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Abstract: Leptospirosis is a neglected worldwide zoonotic bacterial disease with a high prevalence
in subtropical and tropical countries. The prevalence of Leptospira spp. in humans, cattle and dogs
is unknown in Bhutan. Therefore, we sought to find out whether humans, cattle or dogs had been
infected in the past with leptospires by measuring antibodies in the serum. We therefore collected
blood from 864 humans ≥13 years of age, 130 bovines and 84 dogs from different rural and urban
areas in Bhutan and tested the serum for antibodies specific for leptospires with a screening of
enzyme-linked immunosorbent assays (ELISA) and a confirmatory microscopic agglutination test
(MAT). In humans, 17.6% were seropositive by ELISA and 1.6% by MAT. The seropositivity was
stronger in bovines (36.9%) and dogs (47.6%). “Having had a fever recently” (OR 5.2, p = 0.004),
“working for the military” (OR 26.6, p = 0.028) and “being unemployed” (OR 12.9, p = 0.041) (reference
category = housemaker) were statistically significantly associated with seropositivity when controlled
for the effects of other risk factors. However, due to the small number of positive test results, the
findings on risk factors should be interpreted with caution. Based on the serogroups found in the
three species, dogs could be a source of infection for humans, or dogs and humans are exposed to the
same environmental risk factors Clinical leptospirosis in humans and domestic animals should be
investigated by testing blood and urine for the presence of leptospires by molecular methods (qPCR).

Keywords: leptospirosis; microscopic agglutination test (MAT), seroprevalence; cattle; yak; dog; one
health; Bhutan

1. Introduction

Leptospirosis is a neglected worldwide zoonotic bacterial disease and with a high
prevalence in subtropical and tropical countries. The estimated global annual incidence is
1.03 million human cases and 58,900 deaths [1]. The taxonomy of leptospires is based on
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either serological or molecular classification [2]. Serological taxonomy divides Leptospira (L.)
into more than 300 serovars on the basis of surface antigens. Antigenically, related serovars
are grouped into serogroups. The molecular classification system groups leptospires
on DNA relatedness and is currently at 22 species that are separated into three clusters:
“saprophytes”, “intermediates” and “pathogens” [3–7]. However, the description of new
species is occurring regularly with the application of whole-genome sequencing [8].

Most serovars are adapted to a range of specific wild and domesticated mammals.
With a few exceptions, carrier animals exhibit no clinical signs and may transmit leptospires
to other animal species and humans via direct contact with urine and aborted tissues, or
indirectly through contaminated water and soil [5,9,10]. Leptospirosis among livestock may
lead to economic loss for farmers due to abortions, reduced fertility, milk drop or reduced
weight gain. Humans may develop a severe or life-threatening illness as accidental hosts
following infection, with case fatality rates reaching 15% [5,9,10]. Various antibiotics are
effective if started early during the acute stage of illness [2]. In the acute phase, diagnosis is
attempted by the detection of specific leptospiral DNA in blood, urine or cerebrospinal fluid
using PCR methods. The gold standard, or the serological microscopic agglutination test
(MAT), provides tentative information on the infecting serovars but has poor sensitivity
during the acute phase. Serological assays like enzyme-linked immunosorbent assays
(ELISA) and rapid diagnostic tests share similar disadvantages of low sensitivity in the
early disease phase. However, in convalescent sera, seropositivity is much greater [11,12].

Neighboring countries of Bhutan, such as India, Nepal and Bangladesh, report lep-
tospirosis as an important contributor to febrile illness with a high seroprevalence in certain
regions [13–15]. However, the leptospirosis burden in Bhutan is unknown. Leptospiro-
sis has been listed as a notifiable disease in the national Bhutanese “notifiable diseases
surveillance manual” since 2008 [16]. The only peer reviewed scientific article we found
on leptospirosis in Bhutan (keywords in Web of Science: “Leptospir*” AND “Bhutan”)
described a survey in rodents (n = 12) in Gedu, a semi-urban town. In one rat, L. interrogans
was detected by qPCR [17]. In an unpublished report from 2009, seroscreening of cattle
at the National Jersey Breeding Centre in the Samtse district indicated the presence of
serovar (sv) Hardjobovis with a seroprevalence of 5%. A second unpublished report from
a serosurvey in 2014–2015 found 138 of 520 cattle to be positive for sv Lai Like (36.2%),
followed by sv Hebdomadis (21.7%) and sv Pomona (15.9%) [18]. In Bhutan, Leptospira spp.
vaccination is not practiced in any animal species (T. Tshokey, personal communications).

The majority of Bhutan’s population (n = 734,374 in 2018 [19]), live in a rural setting
and the main occupation is agriculture. Close contact to livestock and dogs occurs on a daily
basis and rodents infesting homes are a common sight. Although medical professionals
suspect that leptospirosis may be contributing to a substantial number of febrile illness
cases in the community, information on the leptospirosis burden and published data are
currently lacking.

