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Abstract 

Background Coexisting pathologies is not a new phenomenon and can cause diagnostic difficulties when they 
overshadow one another. They may alter the cytomorphology of cells and the machine readings to an extent 
that the actual diagnosis is missed. One such scenario is created by coexisting megaloblastic anemia and beta-thalas-
semia trait where the RBC indices and the hemoglobin chromatogram findings conform to neither of the two. 

Case presentation We present two cases of anemia presenting with normocytic normochromic indices, increased 
red cell distribution width (RDW), elevated HbA2 levels and moderately high HbF levels in both of them and an addi-
tional low HbA1c in case 2. Upon evaluation of peripheral smear and biochemical tests, a non-immune hemolytic 
component was also identified with deficient Vit B12 levels in case 1 and highly elevated levels post-supplementation 
in case 2. 

Conclusions Taking together the peripheral smear, erythrogram, chromatogram and biochemical findings, it 
was deduced that the alterations were caused by coexisting beta-thalassemia trait and megaloblastic anemia. Vit B12 
deficiency was the cause behind hemolysis owing to intramedullary destruction of abnormal precursors. Upon sup-
plementation in case 2, the immediate reticulocyte response was the reason behind spuriously low HbA1c.
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Introduction
Beta-thalassemia is an inherited blood disorder in which 
there is insufficient synthesis of beta-globin chains. The 
degree of impairment determines the phenotypic sever-
ity of disease. Individuals with beta-thalassemia trait 
(BTT) have one unaffected beta-globin gene which pro-
duces sufficient hemoglobin to fulfill general body needs. 
Reduced β-chain synthesis is compensated by a rela-
tive increase in the number of δ-chains which bind with 
α-chains to form HbA2 tetramers. An uncomplicated 

BTT is characterized by microcytic hypochromic RBCs 
on peripheral smear and mildly elevated HbA2 levels on 
Hb electrophoresis or chromatography (HPLC) (Needs 
Gonzalez-Mosquera Lynch 2022).

Deficiency of Vitamin B12 impacts the nuclear matura-
tion and division of hematological precursors in the bone 
marrow resulting in an increase in the number of large 
dyspoietic red blood cell precursor forms also called as 
megaloblasts. At times, these abnormal forms undergo 
intramedullary hemolysis causing ineffective eryth-
ropoiesis (Wu et  al. 2021). The end result is a low RBC 
count followed by low Hb levels, with evidence of mac-
rocytosis with macro-ovalocytes, high RDW and hyper-
segmented polymorphs on peripheral smear. Additional 
findings supportive of hemolysis (indirect hyperbiliru-
binemia and elevated LDH levels) can also be seen.
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When BTT coexists with Vit B12 deficiency, the low 
MCV in BTT is balanced by a high MCV in Vit B12 defi-
ciency resulting in normalization of MCV. If peripheral 
smear examination and Hb electrophoresis are skipped, 
such cases can be easily mistaken for any normocytic 
normochromic anemia with a high RDW. The first differ-
ential being a hemolytic anemia in this scenario. This can 
cause unnecessary indulgence in other investigations such 
as autoimmune workup, bone marrow examination, etc., 
thereby delaying the diagnosis. To further elaborate on this, 
we would like to present two cases where the coexistence of 
BTT and Vit B12 deficiency posed a diagnostic dilemma.

Case presentation
Case 1
A 17-year-old female presented with the complaints of 
weakness, fatigue and difficulty in breathing. Her Hb was 
found to be low (6.4 g/dl). The complete erythrogram and 
chromatogram are displayed in Table 1 and Fig. 1a. Addi-
tionally, she had indirect hyperbilirubinemia (4.4  mg/
ml), low Vitamin B12 levels (44  pg/ml), normal serum 
iron levels and negative Coomb’s test. Peripheral smear 
(PS) revealed a mixed population of macrocytic and nor-
mocytic normochromic RBCs with macro-ovalocytes 
(Fig.  2a). Total leukocyte count (TLC) and differential 

Table 1 Erythrogram of cases 1 and 2 (pre- and post-supplementation)

