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Etiology of anemia of blood donor candidates deferred by hematologic screening
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Objective: Iron deficiency is the most common cause of anemia and one of the main factors in the clinical
deferral of blood donors. This fact prompted the current study that aimed to determine the prevalence and
etiology of anemia in blood donor candidates and to evaluate the hematological screening technique used for
the exclusion of these donors.

Methods: This was a prospective study that compared two groups (Anemic and Non-anemic). Initially screening
for anemia was performed by manually measuring hemoglobin (Bioclin® Kit); the results were subsequently
compared with an automated screening method (Coulter T-890). The etiology was investigated by hemoglobin
electrophoresis in alkaline and acid pH, Hb A2 dosage and measurement of the ferritin concentration by
immunoagglutination. Differences and associations of interest were analyzed using the Yates and McNemar's
Chi-square tests and the Fisher, Mann-Whitney, Wilcoxon and Kruskal-Wallis tests.

Results: The deferral rate due to anemia was 4.2%; iron deficiency was identified in 37.5% and beta thalassemia
in 9.3% of the excluded candidates. There was a significant discrepancy between the two techniques used
to measure hemoglobin with 38.1% of initially deferred donors presenting normal hemoglobin levels by the
automated method.

Conclusion: The results show a high rate of blood donors being deferred for anemia and confirm that iron
deficiency is the most prevalent cause. The discrepancies found by comparing screening methods suggest
that hemoglobin and hematocrit levels should be confirmed before deferring a donor due to anemia, this may
increase supplies in blood banks.
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Introduction

There are several factors that lead to the deferral of candidates from donating blood
including anemia, in particular iron deficiency anemia which is strongly linked to the frequency
of donations!'?. In Brazilian blood banks, about 100,000 blood units are not collected annually
due to anemia; this significantly affects the blood stocks in the country®. This has also been
reported in other countries. A recent multicenter study carried out in several American states
reported alarming levels of iron deficiency among repeat donors; two thirds (66%) of women
and almost half (49%) of men were iron deficient®.

Besides iron-deficiency anemia, hemoglobinopathies are common in blood donors and
so the early detection of these blood disorders benefits both donors and recipients of blood
products. Donors will benefit by the prompt correction of iron deficiency and proper guidance
about the disease and recipients by receiving good quality blood?®).

In several countries of the world, including Brazil, screening for anemia is essential for
blood donation and for the subsequent protection of the donor. Hemoglobin levels should be
above 12.5 g/dL and 13.0 g/dL and hematocrit concentrations above 38% and 39% in women
and men, respectively®'?,

The most frequently used technique to screen blood donors is a manual measurement of
hemoglobin or hematocrit of a blood sample obtained by finger prick®. The copper sulfate method
has also been used in some countries, although there are still doubts about its sensitivity, specificity
and accuracy'". Although there is no consensus among blood banks about what is the best method,
the International Committee for Standardization in Hematology proposes the measurement of
hemoglobin by an automated technique using the cyanmethemoglobin method?.

Hematological screening of donors in the Uberaba Regional Blood Bank (HRU-MG)
was made in the period of this study by manually measuring hemoglobin using the
cyanmethemoglobin method (Bioclin kit®, Belo Horizonte, Brazil) in a sample taken from
the digital pulp. However, on the possibility of deferral, additional laboratory methods were
used for confirmation, investigation of the etiology and to provide guidance, which is done
with the individual’s transfer to an appropriate referral service.

In 2003, anemia occurred most often in candidates on their first attempt to donate and
this was the commonest reason for the clinical deferral of blood donors (4% according to
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the production report of HRU-MG - data not shown). Thus, the
current study aimed to determine the prevalence and etiology
of anemia in blood donor candidates and evaluate the screening
technique used for the identification and deferral of individuals
unsuitable for donation due to anemia.

Methods

This study, carried out in blood donor candidates of
HRU-MG, was approved by the Research Ethics Committee
of the Universidade Federal do Tridngulo Mineiro (UFMG -
Protocol #4532004).

In the period from August 2005 to March 2006, the HRU-MG
received 13,416 candidates for blood donation, of which 2170
(16.2%) were considered clinically unfit and the remaining
11,246 were referred for hematological screening using a
sample obtained from digital pulp and processed by the manual
cyanmethemoglobin technique employing the Bioclin® Kkit.
According to this test, 473 (4.2%) had hemoglobin levels below
the minimum reference levels and were therefore unsuitable
for donation due to anemia; 373 (3.3%) were female and 100
(0.9%) were male.

