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Abstract: Aplastic anemia (AA) is a hypoproliferative anemia that led to a significant morbidity and mortality. Recently,
dramatic improvement in prognosis of AA was achieved; this was in part due to advances in immunosuppressive therapy and
HSCT. Nevertheless, AA is still one of the most challenging hematological disorders that could face a hematologist. This study
was conducted at Assiut University Hospital (AUH), Assiut, Egypt to evaluate current situation and future prospective of AA.
63 patients with AA were prospectively enrolled in the study; they were admitted at the Hematology unit, AUH in the period
1stJan
2011 to Feb2012, a 38 patients with iron deficiency anemia (IDA) were included for comparison. Patients' demographic and
clinical data were collected through medical history and clinical examination. Both direct and indirect health care costs of
anemia were assessed Direct parameters included doctors' and hospital fees, costs of laboratory investigations, medication fees
and costs of HSCT or any procedure. Indirect costs included travelling expenses and earning losses. Social burden of anemia
was estimated by anemia related morbidity and mortality. Data were analyzed with SPSSV.17, results showed that AA affected
young age group with mean age 30.89±13.39 years, without sex predilection, acquired AA was more common than idiopathic
(55.6% vs. 44.4%), however mortality was higher in idiopathic AA (46.2%). Causes of aplasia were exposure to chemicals,
drugs and hepatitis in order. Only 63.5% of AA were admitted once and 47.6% in general ward, the mean hospital days for
patients with AA was 17.73±11.10, compared to 8.32±6.69 in IDA, P=0.000, also higher socio-economic burden of AA was
found compared with IDA. These results denoted that management of AA is still ineffective, and that there is a definite need
for a strict plan to prevent incidence of AA, particularly in developing countries where effective management of AA is too
expensive and relatively unavailable.
Keywords: Aplastic Anemia, Future, Perspectives

1. Introduction
Although identified as a benign hematological disorder,
AA is a devastating disease with consequences and outcomes
similar to malignant disorders. Clinical course of AA was
found dependent on the degree of aplasia, in severe forms of
the disease rapid deterioration of patient's condition and
possible incidence of fatal complications is the role.
Fortunately, the clinical course of non-severe AA varies from
one patient to another, many patients may remain stable for
years, others may deteriorate in very short time. Meanwhile
clinical course and outcome of acquired AA is similar to that
of idiopathic disease, the historical differences between
idiopathic and acquired AA is practically not existed [1, 2].

AA was found more prevalent in developing than developed
countries, and its incidence was linked to low socioeconomic
status [3-5].
Until now there are many modalities for treatment of AA;
however HSCT is the definite treatment. [6-8] In Egypt,
HSCT is only available for a small proportion of patients; [9]
furthermore the overall health services provided to patients
with AA are very little compared to those in developed
countries. This is mainly due to the low socioeconomic status
of the country, besides lack of public awareness of AA.
Most published research on AA focused on diagnosis and
management of the disease; however the consequences and
burden of AA was not investigated in many countries. To our
knowledge this is the first research that investigated effects
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and consequences of AA including the economic and social
influences of AA. The main aim was to analyze current
situation and burden of AA and to recommend how to deal
with the disease from its roots rather than to manage its
consequences. Another goal was to raise the attention of
physicians and hematologists about risk factors for AA in
their community. The last objective was to warn authorities
in Egypt about AA, and to demonstrate the importance of
considering AA a serious but preventable disease as hepatitis.

2. Materials and Methods
2.1. Study Design and Subjects
This study was conducted at Hematology unit of Internal
Medicine Department at AUH. AUH is a big tertiary health
care center at Assiut Governorate Egypt; it offers super
speciality health services to people of Upper Egypt. Many
difficult, complicated and rare cases are referred to AUH
from nearby Governorates and health care centers. Patients
with AA who were admitted at Hematology and BMT unit in
the period 1stJan 2011 to Feb 2012 were prospectively
enrolled in the study; also those with IDA who were admitted
in the same period were included as a control group.
Willingness and agreement for participation in the study were
important inclusion criteria.
2.2. Methods
2.2.1. Data Collection
Data on admission were collected for each patient in the
study. These included demographic, social, clinical and
hematologic data. These data were collected through medical
history taking, thorough clinical examination and laboratory
investigations. Questions to verify the possible underlying
etiology for AA were addressed during patients' interview
such as history of drug intake (e.g. chloramphenicol,
busulfan), environmental exposure to toxic agents (e.g
benzene exposure) and hepatitis infection (e.g history of
fever or jaundice). Patients with idiopathic or acquired AA
were enrolled in the study. They were subjected to strict daily
follow up strategy throughout their stay in the hospital.
During follow up treatment plans, emergence of any disease
complications or drug side effects were recorded. After
discharge patients came for follow up at hematology
outpatient clinics some of them were presented at the
emergency room and were re-admitted again. They were also
subjected to follow up during each admission episode.
2.2.2. Diagnosis of Anemia in the Study Groups
Diagnosis of AA was based on both clinical suspicion and
laboratory certainty with peripheral hemogram and bone
marrow aspirate or biopsy. Patients were identified to have
severe AA if BM cellularity < 25% plus two or more of the
following 1) absolute neutrophil count (ANC) < 0.5× 109/L, 2)
reticulocyte count < 20 × 109/L, 3) platelet count < 20 ×
109/L, if the ANC< 0.2× 109/L very severe AA was diagnosed.
Those with peripheral hemogram that did not meet the criteria

