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ABSTRACT

Objectives:  Since hematologic values vary with age 
in children, we evaluated the agreement between the 
“traditional” reticulocyte production index (RPI) and an 
RPI by age (RPI/A)–adjusted normal values.

Methods:  A retrospective, observational, and analytical 
study was performed on CBCs of children with anemia 
younger than 18 years. The agreement and clinical 
repercussions of the RPI values were analyzed with an 
RPI/A developed with theoretical values for different ages.

Results:  A total of 5,503 tests were analyzed and no 
systematic error between the two indices was found; 
however, there were significant proportional differences 
at higher values that resulted in lower RPI/A in children 
younger than 15 days and higher RPI/A in children aged 
15 days and older. No agreement was observed at any age. 
The proportion of arregenerative anemia diagnosed using 
RPI/A was higher in children younger than 15 days and 
lower in those 15 days and older.

Conclusions:  RPI is not an adequate tool for evaluating 
the erythropoietic capacity of bone marrow in the pediatric 
population. The disagreement between the results can be 
explained by the difference in normal hematologic values 
between children and adults.

Reticulocytes are defined as “any nonnucleated red 
cell which contains two or more particles of blue-stained 
material, visible without fine microscope adjustment, 
after exposure to supravital stains, such as brilliant cresyl 
blue or new methylene blue.” 1,2 This reticular structure, 
or granules, is formed by precipitation of the rough en-
doplasmic reticulum and the remaining polyribosomes.1-4 
Reticulocytes originate from nucleated RBCs, and in 
their last stage of maturation, they lose their nucleus. 
These cells remain in the bone marrow for 3 to 3.5 days 
before being released into circulation, where they remain 
in that state for approximately 24 hours before becoming 
mature erythrocytes.5-8 During this period, reticulocytes 
finish synthesizing the hemoglobin and other proteins 
that characterize mature erythrocytes; change their shape 
from larger, mobile, and irregular cells to discoid cells 
that are biconcave, smaller, and more uniform; degrade 
residual organelles; and remove specific proteins from the 
plasma membrane.4,8-12 Maturation is complete when the 
basophilic filamentous substance that characterizes the 
reticulocyte disappears.4

When erythropoiesis is stimulated, the produc-
tion of reticulocytes can increase between 15 and 20 
times at the expense of greater production and reduced 
maturation time in the bone marrow, which results in 
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Key Points

•	 The reticulocyte production index (RPI) has been shown to be a good in-
dicator of the bone marrow erythropoietic response to anemia in adults, 
but it has not been validated in children.

•	 There is no agreement between RPI and RPI by age values at any age in 
children.

•	 RPI is not an adequate tool for evaluating the erythropoietic capacity of 
bone marrow in the pediatric population.
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less-mature erythroid elements being sent to the periph-
eral blood.4,5,9,13-17 Upon being released prematurely, re-
ticulocytes must complete the maturation processes in the 
bloodstream, thus increasing their residence time in the 
circulation.4,9,18 Therefore, the reticulocyte population can 
become considerably heterogeneous due to differences in 
the maturation stages of circulating cells.8,15

The analysis of reticulocytes is an important tool for 
evaluating erythropoietic activity because the number of 
reticulocytes reflects the equilibrium of cells released from 
the bone marrow, their stage of maturity, and their rate of 
transformation into mature erythrocytes; thus, reticulo-
cyte analysis is one of the most useful and cost-effective 
laboratory tests for studying anemia and controlling the 
response to treatment.4,8,9,19,20

Although reticulocyte counts can be performed by au-
tomated analyzers, they are one of the few hematologic tests 
that are still performed manually.2,9 For identification, the 
technique described by Brecher21 is used, in which peripheral 
blood anticoagulated with EDTA is mixed with a supravital 
stain (new methylene blue or 1% brilliant cresyl blue) and 
observed with a light microscope. The results can be ex-
pressed as a percentage and/or a count.2,9,22 These values do 
not accurately reflect the erythropoietic capacity of the 
bone marrow, so two indices were created to try to relate the 
percentage of reticulocytes with the extent of anemia: the 
corrected reticulocyte count (CRC) and the reticulocyte pro-
duction index (RPI):16, 18,23 

CRC = reticulocyte (%) × patient hematocrit / normal 
hematocrit

RPI = (reticulocyte (%) × patient hematocrit / normal 
hematocrit) / maturation time

