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Toxoplasma gondii infection and abdominal
hernia: evidence of a new association
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Abstract

Background: We performed a retrospective, observational study in 1156 adult subjects from the general
population of Durango City, Mexico, Fifty five subjects with a history of abdominal hernia repair and 1101 subjects
without hernia were examined with enzyme-linked immunoassays for the presence of anti-Toxoplasma IgG and
IgM antibodies.

Results: The seroprevalence of anti-Toxoplasma IgG antibodies and IgG titers was significantly higher in subjects
with abdominal hernia repair than those without hernia. There was a tendency for subjects with hernia repair to
have a higher seroprevalence of anti-Toxoplasma IgM antibodies than subjects without hernia. The seroprevalence
of anti-Toxoplasma IgG antibodies in subjects with hernia repair was significantly higher in subjects ≥ 50 years old
than those < 50 years old. Further analysis in subjects aged ≥ 50 years showed that the seroprevalence of anti-
Toxoplasma IgG antibodies was also significantly higher in individuals with hernia repair than those without hernia
(OR = 2.72; 95% CI: 1.10-6.57). Matching by age and sex further showed that the seroprevalence of Toxoplasma
infection was significantly higher in patients with hernia repair than those without hernia (OR: 4.50; 95% CI:
1.22-17.33).

Conclusions: Results indicate that infection with Toxoplasma is associated with abdominal hernia. The contributing
role of infection with Toxoplasma in abdominal hernia was observed mainly in subjects aged ≥ 50 years old. Our
results might have clinical, prevention and treatment implications and warrant for further investigation.

Findings
The protozoan parasite Toxoplasma gondii (T. gondii) is
widely distributed around the world [1,2]. Human infec-
tions with T. gondii occur by ingesting food or water
that is contaminated with oocysts shed by cats or by
eating undercooked or raw meat containing tissue cysts
[2-4]. Infections with T. gondii may result in an asymp-
tomatic state or lead to disease. The parasite dissemi-
nates within the host’s body and may affect lymph
nodes, eyes, central nervous system, and other tissues
[3,5-9]. In addition, primary infection during pregnancy
may lead to severe damage to the fetus [2,3]. We have
explored the seroprevalence of and risk factors for
T. gondii infection in some healthy [10-12] and ill
[13-16] populations in Durango, Mexico. In a recent
study in liver disease patients, we reported that subjects

with abdominal hernia repair showed a significantly
higher seroprevalence of T. gondii infection than indivi-
duals without hernia [16]. Therefore, we sought to
determine whether the seroprevalence of T. gondii infec-
tion and anti-T. gondii IgG levels are associated with a
history of abdominal hernia repair in subjects of the
general population in Durango, Mexico. Furthermore,
we investigated socio-demographic, clinical, and beha-
vioral characteristics associated with T. gondii seroposi-
tivity in subjects with abdominal hernia repair.
Through a retrospective, observational study design,

we studied 1156 subjects of the general population of
Durango City, Mexico that were examined for T. gondii
antibodies in our Faculty of Medicine from January
2009 to December 2010. Of the 1156 subjects, 55 had a
history of abdominal hernia repair while 1101 subjects
did not report any suffering from abdominal hernia or
having had any abdominal hernia repair.
Socio-demographic, clinical and behavioral character-

istics of the participants were obtained with the aid of a
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standardized questionnaire and kept in records. Socio-
demographic data included age, gender, place of birth,
place of residence, residence area (urban, suburban,
rural), educational level, socioeconomic status, and
occupation. Clinical data included the presence of dis-
eases, presence or history of lymphadenopathy, frequent
presence of headache; history of blood transfusion,
transplant, or surgery; and memory, reflex, hearing, and
visual impairments. Behavioral data included animal
contacts, contact with cat feces, traveling in Mexico and
abroad, meat consumption (pork, beef, goat, sheep,
boar, chicken, turkey, pigeon, rabbit, venison, squirrel,
horse, opossum, or other), degree of meat cooking, con-
sumption of unpasteurized milk, dried or cured meat
(ham, sausages, salami or chorizo), unwashed raw vege-
tables, fruits, or untreated water, frequency of eating out
of home (at restaurants or fast food outlets), contact
with soil (gardening or agriculture), and type of floors at
home.
Sera were analyzed by qualitative and quantitative