Of this total (473), 97 blood donor candidates (21 men and
76 women) were invited and agreed to participate in this study.
These participants (Anemic Group) were matched for gender and
age with 103 successive donors suitable for donation (33 men and
70 women — Non-anemic Group).

After reading and signing an informed consent form,
blood samples were collected from both groups (Anemic and
Non-anemic) to perform laboratory tests and to investigate
the causes of anemia: hematimetry, measurement of ferritin,
qualitative hemoglobin electrophoresis in alkaline and acid pH
and quantitative electrophoresis for hemoglobin (Hb) A%,
For controls, samples were obtained at the end of donation direct
from the distal tube of the blood bag system.

The identification of abnormal hemoglobins was verified
by quantitative hemoglobin electrophoresis on cellulose acetate
in basic pH (8.4) and on agar in acidic pH (6.2)"¥. The Hb A2
fractions were obtained by segmentation, elution and dosage
using a densitometry of the bands resulting from electrophoresis
in cellulose acetate and a buffer solution at pH 8.57%,

The serum ferritin level (ng/dL) was measured
using an automated technique based on the principle of
immunoagglutination with amplification of the reaction by latex
and measurement by turbidimetry. Normal ferritin values using
this method are from 12 to 120 ng/dL for women and from 20 to
300 ng/dL for men.

To evaluate the method of screening for anemia employed
by the HRU-MG (manual), the hemoglobin levels of both groups
were measured by an automated method using a Coulter T-890
automated blood analyzer (Florida, USA), which also uses the
cyanmethemoglobin method. As the reproducibility of this test is
more accurate, the patients were regrouped for all other analyses
as anemic and non-anemic based on the results.

For statistical analysis, the correlation of the results
of anemia concentrations (low Hb) between the manual
and automated screening methods was assessed employing
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McNemar’s chi-square test (x*,.)- The proportions of cases
of anemia due to hemoglobinopathies or iron deficiency
were initially established according to gender and compared
between the Anemic and Non-anemic Groups using the chi-
square test with Yates correction (x*,, ) or Fisher’s exact test
(P Measurement of the hemoglobin (g/dL) and ferritin
(ng/dL) levels were also evaluated according to gender and
compared between the Anemic and Non-anemic Groups
using the Mann-Whitney test (MW) and within each group
the hemoglobin levels (g/dL) were compared between the
automated and manual methods using the Wilcoxon signed-rank
test (W). Ferritin (ng/dL) was assessed according to gender,
group (Anemic and Non-anemic) and number of donations (<
6 and > 6 donations) using the nonparametric Kruskal-Wallis test
(KW) followed by Dunn multiple-comparison testing (p,, ). The
choice of a nonparametric test was because the assumption of
data normality and the homogeneity of variances for independent
samples were not met. Differences of 5% were considered
statistically significant in all tests. The STATISTICA computer
program (version 6.0) was used to perform all analyses.

Results

On comparing the results obtained by the two screening
methods, 37 (38.1%) candidates [13 (61.9%) men and 24 (31.6%)
women], originally considered unfit for donation by the manual
technique (Bioclin® Kit) were considered fit by the automated
method (Coulter T-890). According to the automated test, these 37
candidates had hemoglobin levels within the normal range and thus
this change in diagnosis was statistically significant (y*,, = 35.1:
p <0.0001, ¢, = 11.1: p=0.0009 and 7, = 22.04: p < 0.0001
for the total, for men and for women, respectively). Of the donors
originally considered suitable for donation, 15 (14.6%) individuals,
all female (21.4%), had hemoglobin levels below the normal range
according to the automated test; this was a statistically significant
difference (%%, = 13.1; p = 0.0003). For the other analyses, the
donors were regrouped as anemic (n = 75) and non-anemic (n =
125) according to the results of the automated method. When the
hemoglobin levels (g/dL) were compared between the automated
and manual techniques, the levels of the automated test were
significantly higher for both genders in the Non-anemic Group
(py = 0.002 and p,, = 0.0001 for men and women, respectively)
compared to the manual method. While on comparing the Anemic
Group this difference was not significant (p,, = 0.353 and p,, =
0.810 for men and women, respectively). The hemoglobin levels
were significantly higher in the Non-anemic Group than the
Anemic Group for both genders (Table 1).