of severe AA with hypocellular bone marrow were categorized
as non-severe AA. [10] IDA was diagnosed with signs and
symptoms suggestive of anemia, microcytic hypochromic
anemia in CBC and blood film, reduced serum iron and raised
total iron binding capacity (TIBC).
2.2.3. Treatment of the Study Groups
Patients were admitted at hematology unit, AUH those
with severe or very severe AA were admitted at the
hematology intensive care unit. According to published
guidelines for treatment of AA, AA was managed with
supportive treatment in the form of transfusions to correct
anemia and thrombocytopenia, broad spectrum parenteral
antibiotics and antifungals as indicated. However growth
factors and erythropoietin were administered to selected
cases with acquired AA. Meanwhile over transfusions were
avoided to safeguard against alloimmunization particularly in
those prone to HSCT. Arrangements for HSCT were done in
those with available matched donors, otherwise patients
received immunosuppressive therapy. [11, 12]
IDA was managed by treatment of the underlying etiology
combined with oral iron and vitamin C supplementation.
Parenteral iron was administered to those with severe anemia
or intolerance to oral iron. Packed RBCs transfusion was done
in selected cases to safeguard against anemic heart failure.
2.2.4. Assessment of Socio- Economic Burden of Anemia in
the Study Groups
Economic burden was assessed quantitatively; indicators
for economic burden were categorized as direct and indirect
health care costs. The former included diagnosis, admission
and treatment expenses while the later comprised loss of
income due to lack of productivity or sick leave and
travelling expenses. The economic burden was calculated at
individual level by estimating the proportion of the direct and
indirect costs of the household income.
Social burden of disease was estimated by close follow up
of patients during each admission period to detect anemia
related morbidity and mortality.
Socio-economic burden of anemia was estimated during
the period of hospital admission excluding costs of outpatient
follow up and costs before admission; however socioeconomic burden for those who were readmitted during the
study period was the sum of burden for all admissions.
2.2.5. Ethical Considerations
The study objectives, design and methodology were
consistent with the World Medical Association (WMA)
declaration of Helsinki for ethics in medical research. [13]
Research protocol and objectives were discussed to all the
study participants before enrollment in the study. Both
patients' oral and written consent for participation in the
study were obtained from the study subjects. Furthermore all
patients knew well that they can withdraw from the study at
any time without affecting their medical care.
2.2.6. Statistical Analysis
Data were collected then introduced into a personal
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computer substituting patients' names with code numbers.
Analysis of the collected data was done with SPSS V. 17
software (SPSS Inc. Chicago, TL, USA). The mean± SD,
median, and range were used to describe quantitative
variables while qualitative variables were expressed as
percentages from the total number. The independent sample
T-test was used to compare means while the chi-square test
was used to analyze differences among qualitative variables.

3. Results
3.1. Characteristics of the Study Population
3.1.1. Demographic Characteristics of the Study Population
A total of 101 patients were prospectively enrolled in the

38

study, among them 63 were with AA and 38 with IDA, their
ages ranged from 18-80 years old. The mean age of the total
group was 31.01, and 30.89 & 31.21 for those with AA and
IDA, respectively. There was no sex predilection in AA while
IDA was commoner in females of the study groups and the
female to male ratio was 1:1 for AA and 1.1:1 for IDA. The
vast majority of patients were from rural community for both
AA and IDA (66.7% & 68.4%, respectively). Analysis of
geographic distribution of patients showed that most patients
were from Assiut governorate where AUH existed (65.3%).
The vast majority of patients with AA were parents (55.6%)
while those with IDA were singles (47.4%), and table 1,
showed demographic characteristics of the study groups.