The objectives of our research were to identify exposure to Leptospira spp. in eight
districts of Bhutan by determining the seroprevalence in humans, bovines and dogs. We
also aimed to understand whether animals are exposed to and play a role as potential
carriers of leptospires. Further objectives were to investigate potential risk factors for
seropositivity in humans, such as profession, contact to animals, rural vs. urban lifestyle or
altitude, in order to inform the public health sector.

2. Methods
2.1. Study Populations, Samples and Data Collection

Human component: We used serum samples and epidemiological data, which were
collected in a cross-sectional study from January to March 2015 during the dry winter
and early spring season, to establish the seroprevalence of rickettsial antibodies in the
healthy Bhutanese population, as described elsewhere [20] (Questionnaire to be found in
“Supplementary Material”). In brief, 8 districts from Bhutan’s 20 districts were selected
through a probability proportionate to size method (PPS, multistage cluster sampling).



Pathogens 2021, 10, 308 3 of 16

The eight districts are listed in Table 1. From each district, a rural and an urban area were
selected by the same method resulting in 16 sampling sites in total (8 urban and 8 rural).
Each of the 8 selected districts contributed 108 households (76 rural and 32 urban), taken
from a list developed during previous national surveys. After the selection of a household,
all eligible household members (≥13 years old) were listed, and one member was selected
randomly. Participation was voluntary and written consent was obtained.

Trained laboratory personnel collected 4 mL of blood into BD® blood collection
vacutainers (red cap), and through a face-to-face interview demographic data and environ-
mental/animal exposure history were obtained (see Table 2).

Animal component: In a cross-sectional study, bovines (cattle n = 120, yak n = 10) and
dogs (n = 84) were blood sampled in the areas (but not necessarily the same households)
where the human rickettsial seroprevalence study [20] was carried out as part of the same
project between January and April 2015 [21].

Veterinarians and field livestock assistants purposively collected blood from the
bovines and dogs of owners who voluntarily participated in the study. We do not know
whether several bovines per herd were sampled. However, since the average cattle herd
size in Bhutan is four [22], we can expect that many different herds were sampled (in
methods, we describe how this problem was statistically treated). Each sampled dog
represented one household. Unfortunately, no epidemiological information was collected.

The blood (both animal and human) was immediately taken to the nearest hospital lab-
oratory, and the serum was separated and stored at 2–4 ◦C until the shipment to the Jigme
Dorji Wangchuck National Referral Hospital Laboratory in Thimpu. At this laboratory, all
samples were stored at −80 ◦C until the shipment to the Australian Rickettsial Reference
Laboratory (ARRL) in 2015, where they were tested for rickettsial-specific antibodies [20].

In 2019, the samples were shipped to the Medical Diagnostic Laboratory of the Swiss
Tropical and Public Health Institute (Swiss TPH) to be tested for leptospiral antibodies as
described in this article.

2.2. Serological Testing
ELISA and Microscopic Agglutination Test

We screened all 864 human sera with the commercial Leptospira IgM Serion ELISA
(Serion-Viron, REF ESR125M, referred to in the text as ELISA) according to the manu-
facturers protocol at the Swiss TPH, and we subsequently sent a subset of these serum
samples to the National Consultant Laboratory for Leptospira at the German Federal Insti-
tute for Risk Assessment (BfR) in Berlin, Germany to be tested by the MAT, including all
the ELISA-positive results and a random sample of the ELISA-negative results (Figure 1).
Further, we sent all 314 animal sera to the Institute for Infectious Diseases and Zoonoses at
Ludwig-Maximilians-University (LMU) in Munich, Germany to be tested by the MAT.

The presence of antibodies against pathogenic Leptospira spp. was assessed with
a MAT according to the standards of the World Organisation of Animal Health (OIE)
standards [23]. Live cultures of 11 (dogs and bovines) and 17 (humans) Leptospira spp.
reference strains were used in this study (Table 3). The human sera were screened at a
dilution of 1:50 and the animal sera at a dilution of 1:100 (due to cross-reactions between
sv Lai and Icterohaemorrhagiae at 1:50). Those with a positive reaction were titrated in a
serial two-fold dilution to determine the end-point titer, defined as the reciprocal of the
highest serum dilution at which ≥50% of the leptospires remain agglutinated. The same
technique was applied at the BfR and the LMU.
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Table 1. Number (n) and percentage (%) of sampled persons, bovines and dogs, and Leptospira spp. seropositive numbers (N Pos), percentage (%) with its lower and upper 95% Confidence
Interval (CI)of persons, bovines and dogs, stratified by districts of residence. While there was no statistically significant difference in Leptospira seropositivity by district for humans
(p = 0.235) and dogs (p = 0.647), the bovine seroprevalence differed significantly (p = 0.003) by district with the Fisher exact test.