methods for anti-T. gondii IgG antibodies with the com-
mercially available enzyme immunoassay kit “Toxo-
plasma IgG” (International Immuno-Diagnostics, Foster
City, California). Anti-T. gondii IgG antibody levels were
expressed as International Units (IU)/ml, and a result
equal or greater than 8 IU/ml was considered positive.
In addition, sera positive for anti-T. gondii IgG antibo-
dies were further analyzed for anti-T. gondii IgM antibo-
dies by the commercially available enzyme immunoassay
“Toxoplasma IgM” kit (International Immuno-Diagnos-
tics). All tests were performed following the instructions
of the manufacturer.
This study was approved by the Institutional Ethical

Committee of the Institute of Security and Social Ser-
vices of the State Workers in Durango City.
Results were analyzed with the aid of the software Epi

Info version 3.5.1 and SPSS 15.0 (SPSS Inc. Chicago, Illi-
nois). For comparison of the frequencies among groups,
the Fisher exact test was used. A bivariate analysis was
used to assess the association between subject’s charac-
teristics and T. gondii infection. Odds ratio (OR) and
95% confidence interval (CI) were calculated to assess
associations. A P value less than 0.05 was considered
statistically significant.
Anti-T. gondii IgG antibodies were found in 9 (16.4%)

of 55 subjects with hernia repair and in 76 (6.9%) of
1101 subjects without hernia (OR = 2.64; 95% CI: 1.16-
5.85; P = 0.01). The seroprevalence of T. gondii infection
and the socio-demographic characteristics of the sub-
jects with hernia repair are shown in Table 1. Seropre-
valence of T. gondii infection in subjects with hernia
repair was significantly higher in individuals who were
not born in Durango State than those born in Durango
State (P = 0.03), and in individuals of medium

socioeconomic level than those of low socioeconomic
level (P = 0.04). Anti-T. gondii IgG levels were signifi-
cantly higher in subjects with hernia repair than those
without hernia (P = 0.03) (Table 2). Anti-T. gondii IgM
antibodies were found in 4 (7.3%) subjects with hernia
repair and in 27 (2.5%) subjects without hernia (P =
0.05). An age-stratified seroprevalence of T. gondii infec-
tion is shown in Table 3. Seroprevalence of anti-T. gon-
dii IgG antibodies in hernia subjects was significantly
higher in subjects ≥ 50 years old (9/36: 26.7%) than
those < 50 years old (0/18: 0%) (P = 0.02). Since T. gon-
dii infection in subjects with hernia repair was found
only in individuals aged ≥ 50 years old, we used this age
group for further comparison. Seroprevalence of anti-T.
gondii IgG antibodies in subjects aged ≥ 50 years old
was significantly higher in individuals with hernia repair

Table 1 Socio-demographic characteristics of subjects
with abdominal hernia repair and seroprevalence of
T. gondii infection.

Prevalence of T.
gondii infection

P value

Characteristic No.a % No. %

Age groups (years)

