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Abstract
During normal pregnancy, some changes in cell numbers, phenotype, and activity take
place. The impairment of maternal immune function in the course of pregnancy contributes to a decreased resistance against several pathogens. Since scarce data concerning the eﬀects of maternal zinc supplementation during infection are available, the
purpose of our current study was to evaluate immune response alterations and zinc levels in pregnant T. cruzi-infected Wistar rats under zinc therapy. Pregnant Wistar rats
were used in all experiments. TCD3+ CD4+ , TCD3+ CD8+ , B cells (CD45RA+ ), splenocyte proliferation, and plasma zinc levels were measured at 14th day after infection (18th
day of pregnancy). High proportions of T- and B-cells were found in infected pregnant and zinc-treated animals as compared to pregnant infected and untreated counterparts. Moreover, zinc plasmatic levels from supplemented animals were similar to the
non-infected/non-supplemented group. These ﬁndings demonstrate that dietary zinc
supplementation throughout pregnancy improves immune response during T. cruzi infection. These results will base further methods to use zinc in pregnant women aﬀected
by T. cruzi.

Introduction
From Americas, Chagas disease has reached several continents due to changes in the
population migratory pattern. More than 10,000 people die every year with clinical
manifestations of Chagas disease. It is estimated that 8 million people are infected by T.
cruzi and 25 million are at risk of infection [1]. Congenital transmission of T. cruzi may
occur in acute or chronic phases of infection. For this reason, congenital infection is a
serious public health problem, once it extends throughout the woman’s fertile life and
thus spreads through migrations from endemic to non-endemic areas [2].
The uterine response to pregnancy produces alterations in neuroendocrine and immune
functions, requiring induction of a T-cell response/regulation. This T-cell response/regulation is activated since fertilization and plays a key role in the success or failure of
pregnancy. This response is also considered a crucial factor in providing a favorable environment within the uterus as fetal compartment expands, diﬀerentiates, and mature
[3] [4].
The kinetics of Trypanosoma cruzi infection in rodents and humans indicates that innate
responses are essential to limit parasite replication [5], allowing the host to develop speciﬁc adaptive responses which usually enable an infection control. The importance of
innate immune cells in protective immunity to T. cruzi in early stage of infection is exempliﬁed in mice with genetic deﬁciency in NK cells, where elevated number of parasites
were found during acute phase of T. cruzi infection [6]. Studies focusing on host innate
immunity against T. cruzi have demonstrated the importance of NK cells in protective
immunity to parasite by their two major functions, cytotoxicity and cytokine production, especially of IFN-γ. The synthesis of IL-12 by macrophagesA elicits the synthesis
of IFN-γ by NK cells [7], which in turn activates phagocytes to control parasite growth,
crucial in many aspects of microbial elimination. Strikingly, lethal infection occurs in
absence of early IFN-γ production [8] during acute phase of infection. CD4+ and CD8+
T-cell compartments, the main eﬀectors of adaptive cellular immune responses, are also
required to control T. cruzi replication. Studies have evaluated T-cell subsets, demonstrating the importance of these T-cell-mediated mechanisms for mounting an eﬀective
anti-T. cruzi immune response, since animals lacking T-cell subsets were extremely susceptible to infection, showing increased parasite burden and shortened survival time
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[9].
Some studies conﬁrm a decline of zinc levels with age and have reported beneﬁcial
eﬀects of zinc supplementation in aging [10]. Previous reviews have demonstrated that
oral zinc supplementation could help reduce the duration and severity of diarrhea or
respiratory tract infections [11]. Furthermore, zinc deﬁciency is usually present during
pregnancy and appears to predispose infections [12]. Our previous studies showed several beneﬁts of zinc supplementation during T. cruzi infection, represented by signiﬁcant
reduction in parasitemia levels [13]. However, several aspects should be explained about
the importance of maternal micronutrient status, covering maternal-fetal relationship
in presence of an infectious disease.
To address some of these questions, we have now investigated the course of T. cruzi
infection using pregnant Wistar rats, evaluating TCD4, TCD8, and B (CD45RA) lymphocyte population by ﬂow cytometry and splenocyte proliferation in pregnant females
under eﬀects of zinc therapy.

