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Abstract: Leptospirosis is a significant worldwide zoonotic infectious disease that infects a wide
range of animals and humans. Leptospira will colonize the animal’s urinary and reproductive systems
and be excreted with urine, potentially causing a wide range of infections. Dogs are an essential
host for Leptospira, and epidemiological investigation studies of leptospirosis must be conducted to
clarify the prevalence of leptospirosis and to reduce the risk of transmission to humans. This study
aimed to investigate the seroepidemiology of leptospiral infection in dogs from Changchun, China,
using Microscopic Agglutination Test (MAT). A total of 1053 canine blood samples were collected and
tested by MAT. The positive rate of MAT was approximately 19.1%. The main prevalent Leptospira
serogroups were L. Icterohaemorrhagiae (8.1%), L. Canicola (7.6%), L. Australis (5.3%), L. Ballum
(4.7%) and L. Pyrogenes (4.2%). No statistically significant difference among different varieties, sexes
and sampling seasons (p > 0.05), except the age (p < 0.05). The seropositive rate was much higher in
adult and aged dogs than in juvenile dogs. Our results showed the seroprevalence and the prevalent
serogroup of Canine leptospirosis in Changchun, China.
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1. Introduction

Leptospirosis is a widely spread zoonotic disease caused by pathogenic leptospiral
infection, and more than 200 animals, as well as humans, can be infected [1]. Mild con-
ditions often present with fever and, like influenza, severe infections can present with
multisystem impairments and, in extreme cases, are life-threatening [2,3]. Leptospira will
reproduce continuously within the urinary and reproductive systems of animals, following
the discharge of urine into the environment, where it can survive for months in a humid
climate and is highly infectious [4,5]. Leptospirosis is transmitted to humans by direct or
indirect contact with the urine of infected animals [6,7]. Leptospirosis is endemic in tropical
and subtropical regions of Asia, Oceania and South America [7,8]. Still, it has also been
frequently reported in recent years in Europe, North America and Africa, among others [9-11].
At present, the prevalence of leptospirosis is expanding, and the endemic locations are not
limited to tropical regions, so epidemiological investigation of leptospirosis and precise
regional distribution of Leptospira serogroup are of great importance for the prevention
of leptospirosis.

Dogs are the primary hosts for Canicola and Icterohaemorrhagiae serovars [12,13].
Infection in dogs may cause variable symptoms; moreover, some dogs may have mild or no
signs of infection, and sometimes they may die [7,14]. Asymptomatic and chronic carriers
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may also become infectious agents [15]. People are in close contact with dogs, and infected
dogs have the potential risk of transmitting Leptospira to humans [16,17]. So, Canine
leptospirosis monitoring is beneficial to human leptospirosis prevention and control.

Laboratory diagnosis of leptospirosis can be made by several methods, including
direct microscopic examination and culture, as well as serological and molecular methods,
such as Polymerase Chain Reaction (PCR) [18]. The Microscopic Agglutination Test (MAT)
is the gold standard serological test for leptospirosis and estimates the presence or absence
of antibodies in the canine serum [2,19]. The MAT can recognize infected bacterial sera,
facilitating the discovery of a possible source of infection in animals [20,21]. The MAT tests
target leptospiral antibodies in serum, not Leptospira strains.

There are only a few epidemiological reports of canine leptospirosis in China, most
based on surveys of cities in the south [22,23], which is consistent with the fact that lep-
tospirosis occurs mainly in warm and humid parts of the south [24,25]. Changchun is
located in the subtropical region of China. Although the number of canines is large, the
epidemiological investigation of canine leptospirosis is lacking. In this study, the seroepi-
demiological analysis of Canine leptospirosis was conducted by MAT in Changchun, China.

2. Material and Methods
2.1. Study Area and Study Population

The study was conducted in Changchun, China. Changchun is the capital city of Jilin
Province; the city has a latitude and longitude of 43°88' N, 125°32’ E, and an elevation of
250-350 m. Changchun has a temperate monsoon climate with high temperatures and rain
in summer. We collaborated with eight animal hospitals from June 2020 to May 2021 to
collect canine blood (Figure 1). Information provided with canine blood included breed,
sex, age, the time of blood collection, and the vaccine injection information for some dogs.
No information could be determined about the dog owner. Therefore confidentiality was
protected. Samples were excluded from the study with incomplete records for quality
control checks or duplicate samples from a single dog.