Humans (N = 864) Bovines (N = 130) Dogs (N = 84)
District n (%) N Pos (%) 95% CI n (%) N Pos (%) 95% CI n (%) N Pos (%) 95% CI

Chukha 108 (12.5) 2 (1.8) 0.32–7.19 20 (15.4) 4 (20.0) 6.61–44.27 - 1 -
Mongar 108 (12.5) 1 (0.9) 0.05–5.80 20 (15.4) 9 (45.0) 23.83–67.95 8 (9.5) 6 (75.0) 35.58–95.54
Punakha 108 (12.5) 4 (2.8) 1.19–9.77 7 (5.4) 5 (71.4) 30.26–94.89 9 (10.7) 3 (33.3) 9.04–69.08
Samtse 108 (12.5) 3 (2.8) 0.72–8.50 21 (16.1) 9 (42.9) 22.59–65.56 15 (17.9) 7 (46.7) 22.28–72.58

Thimphu 108 (12.5) 0 (0.0) 0.08–4.28 20 (15.4) 2 (10.0) 1.75–33.13 20 (23.8) 8 (40.0) 19.98–63.59
Trashigang 108 (12.5) 3 (2.8) 0.72–8.50 12 (9.23) 4 (33.3) 11.27–64.56 12 (14.3) 5 (41.7) 16.50–71.40

Trongsa 108 (12.5) 0 (0.0) 0.08–4.28 10 (7.7) 2 (20.0) 3.54–55.78 10 (11.9) 5 (50.0) 20.14–79.86
Zhemgang 108 (12.5) 1 (0.3) 0.05–5.80 20 (15.4) 13 (65.0) 40.95–83.69 10 (11.9) 6 (60.0) 27.37–86.31

1 no data available.
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Table 2. Number and percentage of sampled persons (n = 864) and Leptospira spp. seropositive numbers and percentage of
persons stratified by the explanatory variables listed below.

Explanatory Variable Category n (%) 1 N Pos (%) 2 p-Value 3

Gender Female 519 (60.1) 7 (1.35) 0.584
Male 365 (39.9) 7 (2.03)

Age groups (years) 13–20 74 (8.6) 0 (0.0) 0.87
21–35 305 (35.3) 5 (1.6)
36–65 406 (47.0) 8 (2.0)
66–98 79 (9.1) 1 (1.3)

Occupation Herder/Farmer 455 (52.7) 4 (0.9) 0.009
Employee 135 (15.6) 5 (3.7)
Military 9 (1.0) 1 (11.1)
Student 45 (5.2) 1 (2.2)

Homemaker 182 (21.0) 1 (0.5)
Unemployed 38 (4.4) 2 (5.3)

Altitude (m) High >2000 140 (16.2) 0 (0.0) 0.229
Middle 1000–2000 584 (67.6) 11 (1.9)

Low < 1000 140 (16.2) 3 (2.1)
Geographical distribution Rural 608 (70.4) 12 (2.0) 0.252

Urban 256 (29.6) 2 (0.8)
Contact to sheep 4 No - 5 - -

Yes 16 - -
Contact to yaks No - - -

Yes 57 - -
Contact to cattle No - - -

Yes 268 - -
Contact to dogs No - - -

Yes 292 - -
Contact to cats No - - -

Yes 284 - -
Contact to horses No - - -

Yes 74 - -
Had fever recently No 637 (75.6) 6 (0.9) 0.008

Yes 206 (24.4) 8 (3.9)
Seropositive to SFG No 673 (77.9) 12 (1.8) 0.746

Yes 191 (22.1) 2 (1.0)
Seropositive to TG No 834 (96.5) 12 (1.4) 0.082

Yes 30 (3.5) 2 (6.7)
Seropositive to STG No 668 (77.3) 8 (1.2) 0.1

Yes 196 (22.7) 6 (3.1)
Seropositive to Q-fever No 801 (93.0) 13 (1.6) 1.0

Yes 60 (7.0) 1 (1.7)
1 n (%) is the number and percentage of observations under each variable category; 2 N Pos (%) are the number and percentage of Leptospira
spp. seropositive persons by variable category; 3 Fischer exact test; 4 data analysis of contact to animals was not possible, as data was
missing and only available for one category; 5 no data available. In bold: statistically significantly different by category (p-value ≤ 0.05).
Abbreviations: SFG = Spotted Fever Group, TG = Typhus Group, STG = Scrub Typhus Group.

2.3. Data Analysis

Data was recorded in Microsoft Excel and analyzed with Stata 15.

2.3.1. Case Definitions

We considered a person or animal positive for Leptospira spp.-specific antibodies
against any serovar with a MAT titer ≥100 [24], independent of the ELISA serostatus. The
human serum samples, which were ELISA-negative and were not tested by MAT, were
categorized as seronegative (Figure 1).
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L. interrogans Pomona Pomona Pomona bhc 

Figure 1. Diagnostic test algorithm used to define Leptospira spp. seropositive and negative persons,
estimating the prevalence of Leptospira spp.-specific antibodies in the human study population
in Bhutan.