Parameters Case 1 (before 
supplementation)

Case 2 (before 
supplementation

Case 1 (post-
supplementation)

Case 2 (post-
supplementation)

Reference range

Hb (g/dl) 6.4 7.4 11.9 12.0 12.5–16

RBC (×  1012/L) 2.2 2.80 5.8 6.0 4.2–5.4

PCV (%) 20.8 24.0 42.5 42 37–47

MCV (fl) 95.8 87.1 73.3 70 78–100

MCH (pg/ml) 29.3 26.8 20.5 20.0 27–31

MCHC (g/dl) 30.5 30.8 28.0 28.5 32–36

RDW (CV %) 24.1 17.5 14.4 14.7 11.5–14.0

Vitamin B12 (pg/ml) 44  > 1500  > 1500  > 1500 160–950

Fig. 1 a and b chromatograms of cases 1 and 2, respectively
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leukocyte count (DLC) were normal. Few hypersegmented 
neutrophils were noted. Platelets were adequate. The cor-
rected reticulocyte count was low (1.6%).

Case 2
A 32-year-old female presented with extreme weak-
ness, generalized pallor and a Hb of 7.4 g/dl. Table 1 and 
Fig. 1b show the erythrogram and chromatogram of this 
case. She had indirect hyperbilirubinemia (4.7  mg/ml), 
hyperferritinemia (> 1500 mg/dl) and elevated serum iron 
levels (147 mg/ml). Lactate dehydrogenase (LDH) levels 

Fig. 2 a Peripheral smear in case 1 showing macro-ovalocytes (black arrow) and a hypersegmented neutrophil (inset with green arrow). b 
Peripheral smear in case 2 showing polychromatic RBCs (red arrow) and a nucleated RBC elsewhere (inset, green star)

Table 2 Tables summarizing the similarities and differences 
between the two cases

Findings common to both the cases

Anemia with normocytic normochromic indices

Biochemical findings consistent with hemolysis which is Coomb’s 
negative

High RDW

Presence of macro-ovalocytes and hypersegmented neutrophils 
on peripheral smear

Elevated HbA2 and HbF levels
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were high (523 IU/L). Vitamin B12 levels were > 1500 pg/
ml. Coomb’s test was negative. PS revealed macro-ovalo-
cytes, nucleated RBCs (nRBCs) and polychromatic mac-
rocytes (Fig.  2b). TLC, DLC and platelets were within 
normal limits. Hypersegmented neutrophils were seen. 
The corrected reticulocyte count was 5.2%.

Tables  2 and 3 summarize the similarities and differ-
ences in the finding between the two cases.

Though the chromatograms in both these cases were 
consistent with a diagnosis of BTT, the RBC indices 
were those of a normocytic normochromic anemia. To 
further confirm the diagnosis of BTT, the parental chro-
matograms were examined. The results were compatible 
with BTT in the samples drawn from the mother in both 
cases. Genetic studies were not done due to financial 
constraints.

In case 1, low Vit B12 levels with evidence of macro-
ovalocytes and hypersegmented neutrophils on PS con-
firmed the coexistence of a megaloblastic anemia which 
had altered the erythrogram findings.

Case 2 was different because the patient had been 
injected with Vit B12 supplements in some other center 
where he was admitted for complaints of extreme weak-
ness and anemia. Because of this reason, the Vit B12 lev-
els were found to be very high at the time of presentation. 
Despite this, the chromatogram was not much different 
from case 1 except for extremely low HbA1c values. The 
presence of nRBCs and a high reticulocyte count was 
consistent with an accelerated marrow response post-
supplementation. Since reticulocytes are nascent imma-
ture RBCs which are yet to undergo enzymatic glycation, 
the HbA1c values can be spuriously low in cases where 
there is spurt in erythropoiesis like this case where the 
Vit B12 deficiency was met by supplementation.

