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1 | INTRODUCTION

Summary

The aim of the present study was to evaluate associations between intestinal parasitic
infection with intestinal and systemic inflammatory markers in school-aged children
with high rates of obesity. Plasma concentrations of C-Reactive Protein (CRP), leptin,
TNF-a, IL-6 and IL-10 were measured as systemic inflammation markers and count of
stool leukocytes as marker of intestinal inflammation in 291 children (6-10 years).
Intestinal parasitic infection was measured by stool examination. Logistic regression
analyses were performed to determine the odds of having high inflammatory markers
for each parasite or group of parasites as compared to parasite-free children while
adjusting for sex, age, mother’s educational level and percentage of body fat. The
prevalence of soil-transmitted helminths and intestinal protozoa infections was 12%
and 36%, respectively. Parasitic infection was not associated with CRP, IL-6, IL-10 or
TNF-a. Children infected with Ascaris lumbricoides (aOR: 5.91, 95% Cl: 1.97-17.70)
and Entamoeba coli (aOR: 8.46, 95% Cl: 2.85-25.14) were more likely to have higher
stool leucocytes than parasite-free children. Children with multiple infections (aOR:
10.60, 95% Cl: 2.85-25.14) were more likely to have higher leptin concentrations than
parasite-free children. Intestinal parasitic infection was not associated with systemic
inflammation, but was associated with intestinal inflammation. Having multiple infec-

tions were associated with higher leptin concentrations.
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to chronic disease.® Regulatory markers such as IL-10 dampen the

obesity-related inflammatory response.* In addition to the obesity

Mexico is undergoing a nutritional transition, with rising rates of
obesity and related chronic diseases.>? Childhood obesity in par-
ticular is considered to be a challenging health problem. High body
fat stimulates systemic inflammation via an increased secretion of
inflammatory molecules, most importantly IL-6 and tumour necrosis

factor-alpha (TNF-a), which is the mechanism by which obesity relates

challenge, parasitic infections are also an important health problem in
Mexico; it is estimated that half of the paediatric population is infected
with at least one species of intestinal parasite.>® Interestingly, these
parasites have been associated with the same molecules involved in
the systemic inflammatory process.”® For instance, soil-transmitted

helminths (STHs) can regulate systemic inflammation via a response
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dominated by anti-inflammatory cytokines such as IL-10, regulating

Immunology

the concentration of the inflammatory cytokines secreted by adipose
tissue such as TNF-a, IL-6 and Ieptin.9'11 In addition to its role in in-
flammation processes, leptin is a hormone with other roles in human
metabolism such as regulation of energy intake/expenditure, hemato-
poiesis and gut permeability.>

In contrast to STHs, less is known about the association between
intestinal protozoa with systemic inflammation. In vitro and animal
studies have shown that intestinal protozoa such as Blastocystis and
Entamoeba histolytica trigger TNF-a promoting an inflammatory re-
sponse, but the mechanisms are not known.

Soil-transmitted helminths have shown to regulate intestinal in-
flammation by the secretion of regulatory molecules such as IL-10
by white blood cells.*® On the other hand, pathogenic protozoa have

1718 \yhich

shown to cause intestinal inflammation and tissue damage,
have shown to exacerbate the systemic inflammatory process.19
Given the high rates of childhood obesity and parasitic infection
in Mexico and the effects both have on inflammatory reactions, in-
testinal parasites may be associated with systemic and intestinal in-
flammation.'?*° The aim of this study was to evaluate the associations
between intestinal parasites with intestinal and systemic inflammation
in a population of Mexican school children with high prevalence of

obesity.

2 | METHODS

2.1 | Subjects and experimental design

A total of 291 children (6-10 years of age) participated in this cross-
sectional study from February to May of 2013. The children were ran-
domly selected from the local school of the rural community of “Santa
Cruz” in Queretaro, Mexico. The children’s legal guardians received oral
and written information about the study, and were asked to sign an in-
formed consent letter. Children who had received any treatment against
intestinal parasites in the last 4 months or with any physical or mental
disability were excluded from the study. The study was approved by the
Bioethics Committee of the Universidad Autonoma de Querétaro (UAQ).

