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Abstract

Introduction

Infection with Human Immunodeficiency Virus (HIV) is highly prevalent worldwide, espe-
cially in Sub-Saharan Africa, where anaemia is also widespread. HIV infection is known to
be associated with anaemia and various other haematologic alterations, but little data on
correlation with immunological and virologic conditions in treatment-naive patients and
impact on mortality are available. Our study aims to investigate hematologic features in HIV-
infected individuals in Malawi and Mozambique and assesses possible correlations with
early morality.

Material and methods

We conducted a retrospective analysis of baseline data (general details, nutritional status,
full blood count and HIV infection progress data) and 12 months follow-up status for HIV+
adult patients in 22 health facilities in Malawi (11 sites) and Mozambique (11 sites) run by
DREAM program. Anagraphic details, anthropometric characteristics, full blood count, CD4
+ count and Viral Load data were collected from electronical medical records (EMR) for all
the HIV-positive, treatment-naive patients starting care in the sites in the period January
2007 —December 2016. Follow-up status after one year since enrolment in care was also
considered. All the data extracted from the EMR were included in a dataset and then ana-
lysed. Univariate and multivariate analysis were conducted through logistical regression to
investigate associations, and survival analysis analysed in a Cox regression model.

Results

On the whole, 22.657 patients were included; severe and moderate anaemia were observed
in 1.174 (8,2%) and 4.703 (21,9%) patients respectively. Gender, nutritional status, CD4+
count, and viral load (VL) were associated with anaemia, leukopenia, and thrombocytope-
nia. Among 21.166 fully evaluable patients, 8.494 (40,1%) had at least one cytopenia. Any
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cytopenia was present in 1/3 of patients with normal nutritional status and less advanced
HIV infection, and it wouldn’t be diagnosed in a basic HIV care setting. During the first year
of treatment, 1.725 subjects (7,6% of the entire sample) died. Anaemia, lower Red blood
cells and platelets counts correlated with mortality in the first year of care, independently by
body mass index, haemoglobin, CD4+ count and VL.

Conclusions

Notwithstanding anaemia is known to be associated with HIV infection at diagnosis, full
blood count is not routinely performed in many African countries. Our results emphasize that
including the study of a broader set of parameters in the routine HIV care services in Sub-
Saharan Africa would provide significant clinical information able to predict other alterations
and poor outcomes.

Introduction

Human Immunodeficiency Virus (HIV) infection is highly prevalent and represents one of the
leading causes of morbidity and mortality in Sub-Saharan Africa [1]. Malawi and Mozambique
are among the HIV most affected countries in the world: in Malawi, it is estimated that one
million people are living with the virus [2], and that it has a prevalence of 9,6% in the adult
population; in Mozambique the prevalence of HIV is 12,6% [3].

Anaemia is a widespread condition in the general population, especially in limited-resource
countries; it is also associated with many comorbidities, reduced quality of life and reduced life
expectancy [4]. The African region is particularly affected by anaemia [5], which can be caused by
iron and/or nutritional deficiency, micronutrient deficiency (e.g. riboflavin, folate, A and B12 vita-
mins), acute and chronic infections (e.g. malaria, cancer, tuberculosis), and inherited or acquired
alterations that affect haemoglobin synthesis, red blood cell (RBC) production or survival [6].

HIV infection is known to be associated with anaemia and various other haematologic
alterations [7]; however, little data about correlation with immunological and virologic condi-
tions in treatment-naive patients are available [8].

Like many other national programs in resource-limited countries, Malawian and Mozambi-
can national HIV-care programs do not usually offer hematologic tests to patients who are
accessing the antiretroviral treatment (ART). As a result, no extensive real-life study is pres-
ently available in Africa to evaluate hematologic alterations that occur in patients living with
HIV (PLWH) at a primary care level. Most of the studies published in the last decades involv-
ing HIV-positive African patients are focused on anaemia and haemoglobin evaluation, but
scarce data are available about other haematological features [9-11].

