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Objectives: Monocyte Distribution Width (MDW) is the
standard deviation of the mean volume of monocytes and
may indicate innate immune activation. We investigated the
possible association between MDW values and late HIV
diagnosis in consecutive patients.

Methods: We retrospectively enrolled newly diagnosed HIV
patients admitted to our clinical center. Demographic and
clinical characteristics were analyzed.

Results: A total of 97 patients were enrolled. Of these,
63% were late presenters and 43% fulfilled the criteria
for advanced HIV disease. Continuous measures

showed a significant inverse correlation between CD4
T-cell count and MDW. Multivariate analysis showed
that MDW>21.1 (OR:7.45, 2.13-30.54), HIV viral

load >5 log (10) ¢/mL (OR:3.62, 1.04-13.30), blood
lymphocytes<2 x10%/uL (OR:14.82, 3.19-111.8) and HIV
testing without symptoms (OR:0.21, 0.05-0.82) were
independently associated with late presentation. Similarly,
adjusted ORs for MDW>22.5 (OR:4.03, 1.28-13.17),
blood lymphocytes<1 x10%/uL (OR:9.67, 2.19-57.57), age
(OR:1.05, 1.00-1.10) and HIV testing without symptoms
(OR:0.16, 0.04-0.52) were significantly associated with
advanced HIV disease.

Conclusions: Our results suggest that MDW may be a
potential flagging parameter of innate immune activation in
HIV infection. Continuous measurements of MDW showed
a significant inverse correlation with CD4 T-cell count.
Patients with increased MDW values were more likely to be
diagnosed late.
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Introduction

Monocytes and macrophages are pivotal cells of innate
immunity, playing a relevant role in HIV transmission and
viral spread in the early phases of HIV infection [1-3].

Their recognition as a reservoir for HIV raises interest on
investigating the role of specific subsets of monocytes and
macrophages [1-5].

HIV patients losing CD4-T lymphocytes during disease
progression usually exhibit markers of monocyte activation and
a chronic proinflammatory response that is hallmark of poor
clinical outcome [5].

Several markers of monocyte activation have been
characterized [6-9]. Monocyte Distribution Width (MDW)),

a measure of the size of monocytes in the bloodstream, has
been recently introduced as a tool to support the diagnosis of
sepsis in Emergency Departments and Intensive Care Units,
based upon its rapid variation upon bloodstream invasion by
pathogens and the convenient availability of routine blood tests
[10-13].

The aim of the present study was to investigate the possible
association between increased values of MDW and late HIV
diagnosis, adjusting for known major risk factors in consecutive
patients first referred to our unit.

Methods

We conducted a retrospective study, including all consecutive
newly diagnosed cases of HIV-infected patients referred

for antiviral treatment to the Infectious Diseases Unit of the
Pescara General Hospital, Italy, between January 2020 and
June 2024. The study plan was approved by the local Health
Administrative Board.

We considered two main outcomes: late presentation and
advanced HIV disease. The former was defined as a person first

Table 1: General characteristics of study population.

diagnosed with HIV with a CD4 T-cell count < 350 cells/uL
or with an AIDS-defining event, regardless of the CD4 T-cell
count. The latter was defined as a person first diagnosed with
HIV with a CD4 T-cell count<200 cells/uL [14]. Symptoms,
clinical signs, HIV CDC class and AIDS-defining condition(s)
were duly recorded, while MDW measurements were available
among routine CBC parameters measured using DxH 900
Analyser (Beckman Coulter Inc., Miami, FL).

In addition to clinical and demographics variables, we
considered the way of access to HIV testing as a binary
variable (1 vs 0), depending on whether it was performed with
or without prior symptoms (taking screening as a reference
category).

To aid clinical interpretation, we transformed MDW and HIV
viremia into binary variables, by using optimal cut-offs based
on the Youden index separately for each outcome, to compute
odds ratios (ORs) in univariate and multivariate logistic
regression [10, 12, 15]. We did not use the total number of
lymphocytes as a continuous explanatory variable, due to its
collinearity with the outcome, as both contain CD4 T-cells [14].
The level of association between each categorical risk factor
and the outcome was tested using the chi-square test for
univariate odds ratios (ORs) [15]. Student’s t-test and non-
parametric Kruskal-Wallis rank tests were used for normal and
non-normal continuous variables, respectively. Multivariate
logistic regression was used to compute adjusted ORs and
95%CI, taking into account all risk factors [11, 12].