A sample size of 284 children was calculated to find differences in
terms of body fat, which was studied as the main outcome in a pre-
vious study in this population.® This sample size also allows to find
differences in TNF-a concentration between infected and parasite-
free children, with an estimated prevalence of infection of 20% and an
estimated standard deviation of 3 pg/mL for TNF-«, assuming a type |
error of 5% and a statistical power of 80%.2°

Once the children were selected for inclusion, legal guardians
were asked to attend the community health clinic to answer a socio-
economic and medical history questionnaire, including queries of
mother'’s educational level, sex and age of the children.

2.2 | Systemic inflammation markers

A fasting blood sample (7 mL) was taken from each participant in
the morning (7:00-8:30 am) and collected in vacuum tubes (Becton

Dickinson, Franklin Lakes, NJ, USA). Samples were centrifuged at
250 g rpm for 15 minutes (Beckman Allegra 21R, Palo Alto, CA, USA),
and plasma was separated. Concentrations of leptin and C-Reactive
Protein (CRP) in plasma were measured in duplicate using commercial
ELISA kits (Human Leptin Elisa Kit, Linco Research; High-Sensitivity
C-Reactive Protein ELISA Kit, Bioquant). The concentration of the in-
flammatory cytokines TNF-«, IL-6 and the regulatory cytokine IL-10
was measured using high-sensitivity commercial ELISA kits (Millipore
CRP ELISA, MO, USA). All ELISA kits were analysed in a Multiskan
Ascent microplate photometer (Thermo Electron Corporation, MA,
USA). All the biochemical analyses were performed by trained person-
nel at the Human Nutrition Laboratory, UAQ.

2.3 | Parasitology and intestinal inflammation

A stool sample was collected from each participant in the morning
(7:00-8:30 am). A coproparasitological test consisting of a wet mount
with iodine staining of slides was performed to screen for the pres-
ence of protozoa parasites, as described by WHO. Samples with one
or more protozoa trophozoites or cysts were considered as infected.
In addition, 2 Kato-Katz smears (2 x 41.7 mg) were performed accord-
ing to standard procedures to screen, to determine the presence and
to quantify the number of eggs of STHs. Infection was defined as the
presence of species-specific eggs or trophozoites or cysts detected
by either of the 2 methods. Children with no protozoa trophozoites
or cysts, and no STH eggs were classified as parasite-free. All children
diagnosed with intestinal parasites were referred to the local health
clinic for treatment.

Intestinal inflammation was measured by the count of stool leu-
kocytes.??2 The samples were examined for the presence of faecal
leukocytes on direct wet smears. Each sample was stained with meth-
ylene blue, and the number of leukocytes per field was recorded.?%2

All microscopy tests were performed by a trained technician.

2.4 | Body composition

Children and legal guardians were transported from their local com-
munities to the Nutrition Clinic at UAQ for anthropometry and body
composition measurements. Weight and height were measured in
duplicate by trained and standardized personnel with a precision of
0.1 g or 0.1 cm, respectively, following World Health Organization
(WHO) procedures.?* Weight was measured in all participants using
light clothing and barefoot using a calibrated digital scale (SECA, mod
813 Hamburg, Germany); height was measured using a stadiometer
(SECA, mod 206 Hamburg, Germany). Body mass index (BMI)-for-age
z-score and height-for-age z-score (HAZ) were calculated using the
AnthroPlus software (Geneva: WHO, 2009) based on the WHO cri-
teria of BMI-for-age for children aged 5-19 years. Children were con-
sidered to be underweight if they had 2 z-scores below, overweight if
they had 1 z-score above and obese if they had 2 z-scores above the
reference median of the BMI-for-age z-score and were considered to
be stunted if they had 2 z-scores below the WHO reference median
of height-for-age z-score.?
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Whole body composition was measured by a certified technician
using Dual-energy X-ray absorptiometry (DXA) (Hologic Mod Explorer,
4500 C/W QDR, INC 35 Crosby Drive, Bedford, MA 01730, USA).
Body fat per cent and body fat content in kg were determined directly
from DXA. Elevated body fat was considered above 30% for girls and
above 25% for boys.?

