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Leptospirosis in three 
workers on a dairy farm 
with unvaccinated cattle

Jacqueline Benschop, Julie Collins-Emerson, Allie Maskill, Patrick 
O’Connor, Margaret Tunbridge, Yuni Yupiana, Jenny Weston

Leptospirosis is a zoonotic illness 
caused by spirochaetes of the genus 
Leptospira. The organism is carried by 

animals with chronic renal infection, which 
excrete the organism in urine. Human 
infection is by direct or indirect contact with 
infected animal urine, and this can include 
contact with damp soil and water. In New 
Zealand, maintenance hosts include both do-
mestic (eg, cattle, sheep, deer and pigs) and 
wild (eg, possums, hedgehogs and rodents) 
species.1 Six serovars have been isolated 
from New Zealand animals with Leptospira 
interrogans serovar Pomona (Pomona) and 
Leptospira borgpetersenii serovars Hardjo 
and Ballum responsible for most human cas-
es.2 Different serovars are associated with 
one or more maintenance hosts that have 
persistent renal carriage of leptospires and 
generally little or no signs of infection.3 Hu-
mans are an accidental host for leptospires. 

Since domestic farmed species play an 
important role in transmission to humans 
in New Zealand, livestock vaccination is a 
mainstay for the control of human leptospi-
rosis particularly in systems where there is 
regular and close contact between animals 
and people. Approximately 95% of dairy 
herds are vaccinated and all commercial pig 
producers are mandated to do so.4

The clinical illness in humans is typi-
cally biphasic. The early phase (5–7 days) 
is characterised by fl u-like symptoms of 
fever, muscle aches and headache. The 
late phase (4–30 days) is characterised by 
prolonged fever and a range of possible 
systemic complications, including jaundice, 
renal failure, respiratory insuffi  ciency and 
confusion. Up to 30% of those with acute 
disease suffer long-term effects such as 
depression and chronic fatigue.5 In 2015 
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there were 63 notifi ed cases of leptospi-
rosis in New Zealand.2 Of these, 36 were 
farmers or farm workers, nine worked in 
the meat processing industry and fi ve others 
worked in close contact with animals. These 
numbers are likely a signifi cant underes-
timate of true incidence as leptospirosis 
is under-ascertained both in New Zealand 
and internationally due to the non-specifi c 
clinical signs and the fact that the disease 
may be self-limiting.6 Additionally there may 
be a lack of awareness or suspicion by the 
doctor,7,8 and diagnostic tests are frequently 
not requested or the type of test selected is 
not optimal for the stage of the disease.8 In 
this report we describe a one-health investi-
gation of three cases of leptospirosis among 
workers on a dairy farm with unvaccinated 
cattle in New Zealand.

Case history
The affected individuals were employed 

on a 130 hectare dairy farm in the North 
Island of New Zealand. This was a seasonal 
calving (planned start of calving 20 July) 
herd milking 230 adult cows through 
a rotary milking shed (Herd 1). One of 
the workers periodically raised a small 
number of pigs near the milking shed and 
there were four pigs present at the time 
of the disease outbreak. The farm owners 
also had an adjacent dairy farm covering 
190 hectares and were milking 400 cows 
through a herring bone shed (Herd 2). The 
heifer replacements (approximately 160 in 
total each year) for both farms were reared 
together on nearby grazing blocks. None 
of the livestock on either of the farms had 
been vaccinated against leptospirosis and 
this had been the farm policy for at least 
20 years. There had been no evidence of 
disease due to leptospirosis among livestock 
on the farms. 

