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Objective: This study aimed to test the validity of a composite score using complete blood count (CBC) for monitoring HIV patients
receiving antiretroviral therapy (ART) in the absence of viral load and CD4 count.

Methods: This retrospective cohort study analyzed the laboratory data of 82 HIV patients who had pre- and post-treatment viral load, CD4
count, and CBC data. Pre- and post-treatment data were pooled to analyze the correlation of CBC parameters with Polymerase Chain
Reaction (PCR) ranks and their performance in indicating a CD4 count<200 cells/mm3 using the Operating Characteristics Curve (ROC),
with the determination of cutoffs. A score combining the significant parameters was tested to predict a CD4 count of <200.

Results: Total lymphocyte count (TLC), percentage (TLP), and hemoglobin concentration (Hb) were the most significant parameters,
showing negative correlations with PCR (Spearman’s Rho = —0.357 to —0.242). The risk of acquired immunodeficiency syndrome
(AIDS) was independently associated with TLC<1345 cells/mm3 (OR=2.92), TLP<29.07% (OR=3.53), and Hb<10.55 mg/dL
(OR=3.60). A combined score of 2-3 indicated a CD4 count<200 with an odds ratio of 8.3-86.7.

Conclusion: The proposed 3-parameter score combining the use of TLC, TLP, and Hb, is an affordable and practical approach that
may have clinical utility in monitoring HIV patients receiving ART in low-resource settings.
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Introduction

Human immunodeficiency virus (HIV) infection is a global public health concern. Since the onset of the disease,
79 million people have been infected and 36 million people have died.' The introduction of antiretroviral therapy (ART)
and, more recently, highly active ART (HAART) has changed the course and health burden of the HIV pandemic.’
Combined regimens of highly effective and well-tolerated ART molecules have been prescribed, leading to a substantial
reduction in morbidity, mortality, and HIV transmission.’

To combat HIV/AIDS pandemic, the Joint United Nations Program on HIV/AIDS (UNAIDS) has set specific goals to
achieve 95% suppression of the viral load among the treated patients, projecting to end the pandemic in 2030 (Fast-Track
- Ending the AIDS epidemic by 2030.* To achieve these goals, global action against HIV/AIDS aims to promote access
to ART, notably in low- and middle-income countries (UNAIDS, 2012; UNAIDS Report on the Global AIDS Epidemic |
2012, 2012). This implies that monitoring the viral load (number of viral RNA copies per mL) in treated patients is
a fundamental test for determining treatment efficacy (Fast-Track - Ending the AIDS epidemic by 2030.°

However, these goals are challenged by the unequal distribution of treatment and management resources; the highest
epidemiological figures concern low-income countries with poorly equipped facilities.® As of December 2020, the World
Health Organization (WHO) estimated that 27% of people living with HIV (PLHIV) had no access to ART.'
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Additionally, treatment implementation has increased the demand for viral load testing, which may constitute an
economic challenge for low-resource settings that add to the economic burden of the disease in highly impacted and
low-income countries.” For example, many sub-Saharan African countries struggle to implement viral load monitoring
because of a lack of appropriate infrastructure and laboratory systems, in addition to financial and political challenges.®

Furthermore, until 2013, the indication of ART initiation was determined by CD4+ lymphocytes (T helper cells)
count. The initial WHO guidelines recommend treating HIV patients with CD4+ cell counts less than 350 cells per mL.’
However, in 2013, the threshold was increased to 500 cells/mL, and in 2016, the WHO recommended treating all HIV-
infected patients infected with HIV regardless of their CD4 count.'®'! However, the use of the CD4+ count test remains
of interest in some clinical situations, notably in cases of late diagnosis,'? as well as in several low-resource countries
that have not implemented updated recommendations.® However, compliance with local CD4+ monitoring recommenda-
tions in these countries remains suboptimal owing to economic issues. A study from seven Latin American countries
involving 14,476 newly treated HIV patients showed that approximately two-thirds of the patients had inadequate CD4+
count measurement or monitoring. The same study highlighted significant inter-country variability in the costs of the
tests, ranging between $7.4 to $64.1 for CD4+ cell count and $20.3 to $186.3 for HIV viral load."'

Consequently, there is an unmet need for more cost-effective strategies to monitor patients with HIV and their
treatment efficacy in low-resource settings. Hence, several other biological parameters have been proposed to monitor
HIV patients as proxies for the CD4+ count or HIV viral load. For instance, a total lymphocyte count (TLC) <1200 cells/
mm3, this is no longer solely dependent on CD4 cell counts.'' Several other studies have discussed the use of TLC as
a surrogate for HIV progression over the past years.'*™'> Other studies have suggested that TLC combined with blood
hemoglobin level provides more sensitive predictions for the progression of HIV.'®'® Other data highlight further
hematological dysfunctions in HIV patients, such as normocytic normochromic anemia, thrombocytopenia, and mono-
cytosis, which are associated with immunological and clinical severity and stage of the disease and tend to improve after
ART initiation.'**° However, the use of hematological parameters to monitor HIV patients and predict HIV progression
remains controversial.?'"*2

Using a different approach, the present study tested the performance of a composite score, combining the most
significant hematological parameters, in indicating ART efficacy, viral load, and AIDS stage, which is defined here as
a CD4 count <200 mm3. Such a composite score offers a more comprehensive proxy for monitoring disease stage and
treatment efficacy, making it particularly valuable in low-resource settings where access to viral load and CD4 count
measurements may be limited. Therefore, this study aimed to test the validity of a composite score using CBC for
monitoring HIV patients on ART in the absence of viral load and CD4 count.