The latter was developed by Hillman16 in 1969, and 
its purpose is to evaluate the response capacity of bone 
marrow in the presence of anemia, correct the reticulo-
cyte count according to the hematocrit value, and deter-
mine the delayed maturation time in peripheral blood with 
various levels of anemia ❚Table 1❚.24 Therefore, an RPI of 
more than 3 indicates an appropriate bone marrow re-
sponse (regenerative anemia), while an RPI of less than 2 
indicates an inadequate compensatory response to correct 
the anemia (arregenerative anemia).16

The RPI has been shown to be a good indicator of 
the responsiveness of  bone marrow to anemia and can 
guide the diagnostic study of  the etiology and patho-
physiology of  anemia.9,15,25-27 In pediatrics, the RPI has 
been widely used without considering that it was devel-
oped from a study conducted in adults. Considering that 
normal hematologic values vary with age in children,24 
there is a need to determine whether there is adequate 

agreement between the “traditional” RPI and an RPI 
based on normal values adjusted for different pediatric 
ages (RPI/A).

Materials and Methods

To evaluate the RPI in pediatric patients, a retrospec-
tive observational and analytical study was designed. 
The sample of  patients was obtained from the database 
of  our laboratory (SysLAB; SysLab Engineering) be-
tween January 1, 2016, and December 31, 2018. Only 
validated CBC results, with all erythrocyte indices and a 
manual count of  concomitant reticulocytes for patients 
between 0 days and 17 years, 11 months and 29 days of 
life were extracted. From this sample, tests were selected 
only if  they indicated anemia, defined as a hematocrit 
or hemoglobin concentration less than 2 standard devi-
ations from the norm for age and sex.24 To guarantee the 
anonymity of  the samples, personal information was ex-
cluded from the extracted results, and the samples were 
coded by a third party that did not participate in this 
research.

The hematologic counts were performed with a Sysmex 
XT-4000i automated hematologic counter from Sysmex 
Corporation. The manual counting of reticulocytes was 
performed according to the specifications of the National 
Committee for Clinical Laboratory Standards: equivalent 
volumes of EDTA-collected blood and brilliant cresyl blue 
staining were mixed in a Khan tube, the mixture was incu-
bated for 10 minutes in a thermoregulated bath at 37°C, and 
then a smear was performed on glass slides; the count was 

❚Table 1❚ 
Hematocrit Values for Calculation of the Reticulocyte 
Production Index According to Age

Age 

 Average 
Hematocrit  
by Age, %24 

 Maturation Time in Peripheral Blood, d

2.5 2 1.5 1

Original 
study16

45 ≤19.9 20.0-29.9 30.0-39.9 ≥40.0

1-3 days 56 ≤30.9 31.0-40.9 41.0-50.9 ≥51.0
4-13 days 51 ≤25.9 26.0-35.9 36.0-45.9 ≥46.0
14-29 days 43 ≤17.9 18.0-27.9 28.0-37.9 ≥38.0
1-2 months 35 ≤9.9 10.0-19.9 20.0-29.9 ≥30.0
2-6 months 35 ≤9.9 10.0-9.9 20.0-29.9 ≥30.0
6 months to 

2 years
36 ≤10.9 11.0-20.9 21.0-30.9 ≥31.0

2-6 years 37 ≤11.9 12.0-21.9 22.0-31.9 ≥32.0
6-12 years 40 ≤14.9 15.0-24.9 25.0-34.4 ≥35.0
12-18 years 

(females)
41 ≤15.9 16.0-25.9 26.0-35.9 ≥36.0

12-18 years 
(males)

43 ≤17.9 18.0-27.9 28.0-37.9 ≥38.0
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performed with a light microscope at ×100 for a total of 
1,000 erythrocytes per smear.2

The RPI was calculated according to the formula 
by Hillman16 using the values reported in their study 
(Table 1). To calculate the RPI/A, the results were clas-
sified according to the age groups published by Brugnara 
et al,24 using the average hematocrit for each age group as 
a reference (Table  1). Then, a theoretical determination 
of the maturation times was performed for each group 
using the slope of the curve described by Hillman16 for 
the relationship between the decrease in hematocrit and 
the delayed maturation time of the reticulocytes in the pe-
ripheral blood, using the average hematocrit for each age 
as the point of intercept (Table 1).24

