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Abstract: Leptospirosis is a zoonotic disease of major public health concern in India. Bovines play
an important role in maintaining and transmitting this disease and proximity between dairy cows
and humans makes the dairy cow-human nexus a transmission route of public health interest, yet
one currently under-examined in North Eastern India. We report a cross-sectional survey carried
out on small-scale dairy farms in the states of Assam and Bihar in North Eastern India investigating seroprevalence for Leptospira interrogans serovar Hardjo, the most common pathogenic serovar
reported in cattle worldwide. Higher seroprevalence was reported on dairy farms in Bihar 4.5%
(95% CI 2.6–7.5%) than in Assam 1.2% (95% CI 0.42–3.6%), but overall seroprevalence levels were
low. The study is the first indication of leptospirosis circulating in small-scale dairy farms in these
states. To correlate farming practices with zoonotic risk, we combined results from a dairy farmer
questionnaire with cow seroprevalence. However, low seroprevalence levels found in this study
made the identification of risk factors difficult. Nevertheless, poor farming practices around hygiene
and biosecurity on dairy farms have been highlighted. Implementing simple measures could mitigate
environmental contamination, and therefore, reduce the risk of Leptospira interrogans, and other
zoonoses transmission, at the animal-environment-human interface.
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1. Introduction
Leptospirosis is an important re-emerging zoonosis across the world [1,2]. In India,
leptospirosis is endemic in both human and animal populations [3,4], with the country
listed as a global hot spot [5] for the disease. Non-specific clinical symptoms of leptospirosis
in both humans [6] and animal populations, specifically livestock, is problematic [7],
contributing to underreporting and misdiagnosing of this zoonotic disease in India [8,9]. In
recent years, there is increasing interest in strengthening human leptospirosis surveillance
systems [10]; however, this focuses on human cases only and neglects the numerous animals
who act as carriers, as well as environments contaminated from infected animals [11,12].
Such human-based surveillance approaches are problematic in endemic states of India
where cattle have been identified as important hosts for several Leptospira serovars [8,9,13].
Pathogenic serovars of Leptospira interrogans are the most common found in cattle [7,13], of note is Leptospira interrogans serovar Hardjo, which causes important reproductive losses and economic impacts at the farm level [1,13,14]. In India, vaccination
against leptospirosis in cattle is currently not practiced [7]. Previous bovine studies have
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adopted a seroepidemiological approach, describing very different Leptospira spp. infection patterns across Indian states [1,15–17]. Factors such as geographical locations [18],
farm reproductive histories [12], and diagnostic methods used [19,20] all contribute to a
varied understanding of bovine leptospirosis seroepidemiology. High antibody titres for
leptospirosis in human patients have been found in the states of Bihar and Assam in the
North-Eastern province of India [21]. These states suffer from heavy rainfall and severe
floods, believed to cause increased regional transmission risks for humans [2,10]. Despite
vast cattle populations in these states [22] and the increased occupational risk of Leptospira
spp. infection in dairy farmers, exposed through working barefoot, manually milking, and
lacking protective clothing [7,14,23], the role of dairy farms in maintaining and transmitting
this zoonotic pathogen, has received little attention thus far.
Studies in a developing world context, which focus solely on serology, fail to give
sufficient insight into sustainable disease control options [24]; to understand leptospirosis
epidemiology in cattle and indeed the zoonotic risk to humans, observing more than bovine
serological prevalence is needed [25]. To this end, a farmer questionnaire was developed
in this study to investigate farming practices on small-scale dairy farms in Assam and
Bihar. Assessing knowledge, attitudes, and practices (KAPs) of livestock keepers has
proven helpful in the design of control strategies and health education campaigns for other
diseases [26], with research showing how good farmer knowledge, attitudes, and practices
relating to leptospirosis improved initiation of relevant control measures [27]. Therefore,
understanding farmer behaviour on farms will allow for sustainable intervention measures
to be implemented.
The current lack of data on zoonotic pathogens at the farm level is hindering farmers,
agricultural organisations, veterinary and medical services in evaluating the need for
implementing disease control procedures in North Eastern India [28]. The objective of
this cross-sectional study was to not only generate another estimate of bovine Leptospira
