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The reticulocyte analysis in 
peripheral blood samples is a non
aggressive and simple method for 
evaluating erythropoietic activity of 
the bone marrow. Advanced auto
mated flow cytometry using RNA
binding fluorochromes has greatly 
Improved accuracy and precision 
and provides more detail for ana
lysis although its cost is elevated. I.

3 

Another advantage of the flow 
cytometry technique is the ability to 
measure the degree of maturation 
within the reticulocyte population 
based on the proportion between 
the fluorescent mtensity and the 
amount of RNA present in the 
cell.4

.
6 The Technicon H*3 auto

mated flow cytometer can simulta
neously measure the volume and 
hemoglobin concentration of red 
blood cells and reticulocytes and 
has valuable diagnostic utility for 
reticulocyte counting in anemic pa
tients with microcytic and macro
CytIC red cells. 7 The clinical ap
proaches of reticulocyte monitoring 
were also studied in recombinant 
human erythropoietin treatment,8 

bone marrow transplantation,9 and 
cancer chemotherapy. IO Since SLE 

SUMMARY The number and maturation of circulating reticulocytes were 
measured in patients with systemic lupus erythematosus (SLE) and chronic 
renal failure (CRF) using an automated hematological analyzer (Technicon 
H*3 RTX) for their erythropoietic activities. Both SLE and CRF patients had 
increased reticulocyte numbers with a low degree of maturation. The SLE 
patients had no changes in mean reticulocyte corpuscular volume (MCVr) 
as compared to normal subjects (110.20 ± 15.43 fl. in SLE and 110.39 ± 5.09 
fl. in normal), whereas CRF patients had significantly increased mean cor
puscular reticulocyte volume (MCVr =120.99 ± 8.09 fl., p-value =0.0019 as 
compared with normal). Thr~e cases of SLE with nephrotic syndrome (NS) 
had high degree of MCVr (113.4,125.0 and 133.1 fl., respectively). The renal 
involvement in SLE patients and CRF patients may associate with in
creased reticulocyte corpuscular volume. 

is a multi-system autoimmune dis
order associated with a variety of 
hematological complications such 
as anemia especially in patients 
with lupus nephritis, the anemia of 
chronic renal failure (CRF) may be 
present. In CRF anemia develops 
gradually; however, many factors 
may complicated the anemia of 
CRF causing it to increase in 
severity. The hemoglobin varies 
within the range 5-12 gldl depend
ing on the complicating factors. It 
is nonnochromic nonnocytic in 
character, but in addition, burr cells 
and marked poikilocytosis are seen 
on the blood film."- 13 We report 
here H*3 reticulocyte evaluation to 
assess the anemic status and eryth

ropoietic activity in CRF and sys
temic lupus erythematosus (SLE) 
patients compared with nonnal 
subjects. 

PATIENTS AND METHODS 

Patients and subjects 

Reticulocytes were ana
lyzed in 26 anemic patients, 12 
with CRF and 14 with SLE and 
compared with 25 nonnal healthy 
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subjects. The criteria for diagnosis 
of SLE followed the 1982 Amer
ican College of Rheumatology 
revised criteria for the diagnosis of 
SLE, which includes positive LE 

. 14-15 Thr f 14cell preparatton. ee 0 

patients with SLE had nephrotic 
involvement; however, all patients 
showed anemic figures. 

Hematological analysis 

The hematological param
eters were analyzed uslOg a 
Technicon H*3 automated hema
tology analyzer within 4 hours after 
venous blood collection using 
EDT A as an anticoagulant. The 
Mile H*3 (Mile, Diagnostics 
Division, Tarrytown, NY) blood 
analyzer combines the capabilities 
of a routine complete blood count 
(CBC) and five-part differential 
blood analyzer with a reticulocyte 
analyzer. The H*3 includes flow 
cytometric analysis of cells with 
laser light scattering to quantify 
cell volume, hemoglobin concen
tration and light absorbance of cells 
stained with Oxazine 750 to detect 
reticulocytes and distinguish them 
from mature red cells: 6-

17 

Reticulocyte analysis 

Reticulocyte analysis was 
also evaluated using a Technicon 

H*3 automated hematology ana
lyzer. Three microliters of whole 
blood were mixed and incubated 
with 3 ml of reticulocyte reagent 
for 15 minutes. The reticulocyte 
cytoplasmi(: RNA was selectively 
stained with fluorescent dye, 
Oxazine 750. The prepared sam
ples were aspirated through the 
H*3 red cell flowcell and detected 
by three detectors, a low angle (2° 
to 3°), a high angle (5° to 15°), and 
an absorption detector. By these 
detectors, the stained reticulocytes 
were counted separately from un
stained erythrocytes, platelets, and 
leukocytes. The reticulocytes can 
be classified according to their 
maturity by fluorescent intensity, 
which is proportional to their RNA 
content, into low, medium and high 
fluorescent absorption reticulocytes 
(L, M and H reticulocytes, respec
tively). The H*3 reticulocyte ana
lysis can provide parameters of 
reticulocyte mean corpuscular vol
ume (MCVr) in femtoliters and 
corpuscular hemoglobin concentra
tion mean (CHCMr) in gram per 
deciliter as a similar pattern of 
MCV and CHCM in mature eryth
rocytes. The mean hemoglobin 
content of reticulocytes (CHr) and 
of erythrocytes (CH) are calculated 
from the volume and hemoglobin 