For descriptive statistics, the mean was used as a measure 
of centralization, and the standard deviation was used as a 
measure of dispersion. As it has been widely suggested that 
the usual correlation and regression methods are insuffi-
cient to evaluate the agreement between quantitative meas-
ures,28 the Passing-Bablok nonparametric regression model 
was used, and the slopes and intercepts were calculated with 
a confidence interval of 95%; the model was validated using 
the cumulative sum (CUSUM) linearity test. To analyze the 
agreement of the results from a clinical perspective, paired 
results were compared using the Bland-Altman analysis28; 
no statistical comparison was made with the RPI/A because 
no quality control specifications indicate a desirable or min-
imum bias for the RPI, so the interpretation of the results 

was limited only to the comparability between the results 
of the RPI and RPI/A; a linear regression model for the 
mean differences between RPI and RPI/A was elaborated 
to determine the existence of systematic error between both 
indices, with a level of statistical significance of P < .05.2 To 
evaluate the clinical impact of the possible differences ob-
served between the traditional RPI and the RPI/A, the pa-
tients were classified as having “regenerative anemia,” with 
an RPI of more than 3, or “arregenerative anemia,” with 
an RPI of less than 2. The proportion of patients in each 
category was compared using the χ 2 test, with a level of sta-
tistical significance of P < .05.

For the statistical analysis, MS-Excel 2013 (Microsoft) 
and Analyze-it (Analyze-it Software) were used.

The study was conducted according to the standards 
of good practice in clinical research established by our 
institution. As this is a study in which patients were not 
accessed for clinical information, the request for informed 
consent was not considered necessary.

Results

Information was collected from a total of 10,724 valid-
ated examinations of patients between 0 days and 17 years, 
11  months and 29  days of life from January 1, 2016, to 
December 31, 2018. Of these, 5,503 examinations met the 
criterion of anemia for the patient’s age.24 The number of 

❚Table 2❚ 
Results of Indices for Different Age Groups

 Age  No. 
 RETCOR,  
Mean ± SD

 RETCORR/A,  
Mean ± SD

 RPI, Mean ± SD  
(95% CI)

 RPI/A, Mean ± SD  
(95% CI)  P Value

1-3 days 19 7.12 ± 9.82 5.72 ± 7.89 4.30 ± 5.80 2.64 ± 3.58 .2947
  (1.51-7.10) (0.91-4.36)

4-13 days 53 1.68 ± 1.28 1.49 ± 1.13 1.02 ± 0.74 0.76 ± 0.56 .0448a

  (0.81-1.22) (1.01-1.57)
14-29 days 76 2.50 ± 2.47 2.62 ± 2.59 1.29 ± 1.22 1.46 ± 1.47 .4265

  (1.01-1.57) (1.13-1.80)
1-2 months 191 2.15 ± 1.51 2.77 ± 1.95 1.07 ± 0.75 1.83 ± 1.29 <.0001a

  (0.96-1.18) (1.65-2.02)
2-6 months 304 2.64 ± 2.06 3.32 ± 2.48 1.32 ± 1.04 2.27 ± 1.80 <.0001a

  (1.20-1.44) (2.07-2.47)
6 months— 

2 years
911 2.25 ± 2.79 2.77 ± 3.35 1.22 ± 1.42 2.02 ± 2..31 <.0001a

  (1.13-1.31) (1.87-2.17)
2-6 years 1,174 2.16 ± 3.59 2.49 ± 3.38 1.20 ± 1.95 1.50 ± 2.84 .0028a

  (1.08-1.31) (1.33-1.66)
6-12 years 1,703 2.18 ± 3.63 2.42 ± 3.85 1.21 ± 1.95 1.53 ± 2.44 <.0001a

  (1.12-1.30) (1.42-1.65)
12-18 years  

(females)
451 1.78 ± 1.64 2.27 ± 4.64 1.05 ± 0.96 1.25 ± 1.18 .0060a

  (0.96-1.14) (1.14-1.36)
12-18 years  

(males)
621 2.79 ± 4.10 2.73 ± 3.28 1.59 ± 2.24 1.74 ± 2.40 .2835

  (1.42-1.7) (1.55-1.92)

CI, confidence interval; RETCOR, corrected reticulocyte count; RETCOR/A, corrected reticulocyte count by age; RPI, reticulocyte production index; RPI/A, reticulo-
cyte production index by age.
aSignificant difference.
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samples for each age group and the descriptive statistics for 
the RPI and RPI/A can be seen in ❚Table 2❚. While the av-
erage values of the RPI/A are significantly higher between 
1 month and 12 years of life, this only serves a descriptive 
purpose since this statistical test compares the means of the 
indices and therefore their dispersion but not the agreement 
between the two indices.

