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The efficacy of a tissue-derived vaccine, which is currently used in Indonesia to control the spread of
Jembrana disease in Bali cattle, was determined by quantifying the viral load in plasma following
experimental infection with Jembrana disease virus. Virus transmission is most likely to occur during the
acute phase of infection when viral titers are greater than 10° genomes/ml. Vaccinated cattle were found to
have a 96% reduction in viral load above this threshold compared to control cattle. This would reduce the
chance of virus transmission as the number of days above the threshold in the vaccinated cattle was reduced
by 33%. Viral loads at the onset and resolution of fever were significantly lower in the vaccinated cattle and
immune function was maintained with the development of antibody responses to Env proteins within 10~
24 days post challenge. There was, however, no significant reduction in the duration of the febrile period in
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Vaccine vaccinated animals. The duration and severity of clinical parameters were found to be variable within each
group of cattle but the quantification of viral load revealed the benefits of vaccinating to reduce the risk of
virus transmission as well as to ameliorate disease.

© 2009 Elsevier Inc. All rights reserved.
Introduction

Jembrana disease (JD) is an acute, sometimes fatal infection of the
immune system of Bali cattle in Indonesia, which first occurred in Bali
in 1964. The causative agent, Jembrana disease virus (JDV), is a bovine
lentivirus (Kertayadnya et al., 1993) which is now endemic in Bali and
has spread to Bali cattle on the islands of Sumatra, East Java and
Kalimantan (Hartaningsih et al., 1993; Wilcox, 1997). Experimental
infection with JDV typically results in the development of a febrile
response and leukopenia within 5-12 days of challenge accompanied
by high viral titers of 108 IDso/ml equating to between 10'° and 10"
RNA genome copies/ml plasma (Soeharsono et al., 1995; Stewart et al.,
2005). The viremia peaks between 8-12 days post-challenge and then
declines as the febrile response and leukopenia resolve. Recovered
cattle remain persistently infected for at least 25 months but do not
appear to suffer any disease progression (Soeharsono et al., 1990).
Recovered animals develop a delayed humoral response several weeks
after infection prompting the assumption that antibody is not a major
factor in natural resolution of the acute disease process (Hartaningsih
et al., 1994). Recovered cattle are resistant to reinfection and neutra-
lizing antibody responses have been detected after 4-6 months in
some cattle (Soeharsono et al., 1990). Transmission of JDV has been

* Corresponding author. Fax: +61 8 93104144.
E-mail address: mdesport@murdoch.edu.au (M. Desport).

0042-6822/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2009.02.008

reported to be similar to equine infectious anaemia virus (EIAV) and
is likely to occur via hematophagous arthropods during the acute
stage of the disease when viral titers in blood are high (Issel and Foil,
1984; Soeharsono et al., 1995). There is also evidence of transmission
of JDV during the acute stage of JD to susceptible cattle in close
contact in the absence of hematophagous arthropods, probably by
virus in secretions infecting cattle by the conjunctival, intranasal or
oral routes, which has been experimentally reproduced (Soeharsono
et al., 1995). Bloodmeal residues of between 4-10 nl have been
reported on the mouthparts of tabanid flies and EIAV at 10° ID/ml in
blood can be transmitted by a single fly (Foil et al., 1987; Hawkins
et al., 1976).

Avaccine that can effect a reduction in the duration and magnitude
of viremia would be expected to reduce the risk of transmission in an
outbreak of JD. The most successful vaccines against animal lenti-
viruses are those which are based on whole or inactivated virus
preparations. Some degree of protection has been induced with
inactivated viral preparations in cats against feline immunodeficiency
virus (Hosie et al., 2000; Yamamoto et al., 1993), in horses against
EIAV (Issel et al, 1992) and against intravaginal challenge with
SHIVgg 6 in macaques mucosally immunised with inactivated SHIVgg g
(Ambrose et al., 2003). However, potentiation of lentiviral disease
following vaccination is occasionally seen in goats vaccinated against
caprine arthritis encephalitis virus (Russo et al., 1993).

To control JD in Indonesia, an inactivated tissue derived viral
vaccine, JDVacc, has been developed that contains detergent inacti-
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Fig. 1. ELISA absorbances indicating the development of IgG responses detected using
immobilized recombinant JDV p16 (A), recombinant JDV p26 (B), and circularized JDV
Tm peptide (C) after vaccination with JDVacc (days -67 and -39) and infection with
1000 IDsg JDV1ap,s7 (day 0). Sequential serum samples were obtained from vaccinated
cattle CB75 (m), CB76 (A), CB77 (V), CB78 (#) and control cattle CB83 ([1), CB84 (A),
(B85 (V) and CB86 ().

vated virus in homogenised spleen taken from infected donor animals
at the peak of viremia (Hartaningsih et al., 2001). The efficacy of this
vaccine has been determined by analysis of clinical signs, in particular
the development and duration of the febrile response that develops
after experimental challenge with JDV (Hartaningsih et al., 2001).
Two doses of JDVacc (given 1 month apart) is the currently recom-
mended vaccination regime for Bali cattle in areas where |D
outbreaks are still occurring in Indonesia. Whilst the development
of a febrile response is a classical indicator of JD, we have recently
found that 15% of animals experimentally challenged with JDV did not
develop a febrile response, despite high levels of viral replication in

some cases (Desport et al., 2009). The development of a qRT-PCR
assay in our laboratory for the detection of JDV RNA in plasma
(Stewart et al., 2005) has enabled the quantification of the plasma
viral loads during the acute stage of infection. In this study, we sought
to determine the efficacy of the 2 dose vaccination regime in pro-
tecting cattle in a JD outbreak situation by analysing viral loads (VL)
and immune responses after vaccination and challenge. A plasma
VL of 10° JDV genome copies/ml, approximately equivalent to
10* IDso/ml (Stewart et al., 2005) or <1 IDsq of EIAV per tabanid fly
(Hawkins et al., 1976), was chosen as a threshold above which the risk
of transmission of virus is increased. A piecewise linear regression
model (Brandin et al., 2006) was fitted to the data and used to esti-
mate missing data at the end of the plasma viraemia so that area
under the curve (AUC)>10° genome copies/ml could be calculated
and compared in vaccinated and control cattle.