. f . I 11 18-20concentratIOn 0 a SlOg e ce . 

Statistical analysis 

Results are presented as 
mean ± standard deviation. Statisti
cal differences between groups 
were tested using the Wilcoxon 
rank sum test, ANOV A and p-value 
less than 0.05 were significant. 

RESULTS 

Hematological analysis 

The comparison for anemic 
status between SLE and CRF 
patients and normal subjects is 
shown in Tables 1 and 2. The RBC 
count, Hb, Hct and CHCM were 
significantly decreased in both 
types as compared with normal (p
value = <0.0001-<0.0002) whereas 
the significantly increased % of 
hypochromic red cell, % macro
cytosis and red blood cell distribu
tion width (RDW) were demon
strated in both types (p-value == 
<0.0001- <0.0006). There was no 
significant difference in the 
percentage of microcytosis among 
these patients. In addition, signi
ficantly increased MCV was found 
in CRF only (p-value == 0.0026) 
as compared with normal subjects 
(Table 1). 

Reticulocyte analysis 

The reticulocyte parame
ters of CRF patients and SLE 

Table 1 Mean ± SO of hematological analysis from H*3 hematological analyzer in SLE 
and CRF patients compared with normal subjects 

Types RBC (106/1-\1) Hb (g/dl) Het (%) MCV (fJ) CHCM 

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

SLE 4.06 ± 0.97 7.63 ± 5.09 33.25 ±4.65 84.54 ± 14.86 29.40 ± 1.09 
(p-value) (0.0002) « 0.0001) « 0.0001) (NS) « 0.0001) 

CRF 2.91 ± 0.55 8.79 ± 1.66 28.31 ± 4.62 98.06 ± 7.87 29.77 ± 2.10 
(p-value) « 0.0001) « 0.0001) « 0.0001) (0.0026) « 0.0001) 

(NS) Not significantly different 
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patients and nonnal subjects are percentages of L reticulocytes in CRF, respectively). The immature 
shown in Table 3. The percentage SLE and CRF were decreased reticulocytes (% M reticulocytes + 
of reticulocytes (Ret %) in SLE compared with nonnal (79.66 ± H reticulocytes) also showed sig
patients was significantly elevated 9.95 and 75.15 ± 10.5 in SLE and nificant increase in both SLE and 
(p-value = 0.0037) while the per- CRF, respectively, as compared CRF patients (p-value <0.0001). A 
centage of reticulocytes in CRF with 91.24 ± 3.05 % in nonnal; p- significant increase in MCVr was 
patients was not significantly dif value ~ <0.0001) whereas the M found in CRF only (p-va1ue 
ferent as compared to nonnal. The reticulocyte and H reticulocyte 0.0019) whereas in 3 cases of SLE 
three populations of reticulocytes percentages were significantly in- which suffered from renal involve
(L, M and H reticulocytes) that creased (p-value <0.0001 for M ment showed a high level of MCVr 
represent their maturity showed reticulocytes in both SLE and CRF (113.4, 125.0 and 133.1 fl.), but 
significant differences from nonnal and p-value 0.0016 and <0.0001 the mean of MCVr in those pa
in both SLE and CRF patients. The for H reticulocytes in SLE and tients was not significantly in-

Table 2 Comparison between the percentage of hypochromic RBC (Hypo), microcytosis 
(Micro), macrocytosis (Macro) and red blood cell distribution width (ROW) in SLE 
and CRF patients and normal subjects 

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

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

SLE 14 38.25± 5.66 4.53 ±2.06 9.65 ± 3.35 17.87 ± 2.32 

(p-value) «0.0001) (NS) (0.0006) «0.0001) 

CRF 12 31.21± 7.31 1.89 ± 0.59 9.66± 2.68 16.91± 2.21 

(p-value) « 0.0001) (NS) « 0.0001) « 0.0001) 

(NS) = Not significantly different 

Tabla 3 The H*3 reticulocyte parameters measured in SLE and CRF patients compared with 
normal subjects 

Parameters Normal (n = 25) SLE (n = 14) CRF (n 12) 