Three human cases of leptospirosis 
were notifi ed to Whanganui Public Health 
between January and March 2015. All 
were employed to work only on one of 
the dairy farms (Herd 1) and their work 
involved milking and general farm duties. 
They had no contact with cows from the 
adjacent farm (Herd 2). The individual 
cases were followed up by phone interview 
using standard report forms by one of 
the co-authors (MT). In addition to the 
formal notifi cation to health authorities, 
a co-author (JB) was notifi ed in March 
2015 by the local veterinarian attending 

the herd about two of the human cases. 
Serological testing of the cattle and pigs 
was organised through this veterinarian’s 
practice and the Institute of Veterinary 
Animal and Biomedical Sciences, Massey 
University (Massey University Animal Ethics 
Committee Approval No. 15/57). This case 
study has been recorded on the Low Risk 
Database, which is reported in the Annual 
Report of the Massey University Human 
Ethics Committee.

Clinical findings
Case A became acutely unwell while 

tramping on 25 January 2015 (day one), 
with sweats and chills, back and loin pain, 
and dry retching. He was transported to 
hospital by helicopter on day two and was 
treated with ceftriaxone. His condition 
was further complicated by hypotension, 
reduced renal function, pulmonary oedema 
and coagulopathy. On day six he was trans-
ferred to his local hospital, then discharged 
on day nine. Case A has continued to be 
unwell with severe lethargy, headaches and 
visual disturbances. He has not returned to 
full-time work.

Case B became unwell on 25 February 
2015 with chills and sweats, shaking and 
polyuria. He was seen by a general prac-
titioner on day two and commenced 
treatment with oral antimicrobials (doxy-
cycline). After initial improvement he felt 
worse two days later and was admitted to 
hospital on day four. He responded well to 
IV ceftriaxone and was discharged on day 
seven. He was soon able to return to work 
with no ongoing problems.

Case C became unwell on 14 March 2015 
with headache, and later that day muscle 
cramps and a high fever. He was seen at a 
local emergency clinic on day two, blood 
samples were collected and oral antibi-
otics (doxycycline) given. The headache 
worsened and he was seen at a hospital 
emergency department on day three. A CSF 
sample was taken and no abnormalities 
were detected. He was not admitted at this 
time but his clinical signs did not improve 
and he was admitted to hospital on day 
fi ve. He was treated with IV fl uids and oral 
doxycycline, and was discharged on day six. 
He recovered gradually over the next three 
months before returning to work full-time. 
He reports ongoing photosensitivity and 
alcohol intolerance.
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Table 1 reports the diagnostic test results. 
In each case initial samples were taken 
for an ELISA screen and a microscopic 
agglutination test (MAT: reference antigen 
panel Hardjo, Pomona, Ballum, Tarassovi, 
Copenhageni, Canicola, Grippotyphosa and 
Australis) within 48 hours of the onset of 
symptoms. In all three cases the fi rst Lepto-
spira ELISA screen test and two of three 
initial MATs were negative. Leptospira DNA 
was detected as early as four days after the 
onset of symptoms. 

Investigation of human cases
Case A was notifi ed on 30 January 2015 

and interviewed 9 February 2015 on return 
home from Hawkes Bay Hospital. Potential 
exposures included regular contact with 
cattle in dairy shed, being urinated on 
while in shed, having nicks and cuts on 
arms that were uncovered, contact with 
effl  uent and the recent shearing of sheep on 
lifestyle block.

Case B was notifi ed on 4 March 2015 
and interviewed 9 March 2015. He was 
the relief milker for Case A. Potential 
exposures included frequent contact with 
urine in the dairy shed, uncovered cuts on 
hands, splashes of urine in face, splashes 
of urine-contaminated water in face when 
washing down shed, exposed to blocked 
effl  uent pipe, which he repaired and he did 
not wash hands for some time afterwards, 
and exposure to pigs on the dairy farm.

Case C was notifi ed on 16 March 2015 and 
interviewed 19 March 2015. He reported 
regular contact with cattle in dairy shed 
and that he was usually vigilant about 
wearing PPE in shed (apron, gumboots, 
gloves, eye protection). He owned cattle at 
his home block that were sourced from the 
employer’s farm.