Table 1. Demographic characteristics of the study groups (total n=101).
Variable

AA (n=63)

IDA (n=38)

Total (n=101)

P value

30.89±13.39

31.21±15.15

31.01±14.01

0.912

Male

27(42.9%)

18(47.4%)

45(44.6%)

0.659

Female

36(57.1%)

20(52.6%)

56(55.4%)

Urban

21(33.3%)

12(31.6%)

33(32.7%)

Rural

42(66.7%)

26(68.4%)

68(67.3%)

Assiut

40(63.5%)

26(68.3%)

66(65.3%)

Sohag

10(15.9%)

0(0%)

10(9.9%)

Qena

11(17.5%)

2(5.3%)

13(12.9)

Red Sea

2(3.2%)

0(0%)

2(2%)

Luxor

0(0%)

2(5.3%)

2(2%)

Al Menia

0(0%)

6(15.8%)

6(5.9%)

Aswan

0(0%)

2(5.3%)

2(2%)

Housewife

17(27%)

12(31.6%)

29(28.7%)

Farmer

7(11.1%)

6(15.8%)

13(12.9%)

Employed

15(23.8%)

6(15.8%)

21(20.8%)

Unemployed

12(19%)

4(10.5%)

16(15.8%)

Student

12(19%)

10(26.3%)

22(21.8%)

Single

23(36.5%)

18(47.4%)

41(40.6%)

Married

5(7.9%)

6(15.8%)

11(10.9%)

Parent

35(55.6%)

14(36.8%)

49(48.5%)

Demographics
-Age
Mean ±SD
-Gender

-Residence
0.855

-Governorate

0.000**

-Occupation

0.563

-Marital status
0.154

N.B.AA= Aplastic anemia, IDA= Iron deficiency anemia. Data were presented as mean± SD, or as percentage from the total number as appropriate.

3.1.2. Clinical, Hematologic and Disease Characteristics of
the Study Participants
The most common presenting complaints of patients with
AA were symptoms of anemia, thrombocytopenia and lastly
leucopenia while the most prominent sign was purpuric
eruptions (65.1%). Expectedly leucopenia, anemia,
macrocytosis and thrombocytopenia were the CBC findings
of AA patients compared with IDA where normal WBCs,
anemia, microcytosis and thrombocytosis were predominant

findings (P= 0.000, 0.07, 0.000 & 0.000, respectively).
Acquired AA was the most common type of AA in this
study (55.6% Vs 44.4%) for idiopathic AA. The most
common causes of aplasia were exposure to chemicals, drug
induced, and post-hepatitic (23.8%, 19.1% & 12.7%,
respectively). Severity of AA among the study group were
severe, very severe and non severe categories (39.7%, 20.6%
&39.7% respectively), and table 2, showed clinical and
hematologic characteristics of the study groups.
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Table 2. Clinical and hematologic characteristics of the study groups (total n=101).
Variable
Main complaint
-Pallor, dizziness
-Bleeding tendency
-Fever
Signs
-Pallor
-Purpura
-Signs of infection
C.B.C
-WBCs
-Hb
-MCV
-Plt
-Retic.
Type of AA
-Idiopathic
-Acquired
Severity of AA
-Severe
-Very severe
Non-severe
Causes of acquired AA
-Post-hepatitis
-Drug induced
-Chemical exposure

AA (n=63)

IDA (n=38)

Total (n=101)

30(47.6%)
16(25.4%)
17(27%)

38(100%)
0%
0%

68(67.3%)
16(15.8%)
17(16.8%)

15(23.8%)
41(65.1%)
7(11.1%)

38(100%)
0(0%)
0(0%)

53(52.5%)
41(40.6%)
7(6.9%)

3.9±2.41
6.5±1.90
90.2±6.55
45.9±50.59
1.8±0.99

6.04±2.5
10.71±16.92
66.5±12.06
5.04E2±210.372
0.89±0.45

31.1±2.65
8.3±10.57
81.3±14.64
2.18E2±260.55
1.2±0.83

P value
0.000**

0.000**

0.000**
0.073
0.000**
0.000**
0.000**

28(44.4%)
35(55.6%)
25(39.7%)
13(20.6%)
25(39.7%)
8(12.7%)
12(19.1%)
15(23.8%)

N.B.AA=Aplastic anemia, IDA= Iron deficiency anemia. WBCs=white blood cells, Hb=hemoglobin, =mean corpuscular volume, Plt= platelet, Retic=
reticulocyte count. Data were presented as mean± SD, or as percentage from the total number as appropriate.
Table 3. Economic burden of anemia in the study groups (total no=101).
EconomicVariable
Medical ensurance
-Ensured
-Un-ensured
Admission place
-General ward
Intensive care unit
Frequency of admission
-Once
-Twice
-Thrice
Hospital days
Direct costs
-Doctor's fees
-Admission fees
Costs of laboratory tests-Transfusion Fees
-Costs of medications
-Procedure fees
Indirect costs
-Travelling expenses
-Earning losses
Monthly family income-Total direct costs
-Total Indirect costs

