breeding by
artificial insemination. However, although
artificial insemination generally involves
a considerable reduction of the rates of
occurrence or even eradication, there are
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