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Background: A cohort of human immunodeficiency virus (HIV)-positive patients presenting to a quaternary hospital in KwaZulu-
Natal, South Africa over a period of one year was identified and morphological analyses of their bone marrow aspirates and 
trephine biopsies (BMAT) undertaken.
Aim: To compare and contrast the bone marrow morphological features of antiretroviral (ARV)-naïve and ARV-experienced 
HIV-positive population with cytopaenias; correlate the findings with CD4 counts; and, draw conclusions on whether ARV are 
associated with specific bone marrow (BM) findings.
Method: Aspirate and trephine biopsy examinations to assess dysplasia of cell lineages, architectural changes, granulomas or 
infiltrates were performed by light microscopy.
Results: 74 BMAT were examined, of which 24 were from the ARV-naïve cohort and 50 from ARV-treated cohort. Within granulomas, 
higher rates of marrow infiltration by acid-fast bacilli was present in the ARV-naïve cohort than the ARV-experienced cohort (6/10 
(60%) versus 9/26 (35%), respectively). Higher rates of pure red cell aplasia (PRCA) were detected in the ARV-experienced than 
the ARV-naive cohort (14% versus 4%, respectively). No difference was seen in morphological features and overall dysplasia rates 
(70% and 71% of ARV-naïve and ARV-experienced cohort, respectively). At CD4 > 200 cells/ul, higher rates of dysplasia were seen 
in the ARV-naïve cohort (3/3 (100%) than in the ARV-experienced cohort (13/20 (65%)).
Conclusion: Similar dysplasia rates and morphological features in both cohorts suggest ARVs do not cause myelodysplasia. BM 
tuberculosis is more frequently detected in granulomas of ARV-naïve than ARV-experienced samples. ARVs are implicated in 
causation of PRCA.
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Introduction
There are 6.3 million people living with HIV in South Africa, with 
a prevalence rate of 19.1% among adults aged 15–49  years.1 
Antiretroviral (ARV) therapy was rolled out in March 2004; and, in 
2011, there were an estimated 1.79 million people on ARV.2 In 
April 2013, South Africa saw the advent of fixed dose combination 
(FDC) antiretroviral therapy.

As cytopaenias are common in HIV-positive patients,3 the 
haematology laboratory at the quaternary hospital, Inkosi Albert 
Luthuli Central Hospital (IALCH), in KwaZulu-Natal is often 
consulted for cytopaenias in HIV-positive patients, who may or 
may not be on ARVs. Workup often entails a bone marrow 
aspirate and trephine biopsy assessment to ascertain the cause 
of cytopaenias, often suspected to be due to bone marrow (BM) 
infiltration by tuberculosis (TB), the most common HIV 
coinfection in South Africa.4 South Africa currently has the 
highest rate of new tuberculosis cases in the world.5

Other causes for cytopaenias may be the direct manifestation of 
HIV on the haemopoietic system (secondary myelodysplasia); 
bone marrow infiltration by opportunistic infections; 
haematological and non-haematological neoplasms; or, bone 
marrow suppression by various drugs. Drugs implicated in 
inducing cytopaenias in HIV-positive patients include 
prophylactic agents that are used to prevent opportunistic 

infections, such as Trimethoprim and Sulfamethoxazole 
(Bactrim),6 which has the well-known side effect of 
agranulocytosis/neutropenia; and, drugs used for treatment of 
opportunistic infections, such as anti-tuberculosis drugs and 
ARV agents, including the well-documented lamivudine and 
zidovudine in PRCA.7–10

South Africa bears a wealth of knowledge in HIV research. 
However, there have been no published studies comparing the 
morphology of bone marrows of HIV-positive patients with 
peripheral blood cytopaenias who are on ARV and those who are 
not on ARV in South Africa; and, only one study comparing these 
cohorts outside South Africa.11

In another report, Choi et al. described remarkable 
haematological recoveries within 6  months to 3  years in HIV-
positive patients with peripheral blood cytopaenias, who were 
initiated on highly active antiretroviral therapy12; however, the 
bone marrow morphology in these patients was not studied.