AA (n= 63)

IDA (n= 38)

P value

25(39.7%)
38(60.3%)

2(5.3%)
36(94.7%)

0.000**

30(47.6)
33(52.4%)

38(100%)
0(0%)

0.000**

40(63.5%)
19(30.2%)
4(6.3%)
17.73±11.10

38(100%)
0(0%)
0(0%)
8.32±6.69

1.01E2±112.70
3.64E3±2504.41
6.08E2±399.27
6.92E2±725.58
2.20E3±1415.11
2.08E4±48347.17

68.94±64.33
1.43E3±878.08
1.92E2±95.59
10.53±31.10
3.00E2±190.39
36.64±108.85

0.066
0.000**
0.000**
0.000**
0.000**
0.000**

1.22E2±88.89
4.95E2±737.71
3.29E3±705.15
2.81E4±47761.71
6.17E2±753.25

1.02E2±99.74
2.11E2±289.08
3.25E3±540.84
2.05E3±838.11
3.12E2±330.98

0.1

0.000**
0.000**

0.185
0.000**
0.001*

N.B. AA= Aplastic anemia, IDA= Iron deficiency anemia. All costs were calculated in LE.

3.2. Economic Costs of Aplastic Anemia
The frequency of admission for patients with AA
throughout their follow up period was once, twice, and thrice
(63.5%, 30.2% and 6.3% ) respectively, while 100% of IDA
were admitted once at the general ward. Only 47.6% of

patients with AA were admitted at the general ward and
52.4% in the hematology intensive care unit. The mean
duration of hospital days for AA was 17.73 compared to 8.32
for IDA, (P= 0.000), and hospital charges were 3.64E3 LE
for patients with AAvs. 1.43E3 LE for those with IDA, (P=
0.000). The mean monthly income of patients with AA was
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3.29E3 LEvs. 3.25E3 LE for IDA, P=0.18. The mean direct
and indirect health care expenses for patients with AA were
2.81E4 & 6.17E2 LEvs. 2.05E3&3.12E2 LE for those with
IDA, P= 0.001&0.02 respectively. The expenditure on direct
health care was 8 times the monthly family income in
patients with AA, while that for IDA comprised 63.6% of
family income. The expenditure on indirect health care was
18.8% of family income for AA vs. 9.3% for IDA, and table
3, showed economic burden of anemia in the study groups.
3.3. Social Burden of Aplastic Anemia
Social burden of AA was assessed
Gender
Governorate
Assiut:61.5%
Male:53.8%
Sohag:7.7%
Female:46.2%
Quena:30.8%
RedSea:0%

related mortality and morbidity in the study group.In this
study 20.6% of patients with AA passed their way during
their hospital stay, while there were no reported deaths
among the group of IDA. Nearly, 69.2% of deaths due to AA
were parents. AA related mortality was higher in elderly
patients, males (53.8%), disease severity (76.8% in severe
and very severe cases), cause of aplasia (50.7% in idiopathic
aplasia), type of treatment (60.3% received supportive
measures only), and low socio-economic class (55.7% from
rural community), figure 1 showed factors affecting mortality
in patients with AA.

by estimating AA
Social
Presentation
Urban:46.2%
Rural:53.8%
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Bleeding:30.8%
Infection:30.4%
Anemia:38.8%

Causes
Idiopathic:46.2%
Chemicals:27.7%
Drugs:20.7%
Posthepatitic:5.4%

Severity
Verysevere:46.2%
Severe:30.8%
Non-severe:23%

4. Discussion

Figure 1. Factors affecting mortality in patients with aplastic anemia.

Figure 2. Aplastic anemia related morbidity. CVS= cereberovascular stroke.

56.5% of patients with AA showed various morbidities, the
most common were bleeding, intractable infections,
cerebrovascular stroke and suicidal attempts in descending
order, and figure 2 showed aplastic anemia related morbidity.