interrogans serovar Hardjo seroprevalence but to contextualise seroprevalence levels within
these two states through evaluating dairy farmers practices and behaviour and create an
integrated overview of host-pathogen interactions, to determine potential pathways to
mitigate leptospirosis transmission.
2. Materials and Methods
2.1. Sampling Design
A cross-sectional study was conducted in the two North-East Indian states Assam
and Bihar from 2015–2016 using a multistage sampling technique for household sample
selection in both states. The selection has been described in detail before [28], but in short
three districts, each from the 33 districts in Assam and 38 districts in Bihar, were selected,
guided by consultations with the Animal Husbandry and Veterinary Department officials
of each state given the district’s potential for dairy development. Availability of primary
laboratory support, as well as safety of the study team, were also considered during the
selection of the districts. Accordingly, Kamrup, Golghat, and Baska districts were selected
from Assam and Patna, Nalanda, and Vaishali districts were selected from Bihar. In the
second stage, two community development blocks (CDBs) from each district (one rural and
one urban) were selected. In Patna district, one peri-urban CDB was also included. Thus, a
total of 6 CDBs in Assam and 7 CDBs in Bihar were selected. From each CDB, 4 villages
were selected randomly from villages with sizeable dairy cattle and buffalo populations,
and from each selected village, 10 households having large ruminants (cattle and buffalo)
were selected randomly from a list.
Assuming household level estimate of the prevalence to be 15% for infection, at 95%
level of confidence and 5% precision in the estimates, the sample size was calculated to
be 196 and to account for a small design effect because of clustering, the aim was to target
240 households in each state [29].
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2.2. Ethical Approval
The study was approved by Institutional Research Ethics Committee (IREC) at International Livestock Research Institute (ILRI) ILRI-IREC 2015-12 and IREC 2017-01, IACUC
2017-05, as well as the Institutional Animal Ethics Committee, Indian Council of Agricultural Research (ICAR) and the CGIAR Research Programme on Agriculture for Nutrition
and Health. All the farm owners were informed about the study and consented to participate and for data to be published.
2.3. Data Collection
During fieldwork, 534 dairy farmers were interviewed in the local language using a
pre-tested questionnaire with closed questions to collect data on demographics, as well
as on farming systems, milking, and husbandry practices. The questionnaire was piloted
in the area before the start of the survey, and the interviewing personnel were trained
to use a common methodology. From each household, up to three adult lactating cows
were selected for sampling as described previously [28], samples were transported to
ICAR-NIVEDI, Bangalore, and stored at −20 ◦ C until tested. Animal data and data on
clinical signs were collected to correlate with seroprevalence.
2.4. Serological Sampling
The serum samples from 680 cows and 22 buffaloes were tested for Leptospira serovar
Hardjo in serum by Priocheck L. Hardjo Ab indirect ELISA kit, Prionics AG, Switzerland [30].
The use of an ELISA antibody test showed a 90% correlation to MAT in one study and was
deemed a good alternative for diagnosing leptospirosis [31].
Samples were run in singles following the manufacturer’s instructions, results were
interpreted based on percent positivity (PP). PP = Corrected optical density (OD) of test
serum/Corrected optical density (OD) of reference test serum × 100:
PP = <20%: Negative for L. Hardjo specific antibodies
PP = 20–45: Inconclusive results (antibodies may be present)
PP = >45%: Positive for L. Hardjo specific antibodies
A random set of 19 samples were run blindly in duplicates with no conflicting results,
to control for repeatability.
2.5. Statistical Analysis
Data were entered into Microsoft Excel and analysed using ‘R’ statistical software [31].
All 22 buffalo samples were seronegative. Given the scarcity of buffalo numbers, combined
with a serovar-specific species study approach, these 22 samples were excluded from the
statistical analyses. Therefore 680 cows from 531 farms were used in the final analysis.
Initial univariable analyses were conducted using Chi2 or Fisher’s exact testing to identify
each potential risk variable for Leptospira serovar Hardjo seropositivity. For the univariable
analyses, it was decided to treat the inconclusive values as seronegative samples, to not
risk a bias away from null. Given the low level of seroprevalence and the low number of
risk factors with a p < 0.1 in the univariable analyses (Table 1), a multivariable model was
not conducted.
Table 1. Univariable analysis for risk factors associated with L. serovar Hardjo farm seroprevalence at p < 0.1.
Risk Factors

