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ABSTRACT

Repeated bone marrow examination was found to be of value in assessing re-
sponse to treatment in megaloblastic anemia. The objective of this study was monitor-
ing the response of megaloblastics to treatment, conceming thelocation of neutrophilic
myeloperoxidase and myeloperoxidase index (MPXI) and their variation in megalo-
blastic erythroid progeny. It is possible to follow up megaloblastic cases using a
Technicon H1 (Bayer) automated cell counter. Complete blood counts (CBC) of 50
patients whose bone marrow aspirations revealed megaloblastic state and subsequently
responded to treatment with B12 and folate were studied through pre- and post-treat-

ment measurements. MPXI level in 41 patients was above normal range (normal: -10 -

to+10). Nine patients had normal MPXI, though mean cell volume (MCV) was higher
than 100 fL. The highest value of MPXI was 41.5.The mean values of MPXI were
18.3 and 2.05 in pre- and post-treatment measurements respectively. MPXIs were
decreased after treatment in 92 % of patients (p=0.008). According to thisinvestiga-
tion, the MPXI measurement is a suitable testin monitoring the response for treatment.
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INTRODUCTION

Macrocytic anemias are classified as megaloblastic
anemias resulting from disorders of synthesis of eryth-
rocyte precursors in bone marrow or nonmegaloblastic
anemias caused primarily by alcoholism, liver diseases
and hypothyroidism.' In megaloblastic anemias, the mean
cell volume (MCV) may exceed 150 cu fL. And the mac-
rocytes tend to be oval.? Macrocytosis may be obscured
or masked by coexisting iron deficiency, inflammatory
diseases or thalassemia minor.> Occasionally, the MCV
may be normal in patients with megaloblastic anemias,
even in the absence of concomitant iron deficiency or
thalassemia.* Serum vitamin B12 determination remains
the best test for unmasking vitamin B 12 deficiency.? In-
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spection of the blood smear for the presence of
macroovalocytes and hypersegmented neutrophils re-
mains necessary in the interpretation of MCV elevations.*
Additional red cell information is now available using
the series of automated blood cell analyzers (Ames
Technicon Division of Bayer Diagnostics).” The MCV
oftenreturns to normal mostrapidly in the most severely
megaloblastic patients due to a very short mean red cell
life span.® Repeated bone marrow examination was found
to be of value in assessing response to treatment.’
Considering the location of neutrophilic myeloperoxidase
and myeloperoxidase index (MPXT) and its variation in mega-
loblastic erythroid progeny, it is possible to monitor the
response of megaloblastic patients to treatment. The
myeloperoxidase index can be measured by Technicon
H1 (Bayer) automated cell counter. Myeloperoxidase is
synthesized in the promyelocyte where it is packed into
azurophilic granules. During each of three subsequent
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cellular divisions, the number of azurophilic granules is
halved. So the granules are divided among four prog-
enies. The biologic basis for an elevated MPXI in
megaloblastosis appears to be the presence of an in-
creased number of myeloperoxidase-laden granules in
neutrophils due to skipped cellular divisions during
maturation.® The elevated MPXI observed in megalo-
blastic patients is likely to reflect the degree of cyto-
plasmic maturation. An elevated MPXI was reported to
be a useful indicator of possible megaloblastic erythro-
poiesis, although normal results do not exclude a defi-
ciency state.’ In this project, a prospective study was
performed to evaluate the range of MPXI in megaloblas-
tic anemia and its normalization during treatment.

MATERIAL AND METHODS

Fifty patients with megaloblastic anemia refer-
ring to our hospital due to anemia or other blood
disorders participated in this study. Peripheral smear
and bone marrow aspirations were studied to as-
sess morphological changes and iron stores in the
bone marrow. They were shown to have typical mega-
loblastic features including hypersegmented poly-
morphonuclears and macroovalocytes in peripheral
smears. Megaloblastic findings were observed in the
bone marrow aspiration slides. CBC was performed
using Technicon HI1 system, which measures per-
oxidase activity and cell size through light absor-
bance, and light scattering as each leukocyte flows
through a mercury arc light beam. The mean peroxi-
dase activity of the neutrophil population was com-
puted and reported as a relative deviation from the
mean of a normal population, having the
manufacturer’s normal range for MPXI to be -10 to
+10.! Hemoglobin (Hb), hematocrit (Hct), white
blood count (WBC) and MPXI were detected before
and after appropriate treatment with B12 and folate.