Results
Development of IgG responses after vaccination and challenge

Bali cattle were vaccinated twice with JDVacc and IgG antibody
responses against five JDV recombinant proteins determined using a
combination of ELISA and Western blot. Responses to the JDV matrix
protein (p16) were detectable in only one of the vaccinates prior to
challenge but all of the vaccinates seroconverted to this antigen 10-
24 days post-infection (Fig. 1A). All vaccinated cattle were found to
have seroconverted to the recombinant JDV p26 after the first vacci-
nation with increasing ELISA absorbance values after the second
vaccination that were maintained after experimental infection (Fig.
1B). Antibodies specific to JDV Tat were not detected in any of the
vaccinated or control cattle at any of the available sampling times
(data not shown). None of the vaccinated cattle had detectable
antibody response against JDV ASu (Fig. 2) or ]DV Tm peptide (Fig.
1C) prior to challenge but all cattle seroconverted to both antigens
between 10 and 24 days post challenge indicating an anamnestic
immune response. In contrast, the control group showed the char-
acteristic delay in seroconversion to JDV antigens with responses
detectable against JDV p16, p26 and Tm peptide beginning at 56 days
post-infection (Fig. 1). CB84 appeared to seroconvert strongly to the
JDV Tm peptide (Fig. 1C) but only weakly to JDV p26 compared to the
other control animals which had increasing ELISA absorbances from
day 60 (Fig. 1B). None of the control animals developed antibodies
that recognized the JDV p16 (Fig. 1A) or JDV ASu antigens (data not
shown).
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Fig. 2. Western immunoblot indicating the development of IgG responses detected using
immobilized JDV ASU-GST after vaccination with JDVacc (days -67 and -39) and infection
with 1000 IDso JDVrag/s7 (day 0). Sequential serum samples were obtained from
vaccinated cattle CB76 on days -67 (lane 1), -53 (lane 2), -39 (lane 3), 0 (lane 4), 3 (lane
5), 10 (lane 6), 17 (lane 7), 24 (lane 8), 28 (lane 9) and CB77 on days -67 (lane 10), -53
(lane 11), -39 (lane 12), 0 (lane 13), 3 (lane 14), 10 (lane 15), 17 (lane 16), 24 (lane 17), 28
(lane 18). Positive (lane 19) and negative (lane 20) control sera were also included.
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Comparison of clinical responses after challenge with JDV

The efficacy of this vaccine has been previously determined by
using its effect on the duration and magnitude of the febrile res-
ponse and the severity of the leukopenia as correlates of protection
(Hartaningsih et al., 2001). Three of the 4 animals in the control group
developed typical febrile responses (a rectal temperature of >39.3 °C)
within 7-9 days of infection (Fig. 3). The fourth control animal, CB84,
developed a transient mild fever on day 12 post-infection. In the
vaccinated group, 2 of the 4 cattle developed febrile responses after a
similar period whilst CB76 developed fever 17 days post-infection and
CB78 did not develop elevated temperatures at any stage (Fig. 4). The
duration in days for the low, moderate and total febrile periods is
shown in Table 1. There were no significant differences in the observed
data collected for the clinical responses that developed following
challenge with JDVrag,s7; between the vaccinated and the control
cattle. However, if the atypical responders (CB78 and CB84) were
excluded from the statistical analysis, the duration of the febrile res-
ponse in the vaccinated cattle was reduced (P=0.067) with the
period of moderate fever being significantly shorter (P=0.051) in the
vaccinated cattle (Table 1).

Viral loads after vaccination and challenge with JDV

Although 2 of the 8 cattle failed to develop typical febrile res-
ponses, all animals had detectable levels of circulating plasma viral
RNA over the course of the experiment (Figs. 3 and 4). The atypical
control animal, CB84, exhibited an undulating low level plasma VL,
peaking at logio=7.93 genomes/ml (Fig. 3 and Table 2). The
vaccinated animal that did not develop a febrile response (CB78)
was found to have a plasma VL similar to the other vaccinates with a

peak of log;o = 10.17 genomes/ml (Fig. 4 and Table 2). The VL on the
second day of the febrile response and on the first day after the febrile
response were significantly lower in the vaccinated animals compared
to the controls (Table 2). Peak plasma VL occurred earlier in the febrile
period and declined more rapidly than in the control group, whereas
higher levels of plasma virus persisted in the febrile controls for
several days and in CB83 and CB86, did not peak until 6 days after
onset of fever (Fig. 3). Significant differences (P=0.017) in peak VL
were only observed when the atypical responders were not included
in the analysis (Table 2).