2.2. Sample Preparation

The dog’s blood was obtained by sterile venipuncture, collected in a vacuum blood
collection tube (anticoagulant EDTA), and placed in a 4 °C freezer. Then, the sample was
transferred to the laboratory. Samples were centrifuged at 3000 r for 10 min; serum was
separated and stored at —20 °C.

2.3. Microscopic Agglutination Test (MAT)

Fifteen Leptospira representing fifteen different serogroups were included in this study
(see Supplementary Table S1). All Leptospira were used for the microscopic agglutination
test (MAT). Leptospira was grown in liquid Ellinghausen-McCullough-Johnson-Harris
(EMJH) medium at 29 °C. The sera were diluted to 1:100 with phosphate-buffered saline
(PBS). The serum samples were added to the live Leptospira cell suspensions in 96-well
round-bottomed microtiter plates at room temperature in the dark for 2 h [26]. Negative
and positive sera by adding live antigens were used as the control. Subsequently, an aliquot
from wells was added on a slide and observed under 20 x magnification using dark field
microscopy (Olympus CX43RF, Tokyo, Japan). Every serum that gives an agglutination of
at least 50% of the Leptospira or agglutination may occur, compared to the negative control,
is considered positive [27].

2.4. Statistical Analyses

Data were organized, summarized, and then analyzed using GraphPad Prism 9.
Results with p values < 0.05 were considered statistically significant. The Chi-square test
(x?) was used to determine whether there is a substantial association in occurrences of
leptospiral species antibodies in dogs according to varieties, age, sex, and season.
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® location of animal hospital

Figure 1. The geographical location of Changchun City, Jilin Province and the location distribution of
animal hospitals for sample collecting (gray dots). From June 2020 to May 2021, 1053 canine blood
samples were collected from eight animal hospitals.

2.5. Ethical Issue

The purpose of the study was clarified to the dog’s owners and the family members,
and then verbal informed consent was obtained from dog owners before blood sample
collection. The design and process of the experiment strictly abide by the relevant national
ethical principles of experimental animals, with the permission of the company’s Experi-
mental Animal Management Committee and Ethics Committee, and carried out following
the regulations of the Administration of Affairs Concerning Experimental Animals in China.
The protocol was approved by the Institutional Animal Care and Use Committee of Jilin
University (20170318).

3. Result
3.1. Sample Collection Results and Overall Seroprevalence

A total of 1053 canine blood samples were collected from June 2020 to June 2021
in Changchun pet hospital. There were 527 male and 526 female dogs in the sample
population. Two hundred three dogs under one year old, 393 dogs 1-7 years old, and
457 dogs over seven years old (Table 1). The breeds of dogs were Poodle, Golden Retriever,
Chinese rural dog, etc. Sampling times were counted by season (Table 2). There were
201 serums of 1053 tested positive by MAT, reflecting a seroprevalence of 19.1%. The main
positive serogroups were L. Icterohaemorrhagiae (8.1%), L. Canicola (7.6%), L. Ballum
(4.7%), L. Pyrogenes (4.2%) and L. Australis (5.3%), as presented in Table 3. Among the
positive samples, there are 98 of 201 (48.76%) tested positive with at least two serogroups.
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Table 1. Dog age and sex statistics.
Number
Age Total
Male Female
<1 years 106 97 203
1-7 years 201 192 393
>7 years 220 237 457
Total 527 526 1053
Table 2. Dog breeds, seasonal distribution statistics.
Number
Breed - - Total
Spring Summer Autumn Winter
Poodle 45 102 57 54 258
Chinese rural dog 22 61 37 23 143
Golden Retriever 14 38 27 10 89
Bichon Frise 6 43 26 10 85
Pomeranian 10 30 10 11 61
Labrador Retriever 7 24 9 5 45
Bulldog 7 19 10 6 42
Samoyed 9 12 13 6 40
All other breeds 38 128 77 47 290
Total 158 457 266 172 1053
Table 3. Statistics of positive samples of each serogroup.
;. Positivity Rate Positivity Rate
Serogroups No. Positive (% of Positive Samples) ? (% of All Samples) P
Icterohaemorrhagiae 85 42.3 8.1
Javanica 12 6.0 1.1
Canicola 80 39.8 7.6
Ballum 49 244 4.7
Pyrogenes 44 21.9 4.2
Autumnalis 6 3.0 0.6
Australis 56 27.9 5.3
Hebdomadis 11 55 1.0
Paidjan 2 1.0 0.2

2 The number of positive samples for each serogroup represented the percentage of the total positive samples
(201). ® The number of positive samples for each serogroup represented the percentage of the total samples (1053).