Investigation of cattle and pigs
Eighteen to 30% of the adult milking 

cows from Herd 1 had blood convenience 
sampled on two occasions, 12 days apart, 
in early March 2015 to determine infection 
status. Blood was also collected once from 
each of the four pigs. At fi rst sampling (6 
March), 41/230 cattle (18%) were sampled, 
while at second sampling (18 March) a 
further 68 cattle (30%), including some 
of the previously sampled animals, were 
sampled. Serum was tested using the MAT 
against Leptospira borgpetersenii serovars 
Hardjo and Ballum and Leptospira inter-
rogans serovars Copenhageni (Copenhageni) 
and Pomona. Urine was also collected from 
33 cattle at the second sampling from Herd 1 
to detect shedding of leptospires by real-time 
PCR targeting the gyrB gene. Cows from 
Herd 2 were also blood and urine sampled 
on the same dates and in similar propor-
tions (10–22%). Testing was performed at the 
Molecular Epidemiology and Public Health 
Laboratory (mEpiLab), Massey University.

In both herds on fi rst sampling there 
were many high titres (≥384) to Pomona 
and Hardjo. On second sampling there 
was a rise in the proportion of seropositive 
animals with higher titres, suggesting recent 
infections with Pomona and Hardjo. This 
was more pronounced in Herd 1 where 
35 (51%) of 68 had titres to Pomona at the 
second sampling with 21 of these 35 (60%) 
ranging from 384 to 3,072; the pattern was 
similar for Hardjo. In both herds there were 
cattle with titres to Ballum and Copen-
hageni but the number of positives and titre 
values were much lower and mostly seen 
in cows with high positive Hardjo and or 
Pomona titres, suggesting cross-reaction. 
For example in Herd 1, 19 (28%) of 68 had 

Table 1: Summary of diagnostic tests performed on three cases of leptospirosis.

Case Leptospira IgM ELISA* 
screen

Leptospira DNA Serology (microscopic 
agglutination test)

serovar

1st Sample 2nd Sample Sample Result 1st Sample 2nd Sample 

A neg(2) pos(13) urine1(4) detected 400(2) 200(13) Pomona

B neg(2) pos(15) urine1(7) detected <25(2) 200(15) Hardjo

C neg(2) pos(18) plasma2(4) detected <25(2) 400(18) Hardjo
Numbers in parentheses and italics refer to the days post onset of symptoms.
*Bioline Leptospira IgM, Standard Diagnostics, Gyeonggi-do, Republic of Korea.
1,2PCR performed at Canterbury Health Laboratories (primers based on Merien et al)9 and at a regional hospital 
laboratory (primers based on Smythe et al)10 respectively. The MATs  were performed at ESR using MoH funding.
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Ballum titres ranging from 24 to 96, and 
18 (95%) of these 19 also had high titres to 
either Hardjo or Pomona. Seven of 33 urine 
samples (21%) taken from cows in Herd 1 
were real-time PCR positive.

All four pigs had titres to Pomona (1 at 
3,072 and 3 at 1,536) and Copenhageni (1 at 
each of 192, 384, 1,536 and two at 1,536).

Follow-up
Farm staff and other visitors to the farm 

who were likely to come into contact with 
urine from the cows (eg, veterinarians) 
were advised to use personal protective 
equipment (aprons, gloves, visors and 
boots), pay attention to personal hygiene 
(eg, wash hands, no eating in the shed), be 
cautious around effl  uent and stop drinking 
raw milk. In addition, all farm staff in 
contact with the cows took oral doxycycline 
200mg weekly and this continued until the 
end of the milking season (mid-May 2015). 

All cattle (milking and non-milking) 
received a sensitising vaccine dose for 
Pomona and Hardjo on 17 March 2015 with 
a bivalent bovine leptospirosis vaccine 
(Leptoshield, Pfi zer Animal Health, West 
Ryde, NSW, Australia). They received a 
booster one month later and at dry off, all 
milking cows were treated with long-acting 
amoxicillin (15mg/kg, IM, Betamox LA, 
Noorbook, VIC, Australia). The whole herd 
is now on annual vaccination with calves 
receiving sensitising and booster doses at 
approximately three and four months of age.