Comparison of observed and fitted data

The fitted piecewise linear regression was used to supply missing
points in the VL as they were not sampled for long enough to
determine when their VL dropped to <10° genomes/ml. The fitted and
observed data points for both vaccinated and control cattle are shown
in Figs. 3 and 4. There were no significant differences in the mean
model parameters estimated for the two groups. The mean duration of
the plateau phase (R-M), corresponding to the period in the disease
where viral replication was matched by viral clearance, was reduced in
vaccinated animals (this approached significance P=0.077). The Chi-
squared goodness-of-fit test indicated there was no difference
between the observed data and the piecewise linear regression
model for all animals (P=0.66-0.99 for controls, and P=0.32-0.99
for vaccinates). The lower P values seen in 2 animals in the vaccinated
group were due to the fitted line deviating from the measured results
in the pre-febrile period of viral replication. The proportion of the
sums-of-squares from these points was 73% and 86% of the total,
respectively. This deviation from the fitted line was due to a reduction
in virus replication rates between 4-8 days post-challenge in the
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Fig. 3. Dynamics of ]DVrag,s7 replication in control GST vaccinated animals (CB83-86) after infection with 1000 IDso/ml JDVrag,s7 (day 0). Rectal temperatures ([1) were collected for
24 days post-infection. Plasma VL (JDV genome copies/ml plasma) was determined using qRT-PCR (®) and transformed to log;o scale. Differences in VL were calculated using a
threshold of 10° genome copies/ml plasma (solid line) and AUC was determined from measured plasma VL (®) and fitted VL, calculated using the piecewise linear regression model

(--), where measured data was unavailable.
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Fig. 4. Dynamics of JDVrag,s7 replication in individual JDVacc vaccinated animals (CB75-78) after infection with 1000 IDso/ml JDVrag,s7 (day 0). Rectal temperatures (C1) were
collected for 24 days post-infection. Plasma VL (JDV genome copies/ml plasma) was determined using qRT-PCR (®) and transformed to log;o scale. Differences in VL were calculated
using a threshold of 10° genome copies/ml plasma (solid line) and AUC was determined from measured plasma VL (®) and fitted VL, calculated using the piecewise linear regression

model (--), where measured data was unavailable.

vaccinated animals, particularly in CB 75 and CB 78. This was not
observed to the same extent in the control animals.

Viral load in plasma of vaccinates and controls

The estimated mean total AUC was 5.4544 x 10" for control cattle
and 2.2780x10'° genomes/ml for the vaccinated animals. The

Table 1
Comparison of observed data (days post infection) for the onset, peak and end of the

febrile response and peak viral load together with duration (days) of low (39.3-40.2 °C),

moderate (40.3-41.2 °C), high (>41.2 °C) and total febrile periods following challenge
with 1000 IDsg JDVrag,s7 in vaccinated (CB75-78) and control (CB83-86) Bali cattle

Cattle  Peak Number of days post Duration of febrile response
no. VL infection (days)
>393 °C  Peak °C <393 °C Low Moderate Total
CB 75 10 8 11 14 2 4 6
(B76 21 17 21 23 3 3 6
CB77 11 9 12 14 2 3 5
CB78 11 N/A? 11 (39.1°C) N/A 0 0 0
Mean 1325 1133 13.75 17 175 25 4.25
Var 2692 2433 23.58 27 158 3 8.25
(B 83 12 7 11 14 3 4 7
(B84 13 12 12 13 1 0 1
CB 85 1 9 11 15 2 4 6
(B86 12 7 12 15 3 5 8
Mean 12 8.75 11.5 14.25 233 325 5.5
Var 0.66 5.58 0.33 0.92 133 492 9.67
P-value 0331 0235 0.212 0.228 0277 0.307 0.288
(0.051)°  (0.067)"

2 N/A=not applicable.
b P_value calculated excluding atypical responders CB78 and CB84.

estimated mean AUC>10° genomes/ml was 5.4541x10'"" and
2.2772x10% equating to 99.995% and 99.961% of the total VL for
control and vaccinated animals respectively. In vaccinated cattle the
AUC>10° genomes/ml was reduced by 96% compared to the control
cattle with a lower 95% confidence limit (LCL) of 80%. When these
values were transformed to the log;o scale for statistical analysis
(Table 2), vaccinated typical responders were found to have a
significantly lower AUC>10° genomes/ml compared to normal
control cattle (P=0.018). There was a 33% reduction in the mean
duration of time that the plasma VL of vaccinated animals exceeded
10° genomes/ml which was significantly different (P=0.031) from
the control cattle (Table 2).

Discussion

The protection provided after vaccination with a tissue-derived
inactivated virus vaccine that is currently used for the control of
Jembrana disease in Indonesia has not previously been determined.
JDVacc has been shown to reduce the duration and severity of JD and it
is likely that this amelioration of the acute phase of disease is
sufficient to achieve a reduction in the mortality rates and reduce the
transmission of virus to other susceptible cattle (Hartaningsih et al.,
2001). The use of VL, a piecewise linear regression model and a
transmission threshold value has provided a method to determine
vaccine efficacy in the context in which the vaccine is used. The benefit
of a significant reduction in VL in the vaccinated cattle during the early
febrile response and recovery period is revealed when expressed as a
33% reduction in the number of days when the plasma VL is above the
transmission threshold. Although this is an estimated threshold value
for the transmission of DV, this encompasses >99.9% of the total VL in
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Table 2

Comparison of plasma VL on the first and second days of febrile response, first day after the febrile response, peak VL, area under curve (AUC) for plasma VL > 10° genome copies/ml
and duration (days) of AUC>10° genome copies/ml following challenge with 1000 IDs, JDVya,s7 in vaccinated (CB75-78) and control (CB83-86) Bali cattle

Cattle Logo VL 1st Logo VL 2nd Logyo VL 1st Logo Log;o AUC>10° Days AUC=>10°
no. day>39.3 °C day>39.3 °C day<39.3 °C peak VL genome copies/ml genome copies/ml
CB75 7.37 8.31 5.11 9.25 9.53 6

CB76 7.56 8.71 4.65 9.90 10.43 74

CB77 8.48 9.98 6.32 10.21 10.51 7.5

CB78 N/A? N/A N/A 10.17 10.50 6.2

Mean 7.80 9.00 5.36 9.88 10.23 6.8

Var 0.35 0.76 0.75 0.20 0.22 0.6

CB 83 10.08 10.97 9.82 11.76 12.22 12.2

CB 84 7.08 N/A 7.93 7.93 8.33 7.3

CB 85 10.06 10.36 6.53 10.63 11.02 9

CB 86 9.15 10.33 748 11.10 11.62 11.9

Mean 9.09 10.55 7.94 10.36 10.80 10.1

Var 1.99 0.13 1.91 2.83 2.95 5.6

P-value 0.086 (0.007)" 0.037 0.015 0.309 (0.017)° 0.282 (0.018)° 0.031

2 N/A=not applicable.
b p-value calculated excluding atypical responders CB78 and CB84.

both groups of animals. Further studies are required to determine the
efficacy of JDVacc when used to control the spread of JDV in outbreak
situations.