The present study aims to highlight the incidence of hematologic alterations occurring in
HIV-infected individuals in Malawi and Mozambique at the baseline of ART and identify pos-
sible impacts on early mortality.

Materials and methods
Patient population

We conducted a retrospective analysis of baseline routine data in PLWH consecutively
enrolled between 1/2007 and 12/2016 by 22 DREAM (Diseases Relief through Excellence and
Advanced Means) health facilities in Malawi [11] and Mozambique [11].
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DREAM is a public health program run by the Community of Sant’Egidio in 11 SSA (sub-
Saharan African) countries that focuses on HIV prevention, care and retention strengthening,
TB, and other diseases [12-15]. Each patient accessing the centres managed by the DREAM
program has access to routine haematologic tests (in addition to molecular and biochemistry
analyses) from the baseline of ART through follow-up according to national and/or interna-
tional guidelines. All the services and laboratory tests in the DREAM program are managed by
a DREAM software that allowed to collect all the data needed for the analysis [16].

Data recorded before the start of ART and at 12 months after the start of treatment for all
adult HIV+ naive patients were collected and anonymized to remove recognizing details: each
patient was identified by an alphanumeric code (ID), and anonymous data were included in
the datasheet. The researchers received from the centres all the data already anonymized so
that it could be not possible to identify patients.

Ethical approval of the protocol was achieved from the District Health Officer in Blantyre,
Malawi (ref no: BT DHO/MED/9). As only routine data were analysed, informed consent was
not required.

For each patient we included the following data: anagraphic details (age, gender, country),
anthropometric characteristics [Body Mass Index (BMI)], full blood count, CD4+ count and
Viral Load (VL).

Definitions

Anaemia was defined as mild [haemoglobin (Hb) < 12 > 10 g/dl], moderate (Hb < 10 > 8 g/
dl) or severe (Hb < 8 g/dL) [6]. In addition, anaemia was classified as one of three types
according to the size of the RBCs: microcytic if associated with a mean corpuscular volume
(MCV) of less than 80 fL, normocytic if RBCs were sized 80-100 fL and macrocytic if the
MCYV was higher than 100 fL [17]. Leukopenia was defined as a white blood cell (WBC)
count < 4 x 10°/1, and thrombocytopenia was defined as a platelet (PLT) count < 100 x 10°/1.
Body mass index (BMI) was calculated as weight/(height)?, as indicated by WHO, and mal-
nutrition was defined as BMI < 18,5kg/m” [18].
HIV-infection stage at baseline of ART was evaluated according to clinical WHO classifica-
tion [19].

Statistical methods

Baseline analysis. Data were expressed as mean + standard deviation (SD) (normally dis-
tributed data), median and interquartile range (IQR; non-normally distributed data), or as per-
centage frequencies, and within-patient comparisons were made by unpaired t-test and X*
test, as appropriate, at significance levels of p<0.05. Logistic regression models were used to
compare baseline variables before follow-up in bivariate and multivariate analyses. Odds ratios
with 95% confidence intervals (CI) were used to assess the strength of associations.

Survival analysis. A multivariate survival analysis evaluating premature death as an out-
come was performed using a Cox regression model. Early mortality was defined as a fatal
event occurring within the first 12 months of follow-up, whether receiving antiretroviral ther-
apy or not. Cox analysis was adjusted for three parameters: VL (as a proxy of virologic progres-
sion), CD4+ cell count (as an immunologic marker of disease) and BMI (as a disease
progression marker). Time was calculated from enrolment to 12-month follow-up or prema-
ture end of assistance [for death or lost to follow-up (LTFU)].

All analyses were performed using SPSS software, version 22 (IBM Corp, 2013, Armonk,
NY, USA).
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Table 1. Basic characteristics of the entire cohort.