The total rate of iron deficiency of all four groups together
was 20.5%. On analyzing the iron deficiency between the groups
(Anemic and Non-anemic), six men (75.0%) of the anemic blood
donor candidates suffered from iron deficiency while among the
non-anemic blood donor candidates this rate was 15.9%, i.e. iron
deficiency was significantly associated with anemia in male donors
(O yuee = 9-7; p = 0.002). For the females, 32.8% (n = 21) of blood
donor candidates in the Anemic Group had iron deficiency; this
was significantly higher (°,, . = 13.1; p = 0.0003) than the female
candidates in the Non-anemic Group (7.6%; n = 6 - Table 2).
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Table 1 - Hemoglobin levels (g/dL) of 200 blood donor candidates grouped as anemic (n = 75) and non-anemic
(n = 125) by the automated test and stratified according to gender (male and female) and technique (manual and

automated)
Method
Manual Automated
Group Male Female Male Female
Non-anemic n 46 79 46 79
P2.5% 12.8 12.0 137 12.8
Median 14.0 12.8 14.6 132
P97.5% 152 134 158 138
* p,, = 0.002 py, <0.0001 - -
# Py < 0.0001 Pyw < 0.0001 Pyw < 0.0001 Py < 0.0001
Anemic n 8 67 8 67
P2.5% 11.6 11.2 10.8 11.3
Median 123 11.7 123 11.8
P97.5% 12.5 122 12.5 122
* py =0.353 p,, =0.810 - -

*: Comparison between the techniques (Manual and automatic) for each group and gender; #: Comparison between groups (Anemic

and Non-anemic); p,,: p-value for the paired Wilcoxon test; p,: p-value for the Mann-Whitney test; n: number of donors; P2.5%: 2.5%

percentile; P 97.5%: 97.5 % percentile

Table 2 - Occurrence of iron deficiency in blood donor candidates according to the groups

(Anemic and Non-anemic) by gender

Anemic Non-anemic
Iron deficiency n % n % Kyates p-value
Male Yes 6 75.0 7 159 9.7 0.002
No 2 25.0 37 84.1
Total 8 100 44 100
Female Yes 21 32.8 6 7.6 13.1 0.0003
No 43 672 73 924
Total 64 100 79 100

§: the ferritin of 5 donors was not measured (2 Non-anemic and 3 Anemic)

Of the group of anemic blood donor candidates, 9.3% (n = 7)
presented electrophoretic profiles with alterations that might justify
the presence of anemia due to a hemoglobinopathy; Hb A2 was
elevated in 8.0% (n = 6) and Hb AI1S together with Hb A2 was
elevated in 1.3% (n = 1). In the Non-anemic Group, 7.2% (n = 9) of
candidates presented with elevated Hb A2. No statistically significant
difference was observed in the percentage of hemoglobinopathies
between the groups (p,,, . =0.212 —Table 3).

Table 3 - Electrophoretic profile and Hb A2 dosage according to the
groups of candidates (Anemic and Non-anemic)

Group
Anemic Non-anemic Total
Hemoglobin n % n % n %
(A1) (A2 normal) 65 86.7 116 92.8 181 87.6
(A1) (A2 elevated) 6 8.0 9 72 15 10.3
(A1S) (A2 normal) 3 40 0 0.0 3 1.6
(A1S) (A2 elevated) 1 1.3 0 0.0 1 0.5
Abnormal 10 133 9 72 19 9.5
Total 75 100 125 100 100 100

The abnormal cases - (A1) (A2 elevated) + (A1S) (A2 normal) + (A1S) (A2 elevated) -
are not included in the sum of the columns; p,, = 0212 [test performed considering the
categories Al (A2 normal) versus abnormal]
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The ferritin level was lower in individuals with a high
number of donations. This difference was significant for both men
and women in the Non-anemic Group (p,, <0.0001 andp, =
0.0357, respectively) while in the Anemic Group, a significant
difference was observed only for women (p, =< 0.0001). In
addition, the levels of ferritin (ng/dL) were significantly lower in
the Anemic compared to the Non-anemic Group for both genders
and for the number of donations (p, < 0.0001).

Discussion

The high rate of candidates who were unfit to donate due
to anemia (4.2%), which was as high as 11.3% in women,
confirms reports in the literature"*' that identify woman as
being more predisposed to anemia due to menstruation and
pregnancy which is intensified by blood donations. Such a
level of unsuitability, as has already been observed in other
studies, compromises the blood supply®.