Discussion
Coexistence of microcytic hypochromic RBCs in con-
ditions such as iron deficiency or BTT with other types 
of anemias can mask either of them by altering the 
RBC indices and chromatogram findings. There are 
case reports like ours where the low MCV in BTT was 

obscured by a high MCV of megaloblastic anemia (You 
et al. 2002; Chan et al. 2007). In contrast with this, Lardhi 
et al. (Lardhi et al. 2018) reported a microcytic hypochro-
mic blood picture in a patient with combined BTT and 
MA. The plausible explanation for this can that there was 
no associated component of hemolysis. Hence, there was 
no anemia, and the Vit B12 levels were only mildly low 
at the time of presentation (152 pg/ml). This enabled the 
abnormal erythroid precursors to escape intramedullary 
destruction.

Secondly, though it is not uncommon to have high HbF 
levels in BTT, the values in our cases were higher (> 4%) 
than that expected of BTT. It has been reported that HbF 
levels are elevated in a case of hemolytic anemia (Man-
dal and Kartthik 2019; Parikh et al. 2005). In fact, HbF is 
considered an indicator of stress erythropoiesis (Man-
dal and Kartthik 2019). In simple words, an event-like 
hemolysis stresses the bone marrow to compensate for 
the loss of RBCs and in an attempt to do so, there is a 
predilection for ℽ-chain or HbF synthesis because of its 
higher oxygen affinity and increased oxygen delivery to 
tissues in hypoxic conditions (Feng et  al. 2022; Schaef-
fer et  al. 2014). This happens because the expression of 
erythropoietin receptors (EpoR) on erythroid precursors 
decreases with maturation. EpO acts on EpOR on the 
early precursors to stimulate erythropoiesis which are 
more in number and have a higher affinity (Table 4). EpO 
stimulates Y-globin gene expression and increases HbF 
levels. As maturation proceeds, ꞵ-chain expression takes 
over ℽ-chain expression to an extent that the mature 
RBCs have predominantly HbA. In an event of hemolysis, 
marrow attempts regeneration by accelerating erythro-
poiesis thereby shortening the time required for eryth-
roid maturation. As a result, the ℽ- to ꞵ-chain transition 
is prolonged resulting in relatively elevated HbF levels 
as also observed in both of our cases. After 15  days on 
follow-up, their chromatogram revealed normal HbF lev-
els and mildly elevated HbA2 levels consistent with BTT. 
There was complete resolution of symptoms after Vit B12 
supplementation. The post-supplementation erythro-
grams for the two cases are shared in Table 1.

Table 3 Tables summarizing the similarities and differences between the two cases

Dissimilar findings in the two cases

Case 1 Case 2

Low Vit B12 levels High Vitamin B12 levels

Low reticulocyte count High reticulocyte count

No polychromasia and no nucleated RBCs on peripheral smear Polychromasia and nucleated RBCs seen on PS

Normal HbA1c levels on chromatogram Spuriously low HbA1c on chromatogram
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Table 4 Flowchart summarizing the sequence of events
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Conclusions
Coexisting pathologies can sometimes mask the obvi-
ous findings and mislead the diagnosis. One such event 
has been described above. It is important to review the 
peripheral smear and hemogram along with HPLC 
before arriving at a conclusion because though HPLC is 
the gold standard in diagnosing hemoglobinopathies, the 

morphological changes in RBCs can only be ascertained 
on PS. For example, microspherocytosis in autoimmune 
hemolytic anemia, macro-ovalocytes in MA, etc. The PS 
when correlated with the biochemical findings can be of 
immense help in identifying the coexisting pathology.

The approach to diagnosis has been presented in the 
form of a flowchart in Table 5.

Table 5 Flowchart describing the approach to diagnosis
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RBCs  Red blood cells
BTT  Beta-thalassemia trait
Hb  Hemoglobin
PS  Peripheral smear
TLC  Total leukocyte count
DLC  Differential leukocyte count
HPLC  High-performance liquid chromatography
LDH  Lactate dehydrogenase
nRBCs  Nucleated red blood cells
RDW  Red cell distribution width
MCV  Mean corpuscular volume
MCH  Mean corpuscular hemoglobin
IDA  Iron deficiency anemia
MA  Megaloblastic anemia
EpO  Erythropoietin
EpOR  Erythropoietin receptor
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