Gender, n° (%): « Male - 8.570 (37,8)

« Female - 14.087 (62,2)
Median age, years (Inter Quartile Range) 35 (29-42,5)
WHO HIV Clinical stage, n* (%)*:e I - 8.427 (48,8%)

o I1 - 4.450 (25,5%)

o I11 - 3.946 (22,6)

oIV - 604 (3,6%)
Median Body Mass Index (kg/m2, median, IQR)** 20,9 (18,8-23,5)
Median CD4+ cell count, cells/mm3 (IQR)*** 233 (122-334)
Median Plasma HIV-RNA, log10 copies/ml (IQR)**** 4,44 (3,75-5,00)
*n=17.427
**n=19.008
*** n=22.657

****n=17.001

https://doi.org/10.1371/journal.pone.0242068.t001

All the analysis will be conducted including only the patients with available data needed for
the analysis.

Results
Baseline analysis

In total, 22.657 HIV+ treatment-naive patients met the inclusion criteria for this study. The
basic characteristics and haematologic features of the studied cohort are shown in Tables 1
and 2, respectively. The complete data were not available for all the cohort, hence the analysis
were conducted involving the available data.

In Table 3 the frequency of different features associated with severe/moderate anaemia, leu-
kopenia and thrombocytopenia, are shown with relative crude (COR) and adjusted (AOR)
odds ratios.

Severe and moderate anaemia were observed in 1.174 (8,2%) and 4.703 (21,9%) patients
respectively, involving on the whole more than one-quarter of the patients; almost one-third
of the patients had Hb levels between 10 and 12 mg/dL whereas quite the same proportion of
patients had normal Hb values.

Significant associations between severe/moderate anaemia and female sex, malnutrition,
low CD4+ count, WHO stage III or IV and VL > 1000 copies/mL were observed using univar-
iate analysis (Table 3). By multivariate analysis, all of these variables remained independently
associated with severe/moderate anaemia. It should be noted that severe/moderate anaemia
was also present in around one-quarter of patients with normal nutritional status, or with CD4
+ count > 200 cells/mm?, or with better WHO clinical stage, and around one in five patients
with VL<1.000 copies/mL.

RBC features of the patients and mean differences according to BMI, CD4+ count, and VL
classes are shown in Table 4. Mean haematocrit (Hct) was 34,2% (SD: +6,0) and was signifi-
cantly lower in patients with malnutrition, immunological impairment and VL > 1.000 cop-
ies/mL. Mean MCV was 82,3 fL (SD: + 8,6) and was significantly higher only in patients with
VL >1000 copies/mL. No association was observed with nutritional and immunological status.
The mean value of the Mean Corpuscular Haemoglobin (MCH) was 26,8 pg/cell (SD: + 3,5);
MCH was significantly lower in malnourished patients and patients with VL > 1000 copies/
mL. No association was observed with immunological impairment. Median WBC in our
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Table 2. Haematological features of the cohort.

Median Red Blood Cells x 109/L (Inter Quartile Range)*
Median Haemoglobin, g/dL (IQR)**
Anaemia, n° (%):  Severe
o Moderate
« Mild
« No anaemia
Median Haematocrit, % (IQR)***
Median Mean Corpuscular Volume, fL (IQR)"****
Median Mean Corpuscular Haemoglobin, pg/cell (IQR)+
Median White Blood Cells, x 10°/1 (IQR) T+
Leukopenia, n* (%)
Median Platelet count, x 10°/1 (IQR)+1+
Thrombocytopenia, n* (%)
Any cytopenia, n® (%)t11+

*n=21.164
**n=21.523
**n=21.135
¥ n=21.101
Tn=21111
Ttn=21.176
11 n=21.180

111 n =21.166

https://doi.org/10.1371/journal.pone.0242068.t002

4,18 (3,70-4,66)
11,2 (9,7-12,6)
1.774 (8,2%)
4.703 (21,9%)
7.758 (36%)
7.288 (33,9%)
34,2% (30,2-38,3)
82,9 (77,2-87,7)
27 (24,7-29)
4,55 (3,65-5,80)
7.578 (35,8%)
230 (179-296)
609 (2,9%)
8.494 (40,1%)

cohort was 4,55 x 10°/1 (IQR 3,65-5,80); among 21.176 patients with WBC results, more than
one-third had leukopenia. In the multivariate analysis, only female sex and CD4+ count < 200
cell/ml were strong factors independently associated with leukopenia (Table 3). Median Plt
count in our cohort was 230 x 10°/1 (IQR 179-296). Among 21.180 evaluable patients, only 609
(2,9%) were thrombocytopenic. Univariate analysis showed a significant association between
thrombocytopenia and male sex, immunological impairment and higher VL measurement. In
multivariate analysis, only male sex and CD4+ count < 200 cell/ml were independently associ-
ated with thrombocytopenia—no association with WHO clinical stage or nutritional status

was observed (Table 3).

