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Anemia and infection: a complex relationship
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Marcos Borato Viana We read with great interest the article published in this issue of the Revista Brasileira
de Hematologia e Hemoterapia (Journal of Hematology and Hemotherapy),(1) as the
relationship between anemia and infection is a complex one.

Preliminarily, we must distinguish acute from chronic infection. When it comes to
chronic infection, associated anemia is part of a more general chapter of the association
between anemia and chronic conditions. Supposedly there is a common
pathophysiological basis for the occurrence of anemia and several chronic diseases,
whether infectious, inflammatory or neoplastic. Although the anemia related to malignancy
may also have this common basis, it is clear that there are other mechanisms by which
anemia occurs. Such is the case of leukemia that, by definition, originates in the bone
marrow, gradually leading to anemia both because of the progressive occupation of the
tissue that produces the red blood cells and due to their normal senescence. The degree
of anemia and the speed in the drop of hemoglobin concentrations depend on the different
subtypes of leukemia. A similar mechanism can also be invoked in other neoplasms that
secondarily involve the bone marrow. Of course there may be other mechanisms that
contribute to the onset of anemia, such as blood loss, nutritional deficiencies, side
effects of medications and elevations of certain cytokines that are responsible, in most
cases of chronic diseases, for the association with anemia. In advanced renal failure,
although other mechanisms are at work, the main reason for severe anemia is a deficiency
in the production of erythropoietin by the damaged kidney tissue. The management of
the hematopoietic factor, generally involving intravenous iron, raises the level of
hemoglobin, even without changes in other aspects of patient care.

Let us see what is the current understanding for the most frequent cases in which
anemia is associated with chronic infections or inflammatory diseases.(2-4) In these cases
anemia is linked to reticuloendothelial siderosis, and is usually mild or moderate. It is
characterized by decreased serum iron with a decrease in the total iron binding capacity
and percentage of transferrin saturation. Serum ferritin may be normal or increased. The
differences in the laboratory tests for iron deficiency anemia are that, in the latter, the
transferrin binding capacity rises, the ferritin is low and marrow iron is missing.

Although other mechanisms may be operating concurrently, depending on the
underlying disease, the main one is impairment in the release of iron by the
reticuloendothelial system. This happens, briefly, due to the increased concentration of
hepcidin, a regulatory hormone produced by liver cells that rises with inflammation.
Hepcidin induces the degradation of ferroportin, responsible for the transmembrane
transfer of iron to plasma transferrin.(3,4)

When anemia exists in acute infections, it is due to several factors. Clearly, in a
patient with malaria the main reason for anemia is the destruction of red blood cells by the
parasite. In parvovirosis, on the other hand, anemia is secondary to the inhibition of
medullary erythropoiesis caused by this virus. In a patient, usually a child without previous
contact with the virus, the degree of anemia will depend on whether the child has a
concomitant hemolytic anemia or is healthy. In the latter case, the anemia may go unnoticed
because the drop in hemoglobin is very slow, there is a rapid recovery of erythropoiesis in
one to two weeks and the average life span of red blood cells may reach 100-120 days.
However, in a child with congenital or acquired hemolytic anemia, the clinical picture can
become dramatic, requiring transfusions of red blood cells. Although there is anasimilar
degree of recovery of erythrocyte production, the survival of red blood cells is severely
shortened, for example, to less than 20 days in sickle cell anemia. Many other acute infections,
either viral or bacterial, can cause anemia through other mechanisms, such as mild idiopathic
hemolysis and marrow inhibition. But in general this type of infection is more severe.
Simple upper respiratory infections leading to anemia are quite unusual, even in patients
with concomitant hemolytic disease.

Now let us comment on the article published in this issue of the journal.(1) Its objective
was to examine a possible association between subclinical infection and anemia in children
aged 6 months to 5 years in the state of Paraíba. This age group, in particular infants, are
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particularly prone to have iron deficiency in Brazil.(5-7) The
study was part of a wider investigation that sought to
estimate the prevalence of iron deficiency anemia in the
state, apparently as yet unpublished, because the authors
did not include a corresponding reference. The population
sampling of the primary study was random and followed
appropriate methodological criteria. However, as stated by
the authors, "children included in this study were only those
who presented data on the values of C-reactive protein and
hemoglobin". It is very unlikely, however, that this would
give sampling bias, because the inclusion rate was 92%
(1117/1211) of children originally randomized.