Risk Variables

Number of Positive Farms
and Seroprevalence (%)

95% Confidence
Interval

State

Bihar

13/289 (4.5%)

2.4–7.6

Assam

3/243 (1.2%)

0.26–3.6

Kamrup

2/81 (2.5%)

0.30–8.6

Golghat

1/81 (1.2%)

0.03–6.7

Baska

0/80 (0%)

0–4.5%

District

p-Value *
p = 0.04

p = 0.07
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Table 1. Cont.
Risk Variables

Number of Positive Farms
and Seroprevalence (%)

95% Confidence
Interval

Patna

6/121 (5.0%)

1.8–10.4

Nalanda

6/86 (7.0%)

2.6–14.6

Vaishali

1/82 (1.2%)

0.03–6.6

Floor type

Concrete
Earthen
Other

10/250 (4.0%)
2/203 (0.99%)
4/77 (5.2%)

1.9–7.2
0.12–3.5
1.4–12.8

p = 0.06

Farms where cows can have
contact with dogs

Yes
No

1/147 (0.68%)
15/384 (3.9%)

0.02–3.7
2.2–6.4

p = 0.08

Risk Factors

p-Value *

* Fisher’s exact test.

3. Results
In total 531 dairy farms were included in this study, 243 in the state of Assam and
288 in the state of Bihar, and 3 farms with buffalos only were excluded. We sampled 680
dairy cows, 337 cows in Bihar, and 343 in Assam. Figure 1 below shows study districts
in Bihar and Assam. Of the 531 dairy farmer respondents to the questionnaire, 38 were
female (7%, CI 5–10) and 493 were male (93%, CI 90–95%). The mean number of people
living in a farming household was seven (SD 3.38). Of the farmers interviewed, 49% were
between 41–60 years of age, 29% were between 21–40 years, 19% were over 60 years and
3% were under 20 years of age. Farmers’ education level varied with 43% attending school
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Farmer gender, age, and education level were not associated as risk factors for farm
seroprevalence (p > 0.5, p > 0.7, p > 0.3, respectively). Farm size was categorised as small
(<4 milking or dry cows), medium (4–10 milking or dry cows), or large (>10 milking or
dry cows), where 77% (412) of farms fell into the small farm size category, 17% (88) were
medium-sized and 6% (31) were large-sized farms. Farm size was not identified as a risk
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results, 300 were from cows in Bihar and 329 from cows in Assam. Of the 35 inconclusive
results, 24 were from cows in Bihar and 11 from cows in Assam.
If the inconclusive results would be considered positive, the seroprevalence in Bihar
would be 11.3% (38/337, 95% CI 8.1–15.1%), and in Assam 3.8% (13–343, 95% CI 2.0–6.4%).
Seropositive results for 16 cows from 16 different dairy farms were found. Significantly
(p < 0.03) more farms had positive cows in the state of Bihar (13 cows, 3.9%, 95% CI
2.3–6.5%; 13 farms, 4.5 %, 95% CI 2.6–7.5%) than Assam (3 cows, 0.87%, 95% CI 0.3–2.5%;
3 farms, 1.2%, 95% CI 0.42–3.6%). At the district level, Nalanda district in the state of Bihar
had higher seroprevalence on farms (6 cows, 7.2%, 95% CI 3.3–15% and 6 farms, 7%, 95%CI
(3.2–14%) than other districts (Table 1). Univariable analysis was carried out to identify
farm variables associated with farm seroprevalence, state, district, floor type, and farms
where cows were in contact with dogs were found to be associated with seroprevalence
risk (Table 1).
3.1. Risk Factors Associated with Farm Seroprevalence
Farmer gender, age, and education level were not associated as risk factors for farm
seroprevalence (p > 0.5, p > 0.7, p > 0.3, respectively). Farm size was categorised as small
(<4 milking or dry cows), medium (4–10 milking or dry cows), or large (>10 milking or
dry cows), where 77% (412) of farms fell into the small farm size category, 17% (88) were
medium-sized and 6% (31) were large-sized farms. Farm size was not identified as a risk
factor for seroprevalence (p > 0.2). Floor types in cowsheds were categorised into concrete,
earthen, or other; 47%(250) of farms reported to have a concrete floor, 38% (203) had an
earthen floor 1% (4) had floors of other materials, and 14% (74) farms had no report on
floor type. Farms, where dairy cows are kept on concrete floors, had (p = 0.08) higher
seroprevalence than farms with earthen or other floor types.
Rearing systems on the farms were described as fully stalled (59%, 315 farms) or partly
stalled with part-time grazing (41%, 216 farms); neither system was identified as a risk
factor for seroprevalence (p = 1). Among the 26% (140) of farms who introduced new cattle
into their herds over the last 12 months, small farms significantly (p < 0.001) introduced
more cattle than medium and large size farms but the introduction of new animals was not
