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ARTICLE INFO ABSTRACT

Keywords: Leptospirosis is a zoonosis often associated with occupational exposure from livestock that can be prevented by
Leptospira animal vaccination. Several trials have assessed vaccine efficacy in livestock but there have been no attempts to
Hafdjo ] evaluate these trials jointly. This systematic review and meta-analysis aimed to estimate vaccine efficacy to
Vaccine efficacy prevent urinary shedding of Leptospira serovar Hardjo (Hardjo) in cattle. Three databases were used to search for
g;:;riig relevant papers published from 1980 to 2015 evaluating commercial vaccines to prevent urinary shedding of

leptospires after artificial conjunctival or natural challenge. A total of 1237 articles were initially identified.
Eight articles containing information from nine trials that assessed vaccine efficacy to prevent Hardjo urinary
shedding, as per bacteriological culture, were included in the meta-analysis. Fixed effects Mantel-Haenszel (MH)
and a Bayesian random effects meta-analyses were used to estimate the efficacy of vaccination to prevent Hardjo
shedding in urine. Vaccine efficacy against Hardjo challenge was 88.7% (95% CI 81.0%-93.2%) in the MH meta-
analysis and 89.9% (95% probability interval 80.6%-94.9%) in the Bayesian random effects meta-analysis.
There was no evidence of heterogeneity of study results (p = 0.17). The estimated vaccine efficacy to prevent
urinary shedding of Hardjo in cattle may be sufficient to reduce disease incidence in animals and exposure risk of

Meta-analysis
Bayesian analysis

people working in close contact with cattle.

1. Introduction

Leptospirosis is a zoonosis of world-wide distribution that in hu-
mans can result in a severe life threatening infection or a subclinical or
mild self-limited illness (Haake and Levett, 2015). Occupational ex-
posure to livestock is a risk factor for human leptospirosis worldwide
(Waitkins, 1986; Thornley et al., 2002; Adler and de la Pena
Moctezuma, 2010). Evidence suggests that a vaccination programme
comprising annual vaccination of animals is an effective way to reduce
the risk of infection in livestock and consequentially, transmission to
humans. In New Zealand for example, a reduction in the number of
human notified cases coincided with implementation of vaccination in
dairy cattle (Marshall, 1987).

Several studies have been conducted to evaluate urinary shedding of
leptospires after artificial or natural challenge in vaccinated animals
compared with unvaccinated controls. Early vaccination trials mostly
evaluated the effect of experimental Leptospira interrogans serovar
Pomona vaccines to prevent infection in cattle after artificial challenge.
In those trials, urinary shedding was measured by culture or dark field
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microscopy (DFM) and 100% vaccine efficacy was observed in some
(Hoag and Bell, 1955; Webster and Reynolds, 1955; Rhodes, 1960).
However, lower vaccine efficacy was reported by others (Gillespie and
Kenzy, 1958b, a; Kiesel and Dacres, 1959). In the 1970s, attention
changed to evaluating the efficacy of Hardjo vaccines, with results
ranging from 0%-100% efficacy in prevention of renal colonisation or
shedding of leptospires in urine of cattle challenged with Hardjo
(Strother, 1974; Tripathy et al., 1976; Bolin et al., 1991).

Urinary shedding of leptospires can be assessed by different
methods that vary in their ability to detect the organism.
Bacteriological culture has been widely used in the past but whereas its
specificity for detecting leptospires may be 100%, its sensitivity appears
to be low compared with fluorescent antibody (FA) and polymerase
chain reaction (PCR) techniques (Bolin et al., 1989a; Zuerner et al.,
2011; Ellis, 2015). Nevertheless, bacteriological culture is still com-
monly used in vaccination trials, although not without controversy
when it is the only method used for assessing shedding of leptospires in
urine since its lower sensitivity may overestimate vaccine efficacy
compared for example with PCR (Alt et al., 2012; Rinehart et al.,
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2012a).