The aims of our study were to compare and contrast the bone 
marrow morphological features of ARV-naïve and ARV-
experienced HIV-positive population with cytopaenias; to 
correlate the findings with CD4 counts; and, to draw conclusions 
on whether ARVs are associated with specific bone marrow 
findings.
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Materials and method
Sample selection
The stored BMAT of HIV infected individuals that were being 
investigated for cytopaenias (n = 120) received at Inkosi Albert 
Luthuli Central Hospital (IALCH) National Health Laboratory 
Services (NHLS) Haematology laboratory between 01 July 2012 
and 30 June 2013 were retrieved from the laboratory archives.

Inclusion criteria comprised:

(1)  adults (age ≥ 18 years);

(2)  presence of a cytopaenia (i.e. anaemia defined as haemoglo-
bin (Hb) level < 11 g/dl in females or < 12 g/dl in males, leuko-
penia defined as white cell count (WCC) < 4 × 109 cells/l, and 
thrombocytopaenia as platelet count (Plt) < 150 × 109 cells/l); 
and,

(3)  clinical information (i.e. gender, baseline CD4 count (if on 
ARV), CD4 count at time of sampling, ARV regimen and, if 
available, the duration on treatment).

This information was extracted from the bone marrow request 
forms and filled out by the clinician. Where insufficient, further 
clinical information was extracted from the archived records of 
telephonic consultations to the haematology laboratory, chart 
review at the base (referring) hospital and/or the laboratory 
computer information system.

Exclusion criteria included BMAT which were performed solely 
for staging of previously diagnosed lymphomas or as follow-up 
BMAT for such cases; and, aparticulate or failed BMAT in which 
critical clinical information required for the study could not be 
ascertained (i.e. CD4 count at baseline; CD4 count at time of 
BMAT; whether patient was on ARVs; and, the ARV regimen).

Sample Cohorts
The samples were then divided into two cohorts: ARV-naïve HIV 
BMAT and ARV-treated HIV BMAT.

Method
Bone marrow aspirates stained with May-Grünwald-Giemsa 
were examined by light microscopy. Cellularity, adequacy, 
maturation and evidence of dysplasia in the haemopoietic 
lineages were assessed.

Trephine biopsies stained with haematoxylin and eosin (H+E) 
were assessed for cellularity, architectural pattern, adequacy of 
the haemopoietic cell lines, dysplasia of megakaryocytes, 
presence of granulomatous inflammation or an infiltrate. Further 
immuno/histochemical stains (including Ziehl-Neelsen and 
Periodic-acid Schiff (PAS)) were performed if granulomas or an 
infiltrate was present.

Cellularity was assessed qualitatively and definitively graded as 
hypocellular, normocellular or hypercellular.

In accordance with the current World Health Organization (WHO) 
2008 guidelines,13 a dysplastic feature was considered present if 
it was displayed on  >  10% of the lineage. At least 30 
megakaryocytes were examined per specimen (unless the 
length of the biopsy did not allow for this). Dysmegakaryopoiesis 
included presence of micromegakaryocytes, hypolobation/
monolobation, multinucleation or widely separated nuclei.

Dyserythropoiesis was present if the following nuclear and 
cytoplasmic abnormalities were identified: nuclear budding; 
internuclear bridging; karyorrhexis; multinuclearity; binucleate/
multinucleate forms; megaloblastic features including 
nuclear:cytoplasmic  maturation asynchrony; and, the presence 
of cytoplasmic vacuolation.

Dysgranulopoiesis was defined as the presence of small or giant 
forms, nuclear hypolobation (pelgeroid neutrophils), irregular 
segmentation/hypersegmentation, hypogranularity and 
presence of ring forms.13

Based on the morphological findings, the cause of cytopaenias 
was determined to be due to:

(1)  Inadequate haematopoiesis in the presence of hypocellularity 
or hypoplastic cell lines,

(2)  Ineffective haematopoiesis in the presence of dysplasia,

(3)  Increased peripheral destruction/sequestration where ade-
quate haematopoiesis is present,

(4)  Bone marrow infiltration by neoplasia,

(5)  Bone marrow infiltration by infection when microorganisms 
are identified, and/or

(6)  Possible bone marrow infiltration as determined by the pres-
ence of granulomas without evidence of microorganisms.

