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Abstract
Commensal rats (Rattus spp.), which are globally distributed, harbour many pathogens
responsible for significant human diseases. Despite this, we have a poor understanding of the epidemiology and genetic diversity of some recently neglected zoonotic
pathogens, such as Leptospira spp., Bartonella spp. and hepatitis E virus (HEV), which
constitute a major public health threat. Thus, we surveyed the occurrences, co-infection and genetic diversity of these pathogens in 129 urban rats from China. For
Rattus tanezumi, the prevalences of Leptospira spp., Bartonella spp. and HEV infection were 6.67%, 0% and 46.67%, respectively. The prevalences of Leptospira spp.,
Bartonella spp. and HEV infection were 57.89%, 9.65% and 57.89% for Rattus norvegicus respectively. Leptospira spp. and HEV infections were more likely to occur in
mature R. norvegicus. Phylogenetic analyses showed that pathogenic Leptospira interrogans and Leptospira borgpetersenii might exist. We also found that Bartonella spp.
showed high similarity to Bartonella elizabethae, Bartonella rochalimae and Bartonella
tribocorum, which are implicated in human disease. Dual and triple infections were
both detected. Moreover, dual infections with Leptospira spp. and HEV represented
the most frequent co-infection, and there was a significantly positive association between them. High genetic diversity was observed in genes segments from Leptospira,
Bartonella and HEV. Our results first discover the occurrence of multiple co-infections and genetic diversity of Leptospira, Bartonella and HEV in commensal rats from
China. Altogether, the present study provides an insight into evaluating the risk of
rat-borne zoonoses in urban China.
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1 | I NTRO D U C TI O N

Have, 2003; Kosoy, Khlyap, Cosson, & Morand, 2015). They are pervasive and frequently get contacts with humans (Himsworth, Jardine,

Commensal rats (Rattus spp.) are widespread in rural and urban areas,

Parsons, Feng, & Patrick, 2014; Kosoy et al., 2015). Especially, they

mainly in human houses and various buildings (Aplin, Chesser, &

can reach maximal population densities in urban areas with abundant
food resources and harbourage (Himsworth et al., 2014; Kosoy et al.,

Su and Chen contributed equally to this work.
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of food storages and infrastructure damage, commensal rats are
reservoirs for many zoonoses, such as leptospirosis and bartonellosis, which are pressing public health priorities (Himsworth et al.,
2014, 2015; Himsworth, Bidulka, et al., 2013; Himsworth, Parsons,
Jardine, & Patrick, 2013; Meerburg, Singleton, & Kijlstra, 2009;
Obiegala et al., 2019; Rothenburger et al., 2019). Recently, more and
more people live in urban ecosystems, and the urban population will
increase to almost 6.3 billion in 2050 in the world (Alirol, Getaz, Stoll,
Chappuis, & Loutan, 2011). Thus, cities become centres of epidemic
due to increasing opportunities for contact among people and rats
(Alirol et al., 2011; Cohen, 2003; Tian et al., 2018).
Leptospirosis, which causes severe economic losses and public
health burden, is one of the most common zoonotic diseases (Costa,
Hagan, et al., 2015; Costa et al., 2014; Zhang et al., 2019). Three

Impacts
• High prevalences of Leptospira spp. and hepatitis E virus
(HEV) were found in urban rats, with a significantly positive co-infection association.
• Phylogenetic analyses indicate that two pathogenic
Leptospira and three pathogenic Bartonella exist in
Guangzhou, China.
• We have assessed the epidemiology of Leptospira spp.,
Bartonella spp. and HEV in urban rats from China more
thoroughly than that has been done in the country, identifying multiple co-infections and genetic diversity of
these pathogens.

hundred thousand–five hundred thousand cases of serious leptospirosis are reported annually worldwide, with a fatality rate between
10% and 30% (Zhang et al., 2019). From 1991 to 2010, its average