Many factors may influence the efficacy of vaccination to prevent
shedding of leptospires in urine. For example, age at first vaccination
may be important, especially under farming conditions, since vaccina-
tion is less efficacious for reducing urinary shedding in already infected
than naive animals (Hancock et al., 1984). Also, vaccine composition
may influence efficacy since it has recently been suggested that
monovalent vaccines have a higher efficacy than multivalent vaccines
in activation of the immune system and prevention of shedding of
leptospires in urine (Brown et al., 2003; Ellis, 2015).

No formal comprehensive literature review or meta-analysis as-
sessment has reported of the efficacy of Leptospira vaccines to prevent
shedding of leptospires in urine. This systematic review and meta-
analysis aims to estimate the efficacy of commercial Hardjo vaccines to
prevent urinary shedding of leptospires in cattle.

2. Materials and methods

The review process and reporting of results were guided by the
preferred reporting items for systematic reviews and meta-analyses
(PRISMA) statement (Moher et al., 2009).

2.1. Research question

The meta-analysis aimed to estimate vaccine efficacy of Hardjo
commercial vaccines in cattle to prevent shedding of leptospires in
urine. Although the scope of the literature search also included articles
assessing the effect of vaccination on cattle, sheep and deer challenged
with Hardjo or Pomona; few articles evaluated the effect of vaccination
on any of these species after Pomona challenge, or on sheep or deer
after Hardjo challenge.

2.2. Literature search

An electronic literature search was conducted to include articles
published up to February, 2015. Article databases searched were the
Web of Science (including Science Citation Index Expanded and
Conference Proceedings Citation Index- Science, Biological Abstracts,
CABI: CAB Abstracts, Current Contents Connect, PubMed (MEDLINE),
SciELO citation index), Scopus and PubMed. Key-words used in the
search to select relevant studies were: [Lepto* OR Weil] AND [cattle OR
bovine OR cow OR calves OR deer OR cervine OR fawn OR sheep OR
ovine OR ewe OR lamb] AND [Vacc* or Immun*] AND [efficacy OR
effect* OR protect™ OR shed*]. The asterisk is used to extend the search
to related words with similar meaning, e.g. Vacc* searches for vaccine,
vaccination and vaccinate. Secondary sources of potentially useful
studies were PhD theses available from the Massey University library
and the book “Leptospira and leptospirosis” (Adler, 2015).

Table 1
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2.3. Screening of records

Article titles and abstracts were screened to select those that eval-
uated the effects of Leptospira vaccination in cattle only, since data for
the other livestock species included in the search were limited. This
selection included studies that evaluated antibody response with or
without leptospiral challenge and with, or without urinary shedding
assessment. Whenever a title/abstract was inconclusive for the decision
to exclude a publication, the article was considered for full-text eva-
luation.

2.4. Eligibility criteria

Full-text articles were reviewed for eligibility. Inclusion criteria
were: original articles (i.e. not reviews); articles evaluating vaccine
efficacy in a vaccination trial, under either natural exposure or artificial
conjunctival challenge; articles evaluating shedding of leptospires in
urine as an outcome measured by culture; and articles using commer-
cially available vaccines published from 1980 to 2015. No language
restriction was applied.

2.5. Data extraction

Information extracted for each article was title, authors, study type
(controlled trial or field trial), species used, vaccine information, age at
vaccination, time from vaccination to challenge, challenge source (ar-
tificial or natural), serovar, challenge dose, route used when challenge
was artificial, number of shedders in vaccinated and control groups,
and total number in vaccinated and control groups. Relevant informa-
tion from each article was summarised in an Excel spreadsheet. If re-
quired, authors were contacted for additional information.

2.6. Bias assessment for individual studies

Eligible articles were reviewed for evidence of bias using the tool for
assessing the risk of bias in randomised trials described by Higgins et al.
(2011). Bias domains assessed in the included articles were: random
sequence generation; allocation concealment; blinding of outcome as-
sessment; incomplete outcome data; and selective reporting. Each of
these domains were categorised into “low”, “high”, or “unclear” evi-
dence of bias (Table 1).

2.7. Meta-analysis

Two approaches were used to estimate the combined vaccine effi-
cacy: a fixed effects Mantel-Haenszel meta-analysis which used a con-
tinuity correction of 0.5 that was added to treatment arms with zero cell
frequencies in the 2 by 2 contingency table and: a Bayesian random
effects meta-analysis that used the data without adding a continuity
correction factor. Two approaches were used for comparative purposes

Systematic bias assessment of 12 articles according to the guideline for randomised trials (Higgins et al., 2011).