associated as a risk factor (p > 0.2). Out of the 140 farms that had introduced new animals,
37% (52) reported having done so from an unknown source. Artificial insemination (AI),
as opposed to natural mating with a shared bull, was the predominant method used
for breeding cows on 74% of farms, it was not associated with infection risk (p > 0.3).
Significantly more (p < 0.01) small-sized farms vaccinate their herds against foot and mouth
disease (FMD) than medium and large-sized farms, vaccination was not associated with
farm seroprevalence. Regarding milking practices, all 100% (531) of farms use the hand
milking method with a mean of 1.4 (SD 0.86) persons in charge of milking. Moreover, 9%
(50) of farmers reported never cleaning the udder before milking, 91% (481) reported doing
it infrequently, no farms reported doing it as routine practice. Udder hygiene was not
associated as a risk factor for farm seroprevalence (p > 0.4).
After a normal calving or abortion, 45% (238) of farmers report to throw away the
placenta, with 55% (288) disposing of it by burying it. While disposal of cow placenta was
not found to be a risk factor for farm seroprevalence (p > 0.15), correct disposal should be
more actively encouraged.
Only one of the seroprevalent dairy farms allowed mixing between cows and dogs and
this was not identified as a risk factor as seen in Table 1. Contact between cows and other
species; sheep, goats, pigs, cats or poultry, was also not associated with seroprevalence
(p > 0.45, p > 0.3, p > 1, p > 0.3, p > 0.4, p = 1). Moreover, 38% (202) of farms reported
possible contact between their cows and wild mammals such as rats and boars, this was
not associated with increased seroprevalence risk (p > 0.4).
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3.2. Risk Factors Associated with Cow Seropositivity
The mean age of seronegative cows was 5.48 (SD 2.3) years, and 5.94 years (SD 2.2) for
seropositive cows, with a mean number of lactations of 2.5 (SD 1.2) for both seropositive
and seronegative cows. Age above 5 years was significantly (p = 0.01) associated with
increased seropositivity. Of the 16 seropositive cows, one cow was identified as being a
local breed and the remaining 15 were crossbreds. The mean body condition score (BCS),
which was scored from 0–5, for seropositive cows was 4 (SD 0.78), neither breed (p > 0.1)
nor BCS (p = 1) were identified as risk factors for seropositivity. Clinical histories on the
680 cows showed that 6% (40) were reported to have aborted in the last 12 months, 16%
(108) were reported to have repeat breeding, 4% (28) had retained placenta after calving
and only one cow (0.1%) was reported to have had a stillbirth. Of the 680 cows, 69 were
reported to have signs of mastitis during the last 12 months, for 374 cows an unknown
history of mastitis was reported. For the 16 seropositive cows, their clinical histories for
the previous 12 months showed that one had aborted, three had retained cleanings, and
four had suffered mastitis. No association was found between seropositive cows and the
presentation of these clinical signs (p = 1 for abortion, retained cleaning, mastitis). Retained
placenta or stillbirths were not reported in any of the seropositive cows.
Of the 16 cows seropositive for L. serovar Hardjo, eight were found to have seropositive
results for Coxiella burnetii, another zoonotic bacterial pathogen. When we compared these
two categorical variables, we found that having an L. serovar Hardjo positive result was
significantly associated with having a Coxiella burnetii seropositive result (p < 0.001).
For the eight cows that had both L. serovar Hardjo and C. burnetii seropositive results,
we examined if they had clinical histories of abortion, repeat breeding or mastitis, to see
if cows with both pathogens were more at risk of presenting with clinical signs but there
was no significant association between clinical signs with comorbidity (p = 1). Of these
eight seropositive cows for both L. serovar Hardjo and C. burnetii, one cow was reported to
have aborted, three were reported to have had repeat breeding and two had reported signs
of mastitis. Table 2 highlights the variables of state, district, age of cows, and presence of
other pathogens, as these were found to be risk factors associated with L. serovar Hardjo
cow seropositivity.
Table 2. Univariable analysis for risk factors associated with L. serovar Hardjo cow seropositivity.
Risk Factors
State