2.3.2. Humans

Proportions of seropositive humans overall, and for each serogroup and serovar listed
in Table 1, were calculated. We used the Fleiss Method to calculate 95% confidence intervals
for proportions [25]. The distribution of observations and the difference of seroprevalence
was described by the following explanatory variables: (1) gender; (2) age; (3) occupation;
(4) altitude; (5) whether they live in a rural or urban area (geographical distribution);
whether they had contact with (6) sheep, (7) yaks, (8) cattle, (9) dogs, (10) cats or (11) horses;
(12) having had a fever in the recent past; or being seropositive against Rickettsia from (13)
Spotted Fever Group (SFG), (14) Typhus Group (TG), (15) Scrub Typhus Group (STG) or
(16) Q-fever (Table 2).

Univariable analysis was performed by the Fishers exact test if there were less than
five data points in a cell of the 2 × 2 table, and/or by logistic regression analysis to assess
the association between Leptospira spp. seropositivity and the risk factors (explanatory
variables) 1–17 described in the paragraph above. In a manual forward selection method,
we then assessed the association between these explanatory variables and Leptospira spp.
seropositivity by a multivariable logistic regression analysis. Exposure variables were
entered in the model if they had a p-value p ≤ 0.2 in the univariable analysis and were kept
in the model if the likelihood ratio test was statistically significant (p ≤ 0.05) compared to
the nested model. For post-diagnostic statistics, we applied the Pearson χ2 statistic to test
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the goodness-of-fit of the model, and the link test for a linear predicted value (“_hat”) and
linear predicted value squared (“_hatsq”).

Table 3. Strains of Leptospira spp. used as live antigens in the microscopic agglutination test (MAT).

Genomspecies Serogroup Serovar Strain

L. interrogans Australis Australis Ballico h

L. interrogans Australis Bratislava Jez Bratislava bhc

L. interrogans Autumnalis Autumnalis Akiyami A bhc

L. interrogans Bataviae Bataviae Swart h

L. interrogans Canicola Canicola Hond Utrecht IV bhc

L. interrogans Hebdomadis Hebdomadis Hebdomadis bhc

L. interrogans Icterohaemorrhagiae Copenhageni M20 h

L. interrogans Icterohaemorrhagiae Icterohaemorrhagiae Ictero I bc

L. interrogans Icterohaemorrhagiae Icterohaemorrhagiae RGA h

L. interrogans Icterohaemorrhagiae Lai Lai bc

L. interrogans Pomona Pomona Pomona bhc

L. interrogans Pyrogenes Pyrogenes Salinem h

L. interrogans Sejroe Hardjo Hardjoprajitno bhc

L. borgpetersenii Ballum Ballum Mus 127 h

L. borgpetersenii Javanica Javanica Veldrat Batavia 46 bhc

L. borgpetersenii Sejroe Saxkoebing Mus 24 h

L. borgpetersenii Sejroe Sejroe M 84 bhc

L. borgpetersenii Tarassovi Tarassovi Perepelitsin h

L. kirschneri Grippotyphosa Grippotyphosa Moskva V bhc

Tested in bovines b, and/or humans h and/or dogs c.

2.3.3. Bovines and Dogs

Proportions of seropositive bovines and dogs overall and for each serogroup and
serovar, as listed in Table 3, were calculated. Seroprevalence data were stratified by district.
Cluster robust standard errors were calculated for the 95% confidence intervals to control
for potential clustering by herd (bovines). Since we did not know which bovines belonged
to the same herd, we assumed that they were clustered by sampling area.

Human and animal prevalence data were compared to see a potential correlation/
clustering by region.

3. Results
3.1. Humans

Study participants were 864 healthy individuals ≥13 years of age. The study popula-
tion’s characteristics are shown in Table 2, and have been described by Tshokey et al. [20].
Briefly, more females (60.1%) than males (39.9%) participated in the study. Various occu-
pations were well represented with 52.7% of participants being farmers or herders, 15.6%
being employees and 21% being homemakers.

3.1.1. Serological Tests

The ELISA screening resulted in 152 seropositive and 712 seronegative samples. A sub-
set of those samples (n = 388) was tested by the MAT at the BfR in Berlin. The 388 samples
tested at the BfR, included all the ELISA-positive results (n = 152) and a random sample
of the ELISA-negative results (n = 236). Of the 388 serum samples tested by the MAT,
14 persons showed leptospiral-specific antibodies (Figure 1).

3.1.2. ELISA Performance Based on the MAT

Of the 14 MAT-positive sera, 12 were ELISA-positive and 2 were ELISA-negative.
Of the 374 MAT-negative results, 234 samples were ELISA-negative and 140 were ELISA-
positive (Figure 1). If we consider the MAT as the reference test, the ELISA produced
140 false-positive and 2 false-negative test results, leading to a sensitivity of 85.7% (95% CI
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57.2%–98.2%) and a specificity of 62.6% (95% CI 57.4%–67.5%). Details of the ELISA
performance compared to the MAT are currently being published elsewhere.