Himsworth et al., 2015; Himsworth, Bidulka, et al., 2013; Ikbal et al.,

annual incidence was 0.70 cases per 100,000 populations in China

2019; Widén et al., 2014), but relevant work from China, which has

(Zhang et al., 2019). In particular, the brown rat (Rattus norvegicus) is

a huge size of human population, is sparse. In the present study, we

the main host of Leptospira interrogans in cities (Himsworth, Bidulka,

conducted an investigation of urban rats in Guangzhou city, aiming

et al., 2013). People may acquire infection mostly by contact with

to (a) examine the prevalence of Leptospira spp., Bartonella spp. and

environmental sources contaminated by rat urine (Costa, Hagan,

HEV infection by polymerase chain reaction (PCR), (b) investigate the

et al., 2015; Costa, Wunder, et al., 2015). With the acceleration

relation between prevalence and host factors, (c) evaluate the co-in-

of global urbanization, the occurrences of urban leptospirosis are

fections and (d) analyse the genetic diversity of these pathogens.

on the rise. Thus, it has become an important public health issue
(Minter et al., 2019). Bartonella spp., the Gram-negative bacterium,
can infect mammalian red blood cells. They can lead to a variety of
diseases, including chronic bacteraemia, fever and endocarditis (Ellis
et al., 1999; Gonçalves et al., 2016; Gundi, Billeter, Rood, & Kosoy,

2 | M E TH O DS
2.1 | Samples collection and processing

2012; Kosoy & Bai, 2019). So far, two-thirds of known Bartonella spp.
are carried by rodents and some of which are thought to be patho-

Rats were captured in Guangzhou city, the capital city of Guangdong

genic factors in human diseases (Gonçalves et al., 2016). In addition,

province in China, from 2018 to 2019 (longitude 112°57′–114°3′,

reports suggested that ectoparasites, such as fleas (Bown, Bennet,

latitude 22°26′–23°56′). They were caught through metal mouse-

& Begon, 2004; Kim et al., 2013) or ticks (Telford & Wormser, 2010),

trap and metal rat cage (Zhongshan Yueling mousetrap factory,

might be essential for transmitting some Bartonella species.

Zhongshan, China). The item sizes of metal mousetrap and rat cage

Hepatitis E virus (HEV), which belongs to the genus Orthohepevirus,

were 16.5 × 9 × 2.3 cm and 25 × 13 × 13 cm, respectively. Traps were

family Hepeviridae, can cause human hepatitis E worldwide (Doceul,

pre-baited with peanuts and set before sundown and then collected

Bagdassarian, Demange, & Pavio, 2016; Smith et al., 2014). HEVs are

before sunrise. We placed traps randomly in several neighbourhoods

basically disseminated through the faecal–-oral route (Doceul et al.,

in four residential districts, namely Haizhu, Liwan, Yuexiu and Baiyun.

2016). They are classified into four species, and rat HEVs belong to

Some neighbourhoods were contiguous among the different dis-

Orthohepevirus C1 (Smith et al., 2014). Rat HEV variant was first dis-

tricts, while some neighbourhoods were far away in the same district.

covered in Germany (Johne et al., 2010), after that many rat HEVs

We chose these four residential districts, because they belonged to

were detected globally (Depamede et al., 2013; He et al., 2018; Li

the old urban area with relatively large human population density (all

et al., 2013; Widén, Ayral, Artois, Olofson, & Lin, 2014). In the old

>5,000/km2; Figure 1). Thus, the rats may have more opportunities

days, the zoonotic potential of rat specific HEV was controversial.

to come into contact with people and increase the public health risks.

