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Abstract: Background: Hematological manifestations are
common throughout the course of HIV infection. Impact of
anemia is the most significant among them. The present study
was undertaken to evaluate the etiologies underlying anemia in
HIV/AIDS. Methods This was a non randomized cross
sectional observational study conducted in a tertiary care
hospital of India over a period of 2 years. One hundred and fifty
HIV patients were screened. Thorough clinical and laboratory
evaluation was done in 50 randomly selected anemic cases.
Results: Proper etiological diagnosis could be reached in 46
patients. Among them correlation between Hb% and CD4 count
was statistically insignificant (p = 0.074, r = 0.47) whereas it
was significant with absolute lymphocyte and CD4 count (p =
0.006, r = 0.41). There was better correlation of bone marrow
iron status with percent saturation of transferrin (p = 0.003, r =
0.54) than with serum ferritin (p = 0.055, r = 0.09). Bone
marrow iron status did not have any relationship with CD4
count. Anemia of chronic disease was the commonest etiology
(37%) followed by HIV related myelodysplastic syndrome
(31%), iron deficiency anemia (13%), bone marrow
suppression due to direct involvement by some infective
process (7%). Aplastic anemia, multiple myeloma, Hodgkin’s
disease, pure red cell aplasia, hemophagocytic
lymphohistiocytosis and vitamin B12 deficiency were detected
in one case (2%) each. Conclusions: Etiologies of anemia in
HIV/AIDS are multifactorial with anemia of chronic disease
being the commonest. For screening of iron deficiency in this
group, percent saturation is a better tool than serum ferritin.
Absolute lymphocyte count can sometimes be used as a
surrogate marker of immunological status in antiretroviral naive
HIV  patients, particularly in resource poor areas.
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Introduction:

HIV/AIDS is the major health challenge in the modern world
and causing devastation in the resource poor south-east Asian
countries. It involves almost all the systems in human body.
Disorders of hematopoietic system including lymphadenopathy,
anemia, leucopenia and/or thrombocytopenia are common

throughout the course of HIV infection. Studies have
unequivocally demonstrated that anemia is associated with
quality of life decrements, decreased survival and increased
disease progression in adults with HIV infection.[1-3] While
generally mild, anemia can be quite severe and may require
repeated blood transfusion. It is supposed to have multifactorial
etiology [4]; drug toxicities (e.g. zidovudine, dapsone,
trimethoprim/sulfamethoxazole, ganciclovir, interferon o etc.),
systemic fungal and mycobacterial infection, nutritional anemia
(malabsorption and anorexia induced by HIV/AIDS), anemia of
chronic disease being the major causes. Apart from them, Parvo
virus B-19 infection, HIV induced myelosuppression and HIV
associated myelodysplastic syndrome (MDS) are some other
etiologies. Vitamin B-12 level may be depressed in HIV/AIDS
patients as a consequence of achlorhydria or malabsorption,
though folate levels are usually normal. Autoimmune hemolytic
anemia is rare, although 20% of patients may have a positive
direct antiglobulin test as a consequence of polyclonal B cell
activation.[5]

There is wide variation in the prevalence of anemia among
HIV/AIDS patients in different studies all over the world and
dearth of information in India addressing this issue. There is
hardly any data available from the eastern part of the country.
The present study was planned to evaluate the etiologies
underlying anemia in HIV/AIDS.

Methods

The study was conducted at the HIV Clinic and the Medicine
Department, in collaboration with the Hematology Department
of a tertiary care hospital of eastern India. This was a non
randomized cross sectional observational study undertaken over
a period of 2 years. During this period, we screened 150
patients documented as seropositive for HIV at any Integrated
Counseling and Testing Center (ICTC) of India, who were not
on any anti-retro viral therapy (ART). Patients with pregnancy,
known malignancy or hematological disorders like
thalassemias, hemophilia etc were excluded from study along
with those undergoing treatment for anemia. Also excluded
were patients suffering from medical conditions known to
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cause anemia, like chronic renal failure, hypothyroidism etc.
Informed consent was taken from all the patients. The study
received clearance from Institutional Ethical Committee.