Multifactorial causes for the cytopenias were sited if a 
combination of the above coexisted.

Statistical analysis
Statistics were analysed in SPSS version 21.

Pearson Chi-squared test and Fisher’s exact test was used to test 
if morphological findings differ between the ARV-naïve and ARV-
experienced group. A p-value < 0.05 was considered statistically 
significant.

Results
Study population
There were 120 bone marrow biopsies investigated for 
cytopaenias in HIV-positive patients from 01 July 2012 to 30 June 
2013.

Forty-six (46) samples were excluded from the study. Twenty-
four (24) were inadequate for assessment (aparticulate aspirate 
and no haemopoietic tissue representation on biopsy specimen) 
and 22 had insufficient clinical information (as detailed above in 
inclusion criteria).

A total of 74 bone marrows were permitted into the study, 
stratified into 2 cohorts:

ARV-naïve (n = 24) and ARV-experienced (n = 50).

ARV-naïve: Bone marrows of HIV positive 
patients not on ARV (n = 24)
Twenty-four of 74 (32.4%) bone marrows were from patients 
who had not yet started ARV therapy, with a 1:1 male to female 
ratio.
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The median age was 32 yrs (21–58 years). Three (3) patients were 
on TB treatment.

The median CD4 count was 90 cells/ul (range 1 – 559 cells/ul). 
Table 1 shows the distribution of CD4 counts.

Twenty-nine percent (29%) of samples showed pancytopenia, 
41% showed a bicytopaenia, and 29% showed an isolated 
cytopenia, in which anaemia was the most common isolated 
cytopenia (57%).

Table 2 tabulates the prevalence of pancytopaenia, bicytopaenia 
and isolated cytopaenia in this cohort.

Table 3 provides the median cell counts in those with anaemia, 
leucopaenia and thrombocytopaenia.

Cellularity
Assessment of cellularity showed the majority (59%) were 
normocellular, 29% were hypercellular and 12% were 
hypocellular.

Dysplasia
Eleven of 24 (46%) samples showed megakaryocytic dysplasia. 
The most common dysplastic feature was monolobation/
hypolobation (9/11 i.e. 82%) followed by micromegakaryocytes 
(7/11 i.e. 64%).

Dyserythropoiesis was observed in 9/24 (38%) cases. Nuclear 
abnormalities were the most common feature (9/11 i.e. 81%), 
with megaloblastic features in 5/9 (56%).

Dysgranulopoiesis was present in 25% of cases, pelgerised forms 
were the most common form of dysplasia identified.

Architecture
Twelve of 24 (50%) cases showed architectural distortion, 
assigned to granulomatous inflammation in 10 of those 12 cases.

Ziehl-Neelsen, Periodic-acid Schiff and special 
histochemical stains
Ziehl-Neelsen and Periodic-acid Schiff (PAS) histochemical stains 
were conducted on each of the cases showing granulomatous 
inflammation, which identified acid-fast bacilli in 60% (6/10) of 
cases, which were all PAS-negative.

Cause of cytopenias
The causes of the cytopaenias in this cohort are listed in Table 4.

Multifactorial causes for the cytopaenia(s) were present in 71% 
(17/24) of cases.

The one case that showed possible bone marrow infiltration by 
neoplasia identified a large cell infiltrate, which, after 
immunohistochemical stains were performed, was suggestive of 
Hodgkin lymphoma or anaplastic large cell lymphoma 
(Anaplastic lymphoma kinase (ALK)  negative).

Isolated anaemia was present in 4/24 cases. One case (1/4) 
showed that the anaemia was due to PRCA, 2/4 showed bone 
infiltration by infection (Tuberculosis) due to the presence of 
acid-fast bacilli, whilst 1/4 appeared multifactorial (possible 
increased peripheral destruction/sequestration with ineffective 
production).

