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W Abstract

Background: Patients with common variable immunodeficiency (CVID) present with low antibody levels, impaired lymphocyte function, and chronic
inflammation. Vitamin A and zinc are essential components of the immune system and can be redistributed in the body as a result of inflammation.
Objective: To compare levels of retinol, B-carotene, and zinc in patients with CVID and healthy controls after evaluating a series of parameters
for each participant.

Patients and Methods: We performed a cross-sectional study of CVID patients and healthy controls matched for age and gender. All participants
underwent a nutritional and laboratory evaluation comprising a complete blood count and determination of levels of C-reactive protein
(CRP), lipopolysaccharide (LPS), soluble CD14 (sCD14), retinol, B-carotene, and serum and erythrocyte zinc.

Results: We included 17 patients (mean age, 28.54 years) and 17 controls. Mean (SD) retinol levels were lower in patients: 1.99 (0.67) ymol/L
vs 2.72 (0.96) ymol/L. Median B-carotene levels were similar in both groups (0.30 umol/L). Median serum zinc levels were 50.0 pg/dL
(50-100 pg/dL) in the patients and 100.0 pg/dL (50-150 pg/dL) in the controls. Mean levels of erythrocyte zinc were lower among patients:
37.32 (10.51) pgZn/gHb vs 44.91 (7.67) pgZn/gHb in the controls. Median CRP levels were significantly higher among patients:
4.99 (0.15-34.51) mg/L vs 0.55 (0.17-6.06) mg/L. No differences in translocation marker levels were observed between the groups.
Conclusions: CVID patients had lower levels of retinol and zinc than controls. Since micronutrient deficiency could aggravate their disease
and contribute to chronic inflammation, micronutrient status should always be assessed in patients with primary immunodeficiency.
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M Resumen

Antecedentes: Los pacientes con inmunodeficiencia variable comin (CIVD) presentan un déficit de anticuerpos, una funcion alterada de
linfocitos e inflamacidn crénica. La vitamina A y el zinc son elementos esenciales para el sistema inmune y pueden sufrir una redistribucion
en el organismo provocados por inflamacion.

Objetivo: El objetivo de este estudio fue comparar los niveles de retinol, beta-caroteno, y zinc en pacientes con CIVD y controles sanos,
habiendo evaluado todos los pardmetros en cada sujeto.

Pacientes y métodos: Este estudio cruzado-seccional evalué pacientes con CIVD de las consultas externas de una University Immunology
Clinicy controles sanos emparejados por edad y género. A todos los pacientes se les realizé una evaluacién nutricional y analitica mediante
hemograma, proteina C reactiva (PCR), lipopolisacérido (LPS), CD14 soluble (CD14s), retinol, betacaroteno, suero y zinc en eritrocito.
Resultados: Diecisiete pacientes (edad media 28.54 afios) y 17 controles fueron incluidos en el estudio. En cuanto a los resultados obtenidos, los niveles
medios de retinol fueron més bajos en el grupo de pacientes comparados con los controles: 1.99 umol/L (+0.67)y 2.72 pmol/L (+:0.96), respectivamente.
Los niveles medios de betacaroteno fueron similares en ambos grupos (0.30 pmol/L). Los niveles medios de zinc en suero fueron
50.0 pg/dL (50-100) en pacientes y 100.0 ug/dL (50-150) en el grupo control. Los niveles medios de zinc de eritrocito fueron mas
bajos en los pacientes comparados con los controles: 37.32 pgZn/gHb (+10.51) y 44.91 ugZn/gHb (+7.67) respectivamente. Los niveles
medios de PCR fueron significativamente mayores en los pacientes comparados con los controles: 4.99 mg/L (0.15-34.51) y
0.55 mg/L (0.17-6.06) respectivamente. No se encontro diferencia en los niveles del marcador de translocacion entre los grupos.
Conclusiones: Concluimos que los pacientes con CIVD presentaron niveles menores de retinol y de zinc comparados con controles. Dado que
una deficiencia de micronutrientes puede agravar su enfermedad y contribuir a inflamacién cronica, en los pacientes con inmunodeficiencia
primaria deberia siempre investigarse su estado de micronutrientes.
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Introduction

The term common variable immunodeficiency (CVID)
encompasses a very diverse group of diseases characterized
by low antibody levels and impaired lymphocyte function [1].
A significant number of CVID patients have gastrointestinal
symptoms such as malabsorption, chronic diarrhea, and small
bowel inflammation [2].

