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Abstract

Objective: To determine the seroprevalence of Leptospira immunoglobulin (Ig)G and IgM anti-

bodies and its association with the characteristics of the study population from the northern

Mexican city of Durango, Mexico.

Methods: Through a cross-sectional study design, inhabitants of Durango City, Mexico were

surveyed between June 2018 and November 2018. Serum samples from the subjects were
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analysed for anti-Leptospira IgG and IgM antibodies using commercially available enzyme-linked

immunosorbent assays. Sociodemographic, clinical, behavioural and housing characteristics were

recorded. Data were analysed by bivariate and multivariate analyses.

Results: The study enrolled 413 people, of which 124 (30.0%) and 137 (33.2%) were positive for

anti-Leptospira IgG antibodies and anti-Leptospira IgM antibodies, respectively. Multivariate analysis

showed that Leptospira seropositivity was associated with professional occupation, alcohol con-

sumption, ill clinical status, memory impairment and a history of surgery.

Conclusions: This is the first study to report the seroepidemiology of Leptospira infection in an

urban general population in the north of Mexico. The seroprevalence of Leptospira infection found

was higher than those previously reported in Mexican studies.
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Introduction

Leptospirosis is the disease caused by the

pathogenic bacteria of the genus

Leptospira.1 Leptospirosis has the highest

burden in low-income populations both in

urban and in rural environments.2 Typical

reservoirs of Leptospira are mice and rats,

whereas humans are accidental hosts of

pathogenic Leptospira.3 Human infections

can vary from asymptomatic to severe dis-

ease with life-threatening consequences.4

Some Leptospira-infected individuals devel-

op a disease comprising jaundice and renal

failure.5 In its severe form, leptospirosis can

cause multiorgan dysfunction and death in

a matter of days.6 Despite efforts for the

development of an effective vaccine against

leptospirosis, few advances have been

made.7

Knowledge about the seroepidemiology

of Leptospira infection in Mexico is limited.

In a study of inhabitants of the southern

Mexican state of Veracruz, researchers

found a 4% seroprevalence of Leptospira

infection.8 Whereas in a study of the general

population in rural communities in the

northern Mexican state of Durango, a
15.6% seroprevalence of Leptospira infec-
tion was found.9 This current study deter-
mined the seroprevalence of anti-Leptospira
immunoglobulin (Ig)G and IgM antibodies
and its association with the sociodemo-
graphic, clinical, behavioural and housing
characteristics of the study population
from the northern Mexican city of
Durango, Mexico.

Materials and methods

Study design and population

This cross-sectional study surveyed inhabi-
tants of Durango City, Mexico between
June 2018 and November 2018. This study
was undertaken by Juárez University of
Durango State, Durango, Mexico.
Inclusion criteria for enrolment were as fol-
lows: (i) inhabitants of Durango City,
Mexico; (ii) aged � 14 years; (iii) those
that voluntarily agreed to participate in
the study. Subjects were recruited in facto-
ries, educational and health facilities, busi-
nesses and a government agency.
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The Ethics Committee of the Instituto de
Seguridad y Servicios Sociales de los
Trabajadores del Estado, Durango,
Mexico approved this Project.
Participation was voluntary and written
informed consent was taken from each
participant.

Sociodemographic, clinical, housing and
behavioural characteristics

Birthplace (Durango or other Mexican
state), residence (Durango or other
Mexican state), age, sex, education (1–6,
7–12,> 12 years), socioeconomic status
(low, medium, high) and occupation
(housewife, business, construction, employ-
ees, student, factory worker, professional,
none or other) of participants was recorded.
Clinical data included health status (ill or
healthy), history of blood transfusions,
transplants, surgeries, hepatitis, lymph
node enlargement, frequent headache or
abdominal pain, and impairments of
vision, hearing, memory and reflexes.
Housing conditions include information
about crowding, form of elimination of
excretes, type of floors, availability of
drinkable water and education of the head
of the family. Behavioural characteristics
included consumption of untreated water,
unwashed raw fruits or vegetables, contact
with soil, consumption of unpasteurized
milk, type of meat consumed, raising ani-
mals and traveling.

Detection of anti-Leptospira IgG and IgM
antibodies and Leptospira DNA

Phlebotomy was performed at the antecubi-
tal fossa. Venous blood (5 ml) was collected
from each participant. Blood samples were
left at room temperature for 1–4 h to allow
clot formation and then centrifuged at 2500
g for 10 min at room temperature using a
Thermo ScientificTM SorvallTM LegendTM

X1R Centrifuge (Thermo Fisher Scientific,

Waltham, MA, USA). Serum samples were
obtained and stored at –20 �C until tested.
Sera were analysed for anti-Leptospira IgG
and IgM antibodies using the commercially
available enzyme-linked immunosorbent
assays (ELISAs) AccuDiagTM Leptospira
IgG ELISA Kit (Diagnostic Automation/
Cortez Diagnostics Inc., Woodland Hills,
CA, USA) and AccuDiagTM Leptospira
IgM ELISA Kit (Diagnostic Automation/
Cortez Diagnostics Inc.), respectively.