Author Random sequence generation Allocation concealment Blinding of outcome assessment Incomplete outcome data  Selective outcome reporting
Cortese et al. (2014) Unclear Unclear Low Low Low
Zimmerman et al. (2013)  Unclear Unclear Low Low Low
Rinehart et al. (2012b) Low Unclear Low Low Low
Zuerner et al. (2011) Unclear Unclear Unclear Low Low
Bolin and Alt (2001) Unclear Unclear Unclear Unclear Low
Ellis et al. (2000) Unclear Unclear Unclear Low Low
Bolin et al. (1989a) Unclear Unclear Unclear Low Low
Goddard et al. (1986) Unclear Unclear Unclear Low Low
Broughton et al. (1984) Unclear Unclear Unclear Low Low
Hancock et al. (1984) Unclear Unclear Low Low Low
Allen et al. (1982) Unclear Unclear Low Low Low
Mackintosh et al. (1980)  Unclear Unclear Unclear Unclear Low
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Fig. 1. A flow chart of systematic selection of studies used in the meta-analysis based on that of (Moher et al., 2009). *Four further studies were not used in the meta-analyses (see meta-

analysis exclusions for details).

since the use of a continuity correction factor could potentially bias the
results.

When an article reported results of independent subgroups, for ex-
ample when treated and control groups were from the same farm and
the study reported results of several farms, each subgroup was treated
as an independent trial in the analysis (Borenstein et al., 2009). When
the number of vaccinated and unvaccinated animals shedding leptos-
pires in urine was reported at different points in time during a trial, the
average frequency between the two points in the 2 by 2 table was
calculated.

Vaccine efficacy was estimated using the formula (1 — RR) x 100.
Mean vaccine efficacy estimate and 95% confidence interval (95% CI)
was reported for the Mantel-Haenszel fixed effect meta-analysis.
Median vaccine efficacy and 95% probability interval (95% PI) was
reported for the Bayesian random effects meta-analysis.

The Q statistic was used to assess heterogeneity of trial results.
Significance was evaluated at the alpha-level of 0.1.

Publication bias was not assessed since the number of studies in-
cluded in the meta-analysis was less than 10 (Higgins and Green, 2011).

2.8. Bayesian random effects model specification

A logistic regression model was used to model the proportion of
animals shedding Hardjo in the vaccinated and unvaccinated groups. A
beta distribution (0.5, 0.5) was used as flat prior for the proportion of
animals shedding in the unvaccinated group. A normal distribution of
mean = 0 and precision 1/tau® was used as flat prior for the vaccine
effect coefficient. Finally, a uniform distribution (0, 10) was used as
prior for the between study standard deviation (tau). A burn in of
20,000 runs was followed by 100,000 runs to generate model estimates.
Convergence was assessed visually using traceplots of three chains and
statistically using Gelman and Rubin diagnostics (Gelman and Rubin,
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1992).
2.9. Software

Analyses were done using R version 3.2.1 (R Core Team, 2015), and
the R package “metafor” (Viechtbauer, 2010), and JAGS (Plummer,
2003).

3. Results
3.1. Selection of articles

The number of articles screened, excluded and included in the meta-
analyses is shown in Fig. 1. The initial search of key-words identified
1237 titles after deduplication. Once title and abstract screening was
performed; 85 records were considered for full-text evaluation.

3.2. Data extraction and bias assessment

Results of the bias assessment are presented in Table 1. Nine trials
were reviewed for data extraction and assessment of systematic bias in
randomised trials (Higgins et al., 2011). Even though all studies used
random allocation of animals, if the method used was not clearly de-
scribed it was therefore classified as “unclear” risk. Allocation con-
cealment was not clearly described in any of the reviewed articles and
was therefore classified as “unclear” risk for all articles. All studies with
“low” or “unclear” risk of bias were used in the meta-analysis, if urinary
shedding information was available.