Table 1: Comparative of CD4 counts in ARV-naïve and ARV-experienced cohort

CD4 count (cells/uL) ARV-naïve (%) (n = 24) ARV-experienced (%) (n = 50)

<200 88 (21) 60 (30)

<100 50 (12) 21 (42)

<50 33 (8) 9 (18)

<10 17 (4) 5 (10)

Table 2: Frequency of cytopaenias in ARV-naïve and ARV-experienced cohort

Cytopaenia ARV-naïve % (n = 24) ARV-experienced% (n = 50)

Isolated anaemia 17 (4) 22 (11)

Isolated thrombocytopaenia  8 (2)  8 (4)

Isolated leucopaenia  4 (1)  0 (0)

Bicytopaenia 41 (10) 32 (16)

Pancytopaenia 29 (7) 38 (19)

Table 3: Comparison of median values in ARV-naïve and ARV-experienced cohort

Median ARV-naïve (n = 24) ARV-experienced (n = 50)

Age 32 32

M:F 1:1 1:2

CD4 (cells/ul) 90 126

Hb in anemia (g/dl) 8.0 (3.6–15.9) 7.9 (4.1–15.7)

WCC in leucopenia (X 109 cells/l) 4.65 (0.66–14.76) 3.77 (0.85–12.48)

Plts in thrombocytopenia (X109 cells/l) 60 (5–411) 104 (6–386)
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The median CD4 count was 125 cells/ul (range 1–690). The CD4 
cell count distribution is summarised in Table 1.

Table 2 tabulates the frequency of pancytopaenia, bicytopaenia 
and isolated cytopaenias in this cohort. Thirty-eight percent 
(38%) had pancytopaenia; 32% had bicytopenia; and, 30% 
(15/50) had unicytopenia (73% of these had an isolated anaemia; 
27% an isolated thrombocytopaenia; and, there were no cases of 
an isolated leucopaenia). Bicytopaenia of a thrombocytopaenia 
with anaemia were present in 53% of cases.

Duration on ARV treatment is summarised in Table 5.

Cellularity
Sixty-eight percent (68%) were normocellular; 20% hypocellular; 
and, 12% of cases were hypercellular.

Dysplasia
Sixty-six percent (66%) of cases showed megakaryocytic 
dysplasia.

The most common dysplastic feature was micromegakaryocytes 
in 34% and hypolobation in 22% of cases.

Dyserythropoiesis was present in 11/50 (22%) of cases with the 
most common findings being megaloblastic features in 7/11 
(63%) and nuclear abnormalities in 4/11 (36%).

Dysgranulopoiesis was seen in 20/50 (40%) with nuclear 
abnormalities including pelgerised neutrophils in 75%, giant 

Thrombocytopaenia was present in 75% of cases. An isolated 
thrombocytopaenia in only 8%, and thrombocytopaenia in 
association with anaemia was present in 38% of cases.

The cause of the thrombocytopaenia both isolated or in 
combination with anaemia was due to the combination of 
ineffective production and increased peripheral destruction/
sequestration in all cases, with only one case showing possible 
bone marrow infiltration.

An isolated leucopenia was present in one case (4%), which 
showed that lymphopaenia was most likely due to CD4 depletion, 
secondary to HIV infection.

Leucopaenia in association with an anaemia, thrombocytopaenia 
or pancytopaenia was present in 46% cases. Morphological 
assessment of the marrow showed the leucopaenia to be due to 
bone marrow infiltration in 37% of cases, whilst leucopaenia due 
to inadequate leucocyte production was in 27% of cases, and the 
leucopenia was due to either ineffective production or increased 
peripheral sequestration in 36% of those cases.

ARV-treated: Bone marrows of HIV-positive 
patients on ARV (n = 50)
Fifty of 74 (68%) marrows were from the HIV-positive patients on 
ARV cohort.

This cohort comprised 32 females and 18 males, with a ratio of 1.8:1.

The median age was 32 years (range 18–60 years). Nine patients 
were on TB treatment.