The absence of detectable neutralizing antibodies after vaccination
with JDVacc in the original study (Hartaningsih et al., 2001), together
with poor antibody responses to Tm prior to challenge in this study
indicates that this vaccination regime does not engender the
development of strong humoral responses to Env antigens which
would be required to achieve sterilizing immunity. The use of J]DVacc
has been demonstrated to induce antibody responses to several viral
proteins (Hartaningsih et al., 2001) but it was not possible to correlate
specific responses with protection from severe JD in such small groups
of cattle. Although antibodies are not believed to play an important
role in the clearance of JDV during natural infections, neutralizing
antibodies have been reported to develop 4-6 months post-infection
(Hartaningsih et al., 2001) and passive antibody treatment of
macaques prior to challenge with SHIV has induced sterilizing
immunity (Mascola et al., 1999).

The responses to the Gag proteins appeared to develop early after
vaccination but this reflects their relative abundance compared to Env
proteins in the vaccine preparation. The variation seen in the JDV ASU
responses of the vaccinated cattle compared to the controls could have
been due to the use of detergent in the preparation of JDVacc as this
would have denatured the native SU protein. Alternatively, the
production of a truncated recombinant SU antigen in an Escherichia
coli expression system may not represent the immunodominant
epitopes that are present on the native full length protein. Indeed, only
a clone representing the extracellular domain of BIV Env was able to
detect SU-specific antibodies after experimental infection with BIV
(Chenetal., 1994). The absence of a detectable response to JDV Tat was
not unexpected, as JDV Tat is only reported to be highly expressed
early in infection (Setiyaningsih et al., 2008) and is unlikely to be
present at high levels in JDVacc. The development of antibody
responses to both Su and Tm in all of the vaccinated cattle at
3 weeks post-infection suggested that a normal memory B cell
response developed following vaccination and challenge. The immu-
nosuppression that is characteristically observed with JD (Wareing
etal,, 1999) did not appear to inhibit the development of virus specific
antibodies following infection. This would be an additional benefit of
vaccination as infected cattle frequently succumb to secondary
infections as a result of the immunosuppressive effect of JDV (Dharma
et al.,, 1991). Circulating antibodies to JDV in the control animals were
not detectable until at least 8 weeks post-infection, confirming earlier
studies (Hartaningsih et al., 1994). Unfortunately, analysis of the
cellular immune responses to vaccination and long-term analysis of
the persistence of the virus after vaccination were not possible with
the resources available in Bali.

Vaccinated animals exhibited lower peak VLs compared to the
controls, indicating that a low level of virus neutralization or
reduction in early spread of virus may be due to the humoral immune
responses generated after vaccination. The role of neutralizing anti-
bodies in providing protection in other lentivirus challenge systems is
uncertain and controversial (Issel et al., 1992; Sattentau, 1996) and in
some cases antibody-dependent enhancement of virus replication or
absence of any correlation between protection and humoral para-
meters have been reported (Mazzetti et al., 1999; Raabe et al., 1999).
The most significant effects of JDVacc appear after the peak VL when
the vaccinates cleared circulating virus much faster than the control
animals. The elevated rectal temperatures at lower viral titers in the
vaccinated group suggest that the effective viral clearance was due to a
primed CMI response.

We have recently observed that 15% of cattle experimentally
infected with JDV, including CB84 in this study, fail to develop the
typical clinical signs associated with JD (Desport et al., 2009). These
cattle typically have much lower peak VL and AUC >10° genomes/ml
compared to normal responders. This suggests that there may be a
threshold of disease induction where a particular virus burden is
required to trigger the release of pro-inflammatory cytokines and
other factors which can cause pyrexia. This phenomenon has been
observed for EIAV and is proposed to be between 5x 107 to 1 x 108 RNA
copies/ml for infection in horses (Cook et al., 2003). The consistent
reduction in VL and febrile responses in the vaccinates compared to
the typical controls and the lower peak VL in CB84 correlates well with
the virus threshold theory that reduction of viral titers can ameliorate
disease as well as reducing the risk of virus transmission. Cats with
rapidly progressive FIV infection have been shown to have viral RNA
loads 1-2 logyo higher than long term survivors and this difference in
VL is present early in infection (Diehl et al., 1996). It was not possible
to attribute the absence of a febrile response after vaccination and
challenge in CB78 to efficacy of J]DVacc, particularly as this animal had
a peak VL which was similar to the other vaccinates. Comparable
results have been seen in SIV-infected macaques in vaccine trials, with
varying patterns of virus replication apparently unrelated to the
vaccines being tested (Silvera et al., 2002; Waisman et al., 1996). A
decrease in the magnitude and duration of the febrile response has
been the most commonly employed correlate of protection for JDVacc
(Hartaningsih et al., 2001) but the trend for a febrile response to be
induced at lower levels of virus in the vaccinated animals in this study
highlights the balance between effective immune activation and
potentiation of viral replication. Immune activation has been shown to
facilitate viral replication in several different lentiviral infections
(Fauci et al., 1991; Poli and Fauci, 1993) and in some cases disease
potentiation has occurred post-vaccination (Issel et al., 1992;
Richardson et al., 2002).
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When the JDVacc preparation was originally tested, 4 of the 10
vaccinated animals did not develop a febrile response or leukopenia
after challenge (Hartaningsih et al., 2001). Differences between the
two challenge experiments could have arisen due to the method of
preparation of virus by passage through a donor animal or could be
related to the additional vaccination and lower challenge dose used in
the earlier study. The serological responses to viral antigens other than
JDV p26 were only apparent after the third vaccination in the previous
study indicating that a more mature immune response had developed
prior to virus challenge. Protection against homologous EIAV chal-
lenge in 14 out of 15 ponies was achieved after 5-8 vaccinations with
an inactivated whole virus vaccine although it was not sufficient to
prevent infection when a heterologous EIAV strain was used as the
challenge virus (Issel et al., 1992). DV strains in Bali appear to be
highly genetically conserved (3% amino acid heterogeneity in env)
and it is expected that JDVacc should offer good protection to cattle on
this island (Desport et al., 2007). However, a JDV strain detected in
Indonesian Borneo (Kalimantan) was divergent from strains detected
in Bali (13% amino acid heterogeneity in env compared to JDVtag,s7)
and it will be important to determine whether using J]DVrag,s7 as the
vaccine strain will offer sufficient protection against virus strains in
Kalimantan.