3.3. Meta-analysis exclusions

One article (Hancock et al., 1984) was excluded because it
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Table 2

Information extracted from nine trials in eight articles. The number of shedders and total in vaccinated and control groups was used in the meta-analysis.

Control shedding Control Total

Challenge to testing Vaccine shedding Vaccine total

Test

Serovar challenge

Age month Challenge

Species

Vaccine

Design

Author and Year

22
18
11

20
18
11

41

1-35days
7-55days
1-8weeks

1-6weeks

Culture
Culture
Culture

Hardjo
Hardjo
Hardjo
Hardjo
Hardjo
Hardjo
Hardjo
Hardjo

Artificial
Artificial
Artificial
Artificial
Artificial
Natural
Natural
Natural

0.8

Bovine

Monovalent
Polyvalent

Controlled trial

Cortese et al., 2014}

18
21

0.93
6

Bovine

Controlled trial
Controlled trial
Controlled trial

Zimmerman et al., 2013

Bovine

Polyvalent

Rinehart et al. (2012b) vaccine a

Zuerner et al. (2011)?
Bolin et al. (1989a)’

Culture
Culture
Culture

10
24
3.5
10
9.5

Bovine

Monovalent
Polyvalent

10
10
10
43

10

15

0.7 to calving

1-52weeks
4-56weeks

4.2

Bovine

Controlled trial

Field trial

Bovine

Polyvalent

Broughton et al., 1984 Calves

Culture

Bovine

Polyvalent

Broughton et al., 1984 Heifers during outbreak Field trial

Allen et al. (1982)%

15

39

Culture

Bovine

Polyvalent

Field trial

18 weeks post vac
Allen et al. (1982)°22 weeks post vac

Mackintosh et al., 1980

41

10

39

5.1

Culture
Culture

Hardjo
Hardjo

Natural
Natural

9.5

Bovine

Polyvalent

Field trial

10

0.93

10

Bovine

Polyvalent

Field trial

! Results of vaccinated animals in the two vaccine doses categories were combined for the analysis.

2 Result for vaccine monovalent 1.

3 Results averaged prior to meta-analysis.
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presented results from a follow-up of animals used in a previous vac-
cination trial (Allen et al., 1982). The studies reported by Goddard et al.
(1986) and Bolin and Alt, (2001) were excluded since the former re-
duced the vaccine dose by deliberate dilution, and in the latter it was
not possible to distinguish culture from FA results. Finally, culture and
FA results presented by Ellis et al. (2000) were not used since it was not
possible to differentiate urine and kidney culture results.

3.4. Meta-analysis

Eight articles containing information on nine trials were jointly
analysed to estimate the effect of vaccination on urinary shedding as
determined by bacteriological culture in animals without evidence of
infection at vaccination. A summary of the information extracted for
each trial included in the meta-analysis is presented in Table 2. The
estimated relative risk of shedding leptospires in urine of vaccinated
versus unvaccinated animals was 0.113 (vaccine efficacy 88.7%, 95%
CI 81.0%-93.2%) in the Mantel-Haenszel fixed effects meta-analysis
and 0.101 (vaccine efficacy 89.9% (95% PI 80.6%-94.9%) in the
Bayesian random effects meta-analysis. Fig. 2 shows the forest plot of
individual trial effect sizes and overall risk ratio. The study conducted
by Allen et al. (1982) reported urinary shedding at 18 and 22 weeks
after vaccination. The average number of animals at those two sampling
points is shown.

No statistically significant evidence of heterogeneity was observed
among effect sizes of individual trials (p = 0.17). However, an appar-
ently higher vaccine efficacy was observed in the two trials that as-
sessed the effect of monovalent vaccines on urinary shedding preven-
tion (100%) compared with the seven trials that assessed the effect of
vaccines with =2 serovars (87.0%, 95% PI 75.1%-93.3%).
Nevertheless, the two trials that used monovalent Hardjo vaccines were
conducted under controlled conditions and artificial challenge.
Artificial challenge trials had an apparently higher vaccine efficacy
(94.1%, 95% PI 88.4%-97.8%) than field trials using natural exposure
(84.7%, 95% PI 65.9%-94.0%).