30 or less 7 13 0 0 0.06

31-50 11 20.4 0 0

> 50 36 66.7 9 100

Sex

Male 32 58.2 3 9.4 0.14

Female 23 41.8 6 26.1

Birth place

Durango State 45 83.3 5 11.1 0.03

Other Mexican State 9 16.7 4 44.4

Residence place

Durango State 55 100 9 16.4 -

Residence area

Urban 48 88.9 9 18.8 0.50

Suburban 2 3.7 0 0.0

Rural 4 7.4 0 0.0

Educational level

No education 1 1.9 0 0.0 0.67

1-6 years 19 35.2 4 21.1

7-12 years 14 25.9 1 7.1

> 12 years 20 37.0 4 20.0

Socio-economic level

Low 15 28.3 0 0.0 0.04

Medium 38 71.7 9 23.7

Occupation

Non-laborerb 15 27.3 2 13.3 1.00

Laborerc 40 72.7 7 17.5
aIn some strata the sum does not add up to the total because of a few
missing values.
bNon laborer = none occupation, student or housewife.
cLaborer = Employee, professional, business, agriculture, cattle rising, factory
worker, construction worker or other.
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(9/36: 25%) than those without hernia (42/385: 10.9%)
(OR = 2.72; 95% CI: 1.10-6.57; P = 0.02). We further
matched these subjects (≥ 50 years old) with a history of
hernia with those without any history of hernia by age
and sex. We analyzed two controls for each case, and
the seroprevalence of T. gondii infection was signifi-
cantly higher in patients with a history of hernia (9/35:
25.7%) than those without any history of hernia (5/70:
7.1%) (OR: 4.50; 95% CI: 1.22-17.33).
None of the clinical characteristics including the pre-

sence of underlying diseases, presence or history of lym-
phadenopathy, frequent presence of headache; history of
blood transfusion, transplant, or other surgeries; and
memory, reflex, hearing, and visual impairments in sub-
jects with hernia repair were associated with T. gondii
seropositivity. Concerning behavioral characteristics, the
bivariate analysis showed that T. gondii infection was
negatively associated with the variable untreated water
consumption (P = 0.02). Other behavioral characteristics
in the subjects with hernia repair did not show any
association with T. gondii infection.
In this study, we found a significantly higher seropre-

valence of anti-T. gondii IgG antibodies in subjects with
a history of abdominal hernia than subjects without his-
tory of hernia. Anti-T. gondii IgG antibody levels were
also significantly higher in subjects with a history of

hernia than subjects without this history. Prevalence of
anti-T. gondii IgM antibodies was higher in subjects
with hernia repair than those without hernia, and this
difference in seroprevalences among the groups showed
a borderline statistical significance. Results indicate a
stronger seropositivity to T. gondii in subjects with a
history of abdominal hernia than subjects without her-
nia. The association of T. gondii infection and abdom-
inal hernia was found in the whole population studied
and especially in subjects aged ≥ 50 years old. Overall,
the prevalence of hernia among the general population
studied was low (4.8%). Therefore, the hernia group was
small compared with the much larger control group.
However, a reduction of the control group size by age
and sex matching (two controls for every case) con-
firmed our results and even increased the odd ratio. It is
not clear why the seroprevalence of T. gondii infection
was higher in abdominal hernia patients than in subjects
without hernia. Transmission of T. gondii infection by
surgical procedures other than transplantation is not
currently acknowledged. In a previous study in psychia-
tric patients, we found that patients with a history of
surgery had a significantly higher seroprevalence of T.
gondii infection than patients without this history [13].
In the present study, transmission of infection by the
surgical procedure during hernia repair cannot be ruled
out. However, this route of infection seems unlikely
since some subjects without hernia repair has had other
surgical procedures too and their seroprevalence was
lower than those with hernia repair. On the other hand,
there is not any published data concerning a role of T.
gondii infection in the pathogenesis of abdominal hernia.
Alterations in skeletal muscles of the abdominal wall
have been involved in the pathogenesis of abdominal
hernia; these alterations include disruption of muscles

Table 2 Comparison of anti-Toxoplasma IgG levels in
subjects with hernia repair and subjects without hernia

Anti-Toxoplasma
IgG levels

Subjects with
hernia repair

(n = 55)

Subjects without
hernia (n = 1101)

P value

No. % No. %

< 90 IU/ml 2 3.6 18 1.6 0.25

≥ 90 IU/ml 7 12.7 58 5.3 0.03

Table 3 Seroprevalence of anti-T. gondii IgG antibodies in subjects with hernia repair and subjects without hernia
according to age groups

Age groups
(years)

Subjects with hernia repair Subjects without hernia

No. T. gondii infection No. T. gondii infection Odds ratio P value

tested No. % tested No. % (95% Confidence interval)