The pigs were immediately slaughtered 
and were not processed for consumption. 
A rodent control programme was imple-
mented as there were reports of mice 
infesting the cattle feed (palm kernel 
expeller). An investigation into rodent Lepto-
spira carriage on the farm is in progress.11

Discussion 
Leptospirosis is usually sporadic in New 

Zealand but outbreaks have previously 
occurred. There were four leptospirosis 
outbreaks reported in 2008 and two in 2010 
involving 20 and fi ve cases, respectively. The 
outbreaks were all from farm or abattoir 
settings with exposure to infected animals 
or carcasses either confi rmed or suspected 
as the source of infection. Not all outbreaks 
are identifi ed as such, for example in the 

2008/2009 season, a small upper North Island 
abattoir experienced three human lepto-
spirosis cases among 20 staff, of which two 
were hospitalised. Symptoms included fever, 
headache, diarrhoea and meningitis. Two 
of the cases were associated with serovar 
Pomona.12 No stock slaughtered at the small 
upper North Island abattoir had been vacci-
nated. In August and September 2010 three 
cases were reported by clinicians to the local 
public health service in Wairarapa. All three 
individuals had worked on the same dairy 
farm during their incubation period, where 
there was an inadequate herd vaccination 
programme. Two cases were hospitalised 
with serovar Hardjo infection.13 In October 
2015, four meat workers from an eastern 
North Island meat plant that slaughters 
multiple livestock species were hospitalised 
with leptospirosis. Two are still suffering 
from post-leptospirosis symptoms—at the 
time of writing one is on shortened hours 
and the other unable to return to work. 
The outbreak at the eastern North Island 
meat plant was brought to the author’s (JB) 
attention by health and safety personnel at 
the plant. The vaccination status of livestock 
at this plant was unknown. 

For the outbreak described in this case 
series, all three individuals reported direct 
contact with cattle urine in the milking shed. 
A further risk factor was the spray irrigation 
of dairy shed effl  uent, and all reported 
contact with effl  uent while moving the irri-
gation equipment. Case A reported being 
“drenched” with effl  uent. It was also noted 
that there were pigs on the farm, and at the 
rural residence of one of the cases. 

There is debate about antibiotic treatment 
for leptospirosis,14 but there is a consensus 
that early treatment is better than delayed 
as it improves the prognosis. Although the 
cases here presented early in the clinical 
course (day 2) and were given antibiotics, 
all were hospitalised. There is also debate 
about the use of post-exposure prophylaxis,15 
which was given to staff in-contact with 
the milking herd until the herd had anti-
biotic treatment at drying-off. This was also 
combined with ensuring that all people on 
the farm were aware of the risk factors for 
infection and understood the measures that 
should be taken to avoid infection such as 
good hygiene and use of personal protective 
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equipment to cover mouth, eyes, nose and 
skin-breaks, when in contact with the cattle 
or their effl  uent. Prophylactic doxycycline 
has been used after leptospirosis outbreaks 
following severe fl ooding.16 The cases 
presented here illustrate the complexities 
when using laboratory test results for timely 
diagnosis and the advantages of using a 
suite of tests rather than a single diagnostic 
test. In all cases, an initial screen for Lepto-
spira IgM was negative—it is estimated that 
the median time from onset of symptoms to 
a positive test result is 7–14 days. PCR testing 
for Leptospira DNA is both an early (positive 
from four days post-onset) and rapid (the 
current turn-around time for this test when 
sent from a regional centre to a reference 
laboratory is about two days) test for 
leptospirosis. Most advice on management 
stresses the importance of a high level 
of suspicion for leptospirosis17 leading to 
clinical diagnosis and empirical treatment. 
Given the large proportion of cases in New 
Zealand among workers on farms and in the 
meat industry, occupational enquiry is an 
essential aspect of the clinical assessment.