Recently, rat HEV was considered to be the causes of liver disease in

Once rats were caught, we collected them and sterilized the traps

a liver transplant recipient (Sridhar et al., 2018) and an immunocom-

with 75% alcohol to remove odour. The bait was changed with new

petent patient (Andonov et al., 2019).
Accordingly, the surveillance of rodents in urban areas is critical for the identification and prevention of zoonotic disease out-

peanut, and the trap remained to capture the animal. We did not record the number of traps and only recorded the total caught rats in
each district. We neither calculated the trap success nor trap effort.

breaks. Studies evaluating zoonotic pathogens in urban rats have

We first recorded the body weight and sex of trapped rats and

been implemented in several countries (Ayral et al., 2015; Benacer

then conducted dissection. The kill-caught rats were dissected for

et al., 2016; Blasdell, Morand, Perera, & Firth, 2019; Firth et al., 2014;

tissues collection, whereas the live-caught rats were euthanized by
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F I G U R E 1 Map indicating the locations of the areas sampled in Guangzhou city. Map was obtained from the Chinese Academy of
Surveying & Mapping [Colour figure can be viewed at wileyonlinelibrary.com]
TA B L E 1

Primers and relevant information used to screen different pathogens
Product
(bp)

Tissue

Reference

CGCTGAAATGGGAGTTCGTATGATT
CCAACAGATGCAACGAAAGATCCTTT

423

Kidney (DNA)

Levett et al. (2005)

Conventional
PCR

CGCATTGGCTTACTTCGTATG
GTAGACTGATTAGAACGCTG

825

Liver (DNA)

Renesto, Gouvernet,
Drancourt, Roux, and
Raoult (2001)

Nested PCR

CTTGGTTYAGGGCCATAGAG
CAGCAGCGGCACGAACAGCA
TTYAGGGCCATAGAGAAGGC
ACAGCAAAAGCACGAGCACG

880

Liver (RNA)

Depamede et al. (2013)

Pathogen

Primer

Method

Sequence 5′–3′

Leptospira
spp.

LipL32F
LipL32R

Conventional
PCR

Bartonella
spp.

rpoBF
rpoBR

Hepatitis E
virus

HEF1
HER1
HEF2
HER2

anaesthesia and then dissected for tissues collection. Kidney and

isolated from kidney (Naidu, Fitak, Munguia-Vega, & Culver, 2010).

liver were collected and frozen with liquid nitrogen and stored at

Different polymerase chain reactions were made to detect the preva-

−80°C for processing. Species identification of captured animals was

lence of Leptospira spp. (targeting the outer membrane protein gene

based on morphological characteristics and sequence analysis of the

segment [LipL32]), Bartonella spp. (targeting the RNA polymerase

cytochrome b (Cyt-b) gene.

beta-subunit-encoding gene segment [rpoB]) and HEV (targeting the
non-structural polyprotein gene segment; Table 1). Furthermore, ster-

2.2 | Nucleotide extraction and PCR
We extracted DNA from liver and kidney with a commercial DNA ex-

ilized water was used as negative control during PCR.

2.3 | Sequencing and phylogenetic analyses

traction kit (TIANGEN), as recommended by the manufacturer. RNA
was extracted from liver using TRIzol (Invitrogen), and cDNA was ac-

All the positive PCR products were displayed on 1.5% agarose gel,

quired through a commercial Reverse Transcription System (Promega).

gel-purified and sequenced through ABI 3730XL DNA Analyzer.

Cyt-b segment was amplified to confirm the rat species by using DNA

DNAMAN8 was used to edit sequence and assembly (Lynnon

|
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TA B L E 2 Baseline characteristics and
infection status of Leptospira, Bartonella
and hepatitis E virus (HEV) in Guangzhou

Number of Rattus
tanezumi

537

Category

Number of Rattus
norvegicus

Male

58 (50.88%)

Female

56 (49.12%)

Mature

97 (85.09%)

13 (86.67%)

Immature

17 (14.91%)

2 (13.33%)

19 (14.73%)

Haizhu district

20 (17.54%)

0 (0%)

20 (15.50%)

9 (60%)
6 (40%)

Number of
total animals
67 (51.94%)
62 (48.06%)
110 (85.27%)

Liwan district

32 (28.07%)

2 (13.33%)

34 (26.36%)

Yuexiu district

39 (34.21%)

11 (73.33%)

50 (38.76%)

Baiyun district

23 (20.18%)

2 (13.33%)

25 (19.38%)

Leptospira spp.

66 (57.89%)

1 (6.67%)

67 (51.94%)

Bartonella spp.