Micronutrients, including vitamin A and zinc, are essential
for immune function. Retinol, retinaldehyde, and retinoic acid
are active forms of vitamin A with an important role in the
immune system, including mucosal immunity [3,4].

Some studies have shown lower levels of retinol in CVID
patients than in healthy controls [S] and an inverse correlation
between vitamin levels and immune activation markers [6].
Recent studies suggested that retinoic acid has an important
effect on T lymphocytes by providing a mechanism for self-
regulation of proinflammatory functions and anti-inflammatory
functions in the gastrointestinal tract [7,8].

B-Carotene has a major role in the immune system [9], and
patients with secondary immunodeficiency frequently have
B-carotene deficiency [10].

Zinc deficiency causes severe thymic atrophy, which
compromises the T lymphocyte response [11] and causes
B-cell depletion, mainly through apoptosis [12]. Serum
levels of zinc are considerably lower in CVID patients than
in healthy individuals because of malabsorption and chronic
inflammatory processes [13].

Considering the importance of these micronutrients in the
immune system and their redistribution in the organism as a
result of inflammation, the aim of this study was to compare
levels of retinol, B-carotene, and zinc between CVID patients
and healthy controls, since these elements have not been
previously evaluated together.

Patients and Methods

Patients and Study Design

We performed a cross-sectional study from December 2008
to October 2009 with patients followed at the immunology
outpatient clinic of the Federal University of Sao Paulo
(UNIFESP) and a control group. The inclusion criteria for
patients were a diagnosis of CVID according to the European
Society for Immunodeficiencies and regular treatment with
intravenous immunoglobulin (IVIG). Controls had to be in
good health and of the same gender and age as the patients
(zinc levels differ in childhood, adolescence, and adulthood).
The exclusion criteria were smoking, acute infection, and
vitamin supplementation.

The local ethics committee approved the study.

Data Collection

Clinical data were collected, and all participants underwent
physical examination. Anthropometric data were also
recorded [14], and a socioeconomic questionnaire developed
by the Brazilian Association of Research Companies was
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administered [15]. Nutritional status was evaluated using body
mass index, as previously described [16].

Laboratory Assessment

Blood samples were collected using pyrogen-free tubes
after an 8-hour fast. All samples were analyzed in duplicate.
Patients were under regular IVIG treatment (every 4 weeks)
and blood was always collected before the next infusion (on
the same day). We evaluated the following parameters:

e White blood cell count and differential (as markers of

infection).
¢ C-reactive protein (CRP) (as a marker of inflammation
and infection [17]).

¢ Serum LPS and soluble CD14 (sCD14) (as markers of
bacterial translocation: reference values <50 pg/mL for
LPS and <2.4 ng/mL for sCD14 [18]).

e Retinol and B-carotene: determined using high-
performance liquid chromatography [19].

e Serum and erythrocyte zinc levels: determined by
atomic absorption spectroscopy [20].

Statistical Analysis

Statistical analyses were conducted using Minitab
version 15.1 (Minitab Inc) and BioEstat version 5.0 [21].
Statistical significance was set at a P value of <.05. Normally
distributed quantitative data were compared using the ¢ test;
nonnormally distributed data were compared using the Mann-
Whitney test. Qualitative variables were analyzed using the x>
test or Fisher exact test.

Results

Twenty patients with a confirmed diagnosis of CVID who
fulfilled the inclusion criteria were invited to participate in the
study; the final sample comprised 17 patients. Two patients did
not attend the scheduled visits, and 1 refused to participate.

Both the study and the control groups included 1 child
(aged 9 years), 3 adolescents (from 13 to 18 years of age),
and 13 adults.

Mean age was 28.54 years. No differences were observed
between patients and controls in nutritional and socioeconomic
status (Table 1).

No differences were observed between the groups in LPS
and sCD14 levels. In 11 patients (64.70%) and 5 controls
(29.41%), sCD14 levels were higher than the reference values
(P=.105). One of 17 patients (5.88%) and none of the controls
showed high levels of LPS. CRP levels were elevated (>1.1
mg/L) in 73.33% of the patients (11/15) and in 29.41% of the
controls (5/17); median CRP levels were significantly higher
in the patient group (Table 2). CRP results were not available
for 2 patients.

Mean retinol levels were significantly lower in patients.
B-Carotene levels did not differ between the groups. Serum and
erythrocyte zinc levels were lower in the patient group (Table 2).