Risk Variables

Number of Positive Cows/Total
Tested (Seropositivity %)

95% Confidence Interval

p-Value

Bihar

13/337 (3.9%)

2.1–6.5

Assam

3/343 (0.87%)

0.2–2.5

Kamrup (capital)

2/163 (1.2%)

0.15–4.4

Golghat

1/90 (1.1%)

0.03–6.0

Baska

0/90 (0%)

0–4.0

Patna (capital)

6/158 (3.8%)

1.4–8.1

Nalanda

6/84 (7.15%)

2.7–14.9

Vaishali

1/95 (1.1%)

0.03–5.7

Age levels

Cows >5 years
Cows <5 years

15/404 (3.7%)
1/274 (0.36%)

2.1–6.0
0.009–2.0

p = 0.005 a

Serological status for
Coxiella burnetii

Negative
Positive

8/571 (1.4%)
8/92 (8.7%)

0.61–2.7
3.8–16.4

p < 0.001 a

Districts in Assam

Districts in Bihar

a

Chi-2 test, b Exact Fisher test.

p = 0.01 a

p = 0.024 b
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4. Discussion
The bovine seroepidemiological scenario described in our study corresponds to that
of other studies in India and beyond [4,7,25] where geographical location is an influencing
factor in bovine leptospirosis prevalence [7,16,20]. Our study found varying serological
prevalence between states and within districts. We found higher seroprevalence on smallscale dairy farms in Bihar 4.5% (95% CI 2.6–7.5%) than Assam 1.2% (95% CI 0.42–3.6%),
and higher seroprevalence within the Nalanda district of Bihar (7%, 95% CI 3.2–14%).
Previously, only large-scale organised dairy farms in other states had been investigated for
leptospirosis prevalence, describing seroprevalences in the different states between 3.7 and
30.4% [7]. With dairy cattle acting as important reservoirs of Leptospira interrogans serovar
Hardjo [12,17,32,33] and Indian dairy farmers being highly exposed to Leptospira spp. [3,9];
this cross-sectional study allows for a timely, first estimate of apparent prevalence among
small-scale dairy farms in Assam and Bihar. The prevalence was towards the lower end of
the reported range suggesting small farm size may be risk-mitigating.
Microscopic agglutination test (MAT) is regarded as the gold standard reference
serological test for bovine leptospirosis [34] but maintaining large numbers of serovars of
L. interrogans for the MAT method is a logistical and financial challenge [7]. The use of the
Leptospira serovar Hardjo indirect ELISA kit in this study avoided additional expense and
time in comparison to the MAT method [35], acting as a quick and inexpensive screening
tool [7,16], thereby providing an insight into how larger-scale, future herd screening
programmes could be achieved. The interpretation of a single indirect ELISA result, as done
in this study, must be done with caution; low antibody titres do not exclude a diagnosis
of leptospirosis, as titres are often low in acute disease and maintenance hosts [36], and
the test is focused of only one of many serovars. A second round of sampling should be
incorporated into future study designs to offset this diagnostic limitation. This study only
included ELISA results as positive if they were above the threshold, and all inconclusive
results were considered negative, as it was not possible to re-test the animals. This likely
gave a lower prevalence than in reality, and it could have biased the analyses of associations,
but likely more towards null.
Farmers rely heavily on livestock production in the states of Bihar and Assam [37]
bringing to the fore the importance of understanding human-animal contact patterns in
these areas if zoonotic disease risks are to be reduced [38]. Serological surveillance has a
role; however, understanding farming practices is key for developing long-term, effective
control strategies [27]. The proximity between cattle and their human handlers, especially
on dairy farms [39] makes dairy cattle a species of particular interest when investigating
leptospirosis transmission pathways [40]. Understanding transmission dynamics and the
cultural characteristics of a community faced with the problem of leptospirosis [41] will
mitigate transmission risks at the animal-environmental interface humans [9]. Using a
farmer knowledge, attitudes, and practices questionnaire, an insight into animal-human
contact patterns was achieved in this study.
The results from our univariable analysis identified only four risk factors for seroprevalence; state, district, floor type, and contact between cows and dogs. Low seroprevalence
found overall, especially in Assam, contributed to few risk factors being identified. Nevertheless, this does not undermine the important insights we gained into farming practices
on small-scale dairy farms. Poor milking hygiene and substandard biosecurity practices
were apparent from the farmer KAP responses, an important finding given how farming
practices are intrinsically linked to animal and human health [42,43].
