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Abstract

Introduction: Cytopenias are common in HIV patients. They may be caused by multiple
mechanisms including occult bone marrow infection (BMI). The objectives of this study were
to describe the characteristics and clinical course of HIV patients with cytopenia and to
create a predictive model of BMI for those patients in whom a bone marrow examination
(BME) is warranted.

Method: Cases of HIV patients with cytopenias who had a BME at Chonburi Hospital from January
2005 to December 2009 were retrospectively reviewed. History of opportunistic infection (Ol)
and previous drugs taken, as well as patient characteristics such as fever, lymphadenopathy
(LN) and hepatosplenomegaly (HS) were recorded. Laboratory result such as complete blood
count, CD4 level, alkaline phosphatase (ALP) level and BME findings were obtained from their
medical records. Natural history including survival was described. Logistic regression was used
to establish a predictive model for decision about risk of BMI.

Result: Forty-three patients, predominately male (60.5%), were included in the study. The mean
age of the subjects was 36.8 years (21-66). Most of the patients had symptomatic HIV and
mean CD4 level was 67.4 cells/mm?(0-604). Tuberculosis (TB) was the most common
previous Ol at 76.7%. Antiretroviral drugs were being taken by 34.9% of subjects. At the time
of BME, 69.8% had fever and 58.3% had LN and/or HS. All the subjects had anemia and
46.5% had a low absolute neutrophil count. The mean ALP level was 271.5 IU/L (43-1173). A
BME showing a myeloid:erythoid ratio greater than 3:1 was present in 47.4%. Plasmacytosis
was seen in 91.49%, a left shift in the myeloid series in 75%and dysplastic cells in 40.5%. Only
8% had an absence of iron deposits on their BME. All of the stains and cultures for infection
were negative. Most of the BME findings (65%) were nonspecific for any definite diagnosis. Of
the 15 cases with a definite diagnosis by their pathologic finding, 46.7% had TB; the others
were Pneumocystis jirovecii and histoplasmosis. The medial overall survival was 501 days. A
concordance finding of LN and HS has a significantly negative impact to the patient’s survival.
(p = 0.005) The predictive model was created.

Conclusion: Cytopenia in an HIV patient is the sign of more advanced disease. Organomegaly was
found to be a significantly poor prognostic factor in these cases. Reactive BM and dysplastic
features stated as unspecific BM were mostly found. True BMI was less. A predictive model
was created to effectively determine suitable cases to have BMI. The limitation of this study
was small sample size.
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Introduction

Cytopenias are common in HIV patients. The
etiology can be caused by HIV itself to infect bone
marrow (BM) stem cells which disturbs cell
differentiation and alter immunity of host cells. It
can be induced by the effect of many cytokines to
impact the BM microenvironment leading to
inappropriate cell well-being. Drugs that are used
to prevent opportunistic infection (Ol) or even the
antiretroviral therapy (ARV) that is used to increase
the chances of survival may cause cytopenias
through BM suppression or autoimmunity.
Concurrent Ol can also enhance the negative
impact to both BM and peripheral cells as the
antecedent factors. Ols can also directly infect BM"?.
Anemia is the most frequent complication
followed by leucopenia and thrombocytopenia’.
They can lead to fatal disorders and diminish the
quality of life of patients’ whereas asymptomatic
cytopenias have been reported that do not need
any treatment’. Hematologists are usually justified
in correcting this disorder while it has been found
that this condition is not detected in most patients
through a BM examination (BME)*"®. The BM
diagnosis may show a secondary dysplastic change
or unspecific BM that requires no specific
treatment except blood replacement. BME is also
risky for medical personnel treating such patients
and also for those involved in the testing of the
specimen. Many patients had poor performance
status and expressed fear of this difficult and
invasive procedure, and may refuse it. Therefore, it
is necessary to be more discriminating when
selecting patients in order to avoid a procedure
that may be of little value for some patients. The
demonstration of Ol in BME is the only method
which justifies the use of BME. There are no
diagnostic criteria for using BME which ensure
protection against Ols; therefore, most patients
usually have external findings or positive culture
concordant with BM infection™. The finding of BM
involved infections (BMI) does not change any drug
treatment regimen. Consequently, the value of
BME for cytopenias in HIV patients requires further
investigation. This study aimed to describe the
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characteristics of cytopenias in HIV patients and
their BME findings. Natural course including survival
time and related factors was studied. A predictive
model to assist physicians to perform BME in these
patients was created.