Table 5 reports the incidence of any cytopenia (anaemia and/or leukopenia and/or throm-
bocytopenia) and correlation with clinical, nutritional, immunological and virologic condi-
tions. Among 21.166 fully evaluable patients, 8.494 (40,1%) had at least one cytopenia. By
univariate analysis, a significant association between cytopenia and female sex, malnutrition,

WHO stage III or IV, and immunological impairment was recorded. In multivariate analysis,
all of these factors remained independently associated with cytopenia (Table 5). No association
with VL was observed. It is however noteworthy that cytopenia was also present in 33,9% of
patients with normal nutritional status, 33,9% of patients with CD4+ count > 200 cells/mm?,
31,7% of patients with better WHO clinical stage and 40,2% of patients with VL <1.000 cop-

ies/mL.

Survival analysis

An overall number of 1.725 subjects (7,6% of the entire sample) died within 12 months of the
beginning of treatment. A comparison of initial features showed that CD4+ cell count, Hb and
BMI at the baseline were significantly lower in patients with premature deaths, whereas VL
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Table 3. Factors associated with anaemia, leukopenia and thrombocytopenia (univariate and multivariate analyses).

Anaemia severe/moderate, % (n) Leukopenia, % (n) Thrombocytopenia, % (n)
Yes No COR (95% | AOR (95% | Yes No COR (95% | AOR (95% |Yes | No COR (95% | AOR (95%
o)) [0))) [9)) (o)) o)) (o))

Gender +

M 2L,1% | 78,9% 2,06 * 2,92* 339% | 661% | 1,14 1,32 3.9% | 96,1% 1,70 * 1,39 *
(1.717) | (6417) | (1,93- (2,66- 2.709) | (5.289) | (1,07- (1,22- (310) | (7.690) (1,46- (1,13-

F 356% | 64,4% 2,19) 3,21) 369% | 631% | b2D 1,43) 23% | 97.7% 1,99) L71)
(4.760) | (8.629) (4.869) | (8.309) (299) | (12.881)

Nutritional status

Malnourished 483% | 51,7% 2,91+ 2,30 * 34,6% | 654% | 0,90 0,78 * 3,1% | 96,9% 111 0,90
(1.849) | (1.981) | (2,70- (2,08- (1313) | (2.482) | (0,84- 0,71- (119) | (3.676) (0,90- (0,69—

Not malnourished | 24,3% | 75,7% 3,13) 2,54) 368% | 632% | 097 0,86) 2.8% | 97,2% 1,37) L17)
(3.556) | (11.105) (5.356) | (9.198) (410) | (14.148)

Clinical status

WHO I-IT 24.8% | 752% 2,78 2,11% 373% | 627% | 0,96 0,88 2,8% | 97,2% 1,22 1,00
(3.085) | (9.370) | (2,58- (1,92- 4.618) | (7.748) | (0,89- (0,80— (350) | (12.028) | (1,00- (0,78

WHO TII-TV 47,8% | 52,2% 2,98) 2,32) 364% | 63,6% | 103 0,96) 34% | 96,6% 1,48) 1,28)
(2.084) | (2.276) (1.575) | (2.747) (148) | (4.170)

Immunological

status

CD4+ < 200 402% | 59,8% 2,28* 1,95 449%  [551% | 1,97* 2,24% 4,0% | 96,0% 1,94 1,82
(3.637) | (5.400) | (2,15- (1,79- (3.998) | (4.906) | (1,86- 2,07- (353) | (8.545) (1,64- (1,47-