Objective
The aim of this study was to assess the eﬀects of zinc supplementation on immune
response during T. cruzi infection in pregnant Wistar rats.
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Figure Legend
Figure 1. Immune eﬀects of zinc treatment in pregnant rats infected with T.
cruzi.
Female rats were infected with 1×105 blood trypomastigotes of T. cruzi Y strain, which
induced an acute phase of experimental Chagas disease, using the following groups:
pregnant control (PC), pregnant control treated with zinc (PCZ), pregnant infected (PI),
pregnant infected treated with zinc (PIZ). Spleen cells and plasma samples were applied
in phenotypical analyses and zinc quantiﬁcation, respectively.
(A) Phenotypical analysis of T CD3+ CD4+ lymphocyte population.
(B) Phenotypical analysis of T CD3+ CD8+ lymphocyte population.
(C, D) Eﬀects of zinc treatment on splenocyte proliferation.
(E) Phenotypical analysis of CD45RA+ (B cells).
(F) HPLC quantiﬁcation of zinc in plasma samples.
The results were presented as mean and standard error of the mean, n = 5/group/day of
experiment. * represents groups signiﬁcantly diﬀerent compared to PC and PI (p <0.05).
Parasites
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Rats were intraperitoneally inoculated with 1×105 blood trypomastigotes of the Y strain
of T. cruzi on 3rd day after pregnancy [13]. The assays were performed on 18 days after
pregnancy (14 days after infection). It is important to emphasize that because Wistar
rats are normally resistant to most T. cruzi strains, we found it necessary to use relatively
high inoculum (1×105 blood trypomastigotes).
Pregnancy
Female Wistar rats weighing 180–200 g were used. Animals were randomly distributed
into groups: pregnant control (PC), pregnant control treated with zinc (PCZ), pregnant
infected (PI), and pregnant infected treated with zinc (PIZ). A total of 5 animals were
used per group (2 animals per cage). 1 male Wistar rat was introduced into each cage
and was allowed to mate with 2 females. The vaginal plug appearance was designated
as being at day 1 of gestation. Rodent diet and water were available ad libitum.
Treatment scheme
Rats were treated by oral route through gavage with 20 mg/kg/day zinc sulfate (Sigma
Chemical Co. MO) (da Costa et al. 2013). The treatment was started 24 h after parasite
infection and was maintained until 18 days after pregnancy.
Euthanasia
Animals were decapitated on 18th day of pregnancy with prior anesthesia using 0.25%
tribromoethanol (10 mL/kg), administrated intraperitoneally.
Flow cytometry assay
Cells were dispersed from spleen by extrusion through a 70 μm nylon cell strainer,
macerated in RPMI 1640 medium to produce a single cell suspension. 2×106 cells
from the suspension of each organ from each experimental group were placed
in 96 well round bottomed plates for ﬂow cytometry analysis. Following Fc receptor blocking, cells were incubated with combinations of monoclonal antibodies anti-CD3-ﬂuoresceinisotiocianate (FITC), anti-CD4-allophycocyanin (APC), antiCD8-peridin cloroﬁl protein (PERCP), anti-CD45RA-phycoerythrin (PE), as well as immunoglobulin isotype-matched controls. Stained cells were stored for analysis in PBS
containing 0.01 mL sodium azide and 1% paraformaldehyde, in sealed tubes held in the
dark. All steps were performed at 4℃. Analysis of these cells was performed using a
Becton Dickinson FACScan ﬂow cytometer with DIVA-BD software (Becton Dickinson
Immunocytometry Systems, San Jose, CA).
Proliferation assay
Spleens were aseptically removed. To prepare a single cell suspension, cells were teased
out into serum-free RPMI 1640 medium. After centrifugation at 300 g for 10 min at 4℃,
the pelleted cells were resuspended in RPMI 1640 containing 5% FBS (2×106 cells/mL)
and added to 96 well ﬂat bottomed plates (0.1 mL/well). The cells were subsequently
stimulated with 4 μg/mL Concanavalin A (Sigma) and incubated at 37℃ in a humidiﬁed 5% CO2 atmosphere for 72 h. The cells were incubated with MTT reagent (3-(4, 5
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) for 4 h, followed by lysis using
acidic isopropanol and measurement at 570 nm in an ELISA reader (Sunrise Tecan).
Zinc determination in plasma samples (ICP-MS)
For zinc determination in plasma samples, a method described previously [26] was
adopted with few modiﬁcations. Brieﬂy, samples were diluted 1:20 into a 15 mL
polypropylene Falcon® tube (Becton Dickinson) with a solution containing 0.01% (v/v)