2.5 | Data analysis

2.5.1 | Alogistic regression

In principle, all intestinal parasites were analysed separately (ie Ascaris
lumbricoides, Entamoeba coli, Endolimax nana), unless the prevalence
was below 10%, then they were grouped. Intestinal parasites with a
prevalence below 10% were analysed only as part of the group with
STHs infection (A. lumbricoides and hookworm) or intestinal protozoa
infection (E. coli, E. histolytica/dispar, E. nana, Balantidium coli, Giardia
lamblia). Children with more than 1 species of intestinal parasite
were categorized and analysed as a different group called multiple
infections.

The inflammatory markers were not normally distributed and
therefore they were categorized as low and high concentration (below
and above the median).

A logistic regression expressed as adjusted odds ratios (aOR) was
carried out to determine the association between the concentra-
tion of inflammatory markers with overweight and obesity. Then a
logistic regression expressed as aOR, was used to determine the as-
sociation between the concentration of inflammatory markers with
each parasite or parasite group separately (STHs, A. lumbricoides,
protozoa, E. coli, E. nana and multiple infection) comparing them to
parasite-free children. To decrease the occurrence of type 1 errors
due to multiple comparisons, the Bonferroni-adjusted test of signifi-
cance was used.?’ Body fat (%), sex (m/f), age (y), mother’s education
level (y) and malnutrition (stunted or underweight) were included in
the model as confounders, as these factors are associated with both
elevated inflammatory markers and intestinal parasitic infection.?®

3 | RESULTS

The prevalence of parasitic infection in this population was 60%
(Table 1). STH monoinfections were detected in 12.1% of the popu-
lation while protozoa monoinfections were present in 35.6% of the
population and 12.7% had multiple infections. The most common
STH monoinfection was A. lumbricoides (A. lumbricoides). The most
prevalent intestinal protozoa monoinfections were E. coli, followed by
E. nana. All other studied protozoa had a prevalence below 7%. We
did not find any children infected with Trichuris trichiura or Blastocystis
hominis. There were no differences between infected and parasite-
free children in terms of age, sex, mother’s educational level and per-
centage of body fat.

Among the studied children, 54% were girls. A low prevalence
of underweight (1.7%) and stunting (5.5%) and a high prevalence of

r. Wl LEYm

TABLE 1 Prevalence of parasitic infection in the studied children
(n=291)

n
Overall infection 176 60.5%
Soil -transmitted helminths 35 12.1%
Ascaris lumbricoides® 31 10.7%
Hookworm? 4 1.4%
Protozoa 104 35.6%
Entamoeba coli® 37 12.7%
Entamoeba histolytica/dispar® 8 2.7%
Endolimax nana® 33 11.3%
Balantidium coli® 18 6.2%
Giardia lamblia® 8 2.7%
Multiple infections 37 12.7%

?Infected only with the specified species (monoinfection).

TABLE 2 Main characteristics of the study population (n = 291)

Mean £ SD
Age (years) 7.99 +1.55
Mother’s educational level (years) 4.51+1.43
Weight (kg) 27.63 £8.26
Height (cm) 126.28 + 9.93
BMI-for-age (Z-Score) 0.31+1.31
Height-for-age (Z-Score) -1.23+1.22
Percentage body fat 29.12 + 6.68
Stool leukocytes (CPF) 2.36 +1.52
C-Reactive Protein (mg/L) 0.97 £ 1.60
Interleukin 6 (pg/mL) 3.12+395
Interleukin 10 (pg/mL) 4.33+6.82
Tumour necrosis factor-a (pg/mL) 4.25+2.87

SD, Standard Deviation; CPF, Cells per observation field.

overweight (18.6%), obesity (9.6%) and elevated body fat (53.3%)
were found. Table 2 summarizes the general characteristics of the chil-
dren who participated in the study.