Table 4: Comparative bone marrow morphology findings

Not on ARV (%) (n = 24) On ARV (%) (n = 50)

Cellularity

Normocellular 59 (14) 68 (34)

Hypocellular 12 (3) 20 (10)

Hypercellular 29 (7) 12 (6)

Dysplasia

Megakaryocytes 46 (11) 52 (26)

Erythroid 38 (9) 22 (11)

Myeloid 25 (6) 40 (20)

Architecture

Normal 50 (12) 40 (20)

Distorted 50 (12) 60 (30)

Presence of Granulomas in distorted BM 42 (10) 52 (26)

Presence of AFB in granulomas 60 (6) 35 (9)

Presence of a malignant infiltrate 4 (1) 4 (2)

Cause of cytopaenias

Inadequate haematopoiesis 17 (4) 38 (19)

Ineffective production 67 (16) 60 (30)

Increased peripheral destruction/sequestration 54 (13) 42 (21)

Bone marrow infiltration by infection 25 (6) 20 (10)

Bone marrow infiltration by neoplasia 4 (1)  4 (2)

Possible bone marrow infiltration 13 (3) 24 (12)

PRCA 4 (1) 14 (7)
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Of the 11 cases with an isolated anaemia, the cause was 
multifactorial in 55%. Thirty-six (36%) of these were due to PRCA. 
Ineffective production was present in 45% of isolated anaemia 
cases, with 60% due to megaloblastic features, whilst 40% was 
most likely secondary to iron deficiency.

The cause of isolated thrombocytopaenia in the four cases was 
due to increased peripheral destruction/sequestration in all four 
cases with one case also showing evidence of ineffective 
production.

Discussion
To the best of our knowledge, there is only one other published 
report comparing bone marrow findings of ARV-experienced 
and ARV-naïve HIV-positive patients.11

Most other studies compared bone marrow morphology of AIDS 
and non-AIDS patients, irrespective of exposure to 
antiretrovirals.14–16

Limitations of this study included the small number of eligible 
samples. Eighteen (18%) of the 120 samples received by the 
laboratory during the study period had to be excluded due to 
insufficient clinical information that was critical for study analysis. 
This impacted greatly on the sample size, limiting the value of 
inferential statistics.

As this was a retrospective study, another limitation was the 
inability to correlate findings with other investigations, such as 
microbiological studies (TB cultures of bone marrow aspirates) 
or virological results (e.g. Parvovirus B19 PCR in those with PRCA) 
that were not performed at the time of the BMAT sampling.

In our study, both cohorts showed similar findings with regards 
to cellularity, i.e. normocellular in most cases (50–55%) 
correlating with findings in the study with such cohorts.11

Dysplasia in any lineage was present in 70% and 71% of the ARV-
naïve and ARV-experienced cohort, respectively.

The megakaryocytic lineage was the most common lineage to 
show dysplasia in both cohorts. Although this finding was in 
stark contrast to most other studies of bone marrow morphology 
in HIV patients, which found no or limited dysplasia in the 
megakaryocytes11,14,17, Pande et al described similar rates and 
features of megakaryocytic dysplasia in their study of bone 
marrow changes in ARV-naïve anaemic patients.18 Nuclear 
cytoplasmic asynchrony suggestive of megaloblastic changes 
was a prominent dyserythropoietic finding, with other 
studies14,16,18 frequently reporting this finding. The most common 
feature of dysgranulopoiesis was abnormal nuclear segmentation 
(including pelgerised, ring, irregular forms and 
hypersegmentation) in both cohorts. This finding has been  
reported in other studies as a frequent granulocytic finding.14,16

forms in 35% and hypersegmented neutrophils in 20% of 
dysplastic cases.

Architecture
Trephine biopsy examination revealed architectural distortion in 
30/50 cases in which 26/30 of cases showed granulomatous 
inflammation.

Ziehl-Neelsen and PAS stains
Ziehl-Neelsen and PAS stains were conducted in all 26 bone 
marrows with granulomatous inflammation. Acid-fast bacilli 
were present in 35% (Figure 1), in which one appeared PAS-
positive (Figure 2).

Cause of cytopaenias
The cause of cytopaenias in this cohort was multifactorial in the 
majority of cases (72%) and is summarised in Table 4.