Triton® X-100, 0.5% (v/v) nitric acid, and 10 µg L-1 of each one of Rh (the internal standard). Analyses were carried out with an inductively coupled plasma mass spectrometer
equipped with a reaction cell (ICP-MS ELAN DRCII, PerkinElmer, SCIEX, Norwalk, CT)
operating with high-purity argon (99.999; Praxaair, Brazil). Sample introduction system
was composed by quartz cyclonic spray chamber and a Meinhard® nebulizer connected
by Tygon® tubes to the ICP-MS’s peristaltic pump (set at 20 rpm). The ICP-MS was
operated with Pt sampler and skimmer cones purchased from Perkin Elmer.
Statistical analysis
The results are expressed as mean ±SEM. A value of p <0.05 was considered statistically signiﬁcant. Diﬀerences among control and infected groups were determined by
one-way ANOVA with Bonferroni’s posttest. Statistical analyses were performed using
Graph Pad Prism version 5.0 (GraphPad Software, Inc., San Diego, CA). Results &
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Discussion
Zinc deﬁciency usually results in impaired immune function, increasing the susceptibility to infectious illnesses [14] and is related to adverse pregnancy disorders
[15]. Zinc levels are also correlated with growth, brain development, cognitive performance, and infertility [16]. Pregnancy is a complex immunological condition that
requires an adequate fetomaternal immune adjustment in order to avoid fetus rejection. Several changes occur during this period, shifting the balance between Th2 (humoral immunity) and Th1 (cell-mediated immunity), in favor of Th2 [17]. Although the
immunological changes may be beneﬁcial to maintaining fetus during pregnancy, this
condition may result in increased susceptibility to infection establishment.
T. cruzi infection slightly improved CD3+ CD4+ and CD3+ CD8+ cells, which was signiﬁcantly enhanced when infected animals were zinc-supplemented (Fig. 1A and 1B, respectively). T-cells have been strongly linked to inﬂammation modulation in T. cruzi infection, leading to an antigen-speciﬁc cellular immunity. Components of cell-mediated
immunity demonstrate a crucial importance on the control of intracellular forms of the
parasite, once genetically modiﬁed mice lacking T-cell subsets were extremely susceptible to T. cruzi infection [9]. Cytokines produced by T lymphocytes trigger important
mechanisms, acting as growth factor in CD8+ lymphocyte eﬀector functions. Interestingly, it was shown that passive transfer of lymphoid cells restores the resistance
of knockout animals against T. cruzi infection [18] [19]. Among immune cells aﬀected
during zinc deprivation, especially T-cell subsets are noted to have the highest susceptibility, with reduced T-cell numbers. There is also an imbalance between Th1 and Th2
responses, with major production and release of Th2 cytokines as well as compromised
immune defense mediated by T-cell [20].
Splenic cell proliferation was responsive to zinc supplementation, whereas T. cruzi infection decreased cell proliferation (Fig. 1C and 1D). The protective role of zinc on lymphoid cell proliferation may be explained by its involvement in nucleic acid synthesis
and anti-apoptotic properties [21]. Zinc supplementation also altered CD45RA+ (B cells)
proﬁle in infected/zinc-treated animals (Fig. 1E). Inﬂammatory T-cell behavior in animals infected with T. cruzi is also tightly regulated by a network of B cells, once the
clearance of an established infection requires a successful humoral response [22]. Zinc
deﬁciency is associated with several immune adverse eﬀects, compromising cellular and
humoral response [23].
Zinc levels are highly dependent on tissue stocks, once serum Zn is only a small percentage (0.1%) of whole-body-mass Zn content [24]. Higher concentrations of zinc found in
plasma of infected animals (Fig. 1F) probably are a result of metal release from tissue
stocks, which are useful to enhance an eﬃcient cellular immune response in host. When
animals were zinc-supplemented, serum metal levels were maintained as observed in
controls (Fig. 1F), probably avoiding zinc depletion from stocks. Zinc depletion is also
important, once the metal deﬁciency is related to susceptibility to childhood diarrhea,
acute respiratory infections, malaria, as well as diseases associated with impaired cellular immunity such as tuberculosis and leishmaniosis [25]. Further experiments will be
performed to understand the immunological events during pregnancy, demonstrating
mechanisms by which the course of T. cruzi infection is inﬂuenced by zinc.