Material and methods
Patients and study design

This study retrospectively reviewed the
medical records of all HIV patients who had a BME
to investigate suspected BMI at Chonburi Hospital
from January 2005 to December 2009. The
diagnosis of hospital subjects was determined
using the International Classification of Diseases
(ICD), 10th version. HIV infection was coded with B
20-B24 and the ICD 9 clinical modification (ICD-9-
CM) as the procedure code for BME as 4131. All
subjects were older than 18 years of age. This
research was approved by the Ethics Committee of
Chonburi hospital.

At the time of BME, history of Ols, drugs
used, and hepatitis profiles were reviewed. The
presence of fever, lymphadenopathy (LN) and
hepatosplenomegaly (HS)
Complete blood count (CBC), bilirubin, albumin
(ALB), (ALT),
phosphatase (ALP), blood cryptococcal antigen
(CRAG), and CD4 level were collected. The BME
result and the diagnosis were evaluated for

were recorded.

alanine transaminase alkaline

definite diagnosis of BMI finding by pathology and/
or staining, HIV-induced secondary dysplasia and
other nonspecific abnormalities. Cultures of
peripheral blood and BM for fungus and
tuberculosis (TB) were also collected. The date of
HIV diagnosis and BME were recorded. This report
used the national census to establish the patients’
date of death. Each of preceding factors were
obtained to include in the log rank test.

The exclusion criterion was BME for
hematological indication such as to establish the
stage of their cancer.

Statistical methods
Means and standard deviations were

determined for the continuous variations.
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Frequencies and percentages were calculated for
the categorical variations. The overall survival (OS)
of the patients in the study was calculated. Only
eligible patients were included in the analysis.
Living patients were recorded until their last
follow-up appointment. OS is defined from the
date of HIV diagnosis to the date of death or the
last follow-up if the date of death is absent.
Survival curves were estimated to demonstrate OS
using the Kaplan-Meier method. A log rank test
was used to determine the factors that had an
impact on survival rate. Logistic regression was
used to create a predictive model using the
collected parameters to estimate the probability
of positive BME for infection. The statistically
significant level was set at p-value < 0.05. The
analysis was performed using SPSS software (SPSS
version 11.5; SPSS, Chicago, IL, USA).

Results
Patient characteristics

Fifty-six HIV patients who had at least one
BME after HIV diagnosis were identified. Thirteen of
these had BME for hematological indication. Six
had lymphoma and had lesions outside the BM
definitely established by a pathologist. The latter
had leukemia with high white blood cell counts in
their blood. All these 13 patients were excluded.
There were only 43 patients eligible in this study.
Most were male (60.5%). The mean age was 36.7
years old (ranging from 21 to 66). Most (88.4%) had
at least one prior episode of Ol. Of these, TB was
the most common infection (76.7%); therefore, the
most common drugs prescribed were anti-TB drugs
(67.4%). The other Ols included cytomegalovirus
retinitis  (CMV)
pneumonia (PJP) (14% each). Only 15 patients
(34.9%) received ARV. The frequency of hepatitis B
and C coinfection was 14.3% and 26.5%,
respectively (table 1). The median temperature in
degrees Celsius for the 30 patients who had fever
(69.8%) was 38.8 (ranging from 36 to 40.5). These
patients
approximately 70% were recorded as having LN
(52.2%) and HS (52%). Only 4 patients (9.3%) had