Table 5: Duration on ARV and presence of dysplasia

Duration % (n = 50) Dysplasia (%)

<6 months 44 (22) 82

>6 months 34 (17) 52

Unknown 22 (11) -

Figure 1: Ziehl Neelsen 100× magnification.

Note: Showing clumps of acid-fast bacilli.

Figure 2: Periodic-acid Schiff (PAS) 100× magnification.
Note: Showing PAS positive clumps of bacilli.
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PRCA was diagnosed in a total of eight patients, 7 from the ARV-
experienced cohort, 2 of whom had a positive Parvovirus 
serology result, indicating past infection (IgG positive). However, 
no serology or Parvovirus polymerase chain reaction (PCR) 
results were available for all other patients.

The finding of PRCA in these patients suggests a possible role of 
ARV in the causation of PRCA. The ARV most commonly used in 
these cases was Lamivudine/3TC (71%), Efavirenz/EFV (86%), 
Zidovudine/AZT (29%), Tenofovir (43%) and Emtricitabine/FTC 
(29%).

During the time period of the study, lamivudine was part of the 
initial ARV drug regimen for all HIV-positive patients in South 
Africa, whilst Efavirenz was one of two non-nucleoside reverse 
transcriptase inhibitors (NNRTI) used in the first line regimen.

In the latter part of the study period, fixed dose combination 
(FDC) ARVs were introduced. The initial FDC regimen included 
Tenofovir, Emtricitabine and Efavirenz, thus all used Emtricitabine 
as part of a FDC regimen.

Lamivudine and Zidovudine have been reported as drugs 
implicated in causation of PRCA.7–10 Efavirenz alone has never 
been reported as a cause of drug-induced PRCA. Although used 
in 86% (6/7) of the patients diagnosed with PRCA in this study, 
indicating a high probability as a causative agent, Efavirenz was 
used with one of the reported causative ARV drugs in PRCA 
(lamivudine or zidovudine) in 5/6 patients. In the single patient 
who was not simultaneously exposed to lamivudine or 
zidovudine, there was no documented evidence of Parvovirus 
infection; and, it was not possible to exclude other causes of 
PRCA in this retrospective study.

Efavirenz use in this case was part of a FDC regimen. Tenofovir 
(which is used as a single agent or part of a FDC regimen) and 
Emtricitabine were also frequently used by the patients 
diagnosed with PRCA, suggesting possible causative effects. 
However, it is difficult to definitively establish a causal relationship 
between the individual ARV that is part of the fixed drug regimen 
and PRCA. Further studies are thus required on a larger cohort to 
establish possible causative ARVs (including the new fixed dose 
combination drugs) of PRCA.

All patients with PRCA in the ARV-experienced cohort had CD4 
counts of > 100 cells/ul, all showing an upward trend. This finding 
suggests not only that ARVs play a significant role in the 
development of PRCA but also that PRCA seems to occur during 
immunological reconstitution. Previous case reports also showed 
PRCA being diagnosed after starting ARV in HIV-positive patients 
with CD4 > 100 cells/ul,9 with diagnosis of IRIS-related Parvovirus 
B19 infection being considered.24 In our cases, Parvovirus B19 
infection could not be definitively proven; however, in one case, 
parvovirus intranuclear inclusions were seen.

Conclusion
This retrospective analysis revealed many similarities and 
differences between the ARV-naïve and ARV-experienced cohort. 
A major drawback to our study was the limited number of 
samples that fulfilled the inclusion criteria, thus inferential 
statistics did not show any significant p-values.

None the less, similar morphological features of dysplasia in all 
cell lines were seen in both cohorts, suggesting that ARVs do not 
cause myelodysplasia.

Correlation of CD4 count and morphological features showed 
that at CD4 count > 200 cells/ul (three in the ARV-naïve cohort 
and 20 in the ARV-experienced cohort), there was a higher rate 
of dysplasia in the ARV-naïve (3/3 i.e. 100%) than in the ARV-
experienced cohort (13/20 i.e. 65%). Those on ARV therapy for 
less than 6 months showed a higher rate of dysplasia than those 
on ARV therapy for more than 6 months (82% versus 52%). This is 
also summarised in Table 5.