In the current outbreak, two of three 
cases reported persistence of symptoms at 
least six months after the acute episode. 
Overseas work suggests up to 30% of those 
initially affected with leptospirosis suffer 
with symptoms long after they were fi rst 
unwell.5 A pilot case series conducted by 
some of the co-authors (summer 2015/16) 
studied post-leptospirosis symptoms in six 
men, who had independently contacted 
researchers at Massey University due to the 
persistence of symptoms after their acute 
episode. Persistence was defi ned as six 
months after diagnosis of the acute episode. 
These men reported loss of employment, 
disruption of community involvement 
and high emotional and fi nancial demand 
on their immediate families.18 Of the six 
interviewed, only two had returned to 
full-time employment. A common theme 
was the delay to diagnosis of the acute 
disease episode and reluctance of support 
workers to consider whether any persistent 
symptoms might be linked to the previous 
acute episode. The focus of leptospirosis 
research has been almost exclusively on 
the acute episode, a critical unanswered 
question is to describe and quantify 
post-leptospirosis symptoms so as to fully 

understand the burden leptospirosis places 
on rural New Zealanders, their immediate 
families and the community as a whole.

One unexpected fi nding with this outbreak 
of disease among workers on a dairy farm 
was the lack of evidence of clinical disease 
among the cattle. The majority of the cows 
on both farms would have been pregnant 
(1–6 months gestation at the time the farm 
workers became ill) and abortion is usually 
a common sequelae to infection, particu-
larly with Pomona.19 Other common signs 
of leptospirosis in cattle (reduced milk 
production, inappetance, fever, mastitis, 
haemolytic anaemia, haemoglobinuria, 
jaundice, death) were not detected in either 
of the herds or among the younger cattle 
from these herds which were grazing 
nearby. Although we do not have defi n-
itive evidence, this adds weight to current 
discussions on the role of cattle in the epide-
miology of Pomona infection; cattle may 
well be becoming a maintenance host for 
Pomona in New Zealand.20 Speciation of the 
Leptospira by sequencing the PCR positives 
would add support to this discussion but 
this was not attempted as in the outbreak 
situation the interest was in shedding per se 
rather than source attribution. 

The New Zealand Veterinary Association 
developed a risk management programme 
(Leptosure™) in 2002 that was aimed specif-
ically at dairy farms to protect farm staff 
and other farm visitors from leptospirosis.21 
While vaccination of domestic animals is 
considered a mainstay of disease control, 
other factors should also be taken into 
account in case of a vaccine breakdown. 
Waterways should be fenced off to prevent 
livestock contaminating them as well as these 
being a source of infection. Rodents and 
other wildlife need to be controlled partic-
ularly around stored feed, as they can be a 
source of Leptospira serovars not included in 
the usual livestock vaccines, eg, Ballum. Pigs 
should not be kept on cattle farms as they are 
the main source of Pomona infection, which 
can cause serious disease in cattle. Good 
personal hygiene when working around 
livestock and use of personal protective 
equipment are recommended. People should 
not be allowed to eat, drink or smoke when 
working around cattle or in a potentially 
contaminated environment. All staff should 
wear heavy-duty plastic aprons, rubber boots 
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and gloves when milking cows to defl ect 
urine splash. Gloves should be used for 
handling aborted material and people should 
cover cuts if they are going to be milking 
cows. Effl  uent requires careful disposal 
and should be sprayed onto paddocks well 
in advance of the next planned grazing. All 
cattle on the farm should be vaccinated from 
as early an age as possible; this includes beef 
cattle and breeding bulls, which are usually 
brought in for just a few months. Similarly, 
other species including deer, sheep, and dogs 
should be vaccinated against leptospirosis.