and pneumocystis jirovecii

were physically examined and

both findings concurrently (table 1). Average
absolute CD4 count was 67.4 cell/mm3 (ranging
from 0 to 604), but this parameter could be
collected in only 36 cases. The mean total white
blood cell (WBC) was 2,886 cell/mm?’ (ranging from
400 to 11,000). Twenty cases (46.5%) had an
absolute neutrophil count (ANC), determined by
calculation, of less than 1500 cell/mm?®. The
percentage of neutrophil count less than 50% was
16.3%. The mean hematocrit (Hct) was 22.6%
(ranging from 6% to 32.6%) which demonstrated
that all included cases had anemia. The average
mean corpuscular volume (MCV) was 82.3 fl
(ranging from 69 to 123). Of these, 42% had a low
MCV of less than 80 fl. The mean platelet count
was 118,046 cell/mm’ (ranging from 6,000 to
512,000). Thrombocytopenia, defined as platelet
count less than 140,000, occurred in 67.4% of
patients. The summary of these abnormalities
including liver profile disorder was demonstrated
by table 2. Only 6 cases had a high titer for CRAG;
nevertheless, all demonstrated no pathological
BME diagnosis for cryptococcosis. Half of the
patients who had been diagnosed with this
exhibited higher titer (1:1000).
Hemoculture was performed in less than one-half

infection

of the cases. Only 3 patients were documented as
TB-positive by hemoculture; all demonstrated no
evidence of the agents in subsequent BME despite
previous episodes of TB. One patient had a
positive blood culture for fungus and was found to
have histoplasmosis in his BM afterwards.

Results of bone marrow examination

The first BME was used for each patient to
study. The median time from the date of HIV
diagnosis to BME was 111 days. Twenty percent of
the total undertook the procedure at the time of
HIV diagnosis. Twenty-eight patients (65.1%) had
hypocellular BM that was inappropriate for their
age. Nearly half (47.4%) of the 38 cases for whom
data was available for the ratio of myeloid and
erythroid series (M:E ratio) in their BME had a ratio
that was greater than 3:1. Plasmacytosis was also
found in 91.4% of the patients. Of the one third
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Characteristics of HIV patients with cytopenias

Demographics

Opportunistic infection OF status

Multiple Ols 13 (30.2)
Single Ol 25(58.1)
Absent 5(11.6)
Type of Ols
Tuberculosis 33 (76.7)
Pneumocystis jirovecii 6 (14)
Cytomegalovirus retinitis 6 (14)
Crytococcosis 3(7)
Toxoplasmosis 3(7)
Previous drugs
Anti-TB 29 (67.4)
Sulfamethoxazole+Trimethoprim 20 (46.5)
Antiretroviral 15 (34.9)
Gancyclovir 5(11.6)
Viral hepatitis status*
Hepatitis B or C seropositive 11 (34.4)
Hepatitis B and C seropositive 1(3.1)
Negative 20 (62.5)
Organomegaly
Lymphadenopathy or Hepatosplenomegaly Both 17 (47.2)
Absent 4(11.1)
15 (41.7)

°0l: Opportunistic infection, *Missing Data in 9 patients.

Laboratorial results of HIV patients with cytopenias

Laboratorial results (Unit) Result Mean(Range)