Conclusions
Zinc supplementation has a beneﬁcial eﬀect on pregnant rats infected with T. cruzi. As
observed in several diseases, zinc supplementation elevates the number of cells related
to speciﬁc immune response. This work will guide the use of zinc on pregnant women
aﬀected by Chagas disease.

Additional Information
Methods
Parasites
Rats were intraperitoneally inoculated with 1×105 blood trypomastigotes of the Y strain
of T. cruzi on 3rd day after pregnancy [13]. The assays were performed on 18 days after
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pregnancy (14 days after infection). It is important to emphasize that because Wistar
rats are normally resistant to most T. cruzi strains, we found it necessary to use relatively
high inoculum (1×105 blood trypomastigotes).
Pregnancy
Female Wistar rats weighing 180–200 g were used. Animals were randomly distributed
into groups: pregnant control (PC), pregnant control treated with zinc (PCZ), pregnant
infected (PI), and pregnant infected treated with zinc (PIZ). A total of 5 animals were
used per group (2 animals per cage). 1 male Wistar rat was introduced into each cage
and was allowed to mate with 2 females. The vaginal plug appearance was designated
as being at day 1 of gestation. Rodent diet and water were available ad libitum.
Treatment scheme
Rats were treated by oral route through gavage with 20 mg/kg/day zinc sulfate (Sigma
Chemical Co. MO) (da Costa et al. 2013). The treatment was started 24 h after parasite
infection and was maintained until 18 days after pregnancy.
Euthanasia
Animals were decapitated on 18th day of pregnancy with prior anesthesia using 0.25%
tribromoethanol (10 mL/kg), administrated intraperitoneally.
Flow cytometry assay
Cells were dispersed from spleen by extrusion through a 70 μm nylon cell strainer,
macerated in RPMI 1640 medium to produce a single cell suspension. 2×106 cells
from the suspension of each organ from each experimental group were placed
in 96 well round bottomed plates for ﬂow cytometry analysis. Following Fc receptor blocking, cells were incubated with combinations of monoclonal antibodies anti-CD3-ﬂuoresceinisotiocianate (FITC), anti-CD4-allophycocyanin (APC), antiCD8-peridin cloroﬁl protein (PERCP), anti-CD45RA-phycoerythrin (PE), as well as immunoglobulin isotype-matched controls. Stained cells were stored for analysis in PBS
containing 0.01 mL sodium azide and 1% paraformaldehyde, in sealed tubes held in the
dark. All steps were performed at 4℃. Analysis of these cells was performed using a
Becton Dickinson FACScan ﬂow cytometer with DIVA-BD software (Becton Dickinson
Immunocytometry Systems, San Jose, CA).
Proliferation assay
Spleens were aseptically removed. To prepare a single cell suspension, cells were teased
out into serum-free RPMI 1640 medium. After centrifugation at 300 g for 10 min at 4℃,
the pelleted cells were resuspended in RPMI 1640 containing 5% FBS (2×106 cells/mL)
and added to 96 well ﬂat bottomed plates (0.1 mL/well). The cells were subsequently
stimulated with 4 μg/mL Concanavalin A (Sigma) and incubated at 37℃ in a humidiﬁed 5% CO2 atmosphere for 72 h. The cells were incubated with MTT reagent (3-(4, 5
dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) for 4 h, followed by lysis using
acidic isopropanol and measurement at 570 nm in an ELISA reader (Sunrise Tecan).
Zinc determination in plasma samples (ICP-MS)
For zinc determination in plasma samples, a method described previously [26] was
adopted with few modiﬁcations. Brieﬂy, samples were diluted 1:20 into a 15 mL
polypropylene Falcon® tube (Becton Dickinson) with a solution containing 0.01% (v/v)
Triton® X-100, 0.5% (v/v) nitric acid, and 10 µg L-1 of each one of Rh (the internal standard). Analyses were carried out with an inductively coupled plasma mass spectrometer
equipped with a reaction cell (ICP-MS ELAN DRCII, PerkinElmer, SCIEX, Norwalk, CT)
operating with high-purity argon (99.999; Praxaair, Brazil). Sample introduction system
was composed by quartz cyclonic spray chamber and a Meinhard® nebulizer connected
by Tygon® tubes to the ICP-MS’s peristaltic pump (set at 20 rpm). The ICP-MS was
operated with Pt sampler and skimmer cones purchased from Perkin Elmer.
Statistical analysis
The results are expressed as mean ±SEM. A value of p <0.05 was considered statistically signiﬁcant. Diﬀerences among control and infected groups were determined by
one-way ANOVA with Bonferroni’s posttest. Statistical analyses were performed using
Graph Pad Prism version 5.0 (GraphPad Software, Inc., San Diego, CA).
Supplementary Material
Please see https://sciencematters.io/articles/201612000008.