Backward elimination was used to keep only significant
variables in the model, to avoid overfitting due to the low
number of cases [16]. Age and gender were tested as potential
confounders in all models, before deciding on their exclusion.
All models were estimated by allowing at least 10 events per
variable.

Variable Late Presentation Advanced Disease Overall
(Category)
No Yes No Yes
N#* 36 (37.1) 61 (62.9) 55 (56.7) 42 (43.3) 97 (100.0)
Age* 40.7 (13.5) 47.2 (13.8) 41.7 (14.0) 48.7 (13.1) 44.7 (14.0)
Gender**
F 8(22.2) 14 (23.0) 11 (20.0) 11 (26.2) 22 (22.7)
M 28 (77.8) 47 (77.0) 44 (80.0) 31(73.8) 75 (77.3)
HIV asymptomatic screening**
No 14 (38.9) 46 (75.4) 24 (43.6) 36 (85.7) 60 (61.9)
Yes 22 (61.1) 15 (24.6) 31 (56.4) 6 (14.3) 37 (38.1)
Heterosexual factor risk**
No 22 (61.1) 22 (36.1) 29 (52.7) 15 (35.7) 44 (45.4)
Yes 14 (38.9) 39 (63.9) 26 (47.3) 27 (64.3) 53 (54.6)
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Years of diagnosis**

2020 9 (25.0) 10 (16.4) 11 (20.0) 8 (19.0) 19 (19.6)
2021 3(8.3) 14 (23.0) 10 (18.2) 7 (16.7) 17 (17.5)
2022 15 (41.7) 8 (13.1) 17 (30.9) 6 (14.3) 23 (23.7)
2023 3(8.3) 21 (34.4) 7(12.7) 17 (40.5) 24 (24.7)
2024 6 (16.7) 8 (13.1) 10 (18.2) 4(9.5) 14 (14.5)
Country**

Africans 2 (5.6) 3(4.9) 4(7.3) 1(2.4) 5(5.2)
European 33 (91.7) 49 (80.3) 49 (89.1) 33 (78.6) 82 (84.5)
South Americans 1(2.8) 9 (14.8) 2 (3.6) 8 (19.0) 10 (10.3)
MDW!, *3** 20.4 (15.0, 34.3) 23.6 (18.0, 45.0) 20.8 (15.0, 34.3) 24.2 (18.0, 45.0) 22.3(20.4,24.8)
Lymphocytes, 1.9 (0.8,5.2) 1.1 (0.30, 600) 1.8 (0.8,5.2) 0.9 (0.3, 600) 1.4 (1.0, 1.9)
x103 cell/pL2,***

Viremia, Log (10), | 4.4 (2.1, 6.3) 5.3(1.5,7.0) 4.5(1.5,7.0) 5.5(2.5,7.0) 5.0(44,5.6)
¢/mL?

* Continuous, mean (SD); ** n (%); ***Continuous, median (IQR)

"Monocyte Distribution Width; Total number of peripheral lymphocytes; *Viremia: blood HIV RNA

Results

The study included 97 consecutive patients with a confirmed
new diagnosis of HIV infection (19 in 2020, 17 in 2021, 23 in
2022, 24 in 2023, 14 in 2024).

The general characteristics of the study population are shown in
Table 1.

A percentage of 84.5% was of European nationality, and 77.3%
were males. The mean age was 44.7 (5.d.=14.0). A total of
N=61 (62.9%) were classified as late presenters, while N=42
(43.3%) matched the criteria of advanced disease.

Continuous measures were significantly different between late
and early presenters in terms of higher MDW (23.6 vs 20.4,
p<0.001) and HIV-RNA viral loads (5.3 vs.

4.4 Log(10) cp/mL, p<0.001), while lower for peripheral blood
lymphocytes (1.1 vs. 1.9 x103/uL, p<0.001).

Table 2: Results of univariate analysis.

Similarly, for advanced disease, values were significantly higher
for MDW (24.2 vs. 20.8, p<0.001), HIV-DNA viral loads (5.5
vs. 4.5 Log(10) ¢/mL, p<0.001), and lower for peripheral blood
lymphocytes (0.9 vs. 1.80 x10°/uL, p<0.001).

The results of univariate analysis are shown in Table 2.