All the patients underwent evaluation initially by detailed
history taking (including duration of HIV seropositivity, drug
history and history of opportunistic infections) and thorough
clinical examination with special reference to hematopoietic
system and signs of opportunistic infections. Initial laboratory
investigations included a complete hemogram, CD4 count,
random blood sugar, urea, creatinine, liver function test, chest
x-ray, ultrasonography of whole abdomen, sputum for AFB and
urine for routine examination. Anemia was defined as
hemoglobin level less than 12g/dl in women and 13g/dl in men
[6, 7]. Further evaluation was carried out on 50 randomly
selected anemic patients for the etiological diagnosis. All of
them were subjected to assessment of serum ferritin, serum
Iron, TIBC, bone marrow aspiration for morphology and iron
store. Selected patients were put on investigations like trephine
bone marrow biopsy and cytogenetic study; Ziehl-Neelsen (Z-
N) stain for acid fast bacilli (AFB), fungal stain and bactec
culture (Bactec 460 System) of bone marrow aspirate; serum
Vit-B12 and folic acid level; direct Coomb’s test, stool for
ovum parasite cyst, occult blood test, upper gastro intestinal
endoscopy and colonoscopy; lymph node fine needle aspiration
cytology/biopsy.

HIV was diagnosed by Rapid ELISA test kit (HIV Comb, Tri-
dot), CD4 count was documented by a FACS Counter (Becton-
Dickinson) by fluochrome-conjugated antibody to CDA4.
Complete blood count was performed on a fully automated 5
part differential cell counter (SYSMEX SS 300) from EDTA
blood. Reticulocyte slides were stained with methylene blue
(supra vital stain). Serum iron and total iron binding capacity
(TIBC) estimation was done by FERROZINE method
(reference value for serum iron: adult male 60-160 pg/dl, adult
female 35-145 pg/dl and for TIBC: 250-400 pg/dl) and serum
ferritin assay was done by ELISA method (reference value was
18-270 ng/ml for men and 18-160 ng/ml for women). Bone
marrow aspirates were taken from posterior iliac crest with
Salah’s bone marrow aspiration needle & bone marrow biopsy
when required was done with Jamshidi bone marrow biopsy
needle. Marrow aspirate staining was done by Leishman stain.
ZN staining of bone marrow aspirate was done in selected
cases. Special fungal staining and culture of bone marrow
aspirate was done in selected cases. Bone marrow iron was
stained by Perl’s reagent. Bone marrow trephine biopsy was
stained by hematoxylin and eosin (H-E) stain. Folic acid was
estimated from serum sample (reference range 5.4-18 ng/ml)
and serum vitamin B12 assay was done by chemiluminescence
immunoassay (Architect, Abbott with reference range —
normal: 189-883 pg/ml, borderline: 125-189 pg/dl and
deficient: < 125 pg/dl).

Results were tabulated in Microsoft office excel worksheet and
expressed as mean (x standard deviation) for continuously
distributed variable, and in absolute numbers and percentages
for discrete variables. Standard statistical tests were applied and
p values less than 0.05 were considered statistically significant.

Results:

Most common hematological abnormality in the 150 initially
screened patients was anemia, present in 74.7% cases. It was
followed by leucopenia (38%), thrombocytopenia (23.33%) and
pancytopenia (16%). Among the anemic 23.2% had severe
anemia (<7g %). Mean CD4 count was 188 cells/uL (range 12
to 504 cells/ pL).

From the cohort of anemic patients, 50 cases were randomly
selected for further evaluation, after taking proper consent. A
proper etiology could not be detected in four patients. Final
diagnosis of anemia could be reached in 46 patients. There
were 32 male and 14 female among them. All the 46 patients
had AIDS. They had a mean CD4 count of 133.7 cells/pL

(£79.9) and the mean hemoglobin was 7.2 g/dL (£1.9). No
statistical significant correlation was detected in between Hb%
and CD4 count (p = 0.074, r = 0.47). Majority belonged to
normocytic normochromic group (63%), followed by
microcytic hypochromic anemia (28%). Macrocytic anemia
was seen in 9% patients. The mean MCV (mean corpuscular
volume) was 85.8 fL (+10.6). The mean WBC, absolute
lymphocyte and platelet counts were 4.2 x 10° cells/mm®
(#2.98), 0.76 x 10° cells/ mm® (x0.6) and 150.1 x 10° cells/
mm® (x0.98) respectively. The correlation of absolute
lymphocyte and CD4 count was statistically significant (p =
0.006, r = 0.41).