After adjusting by sex age and mother’s educational level, over-
weight/obese children were more likely to have higher concentrations
of IL-6 (aOR: 2.31 95% Cl: 1.35-3.93), TNF- a (aOR: 6.58 95% Cl: 3.68-
11.76) and leptin (aOR: 119.71 95% Cl: 32.331-443.305) than normal
weight children. In contrast, no association was found between over-
weight/obesity with CRP, IL-10 and stool leukocytes.

Children with multiple infections (aOR: 10.69 95% Cl: 3.62-
31.54) were more likely to have higher leptin concentrations as com-
pared to parasite-free children. IL-6, IL-10, TNF-a or CRP were not
associated with the presence of any of the studied parasites (Table 3).

Children infected with intestinal protozoa, STH, A. lumbricoides,
E. coli and multi-infections were more likely to have a higher level of

stool leukocytes as compared with parasite-free children (Table 3).
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TABLE 3 Logistic regression between parasite (specific) infection with systemic (acute and chronic) and local inflammation markers

Soil-transmitted
helminths>*

Multiple infections®®

Entamoeba coli*® Endolimax nana®?

Protozoa (104)

Ascaris lumbricoides®

95% Cl aOR 95% Cl aOR 95% Cl aOR 95% Cl

aOR

95% Cl

aOR

95% Cl

aOR

Systemic

Parasite

Immunology

(0.73-3.20)
(0.49-2.01)

1.53
0.99
0.73
0.71

(0.56-2.91)

1.28
0.84
0.94

0.73

(0.57-2.77)

1.26
0.53

(0.83-2.61)

1.48
0.82

(0.34-1.88)

0.50
1.11
1.12
0.88

(0.34-1.69)

0.76
1.27
1.01
0.75

C-Reactive Protein

(0.58-2.76) (0.48-2.55) (0.47-1.44) (0.24-1.18) (0.37-1.89)

(0.48-2.15)

Interleukin-6

(0.42-2.07) (0.35-1.52)

(0.51-2.32)
(0.55-2.75)

1.09

1.23

(0.64-1.90)

1.10
1.03

(0.50-2.53)

Interleukin-10

(0.33-1.53)

(0.31-1.72)

(0.33-1.71) (0.36-2.11) (0.58-1.83)

Tumour necrosis

factor-a

(1.06-10.49) 243 (0.74-7.97) 1.55 (0.70-3.43) 1.67 (0.63-4.42) 1.68 (0.60-4.71) 10.68 (3.62-31.54)

3.33

Leptin

Intestinal

ZAVALAET AL.

6.16 (2.28-16.68)° 591 (1.97-17.70)° 3.21 (1.83-5.60)° 8.46 (2.85-25.14) 1.10 (0.51-2.36) 4.63 (2.169.92)*

Stool leukocytes

Adjusted Odds ratio (aOR) (95% Confidence Interval), adjusted by sex, age, mother’s educational level, stunting and % of body fat.

Cut off values: CRP: 0.366 mg/L; IL-6:1.81 pg/mL; IL-10: 3.16 pg/mL; TNF-a: 3.50 pg/mL; stool leukocytes: 3 cells per field.

2Significative association using Bonferroni-adjusted test of significance. Considering the number of comparisons made: 6 comparisons (0.05/6, a = 0.008).

4 | DISCUSSION

In the present study, specific intestinal parasites were associated with
higher stool leukocytes and leptin concentrations, but not with the
other systemic inflammation markers measured. These results provide
new evidence concerning the relationship between intestinal parasitic
infection with systemic and intestinal inflammation in a population
with a high prevalence of overweight and obesity.

As reported in different studies, children with overweight and obe-
sity (high body fat) were more likely to have higher concentration of
the inflammatory markers IL-6, TNF-o and leptin.?? ! The mechanisms
behind this association have been explored, discussed and explained
previously elsewhere.*?