Detection of Leptospira DNA was per-
formed by end-point multiplex polymerase
chain reaction (PCR) following the proto-
col previously described.10 DNA was
extracted from 0.5 ml of whole blood as
previously described.11 PCR was performed
using a C1000 TouchTM Thermal Cycler
(Bio-Rad Laboratories, Hercules,
California. USA). The primer sequences
were as follows: LG1, 50-CGGTGAAAT
GCGTAGATATC-30; LG2, 50-CGGTT
TGTCACCGGCAGTTC-30; LP1, 50-TCG
TTTTAGAATCGATAG-30; LP2, 50-ATA
CTTCCATTATGTA-30. In addition,
b-globin was detected using the following
primers: Dir1, 50-ACACAACTGTGTTC
ACTAGC-30; and Rev1, 50-CAACTTCAT
CCACGTTCACC-30. The reaction mix
consisted of 1� PCR buffer (Promega,
Madison, WI, USA), 1.5 mM MgCl2
(Promega), 200 mM of dNTP (Promega),
60 pmol of each primer (LG1, LG2, LP1,
LP2, Dir1 and Rev1; Integrated DNA
Technologies, Coralville, IA, USA), 1U
Taq DNA polymerase (Promega) and 5 ml
of genomic DNA (5 ng/ml). The cycling pro-
gramme involved preliminary denaturation
at 95 �C for 2 min, followed by 30 cycles of
denaturation at 95 �C for 1 min, annealing
at 58 �C for 1 min, and elongation at 72 �C
for 2 min, followed by a final elongation
step at 72 �C for 5 min. The amplified prod-
ucts were analysed by electrophoresis using
3% agarose gel stained with ethidium bro-
mide followed by visualization with UV
light. For the LG1/LG2 primers, the
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expected amplicon sizes ranged from 479 to
483 base pairs. For the LP1/LP2 primers,
the expected amplicon sizes ranged from
192 to 282 base pairs. For the Dir1/Rev1
primers, the expected amplicon size was of
113 base pairs.

Statistical analyses

All statistical analyses were performed
using Epi InfoTM for Windows version 7
(The Centers for Disease Control and
Prevention, Atlanta, GA, USA) and IBM
SPSS Statistics for Windows, Version 20.0
(IBM Corp., Armonk, NY, USA). A
sample size of 316 people was required,
which was calculated using a 95% confi-
dence level, a reference seroprevalence of
15.6%,9 a population size of 500 000 and
4% of confidence limits. Pearson’s v2-test
was used to compare seroprevalences
among the groups. As a strategy to find
variables associated with infection, only
variables with a P-value � 0.05 obtained
in the bivariate analysis were further ana-
lysed by logistic regression analysis with the
Enter method. Odds ratios (OR) and 95%
confidence intervals (CI) were calculated.
Statistical significance was set at a
P-value< 0.05.

Results

This cross-sectional study surveyed 413
inhabitants of Durango City, Mexico. Of
the 413 people studied, 124 (30.0%) and
137 (33.2%) were positive for anti-
Leptospira IgG antibodies and anti-
Leptospira IgM antibodies, respectively.
The age in participants ranged from 14 to
78 years (mean� SD: 35.38� 13.23 years).
None of the participants was positive for
Leptospira DNA by PCR. Of the sociode-
mographic characteristics studied, only the
variable occupation had a P-value � 0.05
by bivariate analysis. With respect to
behavioural and housing characteristics,

bivariate analysis showed that only the var-
iables national trips, consumption of
untreated water and alcohol consumption
were associated (P< 0.05) with seropositiv-
ity to Leptospira (Table 1). With regard to
clinical characteristics, bivariate analysis
showed that Leptospira IgG seropositivity
was associated (P< 0.05) only with an ill
clinical status, memory impairment and a
history of surgery. Multivariate analysis of
sociodemographic, behavioural and clinical
characteristics with P-values � 0.05
obtained by bivariate analysis showed that
Leptospira IgG seropositivity was associat-
ed only with professional occupation
(OR¼ 1.11; 95% CI 1.01, 1.21; P¼ 0.01),
alcohol consumption (OR¼ 2.08; 95% CI
1.14, 3.80; P¼ 0.01), ill clinical status
(OR¼ 1.88; 95% CI 1.06, 3.35; P¼ 0.03),
memory impairment (OR¼ 1.85; 95% CI
1.07, 3.18; P¼ 0.02) and a history of sur-
gery (OR¼ 1.69; 95% CI 1.06, 2.69;
P¼ 0.02) (Table 2).