11 (9.65%)

0 (0%)

11 (8.53%)

HEV

66 (57.89%)

7 (46.67%)

73 (56.59%)

Note: The percentages in the parentheses indicated the relative number of animals to the total
number of animals for each species.

BioSoft). Rodent species and pathogen identification were con-

binomial error structure and logit link function to determine the re-

firmed by sequence comparisons in the BLAST algorithm (www.

lationship between pathogen infections and attributes of individual

ncbi.nlm.nih.gov). The most suitable model of nucleotide substitu-

rats in the R software. We ran three separate GLM analyses to de-

tion (GTR+G) was ascertained by jModelTest version 2.1.7 based on

termine whether trapping site (Haizhu, Liwan, Yuexiu and Baiyun),

AIC (Posada, 2008). The MCMC method in MrBayes v3.1.2 was used

host sex and maturity were significantly associated with Leptospira

to perform phylogenetic analyses (Huelsenbeck & Ronquist, 2001).

spp, Bartonella spp or HEV infection. Similarly, we ran GLM analy-

We performed five independent runs of 50 million generations sam-

ses to test the association of co-infections of these three pathogens.

pling every 1,000 generations and 5 million burn-in generations. The

Selection of the best model was based on the Akaike information

convergence of the runs and the effective sample size (ESS > 200) of

criterion (AIC). The model with the lowest AIC value was viewed as

each parameter trace were assessed with Tracer v1.5 (Drummond &

the most parsimonious, that is the model which explains the majority

Bouckaert, 2015). FigTree v1.4.2 was used to edit and illustrate the

of variance with the fewest parameters. Additionally, we performed

trees (Rambaut & Drummond, 2012). The accession numbers for ob-

odds ratios (ORs) and 95% confidence intervals (CIs) analyses to as-

tained pathogens sequences in our study are exhibited in Table S1.

sess the strength of the associations.

The strains used for phylogenetic analyses downloaded from NCBI
are listed in Table S2.

2.4 | Genetic diversity of detected pathogens

3 | R E S U LT S
3.1 | Pathogens prevalence and phylogenetic
analyses

The alignment sequences of the lipL32, rpoB and non-structural
polyprotein genes were utilized to estimate the nucleotide diversity

A total of 129 individuals of R. norvegicus and R. tanezumi were

(π), the polymorphic level (haplotype diversity [Hd]) and the aver-

enrolled in this study (Table 2). For R. tanezumi, the prevalences

age number of nucleotide differences (K) by DnaSP v5 (Librado &

of Leptospira spp., Bartonella spp. and HEV infection were 6.67%

Rozas, 2009) with default parameters.

(1/15), 0% and 46.67% (7/15), respectively (Table 2).The prevalences
of Leptospira spp., Bartonella spp. and HEV infection were 57.89%

2.5 | Statistical analysis

(66/114), 9.65% (11/114) and 57.89% (66/114) for R. norvegicus, respectively (Table 2). Mature R. norvegicus individuals were associated
with increased chance of being Leptospira spp. (OR = 4.630, 95% CI:

The sample size of Rattus tanezumi was small, so we just described

1.364–15.715, p < .05) and HEV (OR = 6.511, 95% CI: 1.595–26.572,

population demography and prevalence of pathogens. The follow-

p < .05) infected (Table 3). Trapping site and host sex did not show

ing analysis was only conducted in R. norvegicus. Males with de-

any association with pathogen infections in R. norvegicus (all p > .05,

scent of testes and females with vaginal openings combined with

Table 3).

classes of body weight (for R. norvegicus >200 g (Davis, 1953); for

Phylogenetic analyses showed that two species of Leptospira

R. tanezumi >75 g (Bao, Ding, & Zhu, 1991)) were considered sexu-

(L. interrogans and Leptospira borgpetersenii; Figure 2) and three

ally mature. We performed generalized linear models (GLM) with

types of Bartonella (Bartonella elizabethae, Bartonella rochalimae and
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Bartonella tribocorum; Figure 3) existed in Guangzhou city. Moreover,

4 | DISCUSSIONS

the HEV sequences detected in our study were similar to those circulating in R. norvegicus and house shrew (Suncus murinus) recovered

Here, we described the survey of epidemiology and genetic diversity

in Guangzhou (Figure 4) (He et al., 2018).

of several zoonotic pathogens in urban rats from China. Firstly, we
evaluated the presence of Leptospira spp., Bartonella spp. and HEV and
investigated effects of the environment (trapping site) and biotic vari-

3.2 | Co-infections

ables of rats (sex and maturity). Secondly, we investigated effects of
co-infection and revealed the genetic diversity of these pathogens.

