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Abstract 
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Reticulocyte analysis was studied in 28 anemic patients, 15 with iron deficiency anemia 
(IDA), and 13 with hemolytic anemia including 9 glucose 6 phosphate dehydrogenase deficiency 
(G6PD def.), and 4 with G6PD def. combined with HbE trait or a thalassemia trait (a thai trait). 
The reticulocyte analysis among these patients showed the increased number of reticulocyte 
percentage with low degree of maturation in both IDA and G6PD def. patients. The significantly 
decreased reticulocyte hemoglobin content (CHr) was found in IDA (CHr= 21.74 ± 4.61 pg in 
IDA vs 28.41 ± 1.34 pg in normal; p-value = < 0.0001), whereas, increased CHr was found in 
G6PD def. patients. In addition, the G6PD def. patients also showed a significant increase in 
mean corpuscular reticulocyte volume (MCVr) when compared to normal (MCVr = 132.0 ± 

8.39 fl. in G6PD def. vs 110.39 ± 5.09 in normal; p - value = < 0.0001). However, a significant 
decrease in MCVr was found in IDA patients (MCVr = 95.89 ± 8.57 fl.; p-value = < 0.0001 vs 
normal). From this study, we can suggest that the reticulocyte hemoglobin content (CHr) and 
mean corpuscular reticulocyte volume (MCVr) are the important defects in patients with iron 
deficiency anemia. 
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Reticulocyte analysis in peripheral blood 
samples is the simplest and non-aggressive method 
available to evaluate erythropoietic activity in the 
bone marrow. The manual microscope counting of 
supravital stained cells is imprecise and time con­
suming(l-3). The recent automated flow cytometry 
using RNA-binding fluorochromes has greatly 
improved accuracy, precision at the expense of 
high(4-6). Another advantage of flow cytometry 
technique is the possibility to measure the degree 
of maturation within the reticulocyte population 
based on the proportion between the fluorescent 
intensity and the amount of RNA present in the 
cell(7-9). The Technicon H*3 automated flow cyto­
meter can simultaneously measure the volume and 
hemoglobin concentration in red blood cells and 
reticulocytes, and has valuable diagnostic applica­
tions for reticulocyte counting on anemic patients 
with microcytic and macrocytic red cellsOO). Reti­
culocyte monitoring was also used in patients re­
ceiving recombinant human erythropoietin treat­
ment01), bone marrow transplantation02), and 
cancer chemotherapy(l3). We report here the H*3 
reticulocyte evaluation in patients with iron defi­
ciency anemia (IDA), and hemolytic anemia (HA), 
which included glucose 6 phosphate dehydrogenase 
(G6PD) deficiency, G6PD def. combined with HbE 
trait and alpha thalassemia trait. The results were 
compared with normal subjects to assess the anemic 
status and erythropoietic activity. 

PATIENTS AND METHOD 
Patients and Subjects 

Twenty eight anemic patients consisted of 
15 with IDA, 9 with G6PD deficiency, 4 with G6PD 
deficiency combined with HbE trait or a thalasse­
mia trait, and 25 normal subjects were studied. Diag­
nosis of various types of anemia was based on hemo­
globin typing, DNA analysis, G6PD assay, serum 
iron (SI) and total iron binding capacity (TIBC). In 
addition, the WHO criteria for discrimination of 
iron deficiency anemia was also followed04). 

Hematological analysis 
The hematological parameters were ana­

lyzed by using Technicon H*3 RTX automated 
hematology analyzer within 4 hours after venous 
blood collection using EDT A as an anticoagulant. 
The Mile H*3 [Mile, Diagnostics Division, Tarry­
town, NY] blood analyzer, which combines the 
capabilities of a routine CBC and fivepart differen-

tial blood analyzer with reticulocyte analyzer was 
utilized. The H*3 used flow cytometric analysis of 
cells with laser light scattering to quantify cell 
volume, hemoglobin concentration, and light absor­
bance of cells stained with Oxazine 750 to detect 
reticulocytes, and distinguish them from mature red 
cell(l5,16). 

Reticulocyte analysis 
Reticulocyte analysis was also evaluated 

by using Technicon H*3 automated hematology 
analyzer. Three microliters of whole blood was 
mixed and incubated with 3 ml of reticulocyte re­
agent for 15 minutes. The reticulocyte cytoplasmic 
RNA was selectively stained with fluorescent dye, 
Oxazine 750. The prepared samples were aspirated 
through the H*3 red cell flowcell and were detected 
by three detectors, a low angle (20 to 30), a high 
angle (SO to 150), and absorption detectors. By these 
detectors, the stained reticulocytes were counted 
separately from unstained erythrocytes, platelets, 
and leukocytes. The reticulocytes can be classified 
by fluorescent intensity, which is proportional to 
their RNA content, into low, medium and high fluo­
rescent absorption reticulocytes (L, M and H reti­
culocytes respectively), that indicated their matura­
tion. The H*3 reticulocyte analysis can measure 
reticulocyte mean corpuscular volume (MCVr) in 
femtoliters, and corpuscular hemoglobin concentra­
tion mean (CHCMr) in gram per deciliter separately 
from MCV and CHCM of mature erythrocytes. 
Mean hemoglobin content of reticulocyte (CHr) and 
of erythrocyte (CH) were calculated from the 
volume and hemoglobin concentration of a single 
cen(17-19). 