≤ 29 7 0 0.0 403 15 3.7 0.00 (0.00-19.66) 1.00

30-39 7 0 0.0 184 15 8.2 0.00 (0.00-8.62) 1.00

40-49 4 0 0.0 122 4 3.3 0.00 (0.00-59.51) 1.00

50-59 6 1 16.7 153 14 9.2 1.99 (0.04-19.58) 0.45

60-69 15 4 26.7 115 13 11.3 2.85 (0.57-11.50) 0.11

≥ 70 15 4 26.7 117 15 12.8 2.47 (0.50-9.76) 0.23

≥ 50 36 9 25.0 385 42 10.9 2.72 (1.10-6.57) 0.02

All 54a 9 16.7 1094a 76 6.9 2.68 (1.17-5.95) 0.01
aSubjects with available age.
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[17], and degenerative changes in muscle fibers [18].
The parasite T. gondii exists in skeletal muscles of
infected humans and animals [2,19,20], and viable T.
gondii can be isolated from animal muscular tissues
[21]. In humans, infections with T. gondii may cause
muscle disease (myositis or polymyositis) that may lead
to myalgias and muscular weakness [22-26]. In mice
experimentally infected with T. gondii, severity of mus-
cle alterations depended upon concentration of parasites
[20]. Therefore, T. gondii might contribute in the patho-
genesis of abdominal hernia in some individuals by
affecting their abdominal muscles.
Why high anti-T. gondii IgG levels were more fre-

quency observed in subjects with hernia repair than in
subjects without hernia is not clear. It is likely that a
continuous parasite antigenic stimulation may induce a
high antibody production in the hosts. On the other
hand, the stress of the surgical procedure might have
reactivated latent T. gondi infections leading to an
increase of anti-T. gondii IgG antibodies. Surgical proce-
dures may cause immunodepression [27-29], and reacti-
vations of viral and parasitic infections after surgery
have been reported in humans and animals [30-33].
In the present study with an independent population,

we confirmed our previous report of an association of T.
gondii infection with abdominal hernia [16]. Our results
might have clinical, prevention and treatment implica-
tions. The results warrant for further investigation.

Funding
This study was supported by The Faculty of Medicine
and Nutrition. Universidad Juárez del Estado de Dur-
ango. Durango City, Mexico.

Author details
1Faculty of Medicine and Nutrition, Juárez University of Durango State.
Avenida Universidad S/N. 34000 Durango, Durango, Mexico. 2Institute for
Scientific Research, Juárez University of Durango State. Avenida Universidad
S/N. 34000 Durango, Durango. Mexico.

Authors’ contributions
CAE conceived and designed the study protocol, participated in the
coordination and management of the study, applied the questionnaires,
performed the laboratory tests, the data analysis and statistical analysis, and
wrote the manuscript. SEM performed the statistical analysis. Both authors
approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 13 May 2011 Accepted: 17 June 2011 Published: 17 June 2011

References
1. Hill DE, Chirukandoth S, Dubey JP: Biology and epidemiology of

Toxoplasma gondii in man and animals. Anim Health Res Rev 2005, 6:41-61.
2. Dubey JP: Toxoplasmosis of animals and humans. 2 edition. Boca Raton,

Florida: CRC Press; 2009.
3. Montoya JG, Liesenfeld O: Toxoplasmosis. Lancet 2004, 363:1965-1976.

4. Dawson D: Foodborne protozoan parasites. Int J Food Microbiol 2005,
103:207-227.

5. Walker M, Zunt JR: Parasitic central nervous system infections in
immunocompromised hosts. Clin Infect Dis 2005, 40:1005-1015.

6. Balasundaram MB, Andavar R, Palaniswamy M, Venkatapathy N: Outbreak of
acquired ocular toxoplasmosis involving 248 patients. Arch of Ophthal
2010, 128:28-32.