DOI: 10.19185/matters.201612000008

Matters (ISSN: 2297-8240) | 6

Funding Statement
This study was supported by fellowships from Fundação de Amparo à Pesquisa do Estado
de São Paulo (Proc. 2009/11029-4) and Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior.
Acknowledgements
We thank Míriam Paula Alonso Toldo, Georgius Luiz de Oliveira for technical assistance,
Ms. Fabiana Rossetto de Morais of College of Pharmaceutical Sciences of Ribeirão Preto,
University of São Paulo, for the FACS data analysis and Vanessa Cristina de Oliveira
Souza for the HPLC analysis.
Ethics Statement
The protocol of this study was approved by the local animal ethics committee
(CEUA, protocol no. 01.193.53.4).

Citations
[1]

World Health Organization. “Chagas disease (American
trypanosomiasis)”. In: http://www.who.int/chagas/disease/en/
(2016).

[2]

Yves Carlier and Carine Truyens. “Congenital Chagas disease as
an ecological model of interactions between Trypanosoma cruzi
parasites, pregnant women, placenta and fetuses”. In: Acta
Tropica 151 (Nov. 2015), pp. 103–115. doi:
10.1016/j.actatropica.2015.07.016. url:
http://dx.doi.org/10.1016/j.actatropica.
2015.07.016.

[3]

Kwak-Kim Joanne et al. “Immunological Modes of Pregnancy
Loss: Inﬂammation, Immune Eﬀectors, and Stress”. In: American
Journal of Reproductive Immunology 72.2 (Mar. 2014),
pp. 129–140. doi: 10.1111/aji.12234. url:
http://dx.doi.org/10.1111/aji.12234.

[4]

Surendra Sharma. “Natural killer cells and regulatory T cells in
early pregnancy loss”. In: The International Journal of
Developmental Biology 58.2-3-4 (2014), pp. 219–229. doi:
10.1387/ijdb.140109ss. url:
http://dx.doi.org/10.1387/ijdb.140109ss.

[5]

Brener Zigman and Gazzinelli Ricardo T. “Immnunological
Control of Trypanosoma cruzi Infection and Pathogenesis of
Chagas’ Disease”. In: International Archives of Allergy and
Immunology 114.2 (July 1997), pp. 103–110. doi:
10.1159/000237653. url:
http://dx.doi.org/10.1159/000237653.

[6]

[7]

Thorsten Lieke et al. “NK Cells Contribute to the Control of
Trypanosoma cruzi Infection by Killing Free Parasites by
Perforin-Independent Mechanisms”. In: Infection and Immunity
72.12 (Nov. 2004), pp. 6817–6825. doi:
10.1128/iai.72.12.6817-6825.2004. url:
http://dx.doi.org/10.1128/IAI.72.12.68176825.2004.
R T Gazzinelli et al. “Interleukin 12 is required for the
T-lymphocyte-independent induction of interferon gamma by an
intracellular parasite and induces resistance in T-cell-deﬁcient
hosts.” In: Proceedings of the National Academy of Sciences 90.13
(July 1993), pp. 6115–6119. doi:
10.1073/pnas.90.13.6115. url:
http://dx.doi.org/10.1073/pnas.90.13.6115.

[8]

F Torrico et al. “Endogenous IFN-gamma is required for
resistance to acute Trypanosoma cruzi infection in mice”. In: The
Journal of Immunology 146 (1991), pp. 3626–3632.

[9]

R L Tarleton et al. “Depletion of T-cell subpopulations results in
exacerbation of myocarditis and parasitism in experimental
Chagas’ disease.” In: Infection and Immunity 62 (1994),
pp. 1820–1829.

[10]

Hajo Haase and Lothar Rink. “The immune system and the
impact of zinc during aging”. In: Immunity and Ageing 6.1 (2009),
p. 9. doi: 10.1186/1742-4933-6-9. url:
http://dx.doi.org/10.1186/1742-4933-6-9.

[11]

Rakesh Aggarwal, John Sentz, and Mark A. Miller. “Role of Zinc
Administration in Prevention of Childhood Diarrhea and
Respiratory Illnesses: A Meta-analysis”. In: Pediatrics 119.6 (June
2007), pp. 1120–1130. doi: 10.1542/peds.2006-3481.
url:
http://dx.doi.org/10.1542/peds.2006-3481.