To compare the indices, the nonparametric Passing-
Bablok regression model was used with a confidence interval 
of 95% to highlight the significant differences between them 
❚Table 3❚. The results of each group demonstrated a linear re-
lationship with the CUSUM model, which validates the in-
ferences obtained from this regression. In the groups younger 
than 2 months of age and between 6 and 12 years of age, the 
95% agreement limits for the intercept of the obtained equa-
tions included 0, which means that there was no significant 
systematic error between the two indices; in the remaining 
groups, although the intercept did not include 0, its values 
tended toward 0, which represents an imperceptible system-
atic error. In contrast, the 95% limits of agreement for the 
slope did not include 1 in any of the equations obtained, and 
the confidence intervals were almost equal to the slope, which 
reflects significant proportional differences between both in-
dices and shows lower RPI/A values for children younger 
than 15 days and higher values from 15 days of age onward.

To analyze the agreement from a clinical perspective, 
the difference in results was compared using the Bland-
Altman analysis. In each age group, it was determined that 
the confidence limits for each observed mean difference 

did not include 0, which suggests that these indices are 
not concordant at any age ❚Figure 1❚. The regression line 
calculated for the mean differences in each group demon-
strated a nonconstant proportional systematic bias, with 
the differences becoming larger as the magnitude of the 
measured variable increased ❚Table 4❚.

To evaluate whether the differences observed between 
the RPI and RPI/A values had a clinical impact on the diag-
nosis of anemia, the results were classified as “regenerative 
anemia” with an RPI of more than 3 and “arregenerative 
anemia” with an RPI of less than 2. The trend demonstrated 
in previous models was also observed in this model, which 
resulted in a greater number of arregenerative anemias with 
RPI/A in those younger than 15 days of life and a greater 
number of regenerative anemias in those older than 15 days 
of life; furthermore, there was a significant difference be-
tween males from 1 month to 12 years and females from 
1 month to 18 years of age ❚Table 5❚.

Discussion

Since 1937, when Krumbhaar29 described for the first 
time that the number of circulating reticulocytes varied 
according to “the intensity of the demand and the ca-
pacity of the bone marrow to respond,” an attempt has 
been made to understand the reticulocyte maturation pro-
cess to determine its usefulness in the study of anemia.4 
In this scenario, Hillman16 in 1969 published a study that 

❚Table 3❚ 
Passing-Bablok Analysis to Compare the Results of the RPI and the RPI/A

Age  Parameter  Estimated  95% Limits of Agreement CUSUM

1-3 days  Intercept –7.129 E-17 –0.022 to 1.645 E-16 0.619
  Slope 0.6027 0.603 to 0.643a  
4-13 days  Intercept 0.02059 –0.089 to 0.0206 0.686
  Slope 0.6618 0.662 to 0.882a  
14-29 days  Intercept –2.533 E-17 –2.533 E-17 to 1.527 E-16 0.999
  Slope 1.047 1.047 to 1.047a  
1-2 months  Intercept 5.811 E-17 –1.130 E-16 to 5.811 E-17 0.999
  Slope 1.714 1.714 to 1.714a  
2-6 months  Intercept –1.232 E-16 –1.232 E-16 to –1.232 E-16a 0.999
  Slope 1.714 1.714 to 1.714a  
6 months to 2 years  Intercept –4.228 E-18 –1.202 E-16 to –4.228 E-18a 0.999
  Slope 1.667 1.667 to 1.667a  
2-6 years  Intercept –7.893 E-17 –6.019 E-16 to –7.893 E-17a 0.999
  Slope 1.622 1.622 to 1.622a  
6-12 years  Intercept –2.190 E-17 –2.190 E-17 to 5.551 E-17 0.999
  Slope 1.125 1.125 to 1.125a  
12-18 years (females)  Intercept –1.372 E-17 –1.372 E-17 to –1.372 E-17a 0.999