In conclusion, despite the problems inherent in attempting immu-
nological control of lentivirus infections and atypical responses to
challenge within small groups of animals, it was noted that vacci-
nation of Bali cattle with inactivated virus only marginally reduced the
duration of the acute clinical signs of infection yet significantly
reduced the magnitude and duration of VL after challenge with JDV.
These factors would be expected to reduce the window of opportu-
nity for transmission of JDV via close contact or hematophagous
arthropods such as tabanid flies to naive cattle thus helping to contain
the spread of virus. By determining the duration and magnitude of the
VL>10° genomes/ml, we have developed a much improved method
for assessing the efficacy of JDVacc after challenge, which is directly
relevant to its use in JD outbreak situations.

Materials and methods
Animals

Eight female Bali cattle between 6 and 12 months of age were
purchased and housed as previously described (Soeharsono et al.,
1990). Animals were housed for 1 week prior to vaccination and were
tested by ELISA (Hartaningsih et al., 1994) to ensure that they were
JDV seronegative.

Vaccination of cattle

The vaccine, JDVacc, was prepared as previously described
(Hartaningsih et al., 2001). Briefly, the capsule was removed from
the spleen of an animal experimentally infected with the JDVtap/s7
and was homogenised at a ratio of 10% w/v in Medium 199 at
4 °C. Virus was inactivated by the addition of Triton-X 100 to a
final concentration of 1% v/v and subsequent stirring for 30 min at
room temperature. The antigen preparation was mixed and
homogenised with a mineral oil adjuvant (MOA) at a ratio of
2:1 MOA:antigen.

Two vaccinations, each of 1 ml, were administered intramuscularly
into the neck of four cattle at 67 and 39 days before infection with
JDV1ag,s7. The four control animals were given 3 x 1 mg/ml doses of
glutathione-s-transferase (GST) homogenised in an equal volume of
incomplete Freund's adjuvant (IFA) at 67, 53 and 32 days before
experimental infection. Cattle were monitored daily for any signs of
clinical disease and the absence of any febrile response after
vaccination indicated that the vaccine preparation did not contain
infectious virus.

Experimental infection with JDVap/s7

All animals in this experiment were challenged intravenously with
an estimated 1000 IDsq of JDVrap/s7 quantified using capture ELISA
(Stewart et al., 2005). Clinical signs and rectal temperatures were
monitored daily up to 23 days post-infection. Blood samples were
collected into EDTA for plasma collection on days 0, 3, 5, 7 and any
days when the rectal temperature was >39.5 °C. Serum samples were
collected at 0, 4, 5, 10 and 13 weeks post-vaccination for all cattle and
samples from weeks 15, 17 and 26 were taken from the control GST
vaccinated group only.

Viral RNA quantification

Viral RNA was prepared from 280 pl of plasma from each time-
point using a QIAmp Viral RNA mini kit (QIAGEN) following the
manufacturer's instructions, with a final elution volume of 60 pl in
buffer EB. qRT-PCR was performed as previously described using
Access RT-PCR kit (Promega) (Stewart et al., 2005). Each sample was
assayed in duplicate using 2 pl RNA in a reaction volume of 25 pl with
fluorescence excited at a wavelength of 470 nm and detected at a
wavelength of 510 nm. The one-step RT-PCR protocol consisted of an
RT step at 48 °C for 45 min, a 3 min inactivation step at 95 °C, followed
by 40 cycles of 95 °C for 30 s, 58 °C for 30 s and 60 °C for 30 s. The
fluorogenic probe and primers were designed to amplify and detect a
121 bp fragment of the JDV gag gene as previously described (Stewart
et al, 2005). The limit of detection of the assay was 9.8 x 10> JDV
viral RNA copies over 35 cycles, equivalent to 4.2 10% JDV genome
copies/ml plasma.