No significant correlations were observed between
sCD14, LPS, and CRP with zinc, retinol, and B-carotene. No
correlations were observed between zinc and retinol levels.
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Table 1. Characteristics and Nutritional Status of Patients With Common Variable Immunodeficiency

and Controls

Patients Controls P Value
Mean (SD) age, y 28.54 (11.29) 28.07 (10.35) 901
Male, No. (%) 8/17 (47.06) 8/17 (47.06) >.999°
Socioeconomic class A, No. (%) 2/17 (11.76) 7/17 (41.18) 118
Socioeconomic classes B and C,
No. (%) 15/17 (88.24) 10/17 (58.82)
Body mass index, kg/m? 19.3 (17.3-28.9) 22.2 (17.5-34) 053¢
Malnourished, No. (%) 3/17 (17.65) 1/17 (5.88)¢ .601¢

Well-nourished or overweight,
No. (%)

14/17 (82.35)

16/17 (91.12)

at test.

by test.

‘Fisher exact test.
dMann-Whitney test.

¢Adequate according to body fat percentage and abdominal circumference [41].

Table 2. Levels of Biological Markers in Patients With Common Variable Imnmunodeficiency and Controls?

Patients Controls P Value
Lipopolysaccharide, pg/mL 17.99 (13.68-65.44)  20.21 (13.13-41.68) .630°
Soluble CD14, ng/mL 2.60 (0.59) 2.31(0.39) .105¢
C-reactive protein, ug/L 4.99 (0.15-36.22) 0.55 (0.17-6.06) .004°
Retinol, wmol/L 1.99 (0.67) 2.73 (0.96) .014¢
B-Carotene, wmol/L 0.30 (0.10-1.20) 0.30 (0.16-0.70) .861°
Serum zinc, ug/dL 50 (50-100) 100 (50-150) .020°
Erythrocyte zinc, ugZn/gHb 37.32 (10.51) 44.91 (7.67) .045¢

VValues are expressed as median (range) or mean (SD).
®Mann-Whitney test.
‘t test.

Moderate-to-severe gastrointestinal symptoms (chronic
and/or bloody diarrhea and weight loss) were recorded in 4
out of 17 patients; the remaining 13 presented mild symptoms
(epigastric pain or occasional diarrhea) or no symptoms.
Levels of B-carotene, serum zinc, erythrocyte zinc, LPS, and
sCD14 were similar between the patients with moderate-to-
severe gastrointestinal symptoms and those with no or mild
gastrointestinal symptoms (P>.05). CRP levels could not be
compared in these groups, as results were available for only 3
of the patients with severe gastrointestinal symptoms.

Discussion

The elevated CRP levels found in the patients indicate a
chronic inflammatory process [17], as observed elsewhere in
patients with CVID [2]. On the other hand, the similar levels
of LPS and sCD14 in both patients and controls suggest the
absence of bacterial translocation and of anti-inflammatory
activity of monocytes [ 18], respectively. Such findings indicate
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that the chronic inflammatory process in patients is localized
and, even if bacterial translocation does occur, it could be
controlled using IVIG.

Although levels of sCD14 were similar in both groups,
elevated levels were found in more patients than controls.
Unlike the results of previous works [18,22], this finding
points to a nonexclusive relationship between LPS and sCD14.
Indeed, a recent work showed that the CD14 molecule is a
cofactor not only for toll-like receptor 4, which recognizes
LPS, but also for other toll-like receptors (eg, 7 and 9) [23].

Plasma levels of retinol were lower in the patients, a
finding that is consistent with those of some authors [7,24]
and different from those of others [25]. The function of retinol
in mucosal immunity is well established [26]. Nevertheless,
as previously reported [27,28], we found no differences in
retinol levels in our patients, regardless of the severity of
gastrointestinal symptoms. Similarly, no significant differences
were found for B-carotene, serum zinc, erythrocyte zinc, LPS,
and sCD14 levels in patients according to the severity of
gastrointestinal symptoms. The lack of statistical significance
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in this case is probably due to the small number of patients
presenting with more severe symptoms.

Lower levels of retinol in patients with chronic inflammation
may be the result of low food intake, impaired absorption [23],
redistribution caused by inflammation [7,29,30], and repeated
infections [31]. Therefore, the presence of repeated infections
in our and other CVID patients [ 1,2] may contribute to the low
levels of retinol observed. Moreover, the concomitant presence
of zinc deficiency has been shown to negatively affect retinol
mobilization in the bowel [32]. Consequently, vitamin A
supplementation in CVID patients with vitamin A deficiency
could improve immune function [5], although further studies
are needed to test this hypothesis.