4. Discussion

This meta-analysis showed that vaccine efficacy to prevent shedding
of Hardjo in urine, as measured by culture, was 89.9% using the
Bayesian random effects method and 88.7% using the Mantel-Haenszel
fixed effects method. A slightly wider 95% PI was observed in the
Bayesian random effects model compared with the 95% CI of the
Mantel-Haenszel fixed effects model.

Controversy exists for the use of bacteriological culture as the only
method to assess vaccine efficacy since its imperfect sensitivity may
result in an overestimate of vaccine efficacy (Alt et al., 2012). Never-
theless, the clinical and epidemiological significance of a positive urine
test result obtained using a more sensitive method (e.g. PCR or FA)
remains unclear since those tests may detect dead or non-viable lep-
tospires. It may be possible that vaccinated animals shed a lower
number of viable leptospires in urine after challenge than non-vacci-
nates, at concentrations not detectable by culture (Smith et al., 1994).
Therefore the 89.9% vaccine efficacy estimate determined here could
be higher than in reality. However, vaccination may be still capable of
reducing within-herd transmission of Leptospira, despite that some
vaccinated animals may still shed low numbers of viable leptospires in
urine undetectable by culture. Essential questions are the minimum
infectious dose for humans and animals, and whether the number of
leptospires shed in urine of some vaccinated animals is indeed below
this minimum.

A long-term annual vaccination programme for all animals on a
farm, when combined with appropriate biosecurity risk management
programmes reducing risk of exogenous exposure, should progressively
reduce the shedding rate and natural challenge, regardless of imperfect
efficacy of a single course of vaccination. Therefore, over time, the
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Vaccinated Control
Trial Shed(+) Total Shed(+) Total Relative Risk [95% ClI]
Cortese et al., 2014 0 41 10 11 <t— 0.014 [0.001, 0.216]
Zimmerman et al., 2013 4 18 18 18 —a— 0.243[0.108, 0.547]
Rinehart et al., 2012b 0 21 11 1 < = | 0.024 [0.002, 0.368]
Zuerner et al., 2011 0 8 7 7 < { 0.059 [0.004, 0.881]
Bolin et al., 1989a 1 15 5 5 } { 0.102 [0.022, 0.478]
Broughton et al., 1984_Calves 0 9 6 10 < i 0.085 [0.005, 1.318]
Broughton et al., 1984_Heifers 2 8 9 10 L 0.278 [0.082, 0.939]
Allen et al., 1982 2 39 13 42 | | 0.166 [0.040, 0.688]
Mackintosh et al., 1980 2 8 9 10 e 0.278 [0.082, 0.939]
Mantel-Haenszel fixed effects model ‘ 0.113 [0.068, 0.190]
Bayesian random effects model - 0.101 [0.051, 0.194]
I T 1
0.010 0.200 1.000
Relative Risk

Fig. 2. Forest plot of 9 trials included in the meta-analysis assessing the effect of vaccination to prevent shedding of leptospires in urine measured by bacteriological culture. The diamond
represents pooled mean effect and the 95% confidence interval (Mantel-Haenszel fixed effects) or 95% probability interval (Bayesian random effects model).

efficacy of a vaccine programme per se would be expected to be higher
than the vaccine efficacy estimated in this meta-analysis, which was
based on short-term, single-course, individual animal-level observa-
tions.

Some trials showed that the reduction of Leptospira shedding in
urine of cattle, as measured by FA, was not different between cattle
vaccinated with a multivalent vaccine and unvaccinated controls (Bolin
et al., 1989a; Bolin et al., 1989b). Later, it was observed that a mono-
valent Hardjo vaccine produced a stronger cell-mediated immune re-
sponse than a multivalent vaccine (Brown et al., 2003), which sug-
gested a relative superiority of monovalent Hardjo over multivalent
vaccines to prevent renal colonisation and urinary shedding of leptos-
pires in cattle. Although only 2/9 of the trials included in our meta-
analysis assessed the effect of monovalent vaccines on shedding pre-
vention, the relatively higher vaccine efficacy observed (100%) com-
pared with vaccines containing =2 serovars (87.0%) may suggest that
monovalent vaccines confer a higher protection to cattle. However,
trials that used monovalent Hardjo vaccines were also conducted under
controlled settings. Although not significantly different, there is a ten-
dency for trials conducted under controlled setting and artificial chal-
lenge to report higher vaccine efficacy (94.1%, 95% PI 88.4%-97.8%)
than field trials under natural challenge (84.7%, 95% PI 65.9%-94.0%).
More trials using monovalent Hardjo vaccines, particularly under farm
conditions and natural challenge, may have to be performed to provide
more conclusive data on the relative merit of monovalent versus mul-
tivalent Hardjo vaccines in cattle to prevent Hardjo shedding in urine.