CD 4 (cell/mm3) 67.42 (0 - 604)
White blood cell (cell/mm3) 2,886.3 (400 -11,000)
Hematocrit (%) 22.6% (6 - 32.6)
Platelet count (celymm3) 118,046.5 (6,000 - 512,000).
Albumin (g/dL) 27(1.2-4.2).
Alkaline phosphatase (IU/L) 271.5 (43 - 1173)
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who was documented with a left shift in the
myeloid series, 75% had plasmacytosis. These
three conditions demonstrated the reactive
process of BM in these patients. Of the 50% of
cases that pathologist mentioned about dysplastic
BM features, 80.9% tested positive. Megakaryocyte
was mostly normal and was absent in only 5.7% of
BME. Most BME also had iron deposit at normal to
high levels; only 8% had no deposits. All of the
cultures of BM blood for TB and fungus were
negative. The BMEs were documented mostly as
normal, secondary change or dysplastic feature or
undetermined diagnosis in as much as 65%. For
the 15 cases that had a BME diagnosis, the most
frequent infection was TB (46.7%); all of these
patients had a previous episode of TB. PJP and
histoplasmosis accounted for 13.3% of samples
each. Of those who were infected with PJP, none
had been recorded as having this agent before.
One patient who had a previous positive hemoculture
for fungus was later found to have histoplasmosis
in the BME but another did not. Mycobacterium
avium complex (MAC) and Toxoplasmosis were
each found in only one case (6.7%) that had never
had any Ols or positive cultures. Pure red cell
aplasia (PRCA) was found in 13.3% of samples (2
cases) which had extremely low levels of Hct (less
than 10%) (table 3). These 15 cases that had a
definite pathologic diagnosis would be used further
in establishment of the model. Finally, there were
5 cases for which there were no clues except the
finding obtained from the BME.

Diagnosis by BM examination

Survival

The median survival was 501 days. The final
status of twenty-nine patients were recorded. Only
9 (20.9%) were alive at the end of this review.
Organomegaly had been found to affect the
survival rate (log rank test at p = 0.0053) for those
who had both LN and HS versus those who had
either or none (figure 1 and 2).

The estimation model

This model was designed to predict the
probability of having BMI for HIV-infected patients
who had concurrent cytopenias and especially
those who exhibited no signs of Ols in their BM.
The correlation between the parameters was first
evaluated, with ALT was found to negatively
correlate with Hct. Both parameters were excluded
from the model. Subsequently, the total residue
was entered and a logistic regression was
performed. The ALP level was the most significant
parameter to be decided firstly to enter in the
model as forward style. The model was
consecutively placed the latter significant
parameters one by one. Finally, the most effective
model estimation was obtained by including the
ALP level, prior TB infection, and receipt of ARV
therapy and presence of organomegaly'’. The ALP
level was the amount in terms of unit per liter.
Having TB and receiving ARV were defined as 1.
Zero was assigned if they had never occurred. For
organomegaly, the placement value in the model
was 2 for those who had both LN and HS, 1 for

Secondary change or Dysplastic/Unspecific
Tuberculosis

Pure red cell aplasia

Pneumocystic jirovecii

Histoplasmosis

Toxoplasmosis

Mycobacterium avium complex

17/11 (65)
7(16.3)
2(4.7)

2 (4.7)
2(4.7)
1(2.3)
1(2.3)
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Median survival = 501 days (1.37 years)
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those who had either LN or HS, and 0 for those
who had neither. The model estimation can be
stated as follows:-

Odds of having BMI in HIV patients

- Exponential [(0.009 x ALP level)* + (3.555 x Organomegaly)* + (3.358 x ARV)**

- (4.807 x TB)* -3.995%] (1)

* Statistically significant at < 0.05, ** p = 0.89

The probability of infection involved BM ** = Odds
/(OAASH1) e (2)
** > 0.5 indicated that there was a BMI

The goodness of fit of the model was
evaluated in many steps. The R* which was
measured as 0.696 was fitted to this model to
predict the real situation. The -2 Log likelihood was
19.334 which was the least level among any
combinations for either parameter included in the
model. The Hosmer and Lemeshow test was also
insignificant. This model could predict the
probability of BMI with an accuracy of 72.7%
whereas the accuracy for exclusion of this
condition was more than 91.3%. The overall
accuracy of the prediction of the model was 85.3%.