Immunoblot and ELISA analysis of anti-JDV IgG responses

Serum samples were tested using a combination of ELISA and
Western immunoblot for the presence of antibodies to recombinant
JDV proteins using viral antigens expressed in E. coli strain JM109. All
recombinant viral proteins were derived from JDV1ag,s7 sequences
(Chadwick et al., 1995) and cloned into the PinPoint expression system
(Promega) as previously described (Desport et al.,, 2005). The JDV
recombinant constructs included p16 (matrix protein encoded by
nucleotides 229-604), p26 (capsid protein encoded by nucleotides
604-1287), ASU (N-terminal truncated surface unit protein encoded
by nucleotides 5556-6463) and Tat1 (encoded by nucleotides 5010-
5303). Western immunoblots were prepared using 2000 ng of the
recombinant proteins and after overnight transfer, membranes were
blocked using 5% skimmed milk in PBST for 30 min at room tempe-
rature. Test sera were diluted 1:50 in blocking solution and incubated
for 1 h at room temperature. A 1:2000 dilution of rabbit anti-bovine
IgG-HRP (BioRad) in PBS/T was used, followed by detection using the
Bio-Rad HRP detection reagents. Serological responses were further
investigated by ELISA using Maxisorb plates (Nunc). Coating antigens
were either recombinant JDV p26 (12.5 ng/well) or JDV p16 (50 ng/
well) or a cyclic JDV Tm peptide KVQTGLGCVPRGRYGHFD (1 pg/well)
equivalent to the BIV peptide TMA2 which has previously been
identified as encompassing the principle immunodominant domain
(Scobie et al., 1999). All dilutions were prepared in 5% skimmed milk
powder in PBS/T and plates were incubated at each step for 1 hat 37 °C
and then washed 3 times with PBS/T. A 1:2000 dilution of rabbit anti-
bovine IgG-HRP in PBS/T (BioRad) was used as the secondary antibody
in each assay and the BioRad HRP substrate reagent was added to the
plates and allowed to develop for 15 min. The reaction was stopped
with 2% oxalic acid and the absorbance was measured at 405 nm (A4qs).

Piecewise linear regression and statistical analysis

In order to supply missing data caused by variations in disease
onset or sampling intervals, a piecewise linear model was used which
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was fitted separately for the available data from each animal. The
model had 5 parameters; 3 inflection points (D, M and R), a growth
rate (a) and clearance rate (b). D, M and R were defined by time in
days to initial appearance of virus in plasma (day D) observed after
infection, when maximum plasma VL was achieved (day M) and when
net viral loss began (day R). In the model, t is time in days post-
infection and v is virus per ml. The four stages are defined in the
model as:

Delay stage Ln(v)=0 for t<D,
Growth stage Ln(v)=a(t—D) for D<t<M,
Plateau stage Ln(v)=a(M—D) for M<t<R,
Clearance stage Ln(v)=a(M—D)—b(t—R) for R<t.

R-M represented the duration of the plateau period where viral
growth and loss were approximately equal. Because the “slopes” a and
b were determined on the log (Ln) viral and linear time scales they
represented growth and clearance rates respectively on the untrans-
formed viral scale. The model parameters were estimated by
minimizing the total residual sum of squares between the observed
and fitted values and parameter estimates for the two groups were
compared with a two-tailed Students 2-sample t test. The sums-of-
squares for the differences between the measured data points and the
fitted points were calculated, and the Chi distribution used to assess
the goodness of fit of the piecewise regression.

Analysis of vaccine efficacy

Vaccine efficacy was determined by testing for differences in: (i)
VL on first and second days of fever and on first day after the end of
fever; (ii) duration of time and magnitude of VL where
AUC>10° genomes/ml; (iii) duration of the febrile period. The total
VL (AUC) for each animal was estimated by summing the areas under
each pair of observations that form sets of trapezoids. The trapezoid-
area was determined as h*([v+w]/2), where h was the time in days
between consecutive viral determinations (denoted v and w) in
genomes/ml. Where critical observations were missing (i.e. the start
and finish of viral excretion) the piecewise model was used to
estimate the time of these events so that a total AUC could be
estimated for each animal. The duration of the infectious period was
defined as the period where VL>10° genomes/ml. This was
determined as described above but with a baseline set at 10° rather
than zero. Linear interpolation between consecutive observations was
used to more accurately determine the time when VL exceeded or fell
below 10° genomes/ml. In three of the control animals (CB83, 85 and
86) and one vaccinated animal (CB78) the sampling finished before
the viremia fell below 10° genomes/ml so the piecewise model was
used to generate this data. This required extrapolation beyond the last
data point for 1 day for three animals and for 2 days for CB83 (Figs. 3
and 4). For data analysis in this study, rectal temperatures were
divided into ranges adapted from the method of Muraguri (Muraguri,
Kiara, and McHardy, 1999) taking 39.3 °C as the lowest significant
pyrexia. The ranges were defined as low fever (39.3 °C-40.2 °C),
moderate fever (40.3 °C-41.2 °C) and high fever (>41.2 °C).

Statistical analysis

The mean and 95% confidence limits for percentage viral load and
infectious period reductions were estimated using the method of
Coles et al. (1992). The VL on the first and second days of elevated
rectal temperatures (>39.3 °C), the first day after the febrile period
had resolved and the peak and area under the curve>10° genome
copies/ml values were logjo transformed to stabilise the variance
between groups. Student's t test was used for statistical compa-
rison of observed data and magnitude and duration of plasma VL.
P-values<0.05 were considered statistically significant.

Acknowledgments

This work was funded by the Australian Centre for International
Agricultural Research grant no. AS1/2000/029. We are grateful to the
staff at the Disease Investigation Centre in Bali for their careful
collection and processing of samples during the course of the infection
studies. All animal research complied with the ethics guidelines at the
Disease Investigation Centre, Denpasar.

References

Ambrose, Z., Thompson, J., Larsen, K., Kuller, L., Panicali, D.L., Clements, ].D., Agy, M.,
Montefiori, D.C., Hu, S.L, Bosch, M.L, 2003. Evidence for immune-mediated
reduction of viral replication in Macaca nemestrina mucosally immunized with
inactivated SHIV(89.6). Virology 308 (1), 178-190.

Brandin, E., Thorstensson, R., Bonhoeffer, S., Albert, J., 2006. Rapid viral decay in simian
immunodeficiency virus-infected macaques receiving quadruple antiretroviral
therapy. J. Virol. 80 (19), 9861-9864.

Chadwick, BJ., Coelen, RJ., Wilcox, G.E., Sammels, L.M., Kertayadnya, G. 1995.
Nucleotide sequence analysis of Jembrana disease virus: a bovine lentivirus
associated with an acute disease syndrome. J. Gen. Virol. 76 (Pt 7), 1637-1650.