3.2. Association between Seropositive Rate and Risk Factors

There was a significant association between canine age and the seropositive rate
(p < 0.05). Dogs less than one-year-old had the lowest positive rate. Dogs over the age of
1 year are more susceptible to leptospiral infection. The number of positive samples was
the lowest in younger dogs (within one year). There was no significant association between
seroprevalence and breed, sex, or sampling time (Table 4). Although female dogs had more
positive samples than male dogs, it was not statistically significant (p > 0.05).

3.3. Effect of Leptospirosis Vaccine on Positive Samples

Of the total sample, 105 had been vaccinated against Leptospira within a year. Lep-
tospira vaccine designations were replaced by LV-1, LV-1I, LV-1II and LV-1V; the number
of samples was 36, 21, 45, and 3, respectively (Table 5). All of the vaccines contained the
leptospiral serotypes Canicola and Icterohaemorrhagiae. Anti-leptospira antibodies were
detected in 58 samples of 105. The vaccine immunization success rate is approximately
55.2%. The immunization success rate is higher in LV-I and LV-IV groups than in LV-II and
LV-III groups (Table 5).
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Table 4. Relationship between possible risk factors and sample positivity.

Variable Level (Ir\llgnll(l))se?’r) Pol_::)i.ve Positivity Rate (%) X2 p-Value
Sex 0.166 0.684
Female 526 103 19.6
Male 527 98 18.6
Age 33.33 <0.0001
<1 year 203 10 49
1-7 year 393 93 23.7
>7 year 457 98 21.4
Breed 8.811 0.358
Poodle 258 60 23.3
Chinese rural dog 143 22 15.4
Golden Retriever 89 15 16.9
Bichon Frise 85 19 22.4
Pomeranian 61 9 14.8
Labrador 45 7 156
Retriever
Bulldog 42 11 26.2
Samoyed 40 9 22.5
All other breeds 290 49 16.7
Season 3.841 0.279
Spring 158 35 22.2
Summer 457 77 16.9
Autumn 266 58 21.8
Winter 172 31 18.0

Table 5. The number of samples and rate of production of corresponding leptospiral antibodies after
commercial vaccination of dogs against Leptospira spp.

Vaccine Number No. Positive (% of Level)
LV-1 36 23 (63.9)
LV-II 21 11 (52.4)
LV-III 45 22 (49.0)
LV-IV 3 2 (66.7)

3.4. Excluding the Vaccine Factor, the Favorable Serogroups Distribution

Among the 58 immune samples, there are 29 samples tested positive, with only
L. Icterohaemorrhagiae and L. Canicola serogroups. These 29 samples were discarded,
leaving 172 of 1024 positive sera. The main positive serogroups were L. Icterohaemorrha-
giae, L. Canicola, L. Ballum, L. Pyrogenes and L. Australis (Table 6). These five serogroups
were combined in permutations, with four serogroups as one group. Corresponding to the
combined serogroups group, the number of samples containing one or more serogroups
will be counted and compared with the total samples. The results showed that serogroups
group E had the highest proportion (Figure 2). If the serogroups of the Leptospira vaccine
were made up of L. Icterohaemorrhagiae, L. Canicola, L. Pyrogenes and L. Australis, the
protection rate might reach 91.86% theoretically (Figure 2).

Table 6. Number and proportion of samples with MAT positive after excluding vaccine effects.

Serogroups No. Positive Positivity Rate (%) ®  Overall Positive Rate (%) P
Icterohaemorrhagiae 56 32.7 55
Javanica 12 7.0 1.2
Canicola 52 30.2 5.1
Ballum 49 28.5 4.8

Pyrogenes 44 25.6 4.3
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Table 6. Cont.
Serogroups No. Positive Positivity Rate (%) ®  Overall Positive Rate (%) ?
Autumnalis 6 3.5 0.6
Australis 56 32.6 5.5
Hebdomadis 11 6.4 1.2
Paidjan 2 1.2 0.2

percentage (%)

100

80

60

40—

20

2 After excluding the 29 samples that produced only L. Icterohaemorrhagiae and L. Canicola antibodies, the total
number of positive samples was 172. The positive samples of each serogroup accounted for the percentage of
the total positive samples. ® After excluding the 29 samples that produced only L. Icterohaemorrhagiae and L.
Canicola antibodies, the total number of samples was 11,024. The positive samples of each serogroup accounted
for the percentage of total samples.