7. Ortego TJ, Robey B, Morrison D, Chan C: Toxoplasmic chorioretinitis and
hepatic granulomas. Am J Gastroenterol 1990, 85:1418-1420.

8. Bonacini M, Kanel G, Alamy M: Duodenal and hepatic toxoplasmosis in a
patient with HIV infection: review of the literature. Am J Gastroenterol
1996, 91:1838-1840.

9. Nunura J, Vásquez T, Endo S, Salazar D, Rodriguez A, Pereyra S, Solis H:
Disseminated toxoplasmosis in an immunocompetent patient from
Peruvian Amazon. Rev Inst Med Trop Sao Paulo 2010, 52:107-110.

10. Alvarado-Esquivel C, Sifuentes-Alvarez A, Narro-Duarte SG, Estrada-
Martinez S, Diaz-Garcia JH, Liesenfeld O, Martinez-Garcia SA, Canales-
Molina A: Seroepidemiology of Toxoplasma gondii infection in pregnant
women in a public hospital in northern Mexico. BMC Infect Dis 2006,
13:6-113.

11. Alvarado-Esquivel C, Mercado-Suárez MF, Rodríguez-Briones A, Fallad-
Torres L, Ayala-Ayala JO, Nevarez-Piedra LJ, Duran-Morales E, Estrada-
Martínez S, Liesenfeld O, Márquez-Conde JA, Martínez-García SA:
Seroepidemiology of infection with Toxoplasma gondii in healthy blood
donors of Durango, Mexico. BMC Infect Dis 2007, 13:7-75.

12. Alvarado-Esquivel C, Estrada-Martínez S, Pizarro-Villalobos H, Arce-
Quiñones M, Liesenfeld O, Dubey JP: Seroepidemiology of Toxoplasma
gondii Infection in General Population in a Northern Mexican City. J
Parasitol 2011, 97:40-43.

13. Alvarado-Esquivel C, Alanis-Quiñones OP, Arreola-Valenzuela MA, Rodríguez-
Briones A, Piedra-Nevarez LJ, Duran-Morales E, Estrada-Martínez S, Martínez-
García SA, Liesenfeld O: Seroepidemiology of Toxoplasma gondii infection
in psychiatric inpatients in a northern Mexican city. BMC Infect Dis 2006,
6:178.

14. Alvarado-Esquivel C, Liesenfeld O, Torres-Castorena A, Estrada-Martínez S,
Urbina-Alvarez JD, Ramos-de la Rocha M, Márquez-Conde JA, Dubey JP:
Seroepidemiology of Toxoplasma gondii infection in patients with vision
and hearing impairments, cancer, HIV, or undergoing hemodialysis in
Durango, Mexico. J Parasitol 2010, 96:505-508.

15. Alvarado-Esquivel C, Urbina-Álvarez JD, Estrada-Martínez S, Torres-
Castorena A, Molotla-de-León G, Liesenfeld O, Dubey JP: Toxoplasma
gondii infection and schizophrenia: A case control study in a low
Toxoplasma seroprevalence Mexican population. Parasitol Int 2011,
60:151-155.

16. Alvarado-Esquivel C, Torres-Berumen JL, Estrada-Martínez S, Liesenfeld O,
Mercado-Suarez MF: Toxoplasma gondii infection and liver disease: a
case-control study in a Northern Mexican population. Parasit Vectors
2011.

17. Morales-Conde S, Socas M, Barranco A: Sportsmen hernia: what do we
know? Hernia 2010, 14:5-15.

18. Amato G, Marasa L, Sciacchitano T, Bell SG, Romano G, Gioviale MC, Lo
Monte AI, Romano M: Histological findings of the internal inguinal ring in
patients having indirect inguinal hernia. Hernia 2009, 13:259-262.

19. Dubey JP: Distribution of tissue cysts in organs of rats fed Toxoplasma
gondii oocysts. J Parasitol 1997, 83:755-757.

20. Tonino P, Finol HJ, Marquez A: Skeletal muscle pathology in mice
experimentally infected with Toxoplasma gondii. J Submicrosc Cytol Pathol
1996, 28:521-526.