Unlike retinol, B-carotene levels were similar in patients
and controls. Decreased retinol levels have been reported
to be associated with normal B-carotene levels in chronic
inflammation [10], partly owing to the concomitant presence
of zinc deficiency, which negatively affects retinol mobilization
in the bowel [32], and the negative impact of the inflammatory
response on retinol levels [33].

Zinc deficiency was previously demonstrated in patients
with secondary immunodeficiency [34]. The lower serum zinc
levels we detected in the patients may reflect acute depletion,
while lower erythrocyte zinc levels reflect chronic deficiency
states [35]. Thus, chronic inflammation and repeated infections,
both of which are common in CVID patients [1,2], are likely
to play an important role in depletion.

Similar to retinol, low serum zinc levels may be
due to redistribution toward sites of higher use through
inflammation, thus indicating a possibly lower response to
zinc supplementation in patients with increased levels of
inflammatory markers [36]. In the present study, findings
for nutritional state regarding zinc probably result from an
association between redistribution and chronic inflammation.

CVID patients have lower memory B-cell counts [37,38].
Given the importance of zinc in bowel absorption, chronicity
of inflammatory processes, and lymphocyte differentiation,
maturation, and survival, together with the fact that zinc
deficiency results in increased B-cell apoptosis [12], low levels
of this micronutrient may affect disease progression [11,13].

Despite lower levels of serum and erythrocyte zinc, it
is difficult to propose a supplementation strategy, for the
following reasons: (a) Available recommendations target
individuals not affected by chronic diseases [39]; (b) Patients
with lower zinc levels have an altered inflammatory status;
and (¢) The number of available biochemical markers for a
broader assessment of zinc levels is limited [40].

In conclusion, we found lower levels of retinol and zinc in
CVID patients than in healthy controls. Since micronutrient
deficiency could aggravate disease and contribute to chronic
inflammation, micronutrient status should always be
investigated in patients with primary immunodeficiency.

Acknowledgements
We are grateful to Ms Thais Coccarelli for her help with the

statistical analysis and to the Foundation for Aid to Research of
the State of Sao Paulo (FAPESP; project number 10109-1/2008).

J Investig Allergol Clin Immunol 2012; Vol. 22(6): 427-431

References

1. Yong PF, Thaventhiran JE, Grimbacher B. “A rose is a rose is
a rose,” but CVID is Not CVID common variable immune
deficiency (CVID), what do we know in 2011? Adv Immunol.
2011;111:47-107.

2. Cunningham-Rundles C, Bodian C. Common variable
immunodeficiency: clinical and immunological features of 248
patients. Clin Immunol. 1999;92(1):34-48.

3. El Beitune P, Duarte G, de Morais EN, Quintana SM, Vannucchi
H. [Vitamin A deficiency and clinical associations: a review].
Arch Latinoam Nutr. 2003;53(4):355-63. Portuguese.

4. Human energy requirements: report of a joint FAO/WHO/UNU
Expert Consultation. Food Nutr Bull. 2005;26(1):166.

5. Aukrust P, Muller F Ueland T, Svardal AM, Berge RK,
Froland SS. Decreased vitamin A levels in common variable
immunodeficiency: vitamin A supplementation in vivo enhances
immunoglobulin production and downregulates inflammatory
responses. Eur J Clin Invest. 2000;30(3):252-9.

6. Mucida D, Park Y, Kim G, Turovskaya O, Scott |, Kronenberg M,
Cheroutre H.Reciprocal TH17 and regulatoryT cell differentiation
mediated by retinoic acid. Science. 2007;317(5835):256-60.

7. Kilic SS, Kezer EY, licol YO, Yakut T, Aydin S, Ulus H. Vitamin a
deficiency in patients with common variable immunodeficiency.
J Clin Immunol. 2005;25(3):275-80.

8. Sun CM, Hall JA, Blank RB, Bouladoux N, Oukka M, Mora JR,
Belkaid Y. Small intestine lamina propria dendritic cells promote
de novo generation of Foxp3 T reg cells via retinoic acid. J Exp
Med. 2007;204(8):1775-85.