Chen, P, Liu, Z.Q., Wood, C., 1994. Use of TrpE fusion protein to identify antigenic
domains within the BIV envelope protein. J. Virol. Methods 47 (3), 331-343.

Coles, G.C., Bauer, C., Borgsteede, FH., Geerts, S., Klei, T.R,, Taylor, M.A., Waller, PJ., 1992.
World Association for the Advancement of Veterinary Parasitology (W.A.A.V.P.)
methods for the detection of anthelmintic resistance in nematodes of veterinary
importance. Vet. Parasitol. 44 (1-2), 35-44.

Cook, R.F,, Cook, SJ., Berger, S.L., Leroux, C., Ghabrial, N.N., Gantz, M., Bolin, P.S., Mousel,
M.R., Montelaro, R.C., Issel, CJ., 2003. Enhancement of equine infectious anemia
virus virulence by identification and removal of suboptimal nucleotides. Virology
313 (2), 588-603.

Desport, M., Stewart, M.E., Sheridan, C.A., Ditcham, W.G., Setiyaningsih, S., Tenaya, W.M.,
Hartaningsih, N., Wilcox, G.E., 2005. Recombinant Jembrana disease virus gag
proteins identify several different antigenic domains but do not facilitate
serological differentiation of JDV and nonpathogenic bovine lentiviruses. J. Virol.
Methods 124 (1-2), 135-142.

Desport, M., Stewart, M.E., Mikosza, A.S., Sheridan, C.A., Peterson, S.E., Chavand, O.,
Hartaningsih, N., Wilcox, G.E., 2007. Sequence analysis of Jembrana disease virus
strains reveals a genetically stable lentivirus. Virus Res. 126 (1-2), 233-244.

Desport, M., Ditcham, W.G.F,, Lewis, J.R., McNab, TJ., Stewart, M.E., Hartaningsih, N.,
Wilcox, G.E., 2009. Analysis of Jembrana disease virus replication dynamics in vivo
reveals strain variation and atypical responses to infection. Virology 386 (2), 310-316.

Dharma, D.M., Budiantono, A., Campbell, R.S., Ladds, PW., 1991. Studies on experimental
Jembrana disease in Bali cattle. IIl. Pathology. J. Comp. Pathol. 105 (4), 397-414.

Diehl, L., Mathiason-Dubard, C.K., O'Neil, L.L., Hoover, E.A., 1996. Plasma viral RNA load
predicts disease progressionin accelerated feline immunodeficiency virus infection.
J. Virol. 70 (4), 2503-2507.

Fauci, A.S., Schnittman, S.M., Poli, G., Koenig, S., Pantaleo, G., 1991. NIH conference.
Immunopathogenic mechanisms in human immunodeficiency virus (HIV) infec-
tion. Ann. Intern. Med. 114 (8), 678-693.

Foil, LD., Adams, W.V., McManus, ].M., Issel, CJ., 1987. Bloodmeal residues on
mouthparts of Tabanus fuscicostatus (Diptera: Tabanidae) and the potential for
mechanical transmission of pathogens. J. Med. Entomol. 24 (6), 613-616.

Hartaningsih, N., Wilcox, G.E., Dharma, D.M., Soetrisno, M., 1993. Distribution of
Jembrana disease in cattle in Indonesia. Vet. Microbiol. 38 (1-2), 23-29.

Hartaningsih, N., Wilcox, G.E., Kertayadnya, G., Astawa, M., 1994. Antibody response to
Jembrana disease virus in Bali cattle. Vet. Microbiol. 39 (1-2), 15-23.

Hartaningsih, N., Dharma, D.M., Soeharsono, S., Wilcox, G.E., 2001. The induction of a
protective immunity against Jembrana disease in cattle by vaccination with
inactivated tissue-derived virus antigens. Vet. Inmunol. Immunopathol. 78 (2),
163-176.

Hawkins, J.A., Adams Jr., W.V., Wilson, B.H,, Issel, CJ., Roth, E.E., 1976. Transmission of
equine infectious anemia virus by Tabanus fuscicostatus. J. Am. Vet. Med. Assoc. 168
(1), 63-64.

Hosie, M., Dunsford, T., Klein, D., Willett, BJ., Cannon, C., Osborne, R., Macdonald, ].,
Spibey, N., Mackay, N., Jarrett, O., Neil, ].C., 2000. Vaccination with inactivated virus
but not viral DNA reduces virus load following challenge with a heterologous and
virulent isolate of feline immunodeficiency virus. J. Virol. 74 (20), 9403-9411.

Issel, CJ., Foil, L.D., 1984. Studies on equine infectious anemia virus transmission by
insects. J. Am. Vet. Med. Assoc. 184 (3), 293-297.

Issel, CJ., Horohov, D.W.,, Lea, D.F, Adams Jr., W.V., Hagius, S.D., McManus, ].M., Allison,
A.C.,, Montelaro, R.C., 1992. Efficacy of inactivated whole-virus and subunit vaccines
in preventing infection and disease caused by equine infectious anemia virus.
J. Virol. 66 (6), 3398-3408.

Kertayadnya, G., Wilcox, G.E., Soeharsono, S., Hartaningsih, N., Coelen, RJ., Cook, R.D.,
Collins, M.E., Brownlie, J., 1993. Characteristics of a retrovirus associated with
Jembrana disease in Bali cattle. J. Gen. Virol. 74 (Pt 9), 1765-1778.

Mascola, J.R., Lewis, M.G., Stiegler, G., Harris, D., VanCott, T.C., Hayes, D., Louder, M.K.,
Brown, C.R,, Sapan, C.V,, Frankel, S.S., Ly, Y., Robb, M.L,, Katinger, H., Birx, D.L., 1999.
Protection of Macaques against pathogenic simian/human immunodeficiency virus
89.6PD by passive transfer of neutralizing antibodies. J. Virol. 73 (5), 4009-4018.