Bone marrow examinations revealed hypercellular marrow in
most of the cases (63.04%). Hypocellular marrow was detected
in 19.57% cases. Erythropoiesis was suppressed in 36.96%.
Most important bone marrow finding of our study was very
high prevalence of dysplastic changes (Figure 1). Though
trilineage dysplasia was seen in 6.5%, dysplastic changes
involving isolated cell lines were ranging from 13.1 to 45.7%,
most prevalent being dysmegakaryopoiesis followed by
dyserythropoiesis and dysgranulopoiesis. Increased numbers of
plasma cells were found in a significant proportion of cases
(23.9%). Erythrophagocytosis was seen in 6.52% cases. Bone
marrow granuloma was detected in one patient. Z-N staining
revealed acid fast bacilli in two patients. Histoplasma was
evidenced as clusters of budding yeast cells in bone marrow
trephine biopsy of one patient and as budding yeast cells within
macrophages in bone marrow aspirate of another patient
(Figure 2). Marrow iron was adequate in majority except a few
cases of iron deficiency anemia. The correlation of bone
marrow iron status was far better with percent saturation of
transferrin (p = 0.003, r = 0.54) than serum ferritin (p = 0.055, r
= 0.09). There was no correlation in between bone marrow iron
status and CD4+ count (p = 0.713, r = -0.07). Relationship of
bone marrow iron status with different variables is shown in
Table 1.

Figure 1: Dysplastic changes involving bone marrow.
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Figure 2: Histoplasma in bone marrow.



The Leishman stained bone marrow aspiration slide showed
myelodysplastic changes.(Fig. 1)
Bone marrow trephine biopsy specimen stained with
hematoxylin and eosin showed clusters of budding yeast cells
of Histoplasma capsulatum.(Fig. 2)
Table 1: Relationship of different variables with bone
marrow iron status (n = 46)

Standard Coeffln:ler_\t of Statistical
L correlation -
Parameters | Mean | deviation : - significance (p
with BM iron
(+ SD) value)
status (r value)
CD4 count
(cells/uL) 1337 799 -0.17 0.713
Hb% (g/dl) 73 1.9 -0.11 0.569
serum ferritin 556 1 | 3945 0.09 0.055
(ng/dl)
Serum iron
97.6 34.8 0.43 0.012
(Hg/dl)
Percent
saturation (%) 426 20.4 0.54 0.003

SD = standard deviation, BM = bone marrow, Hb% = hemoglobin level. Statististically
significant positive correlation of bone marrow iron was detected with serum iron and
percent saturation of transferrin, stronger for the later. Negative correlation was seen with
CDA4 count, but it was statistically insignificant.

Anemia of chronic disease (ACD) was seen as the most
common etiology, responsible in 37% cases, followed by HIV
related myelodysplastic syndrome (MDS) in 31%. Next
common etiology was iron deficiency anemia (IDA) in 13%
cases. Bone marrow suppression (BS) due to direct
involvement of marrow by some infective process was
responsible in 7% cases. Aplastic anemia (AA), multiple
myeloma (MM), Hodgkin’s disease (HD), pure red cell aplasia
(PRCA), hemophagocytic lymphohistiocytosis (HLH) and
vitamin B12 or cyanocobalamin deficiency (B12D) anemia
were each responsible in 2% (1 cases each, see Figure 3). All of
the patients with bone marrow suppression as well as the later
mentioned diagnosis had pancytopenia in peripheral blood,
whereas 12%, 36% and 17% patients with ACD, MDS and IDA
respectively had pancytopenia. Lymphopenia was noted in 71%
of ACD, 64% of MDS, 33% of IDA and 100% of patients
diagnosed with bone marrow suppression due to some infective
process in marrow. Absolute neutropenia was a comparatively
uncommon finding in the study. Table 2 shows the distribution
of different parameters among the etiologies diagnosed. Figure
4 depicts distribution of mean CD4 count in different
etiologies.