Reticulocytes (%) mean ± SO 1.16±0.52 2.84 ±3.54 2.13±1.03 

(p-value) (0.0037) (NS) 

L reticulocytes (%) mean ± SO 91.24 ± 3.05 79.66 ± 9.95 75.15 ± 10.5 

(p-value) « 0.0001) « 0.0001) 

M reticulocytes (%) mean ± SO 6.78 ± 2.55 14.76 ± 6.96 16.12 ± 6.50 

(p-value) « 0.0001) « 0.0001) 

H reticulocytes (%) mean±SO 1.59 ± 1.34 5.26 ± 3.12 8.77 ± 5.45 

(p-value) (0.0016) « 0.0001) 
M ret + H ret (%) mean±SO 8.36 ± 3.19 20.02 ± 9.44 24.88 ± 10.48 

(p-value) « 0.0001) « 0.0001) 

MCVr (fI) mean ±SO 110.39 ± 5.09 110.2 ± 15.43 120.99 ± 8.09 

(p-value) (NS) (0.0019) 

CHCMr (gldl) mean±SO 26.61± 1.41 24.72 ± 2.03 23.86± 1.29 

(p-value) (0.0119) (0.0006) 

CHr (pg) mean ± SD 28.41± 1.34 26.37 ±4.47 27.93 ± 2.59 

(p-value) (NS) (NS) 

(NS) = Not significanUy different 
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creased compared with normal. The 
CHCMr showed a significant 
decrease in both SLE and CRF 
patients (p-value '= 0.0119 and p
value '= 0.0006 for CHCMr in SLE 
and CRF, respectively) and the CHr 
value also showed a decreased 
level but was not statistically dif
ferent compared with normal 
(Table 3). 

DISCUSSION 

Anemia in CRF IS multi
factorial and the most common 
causes are chronic hemolysis and 
reduced red cell production related 
to advanced destruction of kidneys 
which leads to inadequate forma
tion of erythropoietin. In SLE, 
anemia is a common finding and 
also results from several mech
anisms, such as anemia of chronic 
disease, hemolytic anemia caused 
by autoantibodies to red cells, or 
impaired erythropoietin production 
by involved kidneys. II 01 

3 Anemia 
causes increased demand for eryth
ropoiesis in bone marrow to com
pensate for the loss of the red 
cells.2l SLE patients show signifi
cant elevation in the percentage of 
reticulocytes indicating that accel
erated compensatory erythropoiesis 
leads to a reticulocytosis in the 
peripheral blood. 

The reticulocyte matura
tion represented by L, M and H 
reticulocytes from the H*3 RTX 
hematological analyzer is very 
valuable as a marker for active 
erythropoiesis of the bone mar
roW.4.JO.22-23 The most mature re
ticulocytes are counted as L retic
ulocytes because of their low cyto
plasmic RNA, thus stained low 
fluorescence had the normal per
centage of 91.24 ± 3.05 (mean ± 
SD). The less mature, M and H 
reticulocytes are normally less 
present in the blood circulation in a 
mean percentage of 6.78 ± 2.55 and 

1.59 ± 1.34, respectively. In SLE 
and CRF patients, the L reticu
locyte percentage was decreased, 
but M and H reticulocyte per
centages were increased signifi
cantly. These results reflected the 
active and compensatory erythro
poiesis in bone marrow leading to 
the greater release of immature 
reticulocytes into the blood cir
culation, while the mature one 
decreases comparably to the ane
mic status of the patients. How
ever, the reticulocyte percentage 
was increased both in the SLE and 
CRF patients; but a significant 
difference was found only in SLE 
patients, not in the CRF patients, 
which had highly variable retic
ulocytosis. In addition, the results 
from SLE patients showed that the 
immature reticulocytes were in
creased significantly. Watanabe et 
al. 6 showed significant reduction in 
absolute reticulocyte count and no 
difference in immature reticu
locytes in CRF patients compared 
with normal, but this does not agree 
with our results. The MCVr of the 
CRF was significantly elevated, 
indicating that their reticulocytes 
were larger than the normal retic
ulocytes, but the CHCMr was 
decreased in CRF, corresponding to 
the insignificant change in CHr 
indicating that the CRF's retic
ulocytes contained a normal level 
of hemoglobin content. In SLE, 
there was no significant change in 
the mean of MCVr, although 3 of 
14 cases had shown elevated MCVr 
in the circulation. In a nephrotic 
condition, blood tends to be hyper
coagulable and hyperviscous, with 
a higher amplitude of intravascular 
coagulation than the non-nephrotic 
condition. Therefore, the response 
to the anemic process in a nephrotic 
condition should be greater than the 
non-nephrotic, and the finding in 
such may explain this phenome

24non.
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