The significantly higher hemoglobin levels by the automated
method points to discrepancies between the methods used. Despite
this, the differences in the means obtained varied between 0.1
g/dL and 0.6 g/dL. This difference is considered acceptable
for the screening method used (Bioclin® kit) as, according to
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the instructions of the kit, errors of up to 5.0% are permissible,
which in the case of male (13.0 g/dL) and female (12.5 g/dL)
donors corresponds to 0.7 g/dL and 0.6 g/dL, respectively. These
differences, based on the specifications of the instructions, do not
characterize failure of the technique employed and are in accordance
with the study of Rosenblit et al."® who found a difference of 0.6
g/dL between two automated techniques. Research carried out in
Northern England, employing the copper sulphate precipitation
technique to screen blood donors also observed differences between
tests of 0.24 for men and 2.8 for women'?. It is recommended that
the variations should not exceed 0.3 g/dL when employing the
cyanmethemoglobin method™®.

It is interesting that 38.1% of individuals considered
unsuitable by the finger prick technique, would have been
considered fit by the automated technique using a sample obtained
by venipuncture. These findings reinforce the need for stringent
controls and periodic evaluations of the screening technique as,
with this false positive rate, if extrapolated to the total number
of individuals excluded for anemia every year in Brazil, would
represent the inclusion of approximately 40,000 donors.

The general index of iron deficiency in the tested blood donor
candidates (anemic and non-anemic) was 20.5% with a slightly
higher prevalence in men (25.0%) than in women (18.9%), and
significantly higher in the Anemic Group, for both genders as
expected. Iron deficiency was responsible for anemia in 37.5%
of the Anemic Group. The worryingly high iron deficiency rate
observed in this study was similar to the result found in 348 male
and female blood donors in Port Harcourt in Nigeria (20.6%)"?
— a country in worse economic conditions than Brazil - and much
higher than the results of a study carried out in the blood bank of
Santa Casa de Sio Paulo, in which 11% of 300 blood donors
of both genders had iron deficiency®, and in an Iranian study of
male blood donors (14.1%)®%. However, alarming results on iron
deficiency were also found in a North American study on repeat
donors in which two-thirds (66%) of women and almost half of
men (49%) had iron deficiency®.

The fact that the non-anemic individuals in this study presented
ferritin levels higher than anemic candidates, although expected,
reinforces the importance of this test in the propedeutics of anemic
donors. In addition, identifying non-anemic donors with low levels
of ferritin (10.6%) should be the reason for prompt intervention
to prevent anemia; this supports the position of some authors
who suggest that ferritin should be measured in the screening of
donors!*?_ particularly those who donated more than five times®!”
as well as iron supplementation for iron deficiency®**.

Studies have shown that ferritin levels drop with the number
of donations®>%? and the greater frequency in male and female
donors than in individuals who are not donors®. In this study, the
ferritin levels dropped parallel to the number of donations with
more consistent declines being observed in individuals who made
six or more donations when compared to those who donated
less than six times, thus proving the influence of the number of
donations on serum ferritin levels.

Besides iron-deficiency anemia, beta thalassemia was
identified as a possible cause of anemia in 9.3% of the anemic
individuals in this study. Elevated Hb A2 was also found in
7.2% of the candidates in the Non-anemic Group even though

Rev Bras Hematol Hemoter. 2012;34(5):356-60

they did not present with anemia. Published data show that beta
thalassemia varies between regions and that heterozygosity
for thalassemia is responsible for the greatest difficulty of
diagnosing anemia followed by rare variants, and interactive
forms of hemoglobinopathies®?. A study of the etiology of
anemia in 58 patients without iron deficiency and 235 controls
demonstrated that 32.8% of the patients and 0.9% of the
controls were beta thalassemia carriers®. Hence, our findings
of 7.2% of individuals in the Non-anemic Group with suspicion
of beta thalassemia are well above what would be expected.
However, researchers recommend caution when diagnosing
beta thalassemia only by the dosage of Hb A2. They point out
that elevated levels can also be detected in other acquired and
congenital conditions and suggest repeating the test before
arriving at any diagnostic conclusion”?., Thus, we recommend
further studies to confirm these findings.

The results demonstrated evidence of a high rate of deferral
of donors due to anemia, and the discrepancies observed between
the manual screening technique used and automated screening
suggest the need for standardization, constant control of the
hematological screening technique employed and confirmation
of hematimetric levels before deferring a candidate due to
anemia. Iron deficiency has been confirmed as the leading
cause of deferral of blood donor candidates due to anemia; this
increases as the number of donations increases suggesting that the
measurement of ferritin levels should be included in the screening
process, especially after multiple donations and for individuals
with hematimetric levels close to cut-off limits. Additionally,
iron supplementation should be provided to all repeat donors and
donors with hemoglobin or hematocrit levels below or even near
to the normal cut-off limit.
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