Table 2: Distribution of parameters in different etiologies (n = 46)
Percent .
. . Age MCV = WBC (cells Platelets (cells Iron . Ferritin
Diagnosis (years) CD4 (cells/puL) Hb% (g/dl) (fL) X 109mmd) X 109mmd) (ug/dl) satL(J(:'/f;\;uon (ng/dl)
ACD Mean | 36.9 136.3 79 83.4 53 201.2 101.2 42.8 343.9
SD 9.7 82.3 1.7 9.4 4.1 82.6 36.7 21.9 458.8
MDS Mean | 435 144.8 7.4 915 4.2 151.4 110.1 46.7 123.2
SD 12 88.6 1.9 8.9 1.8 93 29 15.6 15.6
IDA Mean | 34.7 176.8 7 76.7 4.1 175.8 46.8 36.5 88.2
SD 8.2 344 1.1 9.8 2 82.2 17.7 17.1 134.6
BS Mean 46 40.7 5.9 80 1.9 18.7 93 51.1 554.7
sb 7.9 50 13 12.5 0.5 12 19 36.1 471.9
AA 35 224 5.9 87 1.9 6 87 43.9 7
MM 61 104 3.2 94.9 1.2 10 110 12.3 142
HD 19 12 6.4 85.8 3.1 20 87 11.9 150
PRCA 43 46 4.8 92 34 106 105 55 117
HLH 50 88 4 80 3.6 22 82 66 122
B12D 28 152 6.7 108 1.2 88 112 17.7 149
Total Mean | 395 133.7 7.3 85.8 4.2 150.1 97.6 42.6 226.1
(n =46) sb 111 79.9 19 10.6 3 98.4 34.8 204 324.5
MCYV = mean corpuscular volume, WBC = white blood cell, St Dev = standard deviation. ACD - anemia of chronic disease, MDS- HIV related
myelodysplastic syndrome, IDA- iron deficiency anemia, BS- bone marrow suppression due to direct involvement of marrow by some
infective process, AA- aplastic anemia, MM- multiple myeloma, HD- Hodgkin’s disease, PRCA- pure red cell aplasia, HLH- hemophagocytic
lymphohistiocytosis, B12D- vitamin B12 or cyanocobalamin deficiency anemia.
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Figure 3: Contribution of different etiologies in the final diagnosis

of anemia (n = 46)
ACD - anemia of chronic disease, MDS- HIV related myelodysplastic syndrome,
IDA- iron deficiency anemia, BS- bone marrow suppression due to direct
involvement of marrow by some infective process, AA- aplastic anemia, MM-
multiple myeloma, HD- hodgkin’s disease, PRCA- pure red cell aplasia, HLH-
hemophagocytic lymphohistiocytosis, B12D- vitamin B12 or cyanocobalamin
deficiency anemia.
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Figure 4: Distribution of mean CD4 count in different etiologies (n
= 46)

ACD - anemia of chronic disease, MDS- HIV related myelodysplastic syndrome,
IDA- iron deficiency anemia, BS- bone marrow suppression due to direct
involvement of marrow by some infective process, AA- aplastic anemia, MM-
multiple myeloma, HD- Hodgkin’s disease, PRCA- pure red cell aplasia, HLH-
hemophagocytic lymphohistiocytosis, B12D- vitamin B12 or cyanocobalamin
deficiency anemia.



Anemia of chronic disease was the most commonly
encountered diagnosis (in 31% of cases), followed by HIV
related myelodysplasia.

The lowest CD4 count was encountered in the patient with
diagnosis of Hodgkin’s disease.

Common presenting symptoms included weight loss,
generalized weakness, fever etc. They were not specific for
the etiologies diagnosed. Among the examination findings
lymphadenopathy (26%) and oral candidiasis (24%) were the
most prominent, followed by splenomegaly (21%).
Discussion:

In HIV/AIDS, International literature reveals that prevalence
of anemia is widely variable. They not only depend upon the
stage of the disease, but socio-demographic factors also have
a huge impact. In our study, among the initial 150 patients,
the prevalence of anemia was comparable with other studies
(approximately 70%) but we found lower number of
leucopenic and thrombocytopenic patients compared to other
series (approximately 50% and 40% respectively) [8-11]. The
reason behind this variation is largely unexplained.