[12]

Nele Wellinghausen. “Immunobiology of gestational zinc
deﬁciency”. In: British Journal of Nutrition 85.S2 (May 2001),
S81–S86. doi: 10.1049/bjn2000298. url:
http://dx.doi.org/10.1049/BJN2000298.

[13]

da Costa Cássia Mariana Bronzon et al. “Zinc and pregnancy:
Marked changes on the immune response following zinc therapy
for pregnant females challenged with Trypanosoma cruzi”. In:
Clinical Nutrition 32.4 (Aug. 2013), pp. 592–598. doi:
10.1016/j.clnu.2012.10.012. url: http:
//dx.doi.org/10.1016/j.clnu.2012.10.012.

[14]

Christa Fischer Walker and Robert E. Black. “ZINC AND THE
RISK FOR INFECTIOUS DISEASE”. In: Annual Review of Nutrition
24.1 (July 2004), pp. 255–275. doi:
10.1146/annurev.nutr.23.011702.073054. url:
http://dx.doi.org/10.1146/annurev.nutr.
23.011702.073054.

[15]

Carl L. Keen et al. “The Plausibility of Micronutrient Deﬁciencies
Being a Signiﬁcant Contributing Factor to the Occurrence of
Pregnancy Complications”. In: The Journal of Nutrition 133 (2003),
1597S–1605S.

[16]

Martin A. Crook. “Zinc deﬁciency”. In: Nutrition 27.10 (Oct. 2011),
pp. 1085–1086. doi: 10.1016/j.nut.2011.06.001. url:
http:
//dx.doi.org/10.1016/j.nut.2011.06.001.

[17]

Thomas G. Wegmann et al. “Bidirectional cytokine interactions in
the maternal-fetal relationship: is successful pregnancy a TH2
phenomenon?” In: Immunology Today 14.7 (July 1993),
pp. 353–356. doi: 10.1016/0167-5699(93)90235-d.
url: http://dx.doi.org/10.1016/01675699(93)90235-d.

[18]

R. E. Kuhn and S. K. Durum. “The onset of immune protection in
acute experimental chagas’ disease in C3H(HE) mice”. In:
International Journal for Parasitology 5.2 (Apr. 1975), pp. 241–244.
doi: 10.1016/0020-7519(75)90113-7. url: http:
//dx.doi.org/10.1016/0020-7519(75)90113-7.

[19]

S G Reed. “Adoptive transfer of resistance to acute Trypanosoma
cruzi infection with T-lymphocyte-enriched spleen cells.” In:
Infection and Immunity 28 (1980), pp. 404–410.

[20]

Silvia Maggini et al. “Selected vitamins and trace elements
support immune function by strengthening epithelial barriers
and cellular and humoral immune responses”. In: British Journal
of Nutrition 98 (2007), pp. 29–35.

[21]

Laura M. Plum, Lothar Rink, and Hajo Haase. “The Essential
Toxin: Impact of Zinc on Human Health”. In: International
Journal of Environmental Research and Public Health 7 (2010),
pp. 1342–1365.

[22]

http://dx.doi.org/10.1046/j.13652249.2000.01150.x.

Zuñiga et al. “Trypanosoma cruzi-induced immunosuppression:
B cells undergo spontaneous apoptosis and lipopolysaccharide
(LPS) arrests their proliferation during acute infection”. In:
Clinical and Experimental Immunology 119.3 (Mar. 2000),
pp. 507–515. doi:
10.1046/j.1365-2249.2000.01150.x. url:

8

[23]

Shintaro Hojyo et al. “Zinc transporter SLC39A10/ZIP10 controls
humoral immunity by modulating B-cell receptor signal
strength”. In: Proceedings of the National Academy of Sciences
111.32 (July 2014), pp. 11786–11791. doi:
10.1073/pnas.1323557111. url:
http://dx.doi.org/10.1073/pnas.1323557111.

[24]

Nazanin Roohani et al. “Zinc and its importance for human
health: An integrative review”. In: Journal of Research in Medical
Sciences 18 (2013), pp. 144–157.

[25]

Luis E. Cuevas and Ai Koyanagi. “Zinc and infection: a review”.
In: Annals of Tropical Paediatrics 25 (2005), pp. 149–160.

[26]

Bruno Lemos Batista et al. “Exploiting dynamic reaction cell
inductively coupled plasma mass spectrometry (DRC-ICP-MS)
for sequential determination of trace elements in blood using a
dilute-and-shoot procedure”. In: Analytica Chimica Acta 639
(2009), pp. 13–18.