Statistical Analysis 
Results were presented as mean ± standard 

deviation. Statistical differences between groups 
were tested using Wilcoxon rank sum test, ANOV A, 
and p-value of less than 0.05 were considered to be 
significant. 

RESULTS 
Hematological analysis 

Erythrocyte parameters in IDA, G6PD 
def. patients, and normal subjects are shown in 
Tables 1 and 2. Significant decrease in red blood 
cell count (RBC), hemoglobin (Hb ), hematocrit 
(Hct), and cellular hemoglobin concentration mean 
(CHCM) were demonstrated in both types of ane-
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Table 1. Mean ± SD of hematological analysis from H*3 hematological analyzer in IDA and G6PD 
deficiency patients compared with normal subjects. 

Types RBC Hb Hct MCY CHCM 
(106/!Jl) (g/dl) (%) (fl) 

Normal 4.94±0.42 14.31±1.57 43.40±4.70 87.74±4.86 32.90±1.38 

IDA 4.25±0.63 9.10±2.13 30.92±6.0 72.52±9.47 30.40±2.51 
p-value (0.002) (<0.0001) (<0.0001) (<0.0001) (<0.0001) 

G6PDdef. 3.45±0.82 10.51±1.46 33.23±5.44 97.93±10.34 29.88±1.65 
p-value (<0.0001) (0.0032) (<0.0001) (0 0026) (0.0008) 

Table 2. Comparison between the percentage of hypochromic RBC (Hypo), Microcytosis (Micro), Macro­
cytosis (Macro) and red blood cell distribution width (RDW) in IDA, G6PD deficiency 
patients and normal subjects. 

Types n Hypo Micro Macro RDW 
(%) (%) (%) 

Normal 25 3.33±1.69 0.88±0.78 0.71±0.19 13.02±0.75 

IDA 15 30.46±6.58 21.83±4.87 0.17±0.09 17.61±2.49 
p-value (<0.0001) (<0.0001) (NS) (<0.0001) 

G6PD 13 31.17±7.61 2.47±0.91 12.23±4.29 18.67±2.61 
p-value (0.0018) (NS) (<0.0001) (<00001) 

(NS) =Not significantly different 

Table 3. The Mean ± SD of H*3 reticulocyte parameters and reticulocyte indicies measured in IDA and 
G6PD deficiency patients compared with normal subjects. 

Parameters Normal IDA G6PDdef. 
(n=25) (n=l5) (n=l3) 

Reticulocyte(%) Mean± SD 1.16 ± 0.52 1.39±0.42 2.18±0.2 
p-value (NS) (NS) 

LReticulocyte (%) Mean± SD 91.24 ± 3.05 83.33±6.25 78.48±5.66 
p-value (0.0012) (0.0006) 

MReticulocyte (%) Mean± SD 6.78 ± 2.55 11.11±3.30 17.28±3.28 
p-value (0.0061) (<0.0001) 

HReticulocyte (%) Mean± SD 1.59 ± 1.34 5.57±3.77 4.24±3.11 
p-value (0.0005) (NS) 

MRet+HRet (%) Mean± SD 8.36 ± 3.19 16.67±6.27 21.52±5.66 
p-value (0.0006) (0.0003) 

MCVr(fl) Mean± SD 110.39 ± 5.09 95.89±8.57 132.0±8.39 
p-value (<0.0001) (<0.0001) 

CHCMr (g/dl) Mean± SD 26.61 ± 1.41 23.37±3.53 24.48±2.28 
p-value (<0.0001) (NS) 

CHr(pg) Mean± SD 28.41 ± 1.34 21.74±4.61 31.12±3.03 
p-value (<0.0001) (NS) 

(NS) = Not significantly different 
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Fig. 1. Comparison between the percentage of reticulocY,te (a); LReticulocyte (b); MReticulocyte (c) and 
HReticulocyte (d) in normal, IDA and G6PD def. patients. 
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Fig. 2. Comparison between the percentage of M reticulocyte plus HReticulocyte (MRet + HRet) in normal, 
IDA and G6PD def. patients. 

mia when compared to normal (p-value = < 0.0001-
<0.002), whereas, significant increase in % hypo­
chromic (Hypo), o/o microcytic red cells (Micro), and 
red blood cell distribution width (ROW) were 
demonstrated in IDA only (p-value = <0.000 I). 
However, the significant increases in the o/o Hypo, 
% Macro, and ROW except o/o Micro were also 
demonstrated in G6PD def. groups (p-value = 
0.0018, <0.0001 and <0.0001 for o/o Hypo, % Macro 
and ROW respectively; Table 2). In addition, a 
significant increase in mean cell volume (MCV) 
was also found in G6PD def. groups (p-value = 
0.0026) when compared to normal. However, MCV 
was significantly decreased in IDA (p-value = 
<0.0001; Table 1). 