In this study, CRP, IL-6, IL-10 and TNF-a were not associated with
any of the studied intestinal parasites, and these results are in line
with other studies.®® For instance, Sanchez et al,** found no associ-
ation between STH and IL-10 in a study in Honduran children. Also,
de Gier et al®®, did not find differences in acute phase protein or CRP
in Cuban or Cambodian children between infected and non-infected
children with STH. Our results confirm the lack of association between
systemic inflammatory markers and intestinal parasitic infection. The
lack of association observed in these studies could be attributed to
the strategies intestinal parasites have developed to remain unnoticed
by the systemic immune response, such as immunological modulation
and evasion.*

To our knowledge, this is the first study to evaluate the relation-
ship between inflammation and intestinal parasites in a population
where overweight and obesity are highly prevalent. This is relevant
as excess body fat and weight promote systemic inflammation.®” In
the studied population, children with overweight and obesity had
higher concentrations of TNF- «, IL-6 and leptin which may lead to
an increased risk of other diseases such as hypertension and type Il
diabetes.%® However, the inflammation observed in the children who
participated in the study is apparently not related to intestinal parasitic
infection.

Children with multiple infections were more likely to have higher
leptin concentrations when compared to parasite-free children,
even after adjusting for body fat content.’ Similarly, recent studies
in animal models and in vitro have shown that intestinal parasitic
infection may have an effect on blood leptin concentrations.*° In
contrast, Karul, et al in a case-control study evaluating 40 patients
found no association between intestinal parasites and leptin con-
centration. However, Karul, et al did not adjust results for socio-
economic status, adiposity and age of the participants, which are
well-known factors affecting leptin concentrations and parasitic in-
fection.** The findings of the present study might be related to role
of leptin as a hormone in the gut.42 Leptin has shown to prevent ep-
ithelial apoptosis and promoting tissue repair, which are required for
mucosal defence against pathogens.*® Due to the study design, the
complexity and the multiple roles of leptin in human metabolism, it
is not possible to unravel the mechanisms or to determine the cau-
sality of the association. To fully understand the influence of intesti-
nal parasites on leptin concentrations, multiple leptin measurements
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should be taken throughout the day, as well as before and after anti-
parasitic treatment, while taking in consideration sex, age and body
fat-related differences.*4+’

All the studied intestinal parasites were associated with higher
stool leukocytes. Intestinal parasites are invasive, they require liv-
ing space and in many cases, they physically harm the intestine. For
instance, A. lumbricoides penetrates through the gut and migrates
to the bloodstream causing tissue injury that might trigger an im-
mune response in the gut.48 In contrast, the association of E. coli
with faecal leucocytes is unexpected, as E. coli is considered a “non-
pathogenic” protozoa. Yet, children infected with this parasite were
more likely to have a higher number of stool leukocytes than other
pathogenic parasites such as A. lumbricoides or children with multi-
ple infections. Thus, even though E. coli is non-pathogenic, infection
with this parasite may have implications related to immunological
and inflammatory pathways that may have a long-term effect on
human health, particularly in obese/overweight individuals. Similarly
to our results, stool leukocytes have been associated with patho-
gens, such as Salmonella and Shigella.*’ The literature addressing the
effect of STH and intestinal protozoa parasites on stool leukocytes
is scarce. However, one study reported no association between
hookworm infection and intestinal inflammation measured as fae-
cal calprotectin concentrations.®® The results indicate that intestinal
parasites might have the ability to evade systemic inflammatory re-
actions, but they fail to do so in the gut.