Though in most series the correlation of Hb% and CD4 count
is linear [12-14], there are studies in which a weak
correlation similar to our study was observed between CD4
cell count and Hb% (SM Alavi et al - r =0.451, p = 0.056)
[15]. It was postulated that, apart from immunological status
and virus load, other factors might play major roles in the
pathogenesis of anemia. Detecting normocytic normochromic
morphology as the major type of anemia was in tune with the
existing data.[4] Despite conflicting reports worldwide, in
few studies strong correlation (r = 0.645, p = 0.001) has been
shown in between absolute lymphocyte and CD4 count.[15]
Our study revealed similar statistically significant correlation.
So, absolute lymphocyte count can sometimes be used as a
surrogate marker of immunological status in ART naive HIV
patients, particularly in resource poor areas.

In the present study, we found anemia of chronic disease
(ACD) as the most common etiology, responsible in 37%
cases. In 35% of cases diagnosed as ACD, no infection other
than HIV was identified. This fact highlights the possibility
of the role played by human immuno-deficiency virus itself
in the production of anemia similar to ACD. Next common
etiology of anemia in our study was HIV related MDS,
responsible for 31% of the cases. They were characterized by
long standing anemia often requiring blood transfusion and
having predominantly normocytic blood picture (79%) with
mean MCV of 91.5 fl. They had pancytopenia or bicytopenia
in peripheral blood in a significant proportion of cases (36%
each) apart from the classical dysplastic changes involving
the bone marrow. As per the information available, this HIV
related MDS is not totally identical to the MDS that is
commonly diagnosed in non-HIV population; because the
former variety often responds to antiretroviral therapy and
the chances of transforming into acute leukemia is also
negligible.[16-19] Bone marrow changes in long-term HIV
patients have different characteristics from primary MDS and
constitute the entity for which the name HIV-myelopathy has
been proposed in the literature.[20]

Iron deficiency anemia was detected in only 13% of patients,
in the contrary to the common belief that they are responsible
for the production of anemia in a large proportion of cases
even in HIV, in this part of the world. Most of them
presented with microcytic hypochromic blood picture (83%).
On further investigation one patient was found to have stool
parasite on routine testing, another patient was detected with
esophageal erosion on esophago-gastro-duodinoscopy though
biopsy reported to be nonspecific. One more Hepatitis B co-
infected patient with chronic liver disease was detected with
esophageal varices. Endoscopic evaluations of the other
patients were within normal limit. The diagnosis of IDA was

made on the basis RBC indices, serum ferritin, serum iron,
TIBC, percent saturation of transferrin and bone marrow iron
status.[21,22] There was almost no correlation between
serum ferritin and bone marrow iron as already specified.
This probably reflects high prevalence of concurrent
inflammation in HIV infected patients resulting in rise of
ferritin as an acute phase reactant. So, it was postulated that
for screening of iron deficiency in HIV infected persons,
assessment of percent saturation of transferrin would be a
better option than assessing serum ferritin. No statistically
significant correlation was detected between iron status and
immunological status (CD4 count) in the present study,
similar to the study conducted among the HIV-infected
pregnant women in Malawi by Semba et al.[23]