9. Chew BP, Park JS. Carotenoid action on the immune response. J
Nutr. 2004;134(1):2575-61S.

10. Monteiro JP, Freimanis-Hance L, Faria LB, Mussi-Pinhata
MM, Korelitz J, Vannucchi H, Queiroz W, Succi RC, Hazra R.
Both human immunodeficiency virus-infected and human
immunodeficiency virus-exposed, uninfected children living
in Brazil, Argentina, and Mexico have similar rates of low
concentrations of retinol, beta-carotene, and vitamin E. Nutr
Res. 2009;29(10):716-22. PMCID: 2782874,

11. Fraker PJ, King LE, Laakko T, Vollmer TL. The dynamic link
between the integrity of the immune system and zinc status. J
Nutr. 2000;130(5S Suppl):13995-406S.

12. King LE, Osati-Ashtiani F, Fraker PJ. Depletion of cells of the B
lineage in the bone marrow of zinc-deficient mice. Inmunology.
1995;85(1):69-73.

13. Litzman J, Dastych M, Hegar P. Analysis of zinc, iron and copper
serumlevelsin patients with common variableimmunodeficiency.
Allergol Immunopathol (Madr). 1995;23(3):117-20.

14. Freedman DS, Serdula MK, Srinivasan SR, Berenson GS. Relation
of circumferences and skinfold thicknesses to lipid and insulin
concentrations in children and adolescents: the Bogalusa Heart
Study. Am J Clin Nutr. 1999;69(2):308-17.

15. ABEP. ABEP. Brazilian Association of Research Companies -
Socio Economic Classification Criterion Brazil (CCEB) 2008.

16. 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(9):660-7.

17. Simon L, Gauvin F, Amre DK, Saint-Louis P, Lacroix J. Serum
procalcitonin and C-reactive protein levels as markers of

© 2012 Esmon Publicidad



Vitamin A and Zinc in CVID

431

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

bacterial infection: a systematic review and meta-analysis. Clin
Infect Dis. 2004;39(2):206-17.

. Ancuta P, Kamat A, Kunstman KJ, Kim EY, Autissier P, Wurcel A,

Zaman T, Stone D, Mefford M, Morgello S, Singer EJ, Wolinsky
SM, Gabuzda D. Microbial translocation is associated with
increased monocyte activation and dementia in AIDS patients.
PLoS One. 2008;3(6):e2516.

. Arnaud J, Fortis |, Blachier S, Kia D, Favier A. Simultaneous

determination of retinol, alpha-tocopherol and beta-carotene
in serum by isocratic high-performance liquid chromatography.
J Chromatogr. 1991;572(1-2):103-16.

Urbano MRD, Vitalle MSS, Juliano Y, Amancio OMS. [Iron,
copper and zinc in adolescents during pubertal growth spurt]. J
Pediatr (Rio J). 2002;78(4):327-34. Portuguese.

Ayres M, Ayres Junior M, Ayres DL, Santos AS. [BioEstat 5.0:
Statistical Applications in biological and medical sciences].
5th ed. Belem (PA): Civil Society Mamiraua. CNPq; 2007.
Portuguese.

Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao
S, Kazzaz Z, Bornstein E, Lambotte O, Altmann D, Blazar BR,
Rodriguez B, Teixeira-Johnson L, Landay A, Martin JN, Hecht
FM, Picker LJ, Lederman MM, Deeks SG, Douek DC. Microbial
translocation is a cause of systemic immune activation in
chronic HIV infection. Nat Med. 2006;12(12):1365-71.
Baumann CL, Aspalter IM, Sharif O, PichImair A, Bluml S, Grebien
F, Bruckner M, Pasierbek P, Aumayr K, Planyavsky M, Bennett KL,
Colinge J, Knapp S, Superti-Furga G. CD14 is a coreceptor of Toll-
like receptors 7 and 9. J Exp Med. 2010;207(12):2689-701.
Battistini TR, Sarni RO, de Souza FI, Pitta TS, Fernandes
AP, Hix S, Fonseca FL, Tardini PC, dos Santos VP, Lopez FA.
Lipodystrophy, lipid profile changes, and low serum retinol and
carotenoid levels in children and adolescents with acquired
immunodeficiency syndrome. Nutrition. 2010;26(6):612-6.
Ardeniz O, Basoglu OK, Gunsar F, Unsel M, Bayraktaroglu S,
Mete N, Giilbahar O, Sin A. Clinical and immunological analysis
of 23 adult patients with common variable immunodeficiency. J
Investig Allergol Clin Immunol. 2010;20(3):222-36.