Thus, the findings of similar rates and morphological features of 
dysplasia in both cohorts suggests that ARV drugs do not cause 
dysplasia. Moreover, ARV may improve marrow dysplasia thus 
the dysplasia seen in HIV is possibly reversible with ARV use. It 
may also be inferred that dysplasia improves after 6 months of 
ARV therapy. These observations were made on very small 
numbers, thus larger prospective studies paying specific 
attention to ARV regimens, duration of ARV use, monitoring of 
cytopenias and serial bone marrow morphological assessment 
will be invaluable in confirming these findings.

Granuloma formation was the reason for the architectural 
distortion in the majority of cases, specifically 50% and 60% in 
ARV-naïve and ARV-experienced cohorts, respectively.

The histochemical stains, Ziehl-Neelsen and Periodic-Acid Schiff 
(PAS) were conducted on all cases (i.e. 10 in ARV-naïve and 26 in 
ARV-treated cohorts) with granulomas. The presence of acid-fast 
bacilli within granulomas occurred in 60% and 35% of cases in 
the ARV-naïve and ARV-experienced cohorts, respectively.

TB of the bone marrow, as diagnosed by presence of PAS-
negative acid-fast bacilli within granulomas, was more common 
in the ARV-naïve cohort (60%) than the ARV-experienced cohort 
(35%), suggesting HIV-positive patients on ARV treatment are 
less likely to develop TB of the bone marrow.

Of the six cases in which acid-fast bacilli was identified in the ARV 
naïve cohort, all had CD4 counts of  <  150 cells/ul, with four 
having CD4 counts ≤ 20 cells/ul.

In the ARV-experienced cohort, all except one patient had CD4 
counts < 100 cells/ul, in keeping with the fact that extrapulmonary 
TB occurs at advanced stages of HIV infection.19,20,21

PAS positively stained 1/36 cases, confirming the diagnosis of 
Mycobacterium avium complex (MAC) in this one case.

This single diagnosed case of MAC was from the ARV-experienced 
cohort. The CD4 count at the time of the biopsy was 109 cells/ul, 
which was on an upward trend from the baseline CD4 count of 
18 cells/ul 6  months prior to biopsy, a phenomenon seen in 
immune reconstitution inflammatory syndrome (IRIS).19,22

Bone marrow infiltration by a neoplastic process was diagnosed 
in only a minority of cases (4% in both cohorts), similar to a study 
conducted by van Schalkwyk et al. in South Africa in 2010 
examining the utility of BMAT in patients with cytopenias and 
pyrexia of unknown origin.23

The diagnoses included possible Hodgkin Lymphoma in each 
cohort, similar to the findings in the above-mentioned study.23

All ARV-experienced patients with PRCA had CD4 counts > 100 
cell/ul.
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Higher rates of dysplasia in the ARV-naïve than in the ARV-
experienced cohort at CD4 counts > 200 cells/ul may imply HIV-
associated myelodysplasia is reversible by improvement of CD4 
count with ARV use.

Infiltration of the marrow by neoplasia was present in only 4% of 
samples in both cohorts, in which definitive diagnosis could not 
be made, revealing the limited value of bone marrow biopsies 
performed for diagnosis of malignancies in HIV-positive patients 
with cytopaenias.

The diagnosis of TB was more common in the ARV-naïve cohort 
suggesting that improved immune status, due to ARV use, 
prevents infection of the bone marrow by TB.

The diagnosis of PRCA was more common in the ARV-
experienced cohort and in those who showed immunological 
response to highly active ARV therapy or combined ARV therapy. 
In this subgroup of ARV-experienced PRCA patients, the ARV 
most frequently used included Lamivudine, Zidovudine, 
Efavirenz, Tenofovir and Emtricitabine. Whilst Lamivudine and 
Zidovudine have been reported previously as possible causative 
agents in PRCA7–10, efavirenz, tenofovir and emtricitabine have 
never been reported. Further evaluation of these drugs and their 
role in PRCA is required. Due to study limitations, the role of 
Parvovirus B19 as the causation of PRCA could not be ascertained.
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