The authors defined that a child would be anemic if its
hemoglobin concentration was below 11 g/dL, regardless of
age. Although this definition is common in many studies,
based on recommendations of the World Health
Organization(8,9) to make results of prevalence comparable in
many regions, it overestimates the prevalence of iron
deficiency anemia in infants (under two-year-old children),
known to have reference values for hemoglobin below that
cutoff point.(10) For the same reason, the prevalence of
microcytic and hypochromic anemia in infants is
overestimated because the mean corpuscular volume (MCV)
and mean corpuscular hemoglobin (MCH) are physiologically
lower in this age group. The recommended cutoff points, 70
fL and 23 pg, are lower than those in adults, 80 fL and 26 pg,
respectively.(10)

In the study the authors reported a prevalence of 36.3%
of anemic children. We can estimate that, according to the
above stated, the rate is probably lower than that. In comparison
with other populations, however, the reported level, as the
authors correctly state, puts anemia in Paraíba, as in other
northeastern Brazilian states (Pernambuco and Piauí as cited
by the authors) as "a moderate public health problem according
to criteria of the World Health Organization."(9) It is very
interesting that other authors had found an prevalence of
anemia (36.4%) in Paraíba similar to a study performed 15 years
earlier.(11) The prevalence of anemia in several states in Brazil,
reported in a recent review, is generally higher than that, often
reaching figures above 50%.(5)

As expected, the study "found that older children had
higher mean hemoglobin levels (p-value < 0.001)". This finding
reflects both the actual higher prevalence of iron deficiency
anemia in younger children and, as mentioned above, the use
of the same reference values for different age groups.

The authors' definition for probable subclinical infections
was a C-reactive protein (CRP) value above 6 mg/L. This cutoff
point is the one generally used when the latex agglutination
method is used. However, it is lower than the one used when
immunoturbidimetric methods are used (8-10 mg/L). This
could, perhaps, overestimate the prevalence of subclinical
infections in the population as a whole (11.3%), but does not
change the fact that certain groups had, on average, higher
or lower values than others. Subclinical infection was
supposed in the study, because the authors explicitly state
that "chronic clinically-detectable infections (tuberculosis,
pneumonia, colds, etc.) and symptoms possibly related to
infections such as fever and diarrhea were used as exclusion

criteria." Therefore, this study falls within the category of
those that look for a possible association between mild or
subclinical acute infection and anemia.

Table 3 of the paper shows a significant association
(p-value = 0.037) between anemia (Hb < 11 g/dL) and
infection (CRP ≥ 6 mg/L), considering both as categorical
variables. In Table 4, the association is also reported to be
significant (p-value = 0.005), here considering hemoglobin as
a continuous variable. Means of hemoglobin were compared
between groups with and without infection, defined by the
value of CRP above or below the cutoff point.

To reach this conclusion, however, would require the
authors to have taken into account that it is possible that,
in fact, the association found might reflect an underlying
association not revealed by univariate analysis: that
younger children have higher probability of presenting
higher CRP values, exactly because they are more prone to
have acute, apparent or subclinical, infections. The authors
should have tested this hypothesis by checking, for
example, if the average age of children with elevated CRP
differed significantly from that of children with CRP levels
below the reference values. Or, more elegantly, using a
multivariate logistic regression model to check whether CRP
values above the cutoff point (y=1, if yes; y=0, if not) were
still associated with low levels of hemoglobin concentration
after adjusting for the child's age.(12)

From what was stated above, we feel that, very likely,
the association reported in the study is not real, but it is
similar to the famous epidemiological situation described by
many authors: there would be an association between coffee
consumption and lung cancer but what underlies this
association is that smokers drink more coffee than non-
smokers. In fact, smoking is associated with a higher incidence
of lung cancer. It is interesting to note that a modest
association between coffee consumption and lung cancer,
after controlling for the effect of smoking, was demonstrated
in a recent meta-analysis, but the authors urge caution in
interpreting the results.(13)

References
1. Sales MC, Queiroz EO, Paiva AA. Association between anemia and

subclinical infection in children in Paraíba State, Brazil. Rev Bras
Hematol Hemoter. 2011;33(2):96-9.

2. Ezekowitz AB. Hematologic manifestations of systemic diseases.
In: Orkin SH, Nathan DF, Ginsburg D, et al. Nathan and Oski's
Hematology of infancy and childhood. 7th ed. Philadelphia:
Saunders; 2009. p. 1679-739.

3. Hentze MW, Muckenthaler MU, Galy B, Camaschella C. Two to tango:
regulation of Mammalian iron metabolism. Cell. 2010;142(1):24-38.

4. Darshan D, Frazer DM, Wilkins SJ, Anderson GJ. Severe iron
deficiency blunts the response of the iron regulatory gene Hamp
and pro-inflammatory cytokines to lipopolysaccharide. Haematologica.
2010;95(10):1660-7.

5. Jordão RE, Bernardi JL, Barros-Filho AA. Prevalência de anemia
ferropriva no Brasil. Uma revisão sistemática. Rev Paul Pediatr.
2009;27(1):90-8.

6. Monteiro CA, Szarfarc SC, Mondini L. Tendência secular da anemia
na infância na cidade de São Paulo (1984-1996). Rev Saúde Pú-
blica. 2000;34(6 Supl):62-72.