Peripheral blood pancytopenia and grossly hypocellular bone
marrow were detected in four patients in the study. Among
them two were detected to have budding yeasts of
Histoplasma species in trephine biopsy or aspirate, one had
bone marrow tuberculosis as evidenced by multiple acid fast
bacilli on ZN staining. In the remaining one patient no
infective process or dysplastic changes could be documented
in marrow aspirate or biopsy. So a provisional diagnosis of
aplastic anemia was made. It remains to be determined
whether this was due to the direct effect of HIV infection as
reported in other studies.[24] We found multiple myeloma in
one of our patients. Multiple myeloma is shown in some
series to occur with greater frequency in HIV-infected
patients.[25,26] Although multiple myeloma is of rare
occurrence in HIV-infected individuals[27], bone marrow
plasmacytosis is a relatively common finding. In our study,
around 24% patients had marrow plasmacytosis. Also worth
mentioning is the occurrence of Hodgkin’s disease in one
patient. Although HD does not represent an AlDS-defining
condition, recent evidence consistently indicates that HIV
infected people have a significantly increased risk of
developing HD.[28] HIV-related HD is characterized by the
preponderance of aggressive histological subtypes, advanced
stage at diagnosis, and malignant clinical course [28]. In bone
marrow biopsy of one patient giant pronormoblasts were
detected, who was later diagnosed to be a case of pure red
cell aplasia. Another rare disorder which we found in one of
our patients was hemophagocytic lymphohistiocytosis.
Hemophagocytic lymphohistiocytosis has been diagnosed
with increasing frequency in patients infected with
HIV.[29,30] Hemophagocytosis is commonly found, to
varying degrees, in the bone marrow of HIV-infected
individuals without an underlying diagnosis of HLH, which
raises the possibility of a sub clinical form of HLH.[31]
Vitamin B12 deficiency anemia, which is a well documented
entity in HIV infection, was diagnosed in one patient.
Conclusion:

Anemia is the most common hematological abnormality in
antiretroviral naive HIV disease. It is in majority normocytic
and normochromic in morphology. Etiologies of anemia are
multifactorial among this population, anemia of chronic
disease being the commonest. It is followed by HIV
associated MDS, iron deficiency anemia and other rare
causes. For the screening of iron deficiency, percent
saturation of transferrin is a better tool compared to serum
ferritin. Absolute lymphocyte count can sometimes be used
as a surrogate marker of immunological status in
antiretroviral naive HIV patients, particularly in resource
poor areas.

Acknowledgements:

Special thanks to School of Tropical Medicine, Kolkata for
technical assistance.

References:

1. Mocroft A, Kirk O, Barton SE, Dietrich M, Proenca R,
Colebunders R, et al. Anaemia is an independent



10.

11.

12.

13.

14.

15.

16.

17.

18.

predictive marker for clinical prognosis in HIV-infected
patients from across Europe. EuroSIDA study group.
AIDS 1999;13(8):943-950.

Moore RD, Keruly JC, Chaisson RE. Anemia and
survival in HIV infection. J Acquir Immune Defic Syndr
Hum Retrovirol 1998;19(1):29-33.

Sullivan PS, Hanson DL, Chu SY, Jones JL, Ward JW.
Epidemiology of anemia in human immunodeficiency
virus  (HIV)-infected persons: results from the
multistate adult and adolescent spectrum of HIV
disease surveillance project. Blood 1998;91(1):301-308.
Coyle TE. Hematologic complications of human
immunodeficiency virus infection and the acquired
immunodeficiency syndrome. Med Clin North Am
1997;81:449-70.

Simpson MB, Delong N. Autoimmune hemolytic
anemia in a patient with acquired immunodeficiency
syndrome. Blood 1987;705:127.

World Health Organization. Iron deficiency anaemia:
assessment, prevention, and control. A guide for
programme managers. Geneva, Switzerland: 2001
(WHO/NHD/01.3)

WHO Global Database on Anaemia. Available at
http://www.who.int/vmnis/en/

Spivak JL, Bender BS, Quinn TC. Hematologic
abnormalities in the acquired immune deficiency
syndrome. Am J Med 1984;77:224.

Zon LI, Arkin C, Groopman JE. Haematologic
manifestations of the human immune deficiency virus
(HIV). Br J Haematol 1987;66:251.

Treacy M, Lai L, Costello C, Clark A. Peripheral blood
and bone marrow abnormalities in patients with HIV-
related disease. Br J Haematol 1987;65:289.

Zon LI, Groopman JE. Haematologic manifestations of
the human immune deficiency virus (HIV). Semin
Hematol 1988;25:208.

Levine AM, Berhane K, Masri-Lavine L, Sanchez M,
Young M, Augenbraun M, et al. Prevalence and
correlates of anemia in a large cohort of HIV-infected
women: Women’s Interagency HIV Study. J Acquir
Immune Defic Syndr 2001;26:28-35.