Dual infections with Leptospira and Bartonella, Leptospira and HEV,

We demonstrated a high Leptospira prevalence (51.94%) in

Bartonella and HEV were found in three of 129 rats (2.33%), 40 of

urban rats of Guangzhou city. Similar results were observed in

129 rats (31.01%) and one of 129 rats (0.78%), respectively (Table 4).

Baltimore, Maryland, USA (Easterbrook et al., 2007), and Salvador,

Triple infections with Leptospira, Bartonella and HEV were found in

Brazil (Costa et al., 2014; de Faria et al., 2008). Indeed, the warmer

six of 129 rats (4.65%). Finally, the total prevalence of co-infections

and wetter climates are more conducive to spread of L. interro-

was 38.76% (50/129; Table 4). Particularly, we detected significant

gans from rats to humans (Himsworth, Bidulka, et al., 2013; Zhang

positive association between Leptospira spp. and HEV infection

et al., 2019). Guangzhou is located in southern China in the mid-

(OR = 3.236, 95% CI: 1.470–7.120, p < .01; Table 3). We further run

dle of Guangdong province. The annual average temperature is

HEV model including maturity and found that the co-infection of

22.3°C, and annual average relative humidity is about 78%, while

HEV and Leptospira spp. remained in the final model. Same result was

annual average rainfall is 2,471.9 mm (Wei et al., 2018). High

found in Leptospira model.

Leptospira prevalence combined with warm and moist climate indicates a high risk of leptospirosis in Guangzhou (Minter et al., 2019).
Cases of leptospirosis were primarily distributed in the warm and

3.3 | Genetic diversity of pathogens

humid areas in central-southern China, like Guangdong, Guizhou,
Sichuan and Hunan province (Zhang et al., 2019). We found that all

Among the 67 LipL32 sequences analysed, 19 SNP and nine haplo-

Leptospira strains were pathogenic, and two known human patho-

types were identified, showing π = 0.010, Hd = 0.625. Among the

genic Leptospira species were detected. The discovery of L. inter-

11 rpoB sequences analysed, 127 SNP and seven haplotypes were

rogans and L. borgpetersenii infected rats is consistent with early

identified, showing π = 0.083, Hd = 0.873. Among the 73 partial non-

researches (Benacer et al., 2016; Benacer, Zain, Amran, Galloway,

structural polyprotein gene analysed, 198 SNP and 46 haplotypes

& Thong, 2013; Ikbal et al., 2019). These two Leptospira species are

were identified, displaying π = 0.022, Hd = 0.967 (Table 5).

the main agents of leptospirosis known in the world, which pose

Dependent
variable
Leptospira. spp

Bartonella. spp

Explanatory
variable

Leptospira. spp
Bartonella.spp

z-value

Trapping site

0.31 (0.46)

1.259 (0.866, 1.829)

0.66

.506

0.59 (0.41)

1.524 (0.687, 3.381)

1.46

.145

Maturity

1.75 (0.61)

4.630 (1.364,
15.715)

2.87

<.05

Trapping site

−0.51 (0.71)

0.454 (0.232, 0.888)

−0.71

Sex

−0.43 (0.65)

0.831 (0.223, 3.092)

−0.65

.514

0.01

.981

9.26 (27.98)

— (—)

.479

Trapping site

0.72 (0.47)

2.410 (1.566, 3.709)

1.54

.124

Sex

0.35 (0.40)

1.085 (0.449, 2.625)

0.87

.385

Maturity

2.16 (0.67)