3.1.3. Seroprevalence

The prevalence against Leptospira spp.-specific antibodies, based on our ELISA screen-
ing, was 17.6% (95% CI 15.1–20.3). However, when considering the MAT as the reference
test, the Leptospira spp. seroprevalence (against any serovar) of the entire study population
was lower at 1.6% (95% CI 0.9–2.8, 14/864 persons). It should be noted that we included the
ELISA-negative sera, which were not tested by the MAT, in the calculation of the overall
seroprevalence (the denominator = total study population; see case definitions). The poten-
tial influence of including the ELISA-negative sera on our results is discussed below. The
serogroups (sg)/serovars (sv) reacting in the MAT were sg Australis sv Bratislava (n = 8),
sg/sv Australis (n = 3), sg/sv Bataviae (n = 2), sg/sv Canicola (n = 2), sg/sv Pyrogenes
(n = 1) and sg/sv Hebdomadis (n = 1), with MAT titers ranging from 100 to 200. One cross-
reaction occurred between sv Pyrogenes and sv Bratislava, and two between sv Australis
and sv Bratislava (same serogroup; data unshown). The Leptospira spp. seroprevalence
stratified by serogroup and serovar is shown in Table 4, and by the explanatory variables
1–17 in Table 2. Apart from Thimphu and Trongsa, all districts had seropositive persons
present (Table 1).

3.1.4. Risk Factors for Seropositivity

The univariable analysis revealed a statistically significant association between the
outcome of seropositivity and the risk factors “occupation” (p = 0.003) and “had fever
recently” (p = 0.008). Seropositive cases occurred among all occupational categories with
military personnel having the highest percentage (11%, OR 22.6, p = 0.03) (Table 2). Persons
who recently had a fever were 4.2 times more likely to be seropositive compared to those
who did not have a fever recently. Unfortunately, too many data points on animal contacts
were missing and could not be further analyzed. All other variables listed in Table 2 were
not statistically significantly associated with Leptospira spp. serostatus. Given the low
number of seropositive cases, we did not look at serogroup specific outcomes, but used the
overall Leptospira spp. serostatus (including all serovars) as an outcome. The results are
shown in Table 2.

In the multivariable logistic regression model, we first entered the variables “had fever
recently” and then “occupation” (with the categories “homemaker” (reference category),
“herder or farmer”, “employee”, “military”, “student” and “unemployed”) as risk factors
for the outcome “Leptospira spp. serostatus”. This model remained as the final model, as
none of the other variables improved the model fit, based on the likelihood ratio test. The
variable “had fever recently” had missing values; hence, the data analysis was reduced to
843 individuals. Study participants who recently had a fever were 5.2 times more likely to
have anti-leptospiral antibodies than those who did not have a fever when controlled for
the effect of their occupation (p = 0.004). Working for the military (OR 26.6, p = 0.028) and
being unemployed (OR 12.9, p = 0.041) remained statistically significantly associated with
seropositivity when controlled for the effect of having had a fever recently (Table 5). The
Pearson χ2 goodness-of-fit test indicated a sufficient fit of the data (p = 0.169). However,
the variable “_hat” was not a statistically significant predictor (p = 0.250).
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Table 4. Seroprevalence of Leptospira serovars (titer ≥100) tested by the MAT among humans (n = 864), bovines (n = 130) and dogs (n = 84) sampled in the same eight districts in Bhutan.

Humans Bovines Dogs
Serovar n Pos 1 Prev 2 % 95% CI 3 n Pos 1 Prev 2 % 95% CI 4 n Pos 1 Prev 2 % 95% CI 3

Autumnalis 0 0.00 0.01–0.55 11 8.46 3.34–19.80 4 4.76 1.54–12.40
Bratislava 8 0.93 0.43–1.89 11 8.46 3.49–19.07 4 4.76 1.54–12.40
Canicola 2 0.23 0.04–0.93 4 3.08 0.71–12.32 1 1.19 0.06–7.37

Grippotyphosa 0 0.00 0.01–0.55 8 6.15 2.63–13.75 8 9.52 4.48–18.40
Hardjo 0 0.00 0.01–0.55 2 1.54 0.35–6.41 0 0.00 0.10–5.45

Hebdomadis 1 0.12 0.01–0.75 6 4.62 1.04–18.20 0 0.00 0.10–5.45
Icterohaemorrhagiae 5 0 0.00 0.01–0.55 2 1.54 0.18–12.00 3 3.57 0.92–10.80

Javanica 0 0.00 0.01–0.55 16 12.31 6.64–21.70 8 9.52 4.48–18.40
Pomona 0 0.00 0.01–0.55 14 10.77 5.42–20.25 33 39.29 28.99–50.57

Sejroe 0 0.00 0.01–0.55 3 2.31 0.26–17.61 0 0.000 0.10–5.45
Lai - 6 - - 2 1.54 0.17–12.80 1 1.19 0.06–7.37

Australis 3 0.35 0.09–1.10 - - - - - -
Ballum 0 0.00 0.01–0.55 - - - - - -

Bataviae 2 0.23 0.04–0.93 - - - - - -
Copenhageni 0 0.00 0.01–0.55 - - - - - -

Pyrogenes 1 0.12 0.01–0.75 - - - - - -
Saxkoebing 0 0.00 0.01–0.55 - - - - - -
Tarassovi 0 0.00 0.01–0.55 - - - - - -