The present study has strengths and limitations that are worth
mentioning. The cross-sectional design of the study does not allow
to distinguish between causal and non-causal relationships between
local and systemic inflammation markers with intestinal parasitic infec-
tion. We performed multiple comparisons that increase the probably
of type 1 errors; still, the magnitude of the associations and the con-
sistency of the results together with the Bonferroni test for multiple
comparisons suggest this is not the case. The results of the parasi-
tological examination were based on 1 stool sample per child; thus,
the number of infected children may be underestimated. However, a
single Kato-katz has been widely used in epidemiological studies such
as this one.>**° The count of stool leukocytes measures the number
of cells which may lead to non-systematic misclassification and does
not differentiate between the different immune cell subtypes. Further
research that includes techniques that provide information on the lin-
age of the cells could give more insight into the specific inflammatory
reaction associated with each parasite.

5 | CONCLUSION

According to our results, intestinal parasitic infection was not associ-
ated with IL-6, CRP or TNF-a, markers related to obesity and chronic
disease, but was associated with intestinal inflammation. In addition,
STH infection and having multiple infections were associated with
higher leptin concentrations. Further research is needed to evaluate
the effect of different intestinal parasites in inflammatory pathways
and chronic disease overtime.

: Wl LEij_ofé

ACKNOWLEDGEMENTS

The authors will like to acknowledge the children and their parents
who gave their consent and support to the study, and the persons
from the UAQ who participated in the fieldwork and data manage-
ment. This study has been partially funded by Consejo Nacional de
Ciencia y Tecnologia (CONACyT) México, which provided the PhD
grant 218666.

CONFLICT OF INTEREST

The authors report no conflict of interest.

AUTHOR CONTRIBUTIONS

JLR, OPG, MCP and GAZ conceived and designed the study. MC, DR
and GAZ carried out the fieldwork and laboratory assessments. OPG
and GAZ analysed data and OPG, MCP, KP, and JLR gave important
intellectual advice. All authors were involved in writing the paper and

had final approval of the submitted and published versions.

ORCID
G. A. Zavala http:/orcid.org/0000-0002-9825-8725
REFERENCES

1. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pan-
demic of obesity in developing countries. Nutr Rev. 2012;70:3-21.

2. Moreno-Altamirano L, Hernandez-Montoya D, Silberman M, et al. The
nutrition transition and the double burden of malnutrition: changes in
dietary patterns 1961-2009 in the Mexican socioeconomic context.
Arch Latinoam Nutr. 2014;64:231-240.

3. Xu H, Barnes GT, Yang Q, et al. Chronic inflammation in fat plays a
crucial role in the development of obesity-related insulin resistance. J
Clin Investig. 2003;112:1821-1830.

4. Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic
switch in adipose tissue macrophage polarization. J Clin Investig.
2007;117:175-184.

5. Morales-Espinoza EM, Sanchez-Pérez HJ, Garcia-Gil Mdel M, Vargas-
Morales G, Méndez-Sanchez JD, Pérez-Ramirez M. Intestinal par-
asites in children, in highly deprived areas in the border region of
Chiapas, Mexico. Salud Pdblica de México. 2003;45:379-388.

6. WHO. The World Health Report 2006 - working together for health.
Geneva: World Health Organization; 2006.

7. Rook GA. Review series on helminths, immune modulation and the
hygiene hypothesis: the broader implications of the hygiene hypothe-
sis. Immunology. 2009;126:3-11.

8. Zavala GA, Garcia OP, Campos-Ponce M, et al. Children with
moderate-high infection with Entamoeba coli have higher percentage
of body and abdominal fat than non-infected children. Pediatric Obes.
2016;11:443-449.

9. van Die I, Cummings RD. Glycan gimmickry by parasitic helminths:
a strategy for modulating the host immune response? Glycobiology.
2010;20:2-12.

10. Wang LJ, Cao 'Y, Shi HN. Helminth infections and intestinal inflamma-
tion. World J Gastroenterol. 2008;14:5125.

11. Ropelle ER, Flores MB, Cintra DE, et al. IL-6 and IL-10 anti-
inflammatory activity links exercise to hypothalamic insulin and


http://orcid.org/0000-0002-9825-8725
http://orcid.org/0000-0002-9825-8725

56 | wiLEY

12.

13.
14.
15.
16.
17.

18.
19.