CD4+ > 200 27% | 77,3% 2,42) 2,13) 292% | 708% | 209 2,43) 21% | 97,9% 2,28) 2,26)
(2.840) | (9.646) (3.580) | (8.692) (256) | (12.026)

Virological status

VL < 1.000 207% | 79,3% 1,72 1,51 657%  |343% | L13 0,99 21% | 97,9% 1,46 0,97
(422) (1.616) | (1,54- (1,30- (1.333) | (695) (1,02- (0,88- (43) | (1.983) (1,07- (0,68

VL > 1.000 3,1% | 68,9% 1,93) 1,74) 62,9% | 37.1% | L24) 112) 3,1% | 96,9% 2,01) 1,39)
(4.510) | (9.998) (9.085) | (5.360) (446) | (14.007)

* P<0,005

https://doi.org/10.1371/journal.pone.0242068.t003

was higher, as illustrated in Table 6. Among those patients who died within one year, 98,2%
started ARV treatment, with an average time of therapy of 4,3 (SD + 9,3) months. In the multi-
variate Cox analysis adjusted for BMI, CD4+ count and VL, the early mortality group showed
higher rates of anaemia, with a significant difference in the severity of the disease, when com-
pared with the group of patients who survived to one year from enrolment (p<0,001) (Fig 1).
The risk of premature death progressively increased with the severity of anaemia: HR 1,425
[95% CI: 1,170-1,737] for mild anaemia, HR 2.271 [95%CI 1.872-2.756] for moderate anaemia
and HR 3.406 [95%CI 2.762-4.200] for severe anaemia, as shown in Fig 2 and Table 7.

Table 4. Variation of red cell indices according to BMI, CD4+ count and VL.

All BMI < 18,5 BMI > 18,5 | P value CD4 CD4 P value VL < 1000 VL > 1000 P value
+ count < 200 | + count > 200
Mean | SD | Mean | SD | Mean | SD Mean | SD | Mean | SD Mean | SD | Mean SD

Hb (g/dL) n = 21.523 11,1 +2,1 10,1 +2,1 11,4 +2,0 | <0,0001 10,6 +2,1 11,5 +2,0 | <0,0001 11,0 +2,1 11,6 +2,0 0,045
Hematocrit (%) n = 21.135 34,2 +6,0 31,5 +6,1 35,0 +5,7 | <0,0001 32,7 +6,2 35,3 +5,6 | <0,0001 34,0 +6,0 35,3 +5,5 | <0,0001
MCV(fL) n=21.101 82,3 +8,6 82,4 +8,7 82,2 +8,4 0,315 82,5 +8,5 82,2 +8,6 0,024 82,0 +8,3 85,4 +10,3 | <0,0001
MCH (pg/cell) n =21.111 26,8 +3,5 26,5 +3,5 26,8 +3,4 | <0,0001 26,7 +3,4 26,8 +3,5 0,076 26,7 +3,3 28,2 +4,3 <0,0001
https://doi.org/10.1371/journal.pone.0242068.t004
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Table 5. Factors associated with any cytopenia (univariate and multivariate analyses).

Gender

M

F

Nutritional status
Malnourished
Not malnourished
Clinical status
WHO I-1I

WHO III-IV
Immunological status
CD4+ < 200
CD4+ > 200
Virological status
VL < 1.000

VL > 1.000

* P<0,005

Any Cytopenia (n, %)

Yes No COR (95% CI) AOR (95% CI)
31,6% (2.527) 68,4% (5.468) 1,79 * (1,69-1,90) 2,48 * (2,28-2,70)
45,3% (5.967) 54,7% (7.204)

60,1% (2.281) 39,9% (1.514) 2,93 * (2,72-3,16) 2,33 % (2,12-2,57)
33,9% (4.931) 66,1% (9.613)

33,9% (4.187) 66,1% (8.178) 2,81 * (2,62-3,02) 2,09 * (1,911-2,30)
59,0% (2.549) 41,0% (1.770)

51,8% (4.608) 48,2% (4.289) 2,31 * (2,19-2,45) 2,15 * (1,98-2,34)
31,7% (3.886) 68,3% (8.383)