In summary, this outbreak of leptospi-
rosis is likely to have occurred because 
dairy farm workers were exposed to unvac-
cinated dairy cattle and pigs. Combining 
PCR testing for Leptospira DNA with MAT 
serology provided an early test result and 

epidemiological information. During an 
outbreak, having an early defi nitive diag-
nosis will raise suspicion of leptospirosis 
in subsequent outbreak cases. Follow-up 
investigations on this farm as part of a 
project on leptospirosis at the wildlife-do-
mestic species interface has shown Ballum 
infection, PCR-positive kidneys in 22 (96%) 
of 23 fi eld mice captured in October 2016, 
and sero-positivity in 26 (12.8%) of 203 
mixed-aged cattle sampled in April 2017. 
Thus, an integrated approach to control 
must continue to include vaccination of 
stock, use of personal protective equipment, 
personal hygiene, rodent control and shared 
awareness of risks. To date there have been 
no further human cases of leptospirosis 
associated with this herd.
1. Marshall RB, Manktelow BW. Fifty years 

Competing interests:
Nil.

Acknowledgements:
We gratefully acknowledge the farm workers for their involvement in this case study; 

Peter Wilson, Cord Heuer, Neville Haack, Marie Moinet, Sha Nisa, David Wilkinson and staff 
and students of mEpiLab and the Massey University Farm Services Clinic; Tim Scotland of 
Southern Rangitikei Veterinary Services and the farm owners for the investigation of the 

cattle and pigs. 
Author information:

Jackie Benschop, Co-Director and Senior Lecturer, Molecular Epidemiology and Public 
Health Laboratory, Institute of Veterinary and Animal Sciences, Massey University, 

Palmerston North and Global Leptospirosis Environmental Action Network; 
Julie Collins-Emerson, Laboratory Manager and Senior Research Offi  cer, Molecular 

Epidemiology and Public Health Laboratory, Institute of Veterinary and Animal Sciences, 
Massey University, Palmerston North; Allie Maskill, General Practitioner, Bulls Medical 
Centre, Bulls; Patrick O’Connor, Medical Offi  cer of Health, Whanganui Public Health, 

MidCentral District Health Board, Whanganui; Margaret Tunbridge, Health Protection 
Offi  cer, Whanganui Public Health, MidCentral District Health Board, Whanganui; 

Yuni Yupiana, PhD Candidate, EpiCentre, Institute of Veterinary and Animal Sciences, 
Massey University, Palmerston North; Jenny Weston, Dean of Veterinary Sciences, Institute 

of Veterinary and Animal Sciences, Massey University, Palmerston North.
Corresponding author: 

Dr Jackie Benschop, EpiLab, Institute of Veterinary Animal and Biomedical Sciences, Massey 
University, Private Bag 12222, Palmerston North. 

j.benschop@massey.ac.nz
URL:

http://www.nzma.org.nz/journal/read-the-journal/all-issues/2010-2019/2017/vol-130-no-1462-
22-september-2017/7367

CLINICAL CORRESPONDENCE



108 NZMJ 22 September 2017, Vol 130 No 1462
ISSN 1175-8716                 © NZMA
www.nzma.org.nz/journal

of leptospirosis research 
in New Zealand: a 
perspective. N Z Vet 
J. 2002; 50:61–3.

2. Institute of Environmental 
Science and Research 
Limited. Notifi able 
and other disease in 
New Zealand. Annual 
Report 2015. 2016.

3. Levett P. Leptospirosis. 
Clin Microbiol Rev. 
2001; 14:296–326.

4. WorkSafe New Zealand. 
Prevention and Control 
of Leptospirosis. 2015.

5. Goris MG, Kikken V, 
Straetemans M, et al. 
Towards the burden of 
human leptospirosis: 
duration of acute illness 
and occurrence of post-lep-
tospirosis symptoms of 
patients in the Netherlands. 
PLoS One. 2013; 8:e76549.