Age at vaccination may be an important variable influencing vac-
cine efficacy in livestock under an endemic natural challenge situation
since the cumulative probability of infection increases with time at risk
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of exposure and vaccination is less effective for reducing urinary
shedding of leptospires when animals were already infected (Hancock
et al., 1984). The importance of age at vaccination was hypothesised
from a pilot study of vaccinated dairy herds that found a lower pre-
valence of urinary shedders in herds that vaccinated animals at the age
of <3 months compared to herds that started vaccinating at an older
age (Wilson et al., 2013). However, vaccination trials included in this
meta-analysis ensured animals were sero-negative at the time of vac-
cination and therefore the effect of age as a proxy for animals already
infected at the time of vaccination cannot be properly evaluated here.

Leptoispira interrogans serovar Hardjo (Hardjo-prajitno) and
Leptospira borgpetersenii seovar Hardjo (Hardjo-bovis) are two species of
Leptospira that are serologically undistinguishable. Vaccines containing
serovar Hardjo-prajitno were observed to cross protect cattle against
seovar Hardjo-bovis challenge (Ellis et al., 2000; Rinehart et al.,
2012b). Therefore, Hardjo species used in vaccines was not relevant for
the meta-analysis inclusion criteria.

In most articles reviewed there was insufficient information about
trial design and methods to permit assessment of bias, according to
available guidelines (Higgins et al., 2011). The risk of bias in those
studies was classified as “unclear”. This was especially evident for the
design criteria related to random sequence generation, allocation con-
cealment, and blinding of outcome assessment (Table 1). Although the
inclusion of studies with “unclear” risk of bias might have influenced
the results of the meta-analysis, limiting the meta-analysis only to
studies with “low” risk of bias would have left too few studies for
analysis. Guidelines for strengthening the report of clinical trials
(Schulz et al., 2010) and observational studies (von Elm et al., 2007)
are now available.
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Our meta-analysis was limited to trials evaluating the effect of
commercial vaccines on shedding of leptospires in urine of cattle after
natural challenge, or artificial conjunctival challenge with Hardjo that
were published from 1980 to 2015. Although articles published earlier
than 1980 evaluated the effect of vaccines on urinary shedding of
leptospires, they were mainly conducted using experimental vaccines
and “unnatural” challenge routes (intraperitoneal, subcutaneous, in-
tramuscular, and intravenous). Exceptions were the trials conducted by
Gillespie and Kenzy, (1958a), Gillespie and Kenzy, (1958b), and Kiesel
and Dacres, (1959) which assessed the efficacy of monovalent Pomona
vaccines to prevent shedding of leptospires in urine of cattle (by culture
or DFM) after artificial conjunctival challenge with Pomona. Results
showed vaccine efficacies of 100%, 100%, 58.3%, 33.3% and 0% in five
trials reported by those authors. The reason for limiting the timeframe
for inclusion of studies to the last 35 years was to reduce potential
differences in vaccine quality, challenge methodology and study design
standards.

5. Conclusion

A single vaccination course against Hardjo in cattle prior to chal-
lenge reduces the risk of urinary shedding, as measured by bacter-
iological culture, by a probability interval range of 80.6%-94.9% effi-
cacy. Although vaccine efficacy tended to be higher in trials that used
monovalent vaccines than those with =2 serovars, further evidence is
required to confirm the significance of this observation. The vaccine
efficacy estimate here can be used to inform strategies for reducing
exposure within cattle herds and to humans, and evaluate the eco-
nomics of vaccination.
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