Ross AC. Vitamin A status: relationship to immunity and the
antibody response. Proc Soc Exp Biol Med. 1992;200(3):303-20.
Carcamo C, Hooton T, Weiss NS, Gilman R, Wener MH, Chavez
\V, Meneses R, Echevarria J, Vidal M, Holmes KK. Randomized
controlled trial of zinc supplementation for persistent diarrhea
in adults with HIV-1 infection. J Acquir Immune Defic Syndr.
2006;43(2):197-201.

Chhagan MK, Van den Broeck J, Luabeya KK, Mpontshane N,
Tucker KL, Bennish ML. Effect of micronutrient supplementation
on diarrhoeal disease among stunted children in rural South
Africa. Eur J Clin Nutr. 2009;63(7):850-7.

da Silva R, Lopes E, Jr., Sarni RO, Taddei JA. [Plasma vitamin A
levels in deprived children with pneumonia during the acute
phase and after recovery]. J Pediatr (Rio J). 2005;81(2):162-8.
Portuguese.

Ramalho RA, Flores H, Saunders C. [Hypovitaminosis A in
Brazil: a public health problem]. Rev Panam Salud Publica.
2002;12(2):117-22. Spanish.

Hemmingsen L, Skaarup P. Urinary excretion of ten plasma

© 2012 Esmon Publicidad

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

proteins in patients with febrile diseases. Acta Med Scand.
1977;201(4):359-64.

Intorre F, Polito A, Andriollo-Sanchez M, Azzini E, Raguzzini
A, Toti E, Zaccaria M, Catasta G, Meunier N, Ducros V,
0'Connor JM, Coudray C, Roussel AM, Maiani G. Effect of
zinc supplementation on vitamin status of middle-aged and
older European adults: the ZENITH study. Eur J Clin Nutr.
2008;62(10):1215-23.

Baeten JM, McClelland RS, Richardson BA, Bankson DD, Lavreys
L, Wener MH, Overbaugh J, Mandaliya K, Ndinya-Achola JO,
Bwayo JJ, Kreiss JK. Vitamin A deficiency and the acute phase
response among HIV-1-infected and -uninfected women in
Kenya. J Acquir Immune Defic Syndr. 2002;31(2):243-9.

Jones CY, Tang AM, Forrester JE, Huang J, Hendricks KM, Knox
TA, Spiegelman D, Semba RD, Woods MN. Micronutrient levels
and HIV disease status in HIV-infected patients on highly active
antiretroviral therapy in the Nutrition for Healthy Living cohort.
J Acquir Immune Defic Syndr. 2006;43(4):475-82.

Tuerk MJ, Fazel N. Zinc deficiency. Curr Opin Gastroenterol.
2009;25(2):136-43.

Mburu AS, Thurnham DI, Mwaniki DL, Muniu EM, Alumasa FM.
The influence of inflammation on plasma zinc concentration
in apparently healthy, HIV+ Kenyan adults and zinc responses
after a multi-micronutrient supplement. Eur J Clin Nutr.
2010;64(5):510-7.

Piqueras B, Lavenu-Bombled C, Galicier L, Bergeron-van der
Cruyssen F, Mouthon L, Chevret S, Debré P, Schmitt C, Oksenhendler
E. Common variable immunodeficiency patient classification based
on impaired B cell memory differentiation correlates with clinical
aspects. J Clin Immunol. 2003;23(5):385-400.

Warnatz K, Denz A, Drager R, Braun M, Groth C, Wolff-Vorbeck
G, Eibel H, Schlesier M, Peter HH. Severe deficiency of switched
memory B cells (CD27(+)IgM(-)IgD(-)) in subgroups of patients
with common variable immunodeficiency: a new approach to
classify a heterogeneous disease. Blood. 2002;99(5):1544-51.
Ashworth A KS, Jackson A, Schofield C. Guidelines for the
Inpatient Treatment of Severely Malnourished Children.
Geneva: World Health Organization; 2003.

Hess SY, Peerson JM, King JC, Brown KH. Use of serum zinc
concentration as an indicator of population zinc status. Food
Nutr Bull. 2007;28(3 Suppl):5403-29.

Physical status: the use and interpretation of anthropometry.
Report of a WHO Expert Committee. World Health Organ Tech
Rep Ser. 1995;854:1-452.

I Manuscript received March 21, 2012; accepted for
publication May 22, 2012.

Beatriz Tavares Costa Carvalho

Rua dos Otonis, 725

Vila Clementino

Sao Paulo-SP, Brazil. CEP: 04025-002
E-mail: beacarvalho@terra.com.br

J Investig Allergol Clin Immunol 2012; Vol. 22(6): 427-431