Vitamin B12 and folate contents of serum or red cells
were not measured. Patients with no response to the
standard therapy were excluded from the study. In those
cases, the bone marrow biopsy and other examinations
revealed that they had aplastic anemia or myelodysplastic
syndrome with megaloblastoid changes in their bone
marrow smear. Patients with positive response to treat-
ment were screened regularly after appropriate treatment.
Their CBCs were performed using Technicon H1 instru-
ment along with checking MPXI and the other param-
eters. Paired samples were used for T-test analysis to
screen MPXIs before and after treatment (p= 0. 008).
MPXI was also detected in 50 normal samples using
Technicon H1. The results were shown to be within nor-
mal range (-10 to +10). No changes were observed in the
range of MPXI among smokers.
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RESULTS

The pre- and post-treatment values of Hb, MCV, and
MPXI shown in Table I. The relationships of the pre-
treatment values for MPXIand MCV (MPXIl and MCV 1)
are shown in Figure 1, and those of post-treatment
(MPX12andMCV2)in Figure 2. A1l MPXI values were
shown to be above normal range in pre-treatment mea-
surements except for 9 cases, while they had MCV val-
ues above 100 fL. In other words, although 18% of mega-
loblastic anemias had normal pre-treatment MPXI, but
their MCV values were above normal. MPXI values were
above normalrangein 82% of patients. A1l MPXI values
were decreased after treatment except in two cases.

MPXI values were decreased after treatment in 96%
of patients (p= 0.008). The highest and the lowest val-
uesfor MPXIwere 41.5 (case 24) and -1.4 (case 42) re-
spectively. The mean pre-MPXI and mean post-MPXI
values were computed as 18.3 and 2.05 respectively. Six
patients were shown to have MCV values of less than
100 fL. in pre- and post-treatment measurements along
with elevated values of MPXI.

DISCUSSION

Macrocytic anemias could be divided intotwo groups
of megaloblastic and non-megaloblastic by means of mor-
phologic and biochemical criteria. In megaloblastic ane-
mias, the retarded DN A synthesis results in unbalanced
cell growth.