1 Number of seropositives; 2 Seroprevalence; 3 Fleiss-Method was used to calculate 95% confidence intervals (CI); 4 cluster robust standard errors were used to calculate 95% CI, to control for potential clustering;
5 two different strains were used for humans (RGA, see Table 3) and bovines/dogs (Ictero I, see Table 3); 6 no data available. The overall seroprevalence (against any serovar) in humans was 1.6% (95% CI 0.9–2.8),
with 14 out of 864 persons being seropositive against one serovar. In cattle the overall seroprevalence was 36.9% (95% CI 24.1–51.9) with 48 out of 130 bovines being positive against one serovar, in dogs the
overall prevalence was 47.6% (95% CI 36.7–58.7) with 40 out of 84 dogs having anti-leptospiral antibodies against one serovar.
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Table 5. Multivariable logistic regression model showing the association between the risk factors
(explanatory variables) “recently had a fever” and “occupation” and the outcome “Leptospira seropos-
itivity” (any serovar) among 843 healthy Bhutanese study participants.

Explanatory Variable Odds Ratio (OR) p-Value 95% Confidence Interval

Fever 5.24 0.004 1.70–16.16
Occupation
Homemaker reference

Herder/farmer 1.18 0.886 0.13–10.78
Employee 5.70 0.116 0.65–50.09
Military 26.65 0.028 1.44–494.28
Student 3.41 0.393 0.20–56.83

Unemployed 12.94 0.041 1.11–150.94
In bold: statistically significant risk factors (p-value ≤ 0.05).

3.2. Animals
3.2.1. Leptospira spp. Seroprevalence in Bovines

The bovine study population was composed of 10 yaks and 120 cattle. The overall
Leptospira spp. seroprevalence was 36.9% (95% CI 24.1–51.9) with 48 out of 130 bovines
being positive against one serovar. The positive MAT titers ranged from 100–1600 (Figure 2).
The seroprevalence stratified by serovar is shown in Table 4, and by region/district in
Table 1. The highest seroprevalence was tested for sg/sv Javanica (12.3%), followed by
sg/sv Pomona (10.8%) and sg Australis/sv Bratislava and sg/sv Autumnalis with 8.5%
each (Table 4). The seroprevalence statistically significantly differed by district (p = 0.003),
with Punakha having the highest proportion of bovines with leptospiral-specific antibodies
(71.4%). However, this result came from a very small sample size of seven animals. Further,
Zhemgang and Mongar found high prevalences with 65% and 45%, respectively (Table 1).
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3.2.2. Leptospira spp. Seroprevalence in Dogs

The overall prevalence was 47.6% (95% CI 36.7–58.7), with 40 out of 84 dogs having
anti-leptospiral antibodies against one serovar. The positive MAT titers ranged from 100
to 6400 (Figure 2). The seroprevalence stratified by serovar is shown in Table 4, and by
region/district in Table 1. Overall, sg/sv Pomona contributed to the seroprevalence with
39.3%, followed by sg/sv Javanica and Grippotyphosa with 9.5% each. The seroprevalence
did not differ significantly by district (p = 0.647), ranging from 33%–75%.

There were not enough human seropositive cases to analyze an overlap of the cluster-
ing of human and animal seropositive cases.

4. Discussion
4.1. Leptospira spp. Seroprevalence and Risk Factors in Humans and Animals

While few human study participants showed leptospiral-specific antibodies (1.6%,
based on the MAT), the bovine and dog populations seemed to have a higher exposure to
leptospires, with an overall seroprevalence of 36.9% and 47.6%, respectively.

Given the random probability proportionate to size, a multistage cluster sampling
method applied to collect the human samples, the measured seroprevalence is most likely
representative for the Bhutanese population. With 455 study participants coming from
the farming/herding sector, the sample size was large enough to estimate a precise Lep-
tospira spp. seroprevalence in this stratum. However, only 0.9% of persons from the farm-
ing/herding sector were seropositive, despite the rather high Leptospira spp. seroprevalence
in bovines. Farming or herding was not a risk factor for Leptospira spp. seropositivity in
the multivariable model. Further, the serogroups detected in humans were not specifically
associated with serogroups carried by bovines [2]. The majority of Bhutanese are Buddhist
and do not slaughter their own animals. This factor, or other unknown contact patterns,
could be one reason for a low infection risk in humans from their animals. Overall, we
cautiously interpreted these results to mean that bovines do not play an important role in
the transmission of leptospires to the human population in Bhutan.

We detected sg Australis (sv Bratislava) in the human, dog and bovine populations
and sg Pomona in the latter two. Hence, it is possible that domestic or wild pigs, which are
frequent carriers of Pomona [2,26], may play a role as carriers and in the transmission of
leptospires to other animal (including the human) species in Bhutan. Other serovars, such
as Icterohemorrhagiae and Grippotyphosa, could be rodent-associated [24].