Our study found that 45% of the farmers interviewed did not dispose of the placenta
correctly (i.e., bury it) after abortion or calving. Coxiella burnetii, Chlamydia abortus, Brucella
spp. and Leptospira spp. are just some bacterial zoonotic agents capable of contaminating
the environment through placentas and postpartum fluid [44–46], thereby contributing
to the spread of infection at the human-cattle nexus [46]. Moreover, 28% of dairy cows
in this study have contact with dogs and 19% have contact with cats, with dogs and
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cats recognised as potential mechanical vectors of infected bovine material [47], and such
mixing of species could increase environmental contamination.
The presence of a second bacterial zoonotic pathogen, Coxiella burnetii, was found to
be associated with increased Leptospira interrogans serovar Hardjo seropositivity in cows
in this study. No other study in these states of India has investigated this co-morbidity in
cattle to the authors’ knowledge. The presence of a second zoonotic agent on these dairy
farms highlights potential multiple disease transmission pathways. Poor knowledge of the
disease, combined with high-risk behaviours, strengthens the logic for including health
education as part of zoonoses control programmes [27,46].
All 531 dairy farmers in this study hand milk, and no farmer reported always, routinely
cleaning the udder before milking. Improved udder hygiene in small scale-dairy farms, in
combination with other measures, lowers the prevalence of contagious pathogens on the
udder and in the milk [48]. Other bovine zoonotic pathogens such as Listeria spp., Salmonella
spp., Staphylococcus aureus, and Streptococcus spp. and livestock-associated methicillinresistant S. aureus are transmitted through direct cow-human contact [46] underpinning
the link between udder health and farmer health. Udder health appears to currently be
poorly prioritized in these small-scale dairy farms, where 374 cows were reported to have
an unknown history of mastitis, highlighting a possible problem in farmers’ ability to
recognise signs of mastitis. Improving knowledge, attitudes, and practices among smallscale dairy farmers could have a significant impact on the reduction of multiple zoonotic
infections [27], not just leptospirosis, and improve farm productivity, reduced through
poor milk yields and reproductive disorders caused by these bacterial pathogens [42,49].
In this study, none of the seropositive cows were found to be associated with clinical
signs of disease, a complicating factor to leptospirosis control [11,25]. Lack of clinically
affected cows hinders disease awareness and perception among farmers, and such a
challenge must be a consideration for future disease control measures [12]. How will dairy
farmers engage in control measures for a disease they do not visibly perceive to be present
in their herd? Improved engagement between farmers and veterinary extension services
needs to be achieved. Farmer-focused educational campaigns, highlighting the intrinsic
economic link between poor production parameters; low milk yield, and long calving
intervals, with poor disease control, should be incorporated into future study designs.
A limitation to the study design was the many missing values in farmer questionnaire
responses; low responses to certain questions especially among farmers in the state of
Bihar could indicate farmer questionnaire fatigue [50]. Future studies may yield more data
if a multidisciplinary approach creating a more appropriate data collection model [51],
such as the inclusion of social scientists, economists, and gender specialists in the farmer
questionnaire design stage. Similarly, future studies should include a larger sample size,
over more states to allow more conclusions about risk factors to be done.
In summary, leptospirosis seroprevalence in dairy cows was found to be low in this
study making significant links between infection risk and farmer behaviour difficult to
prove. Nevertheless, certain farming practices were identified which, if modified, could
minimise the risk of other zoonotic infections [42] and mitigate drivers of disease at the
farm level [52,53]. This study shows that at least two zoonotic diseases, leptospirosis, and
coxiellosis, are co-circulating on small-scale dairy farms in the states of Assam and Bihar in
North Eastern India. Surveillance systems to identify both human and animal Leptospira
serovars are needed [21] combined with a deeper understanding of farming practices, as
highlighted by this study, if transmission of leptospirosis and other zoonoses, such as
coxiellosis, is to be mitigated at the human-animal-environmental interface.
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