21. Dubey JP: Refinement of pepsin digestion method for isolation of
Toxoplasma gondii from infected tissues. Vet Parasitol 1998, 74:75-77.

22. Plonquet A, Bassez G, Authier FJ, Dray JM, Farcet JP, Gherardi RK:
Toxoplasmic myositis as a presenting manifestation of idiopathic CD4
lymphocytopenia. Muscle Nerve 2003, 27:761-765.

23. Calore EE, Minkovski R, Khoury Z, Seguro AC, Perez Calore NM, Cavaliere MJ:
Skeletal muscle pathology in 2 siblings infected with Toxoplasma gondii.
J Rheumatol 2000, 27:1556-1559.

24. Cuturic M, Hayat GR, Vogler CA, Velasques A: Toxoplasmic polymyositis
revisited: case report and review of literature. Neuromuscul Disord 1997,
7:390-396.

25. Adams EM, Hafez GR, Carnes M, Wiesner JK, Graziano FM: The
development of polymyositis in a patient with toxoplasmosis: clinical

Alvarado-Esquivel and Estrada-Martínez Parasites & Vectors 2011, 4:112
http://www.parasitesandvectors.com/content/4/1/112

Page 4 of 5

http://www.ncbi.nlm.nih.gov/pubmed/16164008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16164008?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15194258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16083823?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15824993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15824993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2220741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2220741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8792710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8792710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20464132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20464132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21348604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21348604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17178002?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17178002?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20557194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20557194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20557194?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21292026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21292026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21292026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20058044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20058044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19234660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9267423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9267423?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8933735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8933735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9493311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9493311?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12766990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12766990?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10852291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9327404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9327404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6529871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6529871?dopt=Abstract


and pathologic findings and review of literature. Clin Exp Rheumatol 1984,
2:205-208.

26. Montoya JG, Jordan R, Lingamneni S, Berry GJ, Remington JS: Toxoplasmic
myocarditis and polymyositis in patients with acute acquired
toxoplasmosis diagnosed during life. Clin Infect Dis 1997, 24:676-683.

27. Verhoef J: Transient immunodepression. J Antimicrob Chemother 1990,
26(Suppl):C:23-29.

28. Iagmurov OD: Morphofunctional characteristics of human immune
system in surgical stress. Arkh Patol 1999, 61:10-16.

29. Wu HY, Li F, Tang QF: Immunological effects of laparoscopic and open
cholecystectomy. J Int Med Res 2010, 38:2077-2083.

30. Shimomura Y: Herpes simplex virus latency, reactivation, and a new
antiviral therapy for herpetic keratitis. Nippon Ganka Gakkai Zasshi 2008,
112:247-264.

31. Dubey JP, Benson J, Larson MA: Clinical Sarcocystis neurona
encephalomyelitis in a domestic cat following routine surgery. Vet
Parasitol 2003, 112:261-267.

32. Salomon A, Delanghe F, Jeanjean P: Postoperative herpetic
meningoencephalitis after lumbar surgery: a case report. Ann Fr Anesth
Reanim 2010, 29:732-735.

33. Fontaine F, Fourmaux E, Colin J: Reactivation of ocular toxoplasmosis
after laser in situ keratomileusis. J Fr Ophtalmol 2006, 29:e11.

doi:10.1186/1756-3305-4-112
Cite this article as: Alvarado-Esquivel and Estrada-Martínez: Toxoplasma
gondii infection and abdominal hernia: evidence of a new association.
Parasites & Vectors 2011 4:112.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Alvarado-Esquivel and Estrada-Martínez Parasites & Vectors 2011, 4:112
http://www.parasitesandvectors.com/content/4/1/112

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/6529871?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9145743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9145743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9145743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10664813?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10664813?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21227013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21227013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18411713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18411713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12623205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12623205?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20797834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20797834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16885818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16885818?dopt=Abstract

	Abstract
	Background
	Results
	Conclusions

	Findings
	Funding
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