Based on the prevalent serogroups in humans (Canicola and Australis), dogs may play
a role as transmitters of Leptospira spp. to humans, or humans and dogs may be exposed
to some of the same environmental risk factors. However, similar to bovines, a strong
discrepancy between the proportion of seropositive cases in humans and dogs prevails.
As with bovines, the low transmission to humans may be due to contact patterns, as dogs
are mainly kept outside the houses. However, the capacity of the MAT to detect the actual
infecting serogroup is disputed, where some studies demonstrate a poor correlation be-
tween the serogroup testing positive on the MAT and the actual infecting serogroup [27,28],
and some report a good correlation [29]. Hence, because of cross-reactions in the MAT
and changes of the maintenance host status over time due to adaptation patterns [30], the
interpretation of transmission pathways based on serogroups must always be done with a
lot of caution and should be confirmed by molecular analyses of the isolates. We found two
statistically significant risk factors for humans being seropositive against Leptospira spp. in
the univariable and multivariable analysis: (1) “had a fever recently” and (2) “occupation”,
namely the categories “working in the military” and “being unemployed”. Both of these
categories are not typical risk factors for Leptospira spp. infection. However, they could
be a proxy for environmental exposure. Unfortunately, the questionnaire did not include
questions on environmental exposure (type of water source used, rice paddy field work,
etc.). Given the small number of seropositive cases, we do not want to over interpret
these findings.
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What are the findings of leptospirosis studies from countries in proximity to Bhutan?
Shrestha et al. [31] collected paired blood samples and data on risk factors among 239 adult,
febrile patients in healthcare centers in the mountainous Kaski District of Nepal in 2013.
Additionally, animals were blood sampled in 119 patient households: 63 cattle, 92 buffalo,
181 goats and 20 dogs. Serology was performed using the MAT (panel: 20 serovars). In
humans, 5.4% (95% CI 2.6–8.3) had clinical leptospirosis (MAT titer ≥1:400 or a ≥4-fold
rise between acute and convalescent titers). Owning goats (OR 1.3, CI 95% 1.05–1.66),
working in rice fields (OR 1.3, CI 95% 1.11–1.72) and male gender (OR 4, CI 95% 1.12–17.26)
significantly increased the risk of clinical leptospirosis in humans. In another fever study
among 144 patients in the lowland Terai region of Nepal, 30 (21%) were positive for
leptospiral IgM by ELISA [13]. These studies suggest that leptospirosis plays a role in fever
patients in the region. It may be an indication that an acute undifferentiated fever (AUF)
study would be a useful approach to assess the relevance of leptospirosis in Bhutan.

In a cross-sectional study from 2019 to 2020, 206 cattle herds were visited and 383 serum
samples were collected in the Rupandehi district of Nepal. These were tested against L.
Hardjo with an ELISA (Prionics Lelystad B.V., The Netherlands), and 3.81% tested posi-
tive [32]. As in this study, the L. Hardjo antibody prevalence was also low in our study
in Bhutan. Studies using the MAT targeting a larger serogroup/serovar panel in bovines
are more informative and comparable to our results, such as the one described above by
Shrestha et al., where the Leptospira spp. seroprevalence in ruminants was 41% in cattle
(95% CI 29–53, n = 63), 37% in buffalo (95% CI 2–47, n = 92) and 17% in goats (95% CI 11–22,
n = 18). The highest seroprevalence was found in dogs (45%, 95% CI 22–68, n = 20) [31]. In
another cross-sectional study in street dogs in the Kathmandu valley conducted in 2016, the
seroprevalence was lower at 11.4% (n = 70). However, an Immunocomb Canine Leptospira
Antibody Test Kit was used, and hence, the results are not comparable to the MAT [33].

In summary, leptospirosis is prevalent in neighboring countries with a similar ecologi-
cal setting and socioeconomic and agricultural system. Based on our findings, we hitherto
recommend building a (veterinary) hospital and laboratory-based surveillance system and
testing undiagnosed fever cases for leptospirosis in humans and dogs, especially during
the rainy season. For acute cases, a direct detection of leptospires in blood and urine by
qPCR targeting LipL32 is a good approach [34,35]. By collecting epidemiological data from
human and animal patients, a better understanding of risk factors, areas at risk and risk
groups will eventually develop.

In cattle, it is recommended to estimate the economic impact of the high Leptospira
spp. seroprevalence. This is because many animals had antibodies against serogroups,
for which they are accidental hosts (and hence could react with clinical symptoms when
infected), such as sg Javanica, Autumnalis and Australis. Hence, if an increase in still-
birth, abortions, calf mortality or milk drop is observed, we recommend the diagnostic
investigation of leptospirosis.

Ideally, the source population would be identified for a targeted preventive approach
(trapping of rodents, vaccination of dogs, etc.).

4.2. Study Design Limitations

To understand transmission patterns, humans and animals of the same households
should have been tested. However, in this study, only animals of the same regions were
sampled. Since serology only detects previous exposure but does not discover carrier
hosts, even when sampling animals and humans in the same household, seroprevalence
studies will not reveal transmission routes in comparison to molecular studies. Our study
nevertheless gives insight into the overall Leptospira spp. seroprevalences in humans and
animals in the same regions, and to our knowledge, it is the first published “One Health”
study on leptospirosis in Bhutan.