6.511 (1.595, 26.572)

3.22

Bartonella. spp

1.09 (0.83)

3.683 (0.725, 18.724)

1.31

HEV

0.89 (0.42)

3.236 (1.470, 7.120)

2.11

Leptospira. spp

1.30 (0.83)

3.683 (0.725, 18.724)

1.57

HEV
HEV

Odd ratios (CI)

Sex

Maturity
HEV

Estimates

pvalue

−0.05 (0.69)

0.951 (0.248, 3.647)

−0.07

Leptospira. spp

0.89 (0.42)

3.236 (1.470, 7.120)

2.11

Bartonella. spp

−0.26 (0.69)

0.951 (0.248, 3.647)

−0.39

Note: All tests were only performed in Rattus norvegicus.
Statistically significant predictors are in bold.
Abbreviation: CI, 95% confidence interval; HEV, hepatitis E virus.

<.05
.189
<.05
.116
.942
<.05
.701

TA B L E 3 Generalized linear model
of pathogen infections and attributes of
individual rats

SU et al.
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F I G U R E 2 Bayesian tree of partial lipL32 gene segment in Leptospira spp. The strains recovered from Guangzhou were indicated by red.
Other strains downloaded from NCBI were coloured black. Bootstraps values >60 are indicated at their respective nodes [Colour figure can
be viewed at wileyonlinelibrary.com]
a critical threat to public health (Benacer et al., 2013, 2016; Ikbal

circulating in R. norvegicus and S. murinus recovered by He et al. (2018)

et al., 2019).

in Guangzhou. It is unclear whether rat HEV has been associated with

We also demonstrated a high HEV prevalence (56.59%) in urban

human disease for a long time (Johne et al., 2010). Recently, rat HEV

rats of Guangzhou city. The finding is in line with a previous report

had been first detected as causes of human diseases in Hong Kong

(Easterbrook et al., 2007). Rat HEV was detected in several cities in

(Sridhar et al., 2018) and Canada (Andonov et al., 2019). More re-

China (He et al., 2018; Li et al., 2013; Wang et al., 2017). As expected,

searches are required to evaluate the zoonotic potential of rat HEV

the HEV sequences detected in our study were highly similar to those

(Andonov et al., 2019; Sridhar et al., 2018). In addition, we observed

540
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F I G U R E 3 Bayesian tree of partial rpoB gene segment in Bartonella spp. The strains recovered from Guangzhou were indicated by red.
Other strains downloaded from NCBI were coloured black. Bootstraps values >60 are indicated at their respective nodes [Colour figure can
be viewed at wileyonlinelibrary.com]

that mature R. norvegicus individuals were more likely to be infected

et al., 2004). In contrast, prevalence of Bartonella in our study

with HEV and Leptospira. Similar results have been found for other

was lower than those in Yunnan province (Ying, Kosoy, Maupin,

pathogens (Costa et al., 2014; Himsworth, Bidulka, et al., 2013;

Tsuchiya, & Gage, 2002), Zhejiang province (Liu et al., 2010) and

Krøjgaard et al., 2009; Perez, Brescia, Becam, Mauron, & Goarant,

Taiwan province (Hsieh et al., 2010) of China. Notably, Bartonella

2011; Su et al., 2019). Classically, weight is regarded as an index of

was detected from different host species at different habitats or

age and a sign of sexual maturity in R. norvegicus (Davis, 1953). Costa,

geographic locations in these three studies (Hsieh et al., 2010;

Wunder, et al. (2015) showed that leptospiral loads increased with the

Liu et al., 2010; Ying et al., 2002). Fleas or ticks may be essential

age of rats. For rats, the incidence of Leptospira spp., Seoul virus and

for transmitting some Bartonella species (Bown et al., 2004; Kim

HEV infections increased with age, possibly due to increased exposure

et al., 2013; Telford & Wormser, 2010). During the tissue collec-

(Himsworth, Parsons, et al., 2013).

tion, we did not see ectoparasites on the fur or surface of rats;