Among categorical variables, the risk of a late HIV diagnosis
was significantly higher for MDW2>21.1 (OR: 10.33, 95%CI:
3.94-27.08, p<0.001), blood lymphocytes <2x10°/uL (OR: 9.17,
95%CI: 3.16-26.63, p<0.001), and higher HIV viral loads

>5 Log(10) cp/mL (OR: 11.81, 95%CI: 4.00-34.85, p<0.001).
An almost 80% decreased risk was found for those testing HIV
without symptoms (OR: 0.21, 95%CI: 0.09-0.5, p<0.001), while
the risk was significantly increased for age (OR: 1.03, 95%CI:
1.00-1.07; p=0.028) and heterosexual risk of transmission (OR:
2.79, 95%CI: 1.19-6.52; p=0.02).

Variable (Category) Late Presentation Advanced Disease
O.R. (95%C.1.)* p>y2 O.R. (95%C.1.)** p>y2

Age, years* 1.03 (1.00-1.07) 0.03 1.04 (1.01-1.07) 0.01
Males (r.c. = females) | 0.96 (0.36-2.57) 0.93 0.70 (0.27-1.83) 0.47
HIV asymptomatic 0.21 (0.09-0.50) <0.001 0.13 (0.05-0.36) <0.001
screening (r.c. = no)
Heterosexual (r.c. = 2.79 (1.19-6.52) 0.02 2.01 (0.88-4.58) 0.09
no)
European Nationality | 0.37 (0.10-1.42) 0.12 0.45 (0.15-1.38) 0.16
(r.c. = no)
Year of diagnosis (r.c. = 2000)
2021 4.20 (0.90-19.56) 0.05 0.96 (0.26-3.63) 0.96
2022 0.48 (0.14- 1.67) 0.24 0.49 (0.13-1.78) 0.27
2023-2024 2.90 (0.90- 9.35) 0.07 1.70 (0.56-5.17) 0.35
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MDW!

2211 (re. =<21.1) | 10.33 (3.94-27.08) <0.001

>22.5 (r.c. = <22.5) 9.56 (3.26-28.01) <0.001
Lymphocytes, x10° cell/pL?

<2 (re. =22) 9.17 (3.16-26.63) <0.001

<1 (rc. = 21) 13.33 (2.92-60.91) <0.001
Viremia, Log (10), ¢/mL?

>5 (r.c. = <5) | 11.81 (4.00-34.85) | <0.001 | 6.67 (2.73-16.31) | <0.001

* Continuous; r.c.: Reference Category

"Monocyte Distribution Width; Total number of peripheral lymphocytes; *Viremia: blood HIV RNA

No association was found for gender and years of diagnosis.
The scatter plot showed a significant inverse correlation
between MDW and CD4-T values (Spearman Rho = - 0.61; p <
0.0001, see Figure 1).

Considering advanced disease as the outcome, the risk was
significantly higher for: MDW >22.5 (OR: 9.56, 95%CI:
3.26-28.01, p<0.001), HIV viral loads > 5 (OR: 6.67, 95%CI:
2.73-16.31, p<0.001), and blood lymphocytes <1 x10° uL (OR:
13.33, 95%CI: 2.92-60.91, p<0.001).

An almost 87% decreased risk was found for those testing HIV
without symptoms (OR: 0.13, 95%CI: 0.05-0.36, p<0.001).
The results of multivariate logistic regression are shown in
Table 3.

For late presentation, six variables were left in the model out of
61 events.

Age and gender were initially not retained in the model

by backward elimination. However, the estimates were
radically different from those obtained with their inclusion.
This indicated that age and gender were confounders of the

relation between explanatory variables and late presentation.
Consequently, age and gender were included in the final model,
even if not significant.

Adjusted ORs were significant for MDW>21.1 (OR:7.45,
95%CI: 2.13-30.54, P<0.01), HIV viral loads >5 log(10) ¢/mL
(OR:3.62, 95%CI: 1.04-13.30, p<0.05), blood lymphocytes

<2 x10%/uL (OR:14.82, 95%CI: 3.19-111.8, p<0.01) and

HIV testing without symptoms (OR:0.21, 95%CI: 0.05-0.82,
p=0.03).

For advanced disease, four variables were left in the model out
of 42 events.