We calculated cluster robust standard errors for the bovine prevalence estimate to
control for potential clustering by herd. Because of the missing information about which
individuals may have belonged to the same herd, we used the sampling area as the cluster
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variable. However, herd size is smaller than the number of bovines found in a sampling
area. Hence, we overcontrolled for clustering, probably resulting in wider confidence
intervals and a prevalence estimate that is more precise than shown in Table 3.

The study was conducted during the dry period with the environmental component
being of less importance (fewer inundations). This could have contributed to a lower sero-
prevalence estimate [36]. Nevertheless, antibodies do generally prevail between months
and years, so a past exposure from the last rainy season should have still been detectable at
a low titer in a proportion of persons and animals.

The serogroup/serovar panel was chosen on the basis of the limited information
available on prevalent serogroups in Bhutan [18] and on commonly prevalent serogroups
worldwide. However, the panel may have not covered all endemic/local strains with the
consequence that the overall prevalence may have been further underestimated. Since
testing was targeted towards past exposure to leptospires and not acute disease, a sen-
sitivity of 88% and specificity of 98% can be assumed for the MAT [37]. However, in a
Bayesian approach, the estimation of the MAT sensitivity and specificity were even lower,
at 54.9% and 97.3% for subclinical cases and 65.6% and 97.7% for clinical cases, albeit
in a Central European study population [38]. Therefore, the tested prevalence was most
likely underestimated, as the low sensitivity of the MAT can test a proportion of true
seropositive cases as false negatives. Using the MAT as the reference test, as was practiced,
is problematic because some of the false-positive ELISA test results may have actually been
true positives. A poor correlation between an IgM ELISA and the MAT was also reported
by Hem et al. [39]; however, the study population constituted acute fever patients. In this
case, the authors argued that the ELISA’s higher sensitivity towards IgM antibodies and
missing serogroups in the MAT panel led to the discrepancy. Nevertheless, some of our
ELISA results were most likely false positives, based on our validation study at the Swiss
TPH (publication pending). The reason for those false-positive results is unknown, but as
the ELISA plates were coated with an antigen of L. biflexa, a non-pathogenic Leptospira
species which is found ubiquitously in the environment, some unspecific cross-reactions
can be expected, as has been shown elsewhere [40]. Moving the test cutoff for a positive
ELISA result towards a higher optical density (OD) would have reduced sensitivity and
not majorly improved specificity (unpublished results, Swiss TPH). In this case the criteria
for a screening test would not be met anymore. IgM antibodies are generally associated
with acute disease and are seldom applied in the diagnostics in cross-sectional studies
in healthy populations. However, while IgM antibodies do last for several months, IgG
antibodies are sometimes not even induced by infection with Leptospira spp.

Because of funding issues, we only tested a subsample of our study population by
MAT, albeit with sufficient power (n = 388). On the basis of previous experience at the
medical diagnostic laboratory at the Swiss TPH (unpublished results), we expected the
ELISA to produce few false-negative results (high specificity), and hence, we did not test
all ELISA-negative results by MAT. Nevertheless, we counted them as true negatives in
our seroprevalence estimation (1.6%). If we had only used the 388 samples tested by the
MAT to estimate seroprevalence, we would have introduced a selection bias and the results
would no longer have been representative of the Bhutanese population.

In the 388 samples, the ELISA produced two false-negative results (based on the MAT).
Assuming a similar proportion in the MAT untested 476 ELISA-negative samples, another
2–4 false-negative results are possible. While the prevalence estimate would not have
changed dramatically (18/864 = 2.1%), the selection of statistically significant risk factors in
the multivariable logistic regression model may have changed because of the low numbers
of seropositives in each category. This is another reason not to over interpret the results on
risk factors.

The reading of the MAT results can vary between laboratory scientists by approx-
imately one titer cutoff. Since the human and animal samples were tested in different
laboratories, a reading discrepancy between the human and animal seroprevalence results
cannot be excluded and could have slightly contributed towards the difference of human
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and animal Leptospira spp. seroprevalence (if the human sera MAT results were read with a
more stringent MAT titer cutoff at 1:50).

In conclusion, based on the MAT results, the Leptospira spp. seroprevalence in the
Bhutanese population is low (1.6%), but may have been underestimated because of the
study design and the MAT being the reference test. Cattle and dogs are more exposed to
leptospires than humans. Nevertheless, leptospires are present and should be considered
in the differential diagnosis of febrile illnesses in humans and domestic animals. While
bovines do not seem to be a source of infection for humans based on the results of this
study (prevalent serogroups and risk factors), dogs may pose a higher risk of transmitting
Leptospira spp. Direct or indirect contact to pigs and wildlife may be an important source of
infection for bovines and dogs. However, these hypotheses need confirmation by molecular
transmission studies. We recommend the investigation of acute disease with symptoms
corresponding to leptospirosis in humans and domestic animals and the screening of
wildlife based on molecular tests.
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