The total prevalence of Bartonella in urban rats was 8.5% in this

thus, we paid little attention to it. The rats in our study were cap-

study, which was similar to the results reported in Thailand (Castle

tured between January and February. In Guangzhou, January and

|
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F I G U R E 4 Bayesian tree of partial non-structural polyprotein gene segment in hepatitis E virus. The strains recovered from Guangzhou
were indicated by red. Other strains downloaded from NCBI were coloured black. Bootstraps values >60 are indicated at their respective
nodes [Colour figure can be viewed at wileyonlinelibrary.com]
February have the lowest mean temperatures (6.5–12.1°C) and

implicated in human disease (Ellis et al., 1999; Gundi et al., 2012;

are defined as winter (Guo et al., 2019). Generally, life of flea de-

Kosoy & Bai, 2019).

pends on the temperature, relative humidity, availability of food

In our study, the total prevalence of co-infections was 38.76%

and other environmental factors (Bitam, Dittmar, Parola, Whiting,

(50/129). There were 49 co-infections (43 dual and six triple infections)

& Raoult, 2010). The temperature during January and February

in R. norvegicus. Recently, co-infections were also observed in rodents

may not be in favour of surviving for ectoparasites. However, fur-

in other countries, such as Croatia (Tadin et al., 2012, 2016), Austria

ther investigations are needed to disentangle it. Importantly, the

(Schmidt et al., 2014), Canada (Rothenburger et al., 2019), Belgium,

strains found in our study had high degrees of sequence similarity

Germany, Spain and Italy (Obiegala et al., 2019). The high occurrence

to B. elizabethae, B. rochalimae and B. tribocorum, which all were

of co-infection in rats indicates a high possibility that humans might
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Number of co-infections
Pathogen combination

Rattus
norvegicus

Total number of coinfected animals

Rattus
tanezumi

Leptospira + Bartonella

3/114

0/15

3/129

Leptospira + HEV

39/114

1/15

40/129

Bartonella + HEV

1/114

0/15

1/129

Leptospira + Bartonella + HEV

6/114

0/15

6/129

Total

49/114

1/15

50/129

TA B L E 5

TA B L E 4 Number of co-infection
combinations with Leptospira, Bartonella
and hepatitis E virus (HEV)

Genetic diversity of gene segments obtained from Leptospira, Bartonella and hepatitis E virus (HEV) in Guangzhou

Pathogen

Gene

bp

Number

SNP

Hd

π

θW

Leptospira

LipL32

362

67

19

9

0.625

0.010

0.011

3.678

Bartonella

rpoB

784

11

HEV

ORF1

785

73

127

7

0.873

0.083

0.055

64.873

198

46

0.967

0.022

0.052

17.548

h

K

Abbreviation: h, number of haplotypes; Hd, haplotype diversity; K, average number of nucleotide differences; Number, number of sequences
analysed; S, single nucleotide polymorphism; θW, (Theta (per site) from S); π, nucleotide diversity (per site).

be at risk of being simultaneously infected with these pathogens, too

Heixiazi Island in Northeast China (Li et al., 2015). The diversity analy-

(Obiegala et al., 2019; Tadin et al., 2012). Particularly, dual infections

sis (π = 0.083, Hd = 0.873) observed in our study was similar to that re-

with Leptospira spp. and rat HEV represented the most frequent co-in-

ported in Heixiazi Island (π = 0.095, Hd = 0.860; Li et al., 2015). Though

fections. Their prevalences were the same in R. norvegicus, and a sig-

the number of positive Bartonella strains (11) was fewer than Heixiazi

nificant positive association was observed between them. Easterbrook

Island (41) (Li et al., 2015), we still found more polymorphism sites and

et al. (2007) revealed that L. interrogans positive rats were more likely

similar genetic diversity. This may be related to geographical environ-

to be infected with HEV. The frequent co-infections of Leptospira and

ment, host differences, diverse evolutionary or ecological pressures.