92                                                                                                                                                Rev Bras Hematol Hemoter. 2011;33(2):90-95

Comprehensive healthcare for individuals with sickle cell disease – a constant
challenge

Submitted: 4/3/2011
Accepted: 4/13/2011

Corresponding author:
Rodolfo Delfini Cançado
Disciplina de Hematologia e Oncologia,
Faculdade de Ciências Médicas da
Santa Casa de São Paulo
Rua Marquês de Itu, 579
01221-003 – São Paulo, SP, Brazil
Phone: 55 11 2176 7000
rdcan@uol.com.br

www.rbhh.org or www.scielo.br/rbhh

DOI: 10.5581/1516-8484.20110025

7. Silva DG, Francheschini SC, Priore SE, Ribeiro SM, Szarfarc SC,
Souza SB, et al. Anemia ferropriva em crianças de 6 a 12 meses
atendidas na rede pública de saúde do município de Viçosa, Minas
Gerais. Rev Nutr. 2002;15(3):301-8.

8. World Health Organization. Iron deficiency anaemia. Assessment,
prevention, and control. A guide for programme managers
[Internet]. [cited 2011 Apr 7]. Available from:http://whqlibdoc.
who.int/hq/2001/WHO_NHD_01.3.pdf

9. World Health Organization. Worldwide prevalence of anaemia
1993-2005: WHO global database on anaemia. Geneva, Switzerland:
WHO; 2008. 48 p.

10. Brugnara C. Reference values in infancy and childhood. In: Orkin

SH, Nathan DF, Ginsburg D, Look AT, Fisher DE, Lux SE. Nathan
and Oski's hematology of infancy and childhood. 7th ed.
Philadelphia: Saunders; 2009. p. 1774 (appendix 11).

11. Oliveira RS, Diniz AS, Benigna MJ, Miranda-Silva SM, Lola MM,
Gonçalves MC, et al. Magnitude, distribuição espacial e tendência
da anemia em pré-escolares da Paraíba. Rev Saúde Pública. 2002;
36(1):26-32.

12. Armitage P, Berry G. Statistical methods in medical research. 2nd
ed. Oxford: Blackwell; 1987. p. 296-357.

13. Tang N, Wu Y, Ma J, Wang B, Yu R. Coffee consumption and
risk of lung cancer: a meta-analysis. Lung Cancer. 2010;67
(1):17-22.

xxx

Hematology and Oncology
Section, Faculdade de Ciências
Médicas da Santa Casa de São
Paulo, São Paulo, SP, Brazil

Rodolfo Delfini Cançado Sickle cell disease (SCD) is one of the most common genetic disorders in Brazil and in
the world. It is a chronic inflammatory disease permeated with manageable acute clinical
events.(1,2)

Advances in the knowledge of molecular, cellular and clinical aspects of the disease
associated with early diagnosis and treatment have reduced morbidity, increased survival
and improved the quality of life of SCD individuals.(3,4)

Neonatal diagnosis, prompt treatment (vaccines, prophylactic penicillin) and guidance
in respect to early recognition of splenic sequestration by mothers and caregivers have
contributed to a reduction in the mortality rate of children in the first 5 years of life. Two other
important factors were the identification of children at high risk for strokes with the adoption
of a regime of chronic red blood cell transfusions aiming at preventing this serious complication,
and the diagnosis and treatment of acute chest syndrome. These two conditions are currently
the main causes of death in adolescents and young adults.(4-8)

The introduction of hydroxyurea (HU) has also had an impact on the quality of life of
SCD patients by reducing the number of vaso-occlusive crises, the number of
hospitalizations, length of hospitalization and the occurrence of acute chest syndrome as
well as noticeably reducing the mortality rate of SCD patients treated with HU compared to
those that do not take the drug.(9)

Blood transfusions have been increasingly used as a therapeutic resource, in part
because of improvements in the safety of this procedure, but above all, because transfusions
prevent serious complications. Recently, allogeneic peripheral stem cell transplantation,
which is the only therapeutic option that provides a cure, has been indicated for this group
of patients, especially for those with more severe disease in the first years of life and who
have compatible donors.(8)

In Brazil, the first step toward the construction of comprehensive healthcare for SCD
patients was with the establishment of neonatal screening in the National Health Service
by the Ministry of Health on January 15, 1992, with testing for phenylketonuria and
congenital hypothyroidism (Phase 1).

In 2001, with Decree 822/01 of the Ministry of Health, the National Neonatal Screening
Program was extended to include screening for hemoglobinopathies (Phase 2).(10)

The addition of hemoglobin electrophoresis in neonatal screening represented a
major step forward in the recognition of the importance of the hemoglobinopathies as a
public health problem in Brazil and also the beginning of the change in the natural history
of the disease in our country.(1)
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