 Slope 1.098 1.098 to 1.098a  
12-18 years (males)  Intercept –3.204 E-17 –3.204 E-17 to –3.204 E-17a 0.999

 Slope 1.047 1.047 to 1.047a  

CUSUM, cumulative sum; RPI, reticulocyte production index; RPI/A, reticulocyte production index by age.
aLevel of statistical significance: P < .05.
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❚Figure 1❚  Bland-Altman analysis to compare the results of the reticulocyte production index (RPI) and the RPI by age (RPI/A).
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evaluated the production of reticulocytes in adults with 
healthy bone marrow against the different degrees of 
anemia and found that a constant volume was maintained. 
With the decrease in hematocrit, they demonstrated an in-
verse linear relationship between the iron transit time in 
the bone marrow and the increase in the magnitude of 
anemia; this relationship was associated with the appear-
ance of large polychromatic reticulocytes in the circula-
tion. This suggests the premature release of reticulocytes 
from the bone marrow when they are less mature and 
therefore have not reached their full functionality; their 
maturation period is displaced toward the periphery, 
which increases the time they spend in circulation.16,18 This 

increased number of circulating reticulocytes comprises a 
heterogeneous population of cells at different maturation 
stages; therefore, considering only their number would not 
provide adequate information about the actual compen-
satory capacity of normal bone marrow.8,15,16 On the basis 
of these findings, the researchers determined the matura-
tion time of circulating reticulocytes for various levels of 
anemia, proposing that reticulocyte counts should be cor-
rected for a normal hematocrit and for maturation time 
according to the extent of anemia, thus creating the retic-
ulocyte production index.16,18

The objective of this study was to evaluate the appli-
cation of the RPI in children. For this, a theoretical model 

❚Table 4❚ 
Bland-Altman Linear Regression Calculation to Compare the Results of the RPI and the RPI/A

 Age  Parameter Mean ± SD (95% CI)  Standard Error  P Value

1-3 days  Mean difference –1.67 ± 2.22a (–2.74 to –0.59) 0.51 —
  Slope –0.473 (–0.493 to –0.453) 0.010 <.0001a

4-13 days  Mean difference –0.26 ± 0.24a (–0.33 to –0.19) 0.03 —
  Slope –0.292 (–0.356 to –0.229) 0.032 <.0001a

14-29 days  Mean difference 0.18 ± 0.36a (0.09 to 0.26) 0.04 —
  Slope 0.185 (0.140 to 0.230) 0.023 <.0001a

1-2 months  Mean difference 0.76 ± 0.01a (0.69 to 0.84) 0.04 —
  Slope 0.526 (0.520 to 0.528) 0.001 <.0001a

2-6 months  Mean difference 0.95 ± 0.76a (0.86 to 1.03) 0.04 —
  Slope 0.534 (0.530 to 0.539) 0.002 <.0001a

6 months to 2 years  Mean difference 0.80 ± 0.92a (0.74 to 0.86) 0.03 —
  Slope 0.478 (0.470 to 0.487) 0.004 <.0001a

2-6 years  Mean difference 0.30 ± 1.24a (0.23 to 0.37) 0.04 —
  Slope 0.384 (0.363 to 0.405) 0.011 <.0001a

6-12 years  Mean difference 0.32 ± 0.60a (0.29 to 0.35) 0.01 —
  Slope 0.222 (0.215 to 0.230) 0.004 <.0001a

12-18 years (females)  Mean difference 0.20 ± 0.30a (0.17 to 0.23) 0.01 —
 Slope 0.204 (0.186 to 0.222) 0.009 <.0001a

12-18 years (males)  Mean difference 0.14 ± 0.29a (0.12 to 0.16) 0.01 —
 Slope 0.069 (0.061 to 0.077) 0.004 <.0001a

CI, confidence interval; RPI, reticulocyte production index; RPI/A, reticulocyte production index by age.
aLevel of statistical significance of P < .05.

❚Table 5❚ 
Proportion of Regenerative and Regenerative Anemia According to the RPI and the RPI/A

Age  No. 