The risk was significantly increased for: age (OR:1.05,
95%ClI:1.00-1.10, p=0.04), MDW=>22.5 (OR:4.03, 95%CI:
1.28-13.17, p=0.02), blood lymphocytes <1 x103/uL (OR:9.67,
95%CI: 2.19-57.57, p<0.01). The risk was significantly
decreased for HIV screening without symptoms (OR:0.16,
95%CI: 0.04-0.52, p<0.01). In this case, excluding gender did
not substantially change the estimated coefficients.

Figure 1: Scatter plot of MDW (X axis) by bloodstream CD4-T cell count (Y axis). Overlap is the least squares regression line
with slope equal to the Spearman correlation, along with its 95% confidence intervals.
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Table 3: Results of multivariate logistic regression analysis.

Variable (Category) Late Presentation Advanced Disease
N=97 (Events=61)" N=97 (Events=42)
O.R. (95%C.1.) p O.R. (95%C.1.) p
Age, years* 1.03 (0.98-1.08) 0.22 1.05 (1.00-1.10) 0.04
Males (r.c. = females) | 0.44 (0.09-1.93) 0.29
HIV asymptomatic 0.21 (0.05-0.82) 0.03 0.16 (0.04-0.52) <0.01
screening (r.c. = no)
MDW!
>21.1 (r.c. =<21.1) 7.45 (2.13-30.54) <0.01
>22.5 (r.c. =<22.5) 4.03 (1.28-13.17) 0.02
Lymphocytes, x10° cell/pL?
<2 (r.c.=2>2) 14.82 (3.19-111.8) <0.01
<I (rc.=21) 9.67 (2.19-57.57) <0.01
Viremia, Log (10) ¢/mL?
>5 (rc. = <5) | 3.62 (1.04-13.30) | 0.04 | |
Discussion (sCD163), two further biomarkers of monocyte activation,

Although higher values of MDW are associated with sepsis,
limited information is available about changes in viral diseases.
This study found that patients with a value of MDW=>21.1
were over seven times more likely with late presentation,
independently from age and sex. Similarly, values of
MDW=>22.5 were more likely among patients with advanced
HIV disease.

As for other European countries, the number of cases presenting
late in Abruzzo region remains of concern, despite national
programs to achieve earlier diagnosis [17-18].

Our findings confirm that patients presenting late are more
frequently males, older, migrants, and exposed through
heterosexual contact [19]. However, multivariate regression
failed to show any significant association, independently

from HIV asymptomatic screening and laboratory parameters
e.g. MDW, number of lymphocytes and viremia. Possible
explanations are the limited sample size and the high predictive
value of biological parameters.

In terms of temporal trends, the scientific literature reports an
increase in the percentage of persons with late HIV diagnosis,
from 58.2% in 2022 to 60.1% in 2023 [17-18]. However,

our study did not confirm a significant increase over four
consecutive years.

In terms of progression of HIV over time, several studies
reported monocyte activation as a potential correlate
[2,5,6,20,21].

A study of flow cytometry showed that HIV patients losing
CD4-T cells, both in early and chronic infection, are at higher
risk of developing a heightened proinflammatory status [19].
Percentages of blood subsets of intermediate (CD14++CD16+)
and non-classical monocytes (CD14+CD16++), which
generally increase during inflammatory reactions, were
significantly higher in chronic HIV-1-infected cART-naive
patients [22]. Soluble plasma CD14 (sCD14) and CD163

may play a role in the inflammatory response during HIV
progression. sSCD14 have higher blood concentration in
chronically HIV-infected than healthy subjects [23], being
inversely associated with CD4-T cell count recovery during
ART [20]. Similarly, sCD163 levels were higher compared to
healthy subjects, decreasing after the start of ART [24].

The above results support the adoption of MDW as a potential
flag of innate immune activation in HIV infection. Higher
MDW values may be associated with the pro-inflammatory
state of the innate immune system occurring during HIV
progression and the subsequent loss of lymphocytes. Therefore,
in HIV patients with disease progression, MDW could help
identifying bacterial infections related to the immune activation
during the loss of CD4+ T cells.

For instance, monocyte indicators may change rapidly in
gut-associated lymphoid tissue (GALT) due to CD4+ T-cell
depletion and fibrosis, which only improves slowly with
antiretroviral therapy. Disruption to the integrity of the gut
mucosa and its immunity may result in high plasma levels of
bacterial lipopolysaccharide (LPS) and bacterial translocation,
leading to an increase in MDW results and the activation of
other biomarkers frequently found in this condition, such as
HLA-DR and CD69 on monocytes, CD38 on lymphocytes, and
CRP [25, 26].