6. Costa F, Hagan JE, Calcagno 
J, et al. Global Morbidity 
and Mortality of Lepto-
spirosis: A Systematic 
Review. PLoS Negl Trop 
Dis. 2015; 9:e0003898.

7. Ganoza CA, Matthias 
MA, Saito M, Cespedes 
M, Gotuzzo E, Vinetz 
JM. Asymptomatic 
renal colonization of 
humans in the peruvian 
Amazon by Leptospira. 
PLoS neglected tropical 
di seases. 2010; 4:e612.

8. Picardeau M, Bertherat E, 
Jancloes M, Skouloudis AN, 
Durski K, Hartskeerl RA. 
Rapid tests for diagnosis of 
leptospirosis: Current tools 
and emerging technol-

ogies. Diagn Microbiol 
Infect Dis. 2014; 78:1–8.

9. Merien F, Amouriaux P, 
Perolat P, Baranton G, Saint 
Girons I. Polymerase chain 
reaction for detection of 
Leptospira spp. in clinical 
samples. J Clin Microbiol. 
1992; 30:2219–24.

10. Smythe LD, Smith IL, Smith 
GA, et al. A quantitative 
PCR (TaqMan) assay for 
pathogenic Leptospira spp. 
BMC Infect Dis. 2002; 2:13.

11. Benschop J, Collins-Em-
erson J, Heuer C, 
Vallee E, Wilkinson D. 
Leptospirosis at the 
human-livestock-wildlife 
interface. Proceedings of 
the Food Safety, Animal 
Welfare & Biosecurity, 
Epidemiology & Animal 
Health Management, and 
Industry branches of the 
NZVA Hamilton: VetLearn 
Foundation, 2016.

12. Fang F, Collins-Emerson JM, 
Cullum A, Heuer C, Wilson 
PR, Benschop J. Shedding 
and Seroprevalence of 
Pathogenic Leptospira 
spp. in Sheep and Cattle at 
a New Zealand Abattoir. 
Zoonoses and Public 
Health. 2015; 62:258–68.

13. McLean M, Ruscoe Q, Kline 
T, King C, Nesdale A. A 
cluster of three cases of 
leptospirosis in dairy farm 
workers in New Zealand 
N Z Med J. 2014; 127.

14. Brett-Major DM, Coldren 
R. Antibiotics for leptospi-
rosis. Cochrane Database 
Syst Rev. 2012:CD008264.

15. Brett-Major DM, Lipnick 
RJ. Antibiotic prophy-
laxis for leptospirosis. 
Cochrane Database Syst 
Rev. 2009:CD007342.

16. Dechet AM, Parsons 
M, Rambaran M, et al. 
Leptospirosis outbreak 
following severe fl ood-
ing: a rapid assessment 
and mass prophylaxis 
campaign; Guyana, 
January–February 2005. 
PLoS One. 2012; 7:e39672.

17. Mansell C, Benschop J. 
Leptospirosis is an import-
ant multi-species zoonotic 
disease in New Zealand. 
N Z Med J. 2014; 127:5–8.

18. Benschop J. Post Lepto-
spirosis Symptoms: a 
report prepared for the 
Hawkes Bay Medical 
Research Foundation. 
Palmerston North: Massey 
University, 2016.

19. Sanhueza JM, Heuer C, 
West D. Contribution of 
Leptospira, Neospora 
caninum and bovine 
viral diarrhea virus to 
fetal loss of beef cattle in 
New Zealand. Prev Vet 
Med. 2013; 112:90–8.

20. Dreyfus A. Leptospirosis 
in Humans and Pastoral 
Livestock in New Zealand. 
IVABS. Palmerston North, 
New Zealand: Massey 
University, 2013.

21. Cranefi eld S. Lepto-
sure – protecting all 
New Zealanders against 
leptospirosis. Society of 
Dairy Cattle Veterinar-
ians of NZVA, 2002.

REFERENCES:

CLINICAL CORRESPONDENCE