 RPI, %  RPI/A, % 

 P<2 2-3 >3 <2 2-3 >3

1-3 days 19 52.6 15.8 31.6 68.4 5.3 26.3 .4766
4-13 days 53 86.8 9.4 3.8 96.2 3.8 0.0 .4095
14-29 days 76 86.8 6.6 6.6 84.2 5.3 10.5 .6590
1-2 months 191 91.6 5.8 2.6 68.1 20.4 11.5 <.0001a

2-6 months 304 80.6 11.5 7.9 60.2 17.1 22.7 <.0001a

6 months to 2 years 911 83.0 6.8 10.2 71.7 10.2 18.1 <.0001a

2-6 years 1,174 82.9 8.9 8.2 77.4 7.2 15.4 <.0001a

6-12 years 1,703 84.7 8.0 7.3 78.7 9.1 12.2 <.0001a

12-18 years (females) 451 84.9 10.9 4.2 79.4 12.9 7.8 .0420a

12-18 years (males) 621 75.4 12.7 11.9 71.5 15.0 13.5 .3006

RPI, reticulocyte production index; RPI/A, reticulocyte production index by age.
aSignificant difference.
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of the RPI/A was created based on the projection of the 
model described by Hillman,16 using normal hematologic 
values for children of different ages. The results obtained 
showed that although there was no significant systematic 
error between the two indices, there was no agreement, 
and significant proportional differences occurred between 
the two indices at all ages. From a clinical point of view, 
these differences had an impact on the diagnosis of the 
type of anemia, producing up to 24% disagreement in 
the classification of arregenerative anemia and up to 15% 
disagreement regarding regenerative anemia, especially in 
groups with lower normal hematocrit levels (between 1 
and 6 months of age).

The difference between the two indices lies in the 
normal hematocrit values for the different pediatric ages. 
The original study in which the RPI was proposed was 
performed with adult men and used a hematocrit of 45% 
as the average value for the first correction. The average 
hematocrit values published for children are higher than 
this value before 15 days and lower at older ages.24 This 
variation in the denominator of the first correction (the 
corrected reticulocyte count) caused the difference be-
tween the two indices, and there was an inverse direction-
ality to the difference between the hematocrits (Table 1). 
While this mathematical relationship is predictable, an 
evaluation of this index in the pediatric population has 
not been published.

The lack of information about the way erythropoi-
esis behaves in its basal state at different ages, or about 
its capacity to respond to the presence of anemia and 
the modification of the maturation time of reticulocytes, 
makes it difficult to extrapolate the results obtained from 
a study conducted in adults; therefore, there is no theo-
retical basis for applying the RPI/A in clinical practice or 
for developing a predictive model, demonstrating that the 
RPI is not a reliable tool for the pediatric population.

The strength of this study is that it has a large sample 
size, which decreases the possibility of random error in 
the results. Its main bias is derived from the study de-
sign, in which the results are extracted from a theoretical 
model, elaborated on extrapolated reference values ​​from 
a study conducted in adults. Furthermore, since this study 
only sought to compare the results between both indices, 
it was not considered to include clinical information that 
might have been relevant to understand the etiology of 
the anemia and if  the results really corresponded to the 
response capacity of bone marrow, which would have 
conferred a clinical context to these theoretical results.

The possibility of  replicating the study by Hillman16 
in children is very unlikely given that performing it re-
quired daily phlebotomies to maintain a stable hemat-
ocrit for 3 to 5 weeks, the administration of  colloids to 

maintain a constant blood volume, the administration 
of  radioisotopes to evaluate the transit of  iron in the 
bone marrow and the life of  the erythrocytes, the col-
lection of  blood samples twice a day for several days, 
and the application of  a very subjective system for clas-
sifying the degree of  maturation of  the reticulocytes.16,30

An alternative for adjusting the reticulocyte count to the 
extent of anemia in children is the automated analysis of re-
ticulocytes and their maturation parameters, which can re-
liably predict the effectiveness of erythropoiesis earlier than 
conventional parameters can.4,31,32 Among these analyses, 
the immature reticulocyte fraction has demonstrated clin-
ical utility for monitoring the treatment of neonatal anemia; 
managing the treatment of nutritional anemias in kidney 
transplant patients; detecting occult bleeding, hemolysis, 
and aplastic crisis in hemolytic anemia; and diagnosing and 
monitoring aplastic anemias.2,4,31,33

Conclusion

For pediatric patients, the RPI is not an adequate tool 
for evaluating the response of the bone marrow in the pres-
ence of anemia due to differences in hematologic values be-
tween children and adults and the absence of information on 
the maturation time of reticulocytes in children.
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