Discussion

This current cross-sectional study found
that 30.0% of the study population had
anti-Leptospira IgG antibodies. To the
best of our knowledge, this is the first
report of Leptospira seroprevalence in an
urban general population in northern
Mexico. In a study in rural Durango,
15.6% seroprevalence of Leptospira infec-
tion was found.9 The seroprevalence of
Leptospira infection found in the present
study was higher than those reported in sev-
eral population groups in Mexico including
patients with liver diseases (22.7%),12 meat
workers (17.7%),13 gardeners (6%)14 and
waste pickers (4.4%).15 However, the sero-
prevalence found in the current study was
lower than the 61% seroprevalence found
in dog owners in the east central Mexican
state of Veracruz (61%)16 and veterinarians
in Mexico (38.8%).17 Differences in the
Leptospira seroprevalence among groups
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can be explained by differences in the char-

acteristics of the study populations. In the

present study, seropositivity was associated

with professional occupation; a high sero-

prevalence of Leptospira infection has been

found in several occupational groups

including garbage collectors,18 miners19

and wet market workers.20 Therefore,

these current findings further confirm that

Leptospira infection is an occupational

Table 1. Bivariate analysis of selected behavioural and housing characteristics and Leptospira seroprevalence
in 413 inhabitants of Durango City, Mexico.

Characteristic

Subjects

tested*

n

Prevalence of

Leptospira infection
Odds

ratio

95% confidence

interval

Statistical

significancen %

Dogs at home

Yes 336 96 28.6 0.70 0.41, 1.17 NS

No 77 28 36.4 1.00

National trips

Yes 326 107 32.8 1.98 1.11, 3.53 P¼ 0.01

No 86 17 19.8 1.00

Pork meat consumption

Yes 372 116 31.2 1.86 0.83, 4.17 NS

No 41 8 19.5 1.00

Pigeon meat consumption

Yes 12 6 50.0 2.38 0.75, 7.56 NS

No 400 118 29.5 1.00

Horse meat consumption

Yes 17 2 11.8 0.29 0.06, 1.32 NS

No 396 122 30.8 1.00

Raw dried meat of snake

Yes 2 2 100.0 – – NS

No 411 122 29.7 1.00

Raw milk consumption

Yes 118 38 32.2 1.15 0.72, 1.82 NS

No 295 86 29.2 1.00

Untreated water

Yes 93 20 21.5 0.56 0.32, 0.98 P¼ 0.04

No 320 104 32.5 1.00

Alcohol consumption

Yes 315 105 33.3 2.02 1.16, 3.52 P¼ 0.01

No 96 19 19.8 1.00

Washing hands before eating

Yes 388 116 29.9 0.90 0.38, 2.15 NS

No 25 8 32.0 1.00

Floor at home

Ceramic or wood 291 95 32.6 1.00

Concrete 119 28 23.5 0.63 0.38, 1.03 NS

Soil 3 1 33.3 1.03 0.09, 11.51 NS

*Some values do not total 413 because of missing data.

NS, no significant association (P � 0.05).
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disease. Leptospira IgG seropositivity was

also associated with alcohol consumption

in the current study. To the best of our

knowledge no previous report describes

this association. In the current study, sero-

positivity to Leptospira was associated with

an ill clinical status, memory impairment

and a history of surgery. Leptospira may

cause central nervous system involvement.21

Therefore, a memory impairment might

occur during infection. On the other hand,

Leptospira infection has been linked to sev-

eral clinical conditions leading to surgery.

For example, leptospirosis mimicking

acute cholecystitis has been reported.22

Further research on the association between

Leptospira infection and a history of sur-

gery and memory impairment should be

conducted.
None of the samples in the current study

was positive for Leptospira DNA. False-

positive cases identified via the ELISAs

were ruled out by the use of positive and

negative controls. It is thought that the

PCR was unable to detect the Leptospira

DNA in the blood samples as a result of a

low concentration of bacterial DNA in the

samples. A previous study reported that at

least 10 pg of bacterial DNA are necessary

for detection with this method.23 The effi-
cacy of the PCR procedure was confirmed

by using the b-globin gene as a positive
internal control.

In conclusion, this is the first study to
describe the seroepidemiology of

Leptospira infection in an urban general
population in the north of Mexico. The

seroprevalence of Leptospira infection
found in the general population in

Durango City was higher than those previ-
ously reported in Mexican studies.
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16. Lugo-Chávez BL, Velasco-Rodr�ıguez LC,

Canales-Velásquez G, et al. Detection of

antileptospira antibodies in a vulnerable

population of Ixhuatlancillo, Veracruz. Rev

Med Inst Mex Seguro Soc 2015; 53: 158–163

[Article in Spanish, English abstract].
17. Rivera-Benitez JF, Rosas-Estrada K,

Pulido-Camarillo E, et al. Serological

survey of veterinarians to assess the zoonotic

potential of three emerging swine diseases in

Mexico. Zoonoses Public Health 2014; 61:

131–137.
18. Vasconcelos LM, Cisalpino EO, Vieira MN,

et al. Anti-Leptospira agglutinins in differ-

ent professional groups in the city of
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