40,2% (814) 59,8% (1.211) 1,02 (0,92-1,12) 0,97 (0,86-1,10)
40,7% (5.875) 59,3% (8.564)

https://doi.org/10.1371/journal.pone.0242068.t005

In addition, data for patients with an RBC count over or under the median value of 4,2 mil-
lion/mm® were analysed. The risk of premature death for patients with lower RBC increased
by nearly 10% compared to patients with higher baseline RBC (Fig 3). Also, MCV values influ-

enced early mortality (Fig 4): patients with lower MCV at enrolment showed a slightly
increased risk of premature death (HR 1.146; 95%CI 1.017-1.291).

Fig 5 shows the survival curves of patients with different Pt counts, independent of CD4+
count, BMI and VL. The probability of survival at one year for patients with a PIt count higher
than the median value (230 x 10°/1) was slightly but significantly lower than for those with a Plt

count under the median value.

Discussion

Anaemia is known to be associated with HIV infection at diagnosis [20]. However, full periph-
eral blood evaluation is not routinely performed in many African countries, where HIV infec-
tion has an unusually high prevalence [1]. As a consequence, data regarding the true incidence
of anaemia and other haematologic alterations in the real-life setting of PLWH in resource-

limited countries is lacking. To our best knowledge, this is the first attempt to evaluate

Table 6. Baseline profile of patients with premature death.

Hb, g/dL (n)
BML, kg/m” (n)

CD4+ cell count, cells/mm? (n)

Viral Load, log10 copies/ml (n)

* The reason for such an abnormal SD could be the high variability of the cohort, so that we had extremely higher values of CD4+ that impacted on the variance and

hence the SD.

Died in the first year of treatment Survived in the first year of treatment T P value
Mean SD Mean SD

9,6 (1.646) +2,0 11,2 (19.848) +2,1 -30,693 <0,0001

19,3 (1.441) +3,4 21,8 (17.539) +4,0 -25,549 <0,0001

140 +141* 263 +18 -28,577 <0,0001

4,6 (1.314) +1,2 4,1 (15.662) +1,3 13,131 <0,0001

https://doi.org/10.1371/journal.pone.0242068.t006
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Fig 1. Severity of anaemia in early mortality and 12-month survival groups.
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Table 7. Multivariate model for overall survival at 1 year.

Hb <8 g/dL versus Hb >12 g/dL
Hb 8-10 g/dL versus Hb >12 g/dL
Hb 10-12 g/dL versus Hb >12 g/dL

B SE Wald gl HR® HR 95%CI
Lower Upper P value
1.226 107 131.295 1 3.406 2.762 4.200 <0.0001
.820 .099 69.251 1 2.271 1.872 2.756 <0.0001
.355 .101 12.394 1 1.425 1.170 1.737 <0.0001

§ multivariate analysis adjusted for CD4+ count, Viral Load and Body Mass Index

https://doi.org/10.1371/journal.pone.0242068.t007

1,00

0,80

Overall survival (Probability)

0,80

haematologic alterations at baseline of ART in a vast, unselected real-life cohort of naive
PLWH in Africa.

Our analysis shows that haematological alterations are common in HIV patients and are
correlated with early mortality. In particular, it is worth to notice the relatively high prevalence
of abnormalities in patients in better clinical status that could represent a group of patients
valuable for more strict and careful monitoring.

Baseline haematological features and cytopenia

In our cohort, anaemia was a common condition, with a higher incidence in women and
patients with advanced HIV disease as expected. In particular, it is worth to notice that 86,8%
of patients who died during the first year of treatment were anaemic.

Leukopenia was also common, but this may be partially due to the lymphocytopenia associ-
ated with HIV infection. It should be noted that although a low prevalence of thrombocytope-
nia was reported in our cohort (2,9%), this could be a significant concern in high HIV-burden
countries due to the considerable number of HIV cases.