HEV in our study may be related to the similarity in their transmission

Generally speaking, our results gave a first insight into the genetic di-

routes (Easterbrook et al., 2007). Leptospira can be transmitted by

versity of Leptospira spp., Bartonella spp. and rat HEV in Guangzhou.

contaminated urine through direct or indirect contact, and infected

This high genetic diversity may be of great significance, such as the

rats can shed leptospires in urine throughout their lives (Athanazio

emergence of strains with different transmission capabilities, infec-

et al., 2008). Once leptospires are shed into the environment, they

tiousness or virulence (Holmes & Burch, 2000; Read & Taylor, 2001).

can survive from days to months (Chang, Buckingham, & Taylor, 1948;

For instance, identified mutations are associated with changes in vir-

Noguchi, 1918). HEV is basically disseminated through the faecal–oral

ulence for dengue virus (Holmes & Burch, 2000). The great diversity

route, and infectious HEV can be spread through environment, food

may interfere with medical interventions and make pathogen control

and water sources (Doceul et al., 2016; Yugo & Meng, 2013). HEV easily

difficult (Holmes & Burch, 2000; Read & Taylor, 2001).

contaminates sewage, irrigation water, surface water and coastal wa-

Few R. tanezumi individuals were collected, which was a limitation in

ters, which, in turn, acts as public health threats (Yugo & Meng, 2013).

our study. This may be related to the methodology of trapping applied.

For example, HEV has been detected in shellfishes, vegetables and

Rattus tanezumi and R. norvegicus are partially sympatric in southern

fruits, which was likely caused by the contamination of irrigation or sur-

China, but they have distinct ecological niches (Guo, Teng, Zhang, Zhang,

face water (Doceul et al., 2016). Moreover, HEV is stable in alkaline and

& Zhang, 2017). Generally, R. norvegicus mainly moves on the ground

acidic environments and can be frozen for more than 10 years and even

and resides in underground burrows (Himsworth, Bidulka, et al., 2013;

remains infectious at up to 60°C (Emerson, Arankalle, & Purcell, 2005;

Himsworth et al., 2014), whereas R. tanezumi is usually on the roof or the

Yugo & Meng, 2013). The high prevalence of Leptospira and HEV may

upper levels of buildings because of its strong climbing ability (Guo et al.,

reflect a great degree of environmental contamination, which confers

2017). The trap sets in our study were placed on the ground outside of

epidemiologic importance and deserves more attention.
The genetic diversity of a pathogen contributes to its fitness when

buildings, which may favour catching R. norvegicus in detriment of R. tanezumi. Future studies should improve the methods of capturing urban rats.

infecting the hosts, which also reveals evolutionary and ecological
pressures that act on pathogen transmission (Trivedi & Wang, 2014).
Haplotype diversity is controlled by a variety of processes, such as
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mutation, recombination and demography (Gonçalves et al., 2016;
Li et al., 2015). We observed 127 SNP sites for part rpoB gene in 11

The main conclusion of this article is that commensal rats may play

Bartonella strains, while 41 Bartonella isolates had 21 SNP sites in

a significant role in the transmission of different zoonotic pathogens
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to humans in urban China. Not only can this happen in co-infection,
but the genetic diversity found may reveal the threat of strains with
different transmission capabilities and infectiousness—characteristics that can jeopardize prevention and control. The significant coinfection between Leptospira spp. and HEV in rats suggests shared
environmental routes of infection, indicating, in turn, that attention should be paid to public hygiene issues in the old urban China.
Following this study, we propose four recommendations for future
work and public health agents:
• A better understanding of the prevalence of known and novel microbes is important. It will be beneficial to ascertain the characteristics that favour pathogen diversity and disease transmission.
• Exploring the evolution of pathogens is needed. Genetic diversity
may alter the virulence or transmission capability of pathogens,
and sometimes has an impact on medical interventions within
infections.
• Since some pathogens cause similar clinical pictures, it is important to know the occurrences of co-infections in rats and to
consider the possibility of co-infections among patients during
diagnosis or treatment.
• Environmental samples, such as effluent sewerage or surface
water, may be contaminated by Leptospira spp. and rat HEV, which
should be noted.
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