Creagh T, Mildvan D. Greater prevalence of anemia in
women and African Americans with HIV/AIDS in the
HAART era: a study of 10,000 patients [abstract 475].
The Anemia Prevalence Study Group. In: Program and
abstracts of the 40th Annual Meeting of the Infectious
Diseases Society of America (Chicago). Alexandria,
VA: Infectious Diseases Society of America, 2002:127.
Semba RD, Shah N, Klein RS, Mayer KH, Schuman P,
Vlahov D. Prevalence and cumulative incidence of and
risk factors for anemia in a multicenter cohort study of
human immunodeficiency virus-infected and —
uninfected women. Clin Infect Dis 2002;34:260-266.
Alavi SM, Ahmadi F, Farhadi M. Correlation between
Total Lymphocyte Count, Hemoglobin, Hematocrit and
CD4 Count in HIV/AIDS Patients. Acta Medica Iranica
2009;47(1):1-4.

Stella CC, Ganser A, Hoelzer D. Defective in vitro
growth of the hemopoietic progenitor cells in the
acquired immunodeficiency syndrome. J Clin Invest
1987;80:286.

Guillemain C, George F, Courcoul M, Dhiver C, Brunet
C, Spire B, et al. Monoblastic leukemia in an HIV
infected patient: absence of viral expression in RNA
blasts. Am J Hematol 1996;52:47-52.

Kaczmarski RS, Davison F, Blair E, Sutherland S,
Moxham J, McManus T, et al. Detection of HIV in
haemopoietic progenitors. Br J Hematol 1992;82:764-
769.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Folks TM: Human immunodeficiency virus in bone
marrow: still more questions than answers. Blood
1991;77:1625-1626.

Katsarou O, Terpos E, Patsouris E, Peristeris P, Viniou
N, Kapsimali V, et al. Myelodysplastic features in
patients with long-term HIV infection and haemophilia.
Haemophilia 2001;7(1):47-52.

Sears DA. Anemia of chronic disease. Med Clin North
Am 1992;76:567-579.

Bertero MT, Caligaris-Cappio F. Anemia of chronic
disorders in  systemic  autoimmune  diseases.
Haematologica 1997;82:375-381.

Semba RD, Taha TE, Kumwenda N, Mtimavalye L,
Broadhead R, Miotti PG, et al. Iron status and
indicators of human immunodeficiency virus disease
severity among pregnant women in Malawi. Clin Infect
Dis 2001;32(10):1496-1499. Epub 2001 Apr 20.
Paradela A, Rivas C, Fernandez-Guerrero M, Roman A.
Histopathology of bone marrow biopsy in patients with
human immunodeficiency virus infection. Rev Clin Esp
1996;196:9-15.

Goedert JJ, Cote TR, Virgo P. Spectrum of AIDS-
associated malignant disorders. Lancet 1998;351:1833-
1839.

Fiorino AS, Atac B. Paraproteinemia,
plasmacytoma,myeloma and HIV infection. Leukemia
1997;11:2150-2156.

Saif M W, Kevin S. Multiple myeloma and HIV
infection: An association or a coincidence. The Journal
of Applied Research 2005;5:318-324.

Dolcetti R, Boiocchi M, Gloghini A, Carbone A.
Pathogenetic and histogenetic features of HIV-
associated Hodgkin’s disease. Eur J Cancer
2001;37:1276-1287.

Grateau G, Bachmeyer C, Blanche P, Jouanne M,
Tulliez M, Galland C et al. Haemophagocytic syndrome
in patients infected with the human immunodeficiency
virus: nine cases and a review. J Infect 1997;34:219—
225.

Tiab M, Mechinaud Lacroix F, Hamidou M, Gaillard F,
Raffi F. Reactive haemophagocytic syndrome in AIDS.
AIDS 1996;10:108-111.

Costello C. Haematological abnormalities in human
immunodeficiency virus (HIV) disease. J Clin Pathol
1988;41:711-715


http://www.who.int/vmnis/en/