Discussion

This study was conducted to determine
patient characteristics, clinical course, and BME
findings in HIV-infected patients who had
cytopenias. Another objective was to pragmatically
evaluate the value of BME for this condition in
order to diminish the use of this tool as it
appeared invasive and risky for patients, and also
posed risks to those who performed the procedure
and tested the specimens. The patients at risk
were predominately adult males. Most had
symptomatic HIV, were affected by Ol and had a
low CD4 levels as reported in previous studies®®.
TB was involved in these cases as were reported in
many other previous studies. The patients were
prescribed ARV before their BME in only 34.9% of
cases. This may be due to an earlier type of
treatment that tried to
reconstitution inflammatory syndrome (IRIS) by not

avoid immune

giving ARV initially to patients with acute Ol.
Sungkanuparph et al. who rearranged Thai guide
line for these patients mentioned this change
according to international data update™. Most of
our patients had been exposed to Ols adjacent to
the time of HIV diagnosis and/or BME. A limitation
of this study is that CD4 levels in patients first time
diagnosed with HIV was not determined. Therefore,
there was not enough data to determine if they
might have a substantial CD4 level though not
enough to require an ARV prescription at that time.
Most patients had fever at the time of their BME;
some were affected for a few weeks preceding the
procedure. The information was incomplete
because of the retrospective study method used
to determine whether the fever was prolonged or
not. Some of the cases had already provided
evidence of Ol outside the BM but BME was still
performed for additional information. It seems that
our subjects were performed BME earlier than
those in the former studies which BME was
indicated for fever of unknown origin (FUO)*'**. In
these studies, most stated that the value of BME
was insufficient to document any causes of
cytopenias despite no other diagnostic tools for
solving the problem. Coinfection with HBV and
HCV were found in 14.3% and 26.5%, respectively.
Coinfection with both was found in only one case.
This is consistent with prior research by Arribas et
al. in Europe®. Coinfection with hepatitis virus did
not correlate with the prediction of cytopenias in
this trial. This may be due to small number of
coinfection cases This trend is the same for the
concurrence of LN and HS in only 4 patients
despite a large number of patient with each
involvement than in the previous study'®. Sawhney
M. found almost 50% of cases had single LN
involvement in his and 25% to have HS. These
abnormal cases were reported as being suspected
of having Ols and were found to participate
significantly in the established model. There is
unpublished data from southern Thailand that
found HS raising yield of BME in such patients
which is consistent with the finding in the current
study.
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Anemia was found in all patients that had
low CD4 and/or received promoting drugs as
previously mentioned *>'". Anemia can affect
survival as found in a previous report'®. By
multivariate analysis, restoration of anemia by
using ARV was associated with increment of
survival. Survival in current study was also
relatively short. Neutropenia and thrombocytopenia
were found in approximately half of the cases. This
result is higher than in the previous studies™**.
Nearly half of the patients had low MCV but their
iron deposits in their BME were depleted in only
8%. MCV less than 80 fl was reported to be a risk
factor that has the potential to cause anemia'™. It
may be caused by malnutrition and disorder of
iron preservation upon chronic infection in HIV
patients. Fortunately, the mean MCV was greater
than 69 fl that was higher than that found in
obvious iron deficiency and congenital anemia like
thalassemia. The drawback was that there were no
recorded laboratory results for other causes of
anemia, such as erythropoietin, vitamin B, and folic
acid. Higher ALT level and hyperbilirubinemia were
found in 50% and 16.3% of cases, respectively.
They may have been caused by adverse drug
reactions, especially anti-TB and/or toxic liver
hepatitis and cholestasis from any systemic
infection involving liver. There was no
documentation to discriminate these etiologies
according to our retrospective study design. ARV
was found to be another precipitating cause of
abnormalities of liver enzymes”™. ALP level in this
trial was higher than in the former studies in
Thailand. It was also stated as a predictor for a
decision to proceed with a BME as in this study.
The escalation was caused by ARV*' and Ol,
especially as MAC infection described in many
prior researches. Our study has found only 1 case
of MAC. TB was stated in a recent report from our
hospital””. Finally, the mean ALB level was low
which demonstrated malnutrition status in these
cases.

BME was
hypocellular feature in contrast to other studies
Most previous studies was derived from South Asia
and demonstrated the finding as normal to
hypercellularity, relatively. Reactive BM was shown
to have the same characteristics of higher M:E ratio,

mostly demonstrated as a
18,19,23
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left shift of myeloid series, and plasmacytosis as
earlier studies'""’. Chronic infection and chronic
inflammation may be the factors that promote
these reactions. The alteration of stem cell
maturation can result in blood cell dysplasia. Our
study found prevalence of 81%, greater than the
previous studies by Tripani et al. that was only
16.67%".