Aplastic anemia was reported as a rare disease; however
these reports were based on western registry data. [14]
Furthermore it is assumable that incidence of AA will be
different from one geographic region to another due to the
well known association between AA and environmental,
genetic, occupational and infectious patterns from one region
to another. A study in India showed that nearly 6,000 cases
diagnosed with AA per year. [5] A study by Mahmoud et al.
showed that AA comprised 21% of a total of 1300 patients
who received HSCT over 18-years in Egypt. [9]
The current research studied current situation and future
prospectives of AA, in Egypt. In this study the median age of
patients with AA was obviously lower than that in other
studies (30-years vs. 53 &40-years), meanwhile it was
consistent with other studies. Unlike other studies where
biphasic age distribution was noted for AA the peak age for
AA in this study were late teens. [5, 15, 16]
In this study anemia AA showed no sex predilection, on
the other hand IDA was more prevalent in females than
males; these findings were albeit consistent with others who
found that anemia in general is commoner in girls and young
aged females. Meanwhile these results were contradictory to
other researchers who considered AA to be a disease of
young males. In this study both AA and IDA were related to
low socio-economic status, these findings confirmed the
previously reported association of low socio-economic status
with anemia. [17-19] Why AA is related to socio-economic
status? This could be explained by the extensive exposure to
environmental and infectious factors that could predispose to
AA.
The majority of patients with AA were presented with
symptoms suggestive of anemia and thrombocytopenia, this
presentation was similar to other studies. [2, 3]
Acquired AA was more prevalent than idiopathic AA in the
study group this was inconsistent with other studies, [10]
however this difference could be explained by the higher age
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range of patients of the current study; at these ages idiopathic
AA is unlikely. On the other hand these findings were nearly
similar to the findings of Ibrahiem et al. who found that
acquired AA comprised 57.5% of AA patients who were
admitted at AUH, hematology unit in the period from
Nov2011 to Oct2012. [20]
Although allogeniec HSCT is the only curative treatment
for AA, it was available for only small proportion of patients
in this study. This may be due to high expenses of HSCT and
unavailability of matched sibling donors for most of the
study group. In Egypt, HSCT was found to cost 15,000 USD
all of it is provided by health insurance and Ministry of
health. [9] Lack of trained health professionals and limited
transplant centers were other reasons for rarity of HSCT in
Egypt. Furthermore the relatively effective antithymocyte
globulin was not available for our patients with AA as it is
too expensive. [21]
In this study a higher proportion of patients with AA,
compared with other studies, presented with severe and very
severe form of disease, and passed their way during the
period of hospital stay. [7,15,16] This could be explained by
many factors including late presentation of patients as they
were referred from far governorates, patients' ignorance,
insufficient health care facilities, and unavailability of the
most effective therapies for AA, HSCT and
immunosuppressive therapy for most of our patients
Although the cost of HSCT in Egypt is much lower than
that in developed countries it was available for only a small
proportion of our patients. [22-25] This may be due to many
reasons including low socio-economic status of the country,
lack of proper insurance for most of the patients, uneven
distribution of transplantation centers all over the republic,
where it is mainly in Cairo which is hardly accessible for
many patients in Upper Egypt. Furthermore, lack of stem cell
registry in Egypt makes the availability of unrelated
matching donor very difficult.
The expenditure on direct and indirect health care services
of AA was obviously higher than that of IDA; meanwhile
there was no difference in family income of the patients. This
could be explained that patients with AA and IDA were from
the same socio-economic class; however patients with AA
were admitted for longer periods besides expenses of
intensive care services, HSCT and higher earning losses. In
Egypt,
patients
received
health
services
at
university/government hospitals free of charge or with
minimal fee, nevertheless, the expenditure on indirect health
care services was paid by either the patients or their families.
Our results reflected findings of most researchers that the
highest burden of AA is expenses of HSCT. [22-26]

whether on a population or an individual level. On the light of
this study several strategies are still needed to reduce the
socioeconomic burden of AA. Firstly urgent preventive
protocols are needed to combat not only AA but other endemic
infectious diseases such as viral hepatitis that led to AA. Next
it is very crucial to commence national stem cell donor registry
in Egypt, and to encourage people to donate stem cells to help
patients find matched donors. Also there is a definite need for
construction of transplant centers capable of performing
allogeniec HSCT in other governorates other than Cairo, to
provide services to people of Upper Egypt. Furthermore it is
very important to cut short the referral and administrative
measures for HSCT to guard against transplant failure due to
the unavoidable multiple transfusions and save unnecessary
costs during the waiting period. Finally a nationwide health
education programs are required to increase public awareness
regarding AA its causes, prevention, treatment and possible
complications.
Although HSCT is the most expensive therapeutic option
for AA, however it is highly cost effective option.
Accordingly we recommend that patients with matched
donors should undergo HSCT early in the disease to save
costs of hospital admission, investigations, transfusions, and
other fees.
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