20.
21.
22.

23.
24,

25.

26.

27.
28.
29.
30.

31

32.

Parasite

ZAVALAET AL.

Immunology

leptin sensitivity through IKKp and ER stress inhibition. PLoS Biol.
2010;8:61000465.

Marie CS, Verkerke HP, Paul SN, Mackey AJ, Petri WA Jr. Leptin pro-
tects host cells from Entamoeba histolytica cytotoxicity by a STAT3-
dependent mechanism. Infect Immun. 2012;80:1934-1943.

Le Drean G, Segain JP. Connecting metabolism to intestinal barrier
function: the role of leptin. Tissue Barriers. 2014;2:€970940.

La Cava A, Alviggi C, Matarese G. Unraveling the multiple roles of
leptin in inflammation and autoimmunity. J Mol Med. 2004;82:4-11.
De Rosa V, Procaccini C, Cali G, et al. A key role of leptin in the control
of regulatory T cell proliferation. Immunity. 2007;26:241-255.

Elliott DE, Summers RW, Weinstock JV. Helminths and the modulation
of mucosal inflammation. Curr Opin Gastroenterol. 2005;21:51-58.
Eckmann L. Mucosal defences against Giardia. Parasite Immunol.
2003;25:259-270.

Zhang Z, Wang L, Seydel KB, et al. Entamoeba histolytica cysteine
proteinases with interleukin-1 beta converting enzyme (ICE) activity
cause intestinal inflammation and tissue damage in amoebiasis. Mol
Microbiol. 2000;37:542-548.

Derouich-Guergour D, Brenier-Pinchart MP, Ambroise-Thomas
P, Pelloux H. Tumour necrosis factor alpha receptors: role in the
physiopathology of protozoan parasite infections. Int J Parasitol.
2001;31:763-769.

Breslin WL, Johnston CA, Strohacker K, et al. Obese Mexican
American children have elevated MCP-1, TNF-a, monocyte concen-
tration, and dyslipidemia. Pediatrics. 2012;129:e1180-e1186.
Gonzalez MD, Wilen CB. Burnham C-AD. Markers of intestinal in-
flammation for the diagnosis of infectious gastroenteritis. Clin Lab
Med. 2015;35:333-344.

Humphrey JM, Ranbhise S, lbrahim E, et al. Multiplex polymerase
chain reaction for detection of gastrointestinal pathogens in migrant
workers in Qatar. Am J Trop Med Hyg. 2016;95:1330-1337.

Saraya T, Suzuki T, Goto H. Fecal leukocyte in the diagnosis of ulcer-
ative colitis. Braz J Infect Dis. 2014;18:225-226.

Lohman T, Roche A, Martorell R. Standarization Reference Manual.
Champaign, IL: Human Kinetics; 1988.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children
and adolescents. Bull World Health Organ. 2007;85:660-667.

Ellis KJ, Abrams SA, Wong WW. Body composition of a young, multi-
ethnic female population. Am J Clin Nutr. 1997;65:724-731.

Toruner M, Loftus EV, Harmsen WS, et al. Risk factors for oppor-
tunistic infections in patients with inflammatory bowel disease.
Gastroenterology. 2008;134:929-936.

Prendergast AJ, Rukobo S, Chasekwa B, et al. Stunting is charac-
terized by chronic inflammation in Zimbabwean infants. PLoS One.
2014;9:86928.

Bastard J-P, Maachi M, Lagathu C, et al. Recent advances in the re-
lationship between obesity, inflammation, and insulin resistance. Eur
Cytokine Netw. 2006;17:4-12.

Aygun AD, Gungor S, Ustundag B, Gurgoze MK, SenY. Proinflammatory
cytokines and leptin are increased in serum of prepubertal obese chil-
dren. Mediators Inflamm. 2005;2005:180-183.

Schwarzenberg SJ, Sinaiko AR. Obesity and inflammation in children.
Paediatr Respir Rev. 2006;7:239-246.