CRAG and TB-hemoculture positives do not
predict BME findings for the agents. All of them
were only confirmed history of each infection;
therefore, both seem to be of little value to
perform for those who had prior episodes of
infection. One of the two patients who had a
positive hemoculture for fungus was later found to
have histoplasmosis on his BME. A BME for this
patient would be of limited value because there is
no difference in treatment between having only
septicemia and having it concurrently with BM. All
of the BM blood cultures were negative. The yield
was also reported to be low in earlier research®*%.
The predictive value upon hemoculture of either
BM or peripheral blood should be reconsidered.
There were few cases that this test was performed
and had data available to evaluate. Only one-third
of included patients had documented BMI. TB was
the majority of BMI as some previous research™'".
All of the patients had previous episodes of TB
infection in spite of their negative TB culture at the
time of BME upon blood stream and BM blood.
Histoplasmosis, PJP, toxoplasmosis and MAC had
accounted for the remaining. Conclusively, only
12% had a yield from BME, mostly because of the
absence of any hints of Ols and previous
documentation of corresponding agents in this
study. This trend is consistent with some earlier
reports® but has a lower yield than some others"".
The latter studies proposed the yield is above 20%.
As PRCA was demonstrated through BME in 2 cases,
it is necessary to consider it in patient who is
extremely anemic.

Median survival was about 16.7 months.
After BME, the patients would die within 2.8
months Organomegaly was the only factor to have
an impact on survival rates. For those who had
both LN and HS, it may be assumed that some of
the Ols in their body were more extensive. Only LN
was found to be a risk factor that correlated with
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survival in one study’. TB was found to be
associated with this disorder.

As previously stated, there were only 35% of
Ol-infected cases that had the diagnosis proved by
BME and only 33% of these had no evidence or
history suggesting Ols outside BM. This group is the
target group which requires BME to determine their
infection. Predictive model estimation may be
warranted in order to avoid procedures with little
diagnostic value. To control some variations in the
data that may have an abnormal distribution and
promote the model serving categorical medical
decision, logistics regression was used to create the
model. All of the terms are statistically significant
except for ARV which has a trend of p = 0.89". A
rise in ALP level and having organomesgaly
contribute to the chances of having BMI. For every
increment of ALP level above the normal by 1 unit
per liters, the chances of BMI increase by about
3.52 times. Having only LN escalates the odds 35
times and having both LN and HS raise it by 1,224
times. Receiving ARV enhances the odds of BMI by
29 times. ARV might reduce the viral load, escalate
the CD4 level, and restore the cytopenic status. A
possible explanation is that having cytopenias
despite ARV may relate to drug resistance and
consequently, increased risk of infection. Occult
BMI is another factor that may precipitate the
continued presence of cytopenias in spite of
treatment by ARV. A history of having TB is counted
as the last factor but is inversely correlated with
BMI. This means that patients who have had TB
have lower probability of BMI. In contrast, this
study found that all six who had a BM diagnosis of
TB were affected by it in the past, which requires
further investigation. The possible explanation is
that the overall number of patients with a prior
episode of TB was greater than 33 cases whereas
the rest had no documentation of any following
BMI. This occurrence may have an impact on the
model. More research is necessary to confirm this
phenomenon and to duplicate the results for
comparison purposes. In this model, having a
history of TB reduces the risk of having BMI from 1
to 0.008. It was decided to keep TB in the model
because it could help the ARV term to have a
statistically significant trend and to raise the R® of
the model by 10% which was the best value ever.

It is hoped that the predictive model
estimation can help physicians make better
decisions regarding BME. The study has several
limitations such as small number of patients,
retrospective study design, and lack of some data.
Studies with more sample size are required to
evaluate this model.
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