91.86

87.80 88.37

81.40 82.00

A: Icterohaemorrhagiae,Canicola,Ballum and Pyrogenes
B: Icterohaemorrhagiae,Canicola,Ballum and Australis
C: Icterohaemorrhagiae,Ballum,Pyrogenes and Australis
D: Canicola,Ballum,Pyrogenes and Australis

E: Icterohaemorrhagiae,Canicola,Pyrogenes and Australis

group

Figure 2. Different serogroup combinations. The main positive serogroups, Icterohaemorrhagiae,
Canicola, Ballum, Pyrogenes and Australis, were combined in permutations, with four serogroups as
one group. The sum of the positive rate in each group was calculated.

4. Discussion

Leptospirosis is considered to be an essential worldwide zoonotic disease [28]. Little
studies have been carried out on Canine leptospirosis in Changchun, China. MAT con-
ducted the seroepidemiological analysis of Canine leptospirosis in this study. According
to MAT test results, 201 of 1053 dogs tested positive. Dogs also MAT test positive when
infected with non-pathogenic Leptospira or subclinical infection. In this experiment, only
antibodies in dog serum were detected. The MAT seroprevalence of dogs with Leptospira in
Changchun was 19.1%. Our results are slightly lower than those of other countries [29,30].
In a study conducted in the city of Mashhad in 2003, the Leptospira seroprevalence in dogs
was estimated at 41.6% [31], much higher than the rate in our study (19.1%). The possible
reason is that Changchun is temperate, and others are tropical or subtropical. Leptospira
spp. are more likely to survive in warmer environments.

There were 103 positive cases in female dogs and more than 98 positive cases in male
dogs, but there was no statistical difference (Table 4). Studies have shown that the risk of
leptospirosis in female dogs is significantly higher than in male dogs in other areas. Surveys
have also shown significantly higher seropositive rates in male dogs because male dogs
are thought to be more likely to roam and, thus, be exposed to infected environments [15].
There was a statistical difference between the age of dogs and the positive rate (p < 0.05).
Seropositivity in dogs 1-7 years and over seven years is much higher than in dogs less than
one-year-old (Table 4). This may be due to juvenile animals being bundle bound and less
likely to roam or engage in activities that could lead to natural infections, thus reducing
exposure. In New Zealand, the positive rate of leptospirosis is significantly lower in dogs
over 12 years of age, which is associated with decreased physical function, vitality, and
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reduced exposure to infectious agents in older dogs [15]. In general, the greater the dog’s
range, the higher the likelihood of exposure to the source of infection, the more susceptible
to infection. Surveys in several countries of the European region have shown that the
season of high incidence is summer and autumn [32,33]. In this study, the positive rate was
higher in spring and autumn, but there was no significant difference.

It is generally accepted that L. Icterohaemorrhagiae and L. Canicola are the predomi-
nant serogroups of canine infection [12]. In our study, the other three serogroups, L. Aus-
tralis, L. Ballum and L. Pyrogenes, accounted for more than half of the positive samples
and should be concerned. Although pathogenic L. Pomona and L. Pyrogenes have not been
reported in China, our team successfully isolated the L. Australis strain of Leptospirosis
from an infected dog in 2020 [24]. These three types of Leptospira are likely to become
potential pathogens and threaten dogs’ health. Humans are closely related to dogs, and
dogs, as the storage host of Leptospira, may transmit it to humans and affect human health.
Therefore, it is necessary to pay attention to the prevalence of Leptospira. Recently, new
vaccines containing an expanded spectrum of three or four serogroups (Icterohaemorrha-
giae, Canicola, Grippotyphosa and/or Bratislava) have been introduced to the market [34].
Our data indicated that the vaccine serogroups used were not matched with the epidemic
serogroups in Changchun. This study sheds light on Leptospira vaccine serogroup selection
using L. Icterohaemorrhagiae, L. Canicola, L. Pyrogenes and L. Australis.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/pathogens12070930/s1, Table S1: Leptospira strain used in MAT.
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