Additionally, MDW may serve as a pro-inflammatory
indicator in non-infectious conditions, as in the case of
chronic inflammation during antiretroviral therapy (ART) for
HIV immunological non responders (INR). However, this
represents currently only a research hypothesis that needs to
be proven. The cause of chronic inflammation observed in
HIV infection during ART has been addressed by many recent
studies, due to its role as the underlying cause of increased risk
of SNAEs (serious non-AIDS events: CVD, HIV-associated
neurocognitive dementia, and aging).

eJIFCC2026Vol37No1pp42-50
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The analysis of MDW values in treated people living with
HIV may be a reasonable target of future research, given that
monocyte activation related to a heightened proinflammatory
status has been described mainly in immunological non-
responders (INR), where it was found associated with an
increased risk of developing SNAEs [5, 27].

Macrophages take up high amounts of cholesterol-rich low-
density lipoprotein (LDL) in vessels [28]. This accumulation
leads to macrophage necrosis, leading to the growth of a
cholesterol-rich necrotic core and cholesterol accumulation
[28,29,30]. Consequently, monocyte indicators such as

CD11b and CX3CRI or blood non-classical monocyte subsets
(CD14+CD16+, CD14-CD16+) are associated with subclinical
atherosclerosis in HIV patients. However, many studies are
ongoing and more results are needed to shed light on this
relationship [29].

Additionally, MDW may be investigated in HIV-Associated
Neurocognitive Disorders (HAND) and aging. It is widely
known that monocytes traversing the blood-brain barrier are a
major source of HIV infection in the brain, and that HIV-DNA
viral load in monocytes, but not in plasma or in CD4-T cells, is
associated with HAND, suggesting that they may contribute to
brain injury [31]. However, more studies are needed to support
this hypothesis [32].

Finally, similar to CVD risk and HAND, premature
immunosenescence is associated with HIV-1 infection, due to
the persistent immune activation and chronic inflammation.
Evidence suggests that monocytes contribute to pathogenesis.
For instance, immunosenescence is associated with a
heightened activation of the proinflammatory status of
monocytes, with an increase in the blood levels of intermediate
or non-classical monocytes [33] and an increased production of
monocyte indicators e.g. neopterine, sCD163, and CD11b [34].
Monitoring monocyte activation through MDW may warrant
further research in immunological non-responders (INR) to
ART, who are known to be at increased risk of developing
SNAE:s (e.g. cerebral and cardiac acute events, a leading cause
of mortality and morbidity in HIV patients) [27].

Relevant limitations of our study are worth to be outlined.
Firstly, the observational design is prone to a series of known
limitations, including missing data and potential recall bias.
Further, the results obtained from a small sample size drawn
from a single clinical center need to be validated through
additional samples from multiple sites.

Secondly, the automated choice of cut-offs may lead to unstable
results, which may not be confirmed by other data collections.
In the absence of gold standards, we used the Youden index to
find an optimal cut-off for both late presentation and advanced
disease.

The cut-off point of MDW=21.1 for late presentation may
seem close to normal values, undermining its accuracy for
large samples. However, normal MDW values for the general
population range between 14 and 18, meaning that values that
are substantially higher may be considered appropriate to rule

out innate immune activation.

The cut-off value found for MDW in advanced disease is equal
to 22. This is consistent with other studies, including the FDA-
registered MDW cut-off point for identifying sepsis in the
emergency department (ED).

By all means, in this study we did not aim to encourage
monitoring MDW to diagnose advanced HIV. Instead,

we meant to describe MDW modifications in response to
lymphocyte deterioration during HIV infection. Consequently,
our results should be only interpreted as exploratory findings
that need to be confirmed by future evidence.

Thirdly, we were unable to compare MDW to other biomarkers
of monocytes during innate immune activation e.g. sCD14

and sCD163. Since MDW has been only recently introduced
in clinical practice, no direct comparisons with sCD14 and
sCD163 currently exist. Further studies are needed to address
this comparison.

In conclusion, we found that MDW values are inversely
correlated with CD4-T cell counts in HIV patients. HIV
patients with elevated MDW are more likely to be diagnosed
late, suggesting that MDW may be used as a potential flagging
parameter of innate immune activation in HIV infection, that
can be easily measured using peripheral blood counts.
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