Reticulocyte parameters analysis 
Reticulocyte parameters in IDA, and G6PD 

def. patients, and normal subjects are shown in 
Table 3. Increased percentage of reticulocyte num­
bers (Ret o/o) were detected in both IDA and G6PD 
def. group when compared to normal. The three 
populations of reticulocyte (L, M and H Reticulo­
cytes), that represented their maturity showed a 
significant difference from that of normal in both 
IDA and G6PD def. patients, except HRet in G6PD 

def. group (Table 3; Fig. I). The percentages of L 
Reticulocyte in IDA and G6PD def. were signifi­
cantly decreased when compared to normal (83.33 ± 

6.25% ; p-value = 0.0012 for IDA and 78.48 ± 5.66 
%; p-value = 0.0006 for G6PD def. respectively as 
compared with 91.24 ± 3.05% in normal) , whereas , 
the M and H reticulocyte percentages were signifi­
cantly increased in IDA (p-value = 0.0061 for MRet 
and = 0.0005 for HRet respectively) . Significant 
increase in MRet was also found in G6PD def. 
patients (p-value = <0.000 I) . However, although 
higher than normal, the HRet value was not statisti­
cally significantly different from that of normal. 
The combination of % MRet and % HRet (MRet + 
HRet% ), which represented immature reticulocytes 
also showed significant increase in both IDA and 
G6PD def. patients (p-value = 0.0006 and = 0.0003 
for IDA and G6PD def. respectively , Table 3, Fig. 
2). 

Reticulocyte indicies analysis 
Upon comparison of the reticulocyte indi­

cies (Table 3), significant decrease in MCVr was 
found in IDA patients (p-value = <0.0001), whereas, 
the opposite was demonstrated in G6PD def. 
patients (p-value = <0.000 I). In addition , signifi-
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Fig. 3. Comparison between the MCVr (a), CHCMr (b) and CHr (c) in normal, IDA and G6PD def. patients. 
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cant decreases in CHCMr and CHr values were 
also detected in IDA patients (p-value = <0.0001 for 
both CHCMr and CHr). For G6PD def. patients, 
decreased level of CHCMr and increased level of 
CHr were also detected, but not statistically signifi­
cantly different from those found in normal sub­
jects (Table 3; Fig. 3a, b and c). 

DISCUSSION 
Iron deficiency anemia is the most com­

mon nutritional deficiency anemia, and is the most 
common cause of anemia in children and adult 
women(20). G6PD deficient red blood cells will 
hemolyze under oxidative stress, such as after in­
fection or certain drugs intake. Anemia will result 
in compensatory increased erythropoiesis in the 
bone marrow(21). The IDA patients and G6PD 
def. showed an elevated percentage of reticulocytes 
indicating that accelerated compensatory erythro­
poiesis leads to a prominent reticulocytosis in the 
peripheral blood(22,23). 

The reticulocyte maturation represented by 
L, M and H Reticulocytes from the H*3 RTX 
hematological analyzer is very valuable as the 
marker for active erythropoiesis of the bone mar­
row(?, 13,24,25). The most mature reticulocytes 
are counted as L Reticulocyte because of their low 
cytoplasmic RNA thus stained low fluorescence 
had the normal percentage of 91.24 ± 3.05 (mean ± 

SD). The less mature, M and H Reticulocytes are 

J Med Assoc Thai March 2000 

normally less present in the blood circulation in the 
mean percentage of 6.78 ± 2.55 and 1.59 ± 1.34 
respectively. In IDA and G6PD def. patients, L 
Reticulocyte percentage was decreased but M and 
H reticulocyte percentages were increased. In addi­
tion, the MRet. plus HRet. percentage was found 
to be significantly increased in both groups. These 
results reflected the active and compensatory ery­
thropoiesis in bone marrow leading to a greater 
release of immature reticulocytes in the blood cir­
culation(26), while the mature ones decreased com­
parable to the anemic status of the patients. The 
MCVr of the IDA patients was significantly re­
duced. This indicates that their reticulocytes were 
smaller than the normal reticulocytes and the 
CHCMr was also decreased which corresponded to 
the significantly decreased CHr level indicating that 
the IDA's reticulocyte contained a low level of 
hemoglobin content. In G6PD def., there was no 
significant change in CHCMr and CHr but a signi­
ficant increase in MCVr was detected. The reticu­
locyte analysis is useful in evaluating patients with 
anemia, espel:ially anemias caused by increased red 
cell loss which can be separated from those caused 
by decreased red cell production. 
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