RNA synthesis remains unimpaired while cell divi-
sion is restricted. As a result, cytoplasmic components,
especially hemoglobin, are synthesized in excessive
amounts during the delay between cell divisions. An
enlarged cell is the consequence of deficiency of either
vitamin B12 or folate or both.® Macrocytosis character-
istically precedes the development of anemia and may
even do so by several years. The mean cell volume (MCV)
usually rises up to 110 and 130 fl., but may reach as high
as 160 fl. with extreme degrees of anemia.? In this study
six patients had MCV lesser than 100 f1. Table 1 shows
significant differences for Hb and MCV values, before
and after treatment, hence all Hb levels were increased
andallMCV values, exceptin 4 patients, were decreased
after treatment. In this study, MPXI was above normal
range in 82% of patients. Our patients all had normal
iron content except in case 34. Case 38 had megaloblas-
tic anemia with normal MCV and elevated MPXI. His
MCYV decreased further after treatment and was ranged
below normal. Hemoglobin electrophoresis revealed that
he had thalassemia minor. Only one patient had elevated
post-treatment MPXI.?* In other words, in 98% of cases
MPXI value was reduced to normal after treatment. The
mean hemoglobin contents of patients in pre- and post-
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Table I: Pre- and post-treatment values of the results.
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Hb1 Hb2 MCV1 MCV2 MPXI1 MPXI2
1 8.2 119 13311 98.0 6.4 -2.3
2 49 150 1104 882 14.5 5.4
3 ¥ 9.7 118.2 117.9 24.5 2.4
4 5.8 12.1 1042  90.7 31.6 3.2
5 7.0 13.1 1055 813 12.4 5.7
6 8.0 13 1124 939 22.8 -0.6
7 5.4 119 1232  90.0 22.7 1.8
8 8.8 137 870 87.7 10.2 -2.1
9 6.5 159 119.1 87.2 18.9 -55
10 3.7 12.5 1074 945 31.9 1.4
11 8.1 126 114.7 102.6 9.5 -4.0
12 6.4 11.3 1243 105.7 19.2 32
13 6.9 9.8 112.6 109.1 28.8 6.8
14 6.2 17.0 103.3 87.9 29.5 0.1
15 6.7 12.7  108.1 94.4 26.4 8.3
16 5.6 132 124.1 87.0 12.4 5:3
17 5.4 149 1144 979 7.7 -53
18 8.9 12.1 1249 111.0 18.7 5.4
19 4.5 12.7 1093 94.0 209 7.1
20 9.1 156 140.7 883 12.9 -4.1
21 8.1 133 1223 81.7 -1.0 -9.0
22 53 13.5 1190 928 17.1 -2.6
23 7.3 139 112.8 83.1 10.7 8.3
24 6.2 17.7 989 88.6 41.5 7.6
25 33 126 824 91.5 28.3 45.4
26 4.8 128 121.1 90.8 8.0 -35
27 6.9 132 1023 874 222 -59
28 6.2 15.0 114.1 86.9 8.2 0.6
29 32 129 1250 898 32.1 7.4
30 9.9 10.8 101.1 79.2 17.4 44
31 7.8 11.1 1216 84.1 17.3 1.5
32 11.3 124 100.1 90.7 0.4 1.9
38 8.9 15.1 1224 755 12.2 -85
34 6.7 113 946 90.2 25.4 4.5
35 4.6 12.1  109.1 96.3 27.2 -2.8
36 7.0 12.1 1249 771 12.4 3.5
37 5.8 108 1147 88.9 23.8 0.9
38 5.8 13.8 767 55.4 21.1 - 1.1
39 7.9 125 1239 98.6 4.5 -85
40 8.3 133  116.6 909 38.8 39
41 5.2 11.6 102.6 843 24.6 2.5
42 8.5 16.1 122.0 8l1.1 -1.4 -4.7
43 8.8 134 80.1 81.5 10.1 39
44 114 135 1151 90.0 14.4 4.4
45 8.9 12.1 1274  99.8 12.2 6.1
46 6.6 102 107.0 110.2 24.1 1.1
47 8.5 12.7 1345 108.0 17.5 43
48 73 129 1244 108.5 10.1 1.1
49 5.3 16.0 107.6 959 31.1 -1.3
50 52 13.4 1237 946 23.3 49
305
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Fig. 1. The relationship of pre-treatment values for MPXI and
MCV (MPXI1 and MCV1).
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Fig. 2. The relationship of post-treatment values for MPXI and
MCV (MPXI2 and MCV2).

treatment measurements were shown to be 8 and 13 gr/
dL respectively. Hb and MCV levels, which were abnor-
mal in the majority of patients, were normalized after treat-
ment. This was also experienced in 80% of 50 patients
having high MPXI levels who recovered after therapy.
All patients but two of them showed a reduction in MPXI
level. The correlation between Hb and MCV with MPXI
has been clearly demonstrated. The therapy in these
patients could efficiently increase Hb, normalize MCYV,
and reduce MPXI. Therefore, confirming MPXI range
along with other parameters could demonstrate the effi-
cacy of treatment.

Macrocytosis may be obscured or masked by coex-
isting iron deficiency, inflammatory diseases or thalas-
semia minor. On rare occasions, the MCV may be normal,
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Fig. 3. The relationship of pre-treatment values for MPXTI and
HB (MPXII1 and Hb1).
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Fig. 4. The relationship of post-treatment values for MPXI and
HB (MPXI2 and Hb2).

even in the absence of such complicating conditions.?
Even when masked by a severe microcytic anemia, how-
ever, a megaloblastic anemia will usually show
hypersegmented neutrophils in the blood and giant
metamyelocytes and bands in the marrow, and neutro-
phil myeloperoxidase levels will be high.'® Spivak stud-
ied six patients with eight episodes of anemia associ-
ated with folicacid or vitamin B 12 deficiency. They were
unaccompanied by macrocytosis but they had
hypersegmented neutrophils in all episodes."

CONCLUSION

Elevated MPXI was seen in 82% of our megaloblastic
patients. It can be concluded that MPXI measurement
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may assist diagnosing of such anemia, being a suitable
test in monitoring response to therapy because of sig-
nificant post-treatmental reduction in 96% of cases. Fur-
ther investigations should be conducted to assess the
specificity of this test in the differential diagnosis of
macrocytic states.
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