Premature death
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-4~ RBC over median value

00
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Fig 3. Risk of premature death by red blood cell (RBC) count.
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Rates of anaemia, leukopenia and thrombocytopenia were lower than those described in
other countries [21]. However, they are in line with studies performed in different settings [20,
22]. The discordance with Firnhaber et al. [21] could be explained through differences in the
size and selection of the sample. Also, Firnhaber and colleagues evaluated patients from several
countries with different resource availabilities [21]; the strong association of haematologic fea-
tures with general, clinical and social characteristic of the population could justify such differ-
ences and support our results.

As expected, RBC features were variously associated with general conditions and HIV-
infection progress.

As other authors already observed [23], a comprehensive haematologic analyses showed the
high prevalence of one or more cytopenia of any type (40,1%) in patients with severe HIV dis-
ease. In our opinion, however, this is only one aspect of the problem. Our study further noted
a high frequency of haematologic alterations in patients otherwise in generally good condition.
Among patients without malnutrition, in a better WHO clinical stage, CD4+ > 200 and lower
VL, 22-24% were anaemic, and 31-40% had some cytopenia.

Survival analysis

The association of cytopenia, especially anaemia, with poor outcomes in PLWH is well known
[24-27]. Our early survival analysis emphasizes the significant prognostic value of different
hematologic alterations at baseline.

Some studies have assessed the causes of death in HIV+ patients [28, 29]. We are aware that
other, often fatal, comorbidities may influence haematological features. For example, anaemia
is one of the leading clinical signs of TB coinfection and its specific inflammatory profile [13,
30, 31]. Therefore, we hypothesize that some early deaths could be related to an HIV/TB coin-
fection which induces a concomitant severe anaemic status. Also, viral infections are among
the leading causes of fatal events in HIV patients [29] and, at the same time are known to inter-
act with bone marrow functions to cause different degrees of haematopoietic suppression [32].
In particular, the interaction of CMV with haematopoietic functions and the resulting impact
on mortality could be significant [33].

Finally, cancers are reported among the leading causes of death in HIV+ patients, and these
may also be related to haematological alterations [34, 35].

The above considerations could explain our results related to haematological alterations
and mortality in HIV patients—in particular, the correlations with Hb, RBC, MVC, and Pt
count.

The increased early mortality rate in patients with a higher neutrophil count is a counterin-
tuitive finding but may be related to undiagnosed bacterial infections at the time of ART initia-
tion. Moreover, a higher mortality rate was observed in HIV+ patients with concomitant
cryptococcal meningitis and neutrophilia [36]. Cryptococcal meningitis could also contribute
to explain our findings.

Limitations of the study

We are aware of certain limitations in our study. Although the use of data from a vast real-life
setting is one a strength, it is limited by the incompleteness of data collected retrospectively
from routine medical records. A further challenge was the absence of some clinical and labora-
tory information that would have provided a more informative picture of haematologic condi-
tions in our patients. In particular, the possible presence of comorbidities, the study of serum
iron, folate and cyanocobalamin, would have given more extensive knowledge.
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Public health and clinical impact

Our results encourage a more accurate evaluation of the haematologic pattern in PLWH. In
particular, our analysis supports the need for haematologic screening with full blood count
before starting ART. Some authors have already underlined the feasibility of haemoglobin
measurement as a low-cost and feasible proxy for severity of clinical status in HIV+ patients
[37, 38]. Moreover, the International Council for Standardization in Hematology argues for
more comprehensive haematological assessment at all levels of care [39].

Our findings provide additional evidence in support of a more accurate clinical focus on
haematologic alteration in HIV+ patients, even when patients present with apparently good
health status. Furthermore, results from the DREAM program showed the feasibility and the
effectiveness of a complete haematologic assessment in a resource-limited setting.

Conclusion

In conclusion, from our large cohort of patients in two resource-limited countries, hemato-
logic alterations at the baseline of ART were common and associated with other clinical and
biologic findings of prognostic value. A long-term survival analysis of PLWH according to dif-
ferent haematologic results could provide further valuable information in this sense, especially
in the absence of other risk factors. However, to overcome the limits of present retrospective
analysis and confirm the results, a prospective study is warranted.
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