Fernandez-Sanchez A, Madrigal-Santillan E, Bautista M, et al.
Inflammation, oxidative stress, and obesity. Int J Mol Sci.
2011;12:3117-3132.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Souza V, Medeiros D, Sales |, et al. Ascaris lumbricoides infection in
urban schoolchildren: specific IgE and IL-10 production. Allergol
Immunopathol. 2014;42:206-211.

Sanchez AL, Gabrie JA, Usuanlele M-T, Rueda MM, Canales M,
Gyorkos TW. Soil-transmitted helminth infections and nutritional sta-
tus in school-age children from rural communities in Honduras. PLoS
Negl Trop Dis. 2013;7:€2378.

de Gier B, Mpabanzi L, Vereecken K, et al. Height, zinc and soil-
transmitted helminth infections in schoolchildren: a study in Cuba and
Cambodia. Nutrients. 2015;7:3000-3010.

Maizels RM, Bundy D, Selkirk ME, Smith DF, Anderson RM.
Immunological modulation and evasion by helminth parasites in
human populations. Nature. 1993;365:797.

Zeyda M, Stulnig TM. Obesity, inflammation, and insulin resistance-a
mini-review. Gerontology. 2009;55:379-386.

Hotamisligil GS, Spiegelman BM. Tumor necrosis factor o: a key com-
ponent of the obesity-diabetes link. Diabetes. 1994;43:1271-1278.
Murray M, Murray A. Anorexia of infection as a mechanism of host
defense. Am J Clin Nutr. 1979;32:593-596.

Léhmus M, Moalem S, Bjorklund M. Leptin, a tool of parasites? Biol
Lett. 2012;8:849-852.

Ostlund R Jr, Yang J, Klein S, Gingerich R. Relation between plasma
leptin concentration and body fat, gender, diet, age, and metabolic
covariates. J Clin Endocrinol Metab. 1996;81:3909-3913.

Matarese G, Moschos S, Mantzoros CS. Leptin in immunology. J
Immunol. 2005;174:3137-3142.

Guo X, Roberts MR, Becker SM, et al. Leptin signaling in intestinal
epithelium mediates resistance to enteric infection by Entamoeba his-
tolytica. Mucosal Immunol. 2011;4:294.

Zavala G, Long KZ, Garcia OP, et al. Specific micronutrient concen-
trations are associated with inflammatory cytokines in a rural popu-
lation of Mexican women with a high prevalence of obesity. BrJ Nutr.
2013;109:686-694.

Lilja M, Rolandsson O, Norberg M, Soderberg S. The impact of leptin
and adiponectin on incident type 2 diabetes is modified by sex and
insulin resistance. Metab Syndr Relat Disord. 2012;10:143-151.
Soderberg S, Zimmet P, Tuomilehto J, et al. Leptin predicts the devel-
opment of diabetes in Mauritian men, but not women: a population-
based study. Int Obes. 2007;31:1126-1133.

Thorand B, Zierer A, Baumert J, Meisinger C, Herder C, Koenig W.
Associations between leptin and the leptin/adiponectin ratio and incident
Type 2 diabetes in middle-aged men and women: results from the MONICA/
KORA Augsburg study 1984-2002. Diabet Med. 2010;27:1004-1011.
Dold C, Holland CV. Ascaris and ascariasis. Microbes Infect.
2011;13:632-637.

Harris JC, Dupont HL, Hornick RB. Fecal leukocytes in diarrheal ill-
ness. Ann Intern Med. 1972;76:697-703.

Raso G, Luginbiihl A, Adjoua CA, et al. Multiple parasite infections and
their relationship to self-reported morbidity in a community of rural
Cote d'lvoire. Int J Epidemiol. 2004;33:1092-1102.

How to cite this article: Zavala GA, Garcia OP, Camacho M,
et al. Intestinal parasites: Associations with intestinal and
systemic inflammation. Parasite Inmunol. 2018;40:e12518.
https://doi.org/10.1111/pim.12518



https://doi.org/10.1111/pim.12518