Mazzetti, P., Giannecchini, S., Del Mauro, D., Matteucci, D., Portincasa, P., Merico, A.,
Chezzi, C., Bendinelli, M., 1999. AIDS vaccination studies using an ex vivo feline



324 W.G.E Ditcham et al. / Virology 386 (2009) 317-324

immunodeficiency virus model: detailed analysis of the humoral immune response
to a protective vaccine. J. Virol. 73 (1), 1-10.

Muraguri, G.R., Kiara, HK., McHardy, N., 1999. Treatment of East Coast fever: a
comparison of parvaquone and buparvaquone. Vet. Parasitol. 87 (1), 25-37.

Poli, G., Fauci, A.S., 1993. Cytokine modulation of HIV expression. Semin. Immunol. 5 (3),
165-173.

Raabe, MLL,, Issel, C.J., Montelaro, R.C., 1999. In vitro antibody-dependent enhancement
assays are insensitive indicators of in vivo vaccine enhancement of equine
infectious anemia virus. Virology 259 (2), 416-427.

Richardson, J., Broche, S., Baud, S., Leste-Lasserre, T., Femenia, F.,, Levy, D., Moraillon, A.,
Pancino, G., Sonigo, P., 2002. Lymphoid activation: a confounding factor in AIDS
vaccine development? J. Gen. Virol. 83 (Pt 10), 2515-2521.

Russo, P, Vituy, C., Fontaine, J.J., Vignoni, M., 1993. [Caprine arthritis-encephalitis: trial of
an adjuvant vaccine preparation. I. Clinical and virological study]. Comp. Immunol.
Microbiol. Infect. Dis. 16 (2), 131-136.

Sattentau, Q.J., 1996. Neutralization of HIV-1 by antibody. Curr. Opin. Immunol. 8 (4),
540-545.

Scobie, L., Venables, C., Hughes, K., Dawson, M., Jarrett, O., 1999. The antibody response
of cattle infected with bovine immunodeficiency virus to peptides of the viral
transmembrane protein. J. Gen. Virol. 80 (Pt 1), 237-243.

Setiyaningsih, S., Desport, M., Stewart, M.E., Hartaningsih, N., Wilcox, G.E., 2008.
Sequence analysis of mRNA transcripts encoding Jembrana disease virus Tat-1 in
vivo. Virus Res. 132 (1-2), 220-225.

Silvera, P, Richardson, M.\W., Greenhouse, ]., Yalley-Ogunro, J., Shaw, N., Mirchandani, J.,
Khalili, K., Zagury, J.E, Lewis, M.G., Rappaport, ., 2002. Outcome of simian-human

immunodeficiency virus strain 89.6p challenge following vaccination of rhesus
macaques with human immunodeficiency virus Tat protein. J. Virol. 76 (8), 3800-3809.

Soeharsono, S., Hartaningsih, N., Soetrisno, M., Kertayadnya, G., Wilcox, G.E., 1990.
Studies of experimental Jembrana disease in Bali cattle. I. Transmission and
persistence of the infectious agent in ruminants and pigs, and resistance of
recovered cattle to re-infection. J. Comp. Pathol. 103 (1), 49-59.

Soeharsono, S., Wilcox, G.E., Putra, A.A., Hartaningsih, N., Sulistyana, K., Tenaya, M.,
1995. The transmission of Jembrana disease, a lentivirus disease of Bos javanicus
cattle. Epidemiol. Infect. 115 (2), 367-374.

Stewart, M., Desport, M., Hartaningsih, N., Wilcox, G., 2005. TagMan real-time reverse
transcription-PCR and JDVp26 antigen capture enzyme-linked immunosorbent
assay to quantify Jembrana disease virus load during the acute phase of in vivo
infection. J. Clin. Microbiol. 43 (11), 5574-5580.

Waisman, A., Ruiz, PJ., Hirschberg, D.L., Gelman, A., Oksenberg, ].R., Brocke, S., Mor, F,
Cohen, LR, Steinman, L., 1996. Suppressive vaccination with DNA encoding a
variable region gene of the T-cell receptor prevents autoimmune encephalomyelitis
and activates Th2 immunity. Nat. Med. 2 (8), 899-905.

Wareing, S., Hartaningsih, N., Wilcox, G.E., Penhale, WJ., 1999. Evidence for immuno-
suppression associated with Jembrana disease virus infection of cattle. Vet.
Microbiol. 68 (1-2), 179-185.

Wilcox, G., 1997. Jembrana disease. Aust. Vet. J. 7, 492-493.

Yamamoto, ].K., Hohdatsu, T., Olmsted, R.A.,, Pu, R,, Louie, H., Zochlinski, H.A., Acevedo,
V., Johnson, H.M., Soulds, G.A., Gardner, M.B., 1993. Experimental vaccine protection
against homologous and heterologous strains of feline immunodeficiency virus.
J. Virol. 67 (1), 601-605.



	Vaccination reduces the viral load and the risk of transmission of Jembrana disease virus in Ba.....
	Introduction
	Results
	Development of IgG responses after vaccination and challenge
	Comparison of clinical responses after challenge with JDV
	Viral loads after vaccination and challenge with JDV
	Comparison of observed and fitted data
	Viral load in plasma of vaccinates and controls

	Discussion
	Materials and methods
	Animals
	Vaccination of cattle
	Experimental infection with JDVTAB/87
	Viral RNA quantification
	Immunoblot and ELISA analysis of anti-JDV IgG responses
	Piecewise linear regression and statistical analysis
	Analysis of vaccine efficacy
	Statistical analysis

	Acknowledgments
	References