Materials and Methods

Study Design

A retrospective cohort study was conducted on 82 HIV patients with pre- and post-treatment data for viral load, CD4
count, and CBC.

Study Setting

This study was conducted at the Department of Clinical Laboratories-Diagnostic Immunology Division, King Abdulaziz
University Hospital (KAUH), Jeddah, Saudi Arabia.

Participants

We included newly diagnosed and treated HIV patients who had baseline data for HIV viral load, CD4 count, and
complete blood count (CBC) and at least one follow-up data point for the same parameters, at 3—12 months after the start
of treatment. All eligible patients who were followed at the Infectious Disease Department of KAUH between
January 2009 and December 2016 were included.
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Sampling Technique
Based on a convenience sampling technique, eligible patients with HIV who attended the Infectious Disease Department
of KAUH between January 2009 and December 2016 were included in this study as retrospective study.

Data Collection
Data was collected from electronic laboratory records and captured in an Excel sheet. These included HIV PCR level,
CD4 count, white blood cell (WBC) count, TLC, total lymphocyte percentage (TLP), monocyte count and percentage,
platelet count, and hemoglobin concentration.

HIV PCR level was ranked into 5 levels: <500, 501-3000, 3001-10,000, 10,001-30,000, and >30,000 copies /mL.
This ranking corresponds to the five risk categories determined by Mellors et al and was demonstrated to be associated
with a differential 6-year risk of progression to AIDS of 5.4%, 16.6%, 31.7%, 55.2%, and 80.0%.>

Laboratory and Immunoassays

The viral load was measured by calculating the HIV-1 RNA signal using Polymerase Chain Reaction (PCR) technology
provided by the commercial COBAS® AmpliPrep/COBAS®™ TagMan® HIV-1 Test (v2.0, Roche, Switzerland). CD4
counts were measured using flow cytometry to determine the percentages and absolute counts of mature human
lymphocytes and lymphocyte subsets (BD Biosciences, San Jose, CA, USA). Complete blood counts were performed
according to routine laboratory standards using a Sysmex XN-3100 Automated Hematology Analyzer (Kobe, Japan). All
laboratory tests were performed in accordance with the manufacturer’s guidelines.

Statistical Analysis

Two different approaches were used in the present study including paired and pooled analysis.

Paired Analysis

This approach consisted of analyzing 82 paired observations of baseline (pre-treatment) and outcome (3—12 months after
treatment initiation) data for viral load, CD4 count, and CBC. The Wilcoxon signed-rank test was used to analyze the
paired change in HIV PCR rank and the levels of other non-normally distributed levels of WBC, TLC, TLP, monocyte
count and percentage, platelet counts, and hemoglobin concentration. The McNemar test was used to analyze the paired
change in AIDS status, defined as a CD4 count of <200 cells/mm3.**

Pooled Analysis
This analysis included all baseline and follow-up data of the 82 patients that provided matched results of PCR and CD4
counts with CBC results, and tested two objectives:

e The association of CBC parameters with PCR ranks was analyzed using the Kruskal-Wallis test and Spearman
correlation, and the results are presented as median and interquartile range (IQR) and Spearman’s Rho coefficient.

e The performance of TLC, TLP, platelet count, monocyte percentage, and hemoglobin level in indicating disease
stage (AIDS) was analyzed using a receiver operating characteristic (ROC) curve with estimation of the area under
the curve (AUC). Since the significant CBC parameters had negative relationships with positive AIDS status,
another ROC curve analysis was carried out using the reciprocal values of TLC, TLP, and hemoglobin levels. This
analysis was completed by calculating the Youden’s index with the determination of the best cutoffs and estimation
of the respective sensitivity and specificity. Multivariate logistic regression was performed to verify the independent
associations of TLC, TLP, and hemoglobin concentration with AIDS status. Subsequently, a discrete scoring system
(range 0-3) was built to predict AIDS status by combining the levels of TLC, TLP, and hemoglobin with reference
to their respective cutoffs (<cutoff [score =0], > cutoff [score=1]). The chi-square test and logistic regression were
used to estimate the levels of risk and analyze the significance of the model.
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Both paired and pooled databases were edited, processed, and analyzed using the Statistical Package of Social
Science (SPSS) version 21 for Windows (IBM, Chicago, IL, USA). A p-value<0.05, was considered to reject the null
hypothesis.

Results

Pre- to Post-Treatment Change in the Studied Parameters

From baseline to follow-up times, there was a statistically significant rise in the median TLC (1.30 K to 1.65 K cell/mm3,
p=0.002), TLP (35.20% to 43.40%, p0.001), and hemoglobin concentration (11.50 to 12.55 g/dL, p=0.003). This was
linked to a significant decline in viral load rank (p 0.001) and a significant drop in the proportion of patients with a CD4
count below 200 cells/mm3 (from 48.8% to 29.3%; p 0.001), (Table 1).

Correlation of CBC Parameters with PCR Levels
The average CBC parameters for each of the five viral load levels are compared in Table 2, along with Spearman
correlations between each parameter and the PCR level. According to the results, there was a negative connection

Table | Pre- to Post-Treatment Changes in Various Biological Parameters (N=82)

Parameter Category Pre-Treatment Post-Treatment p-value
N % N %
HIV PCR (copies/mL) <500 13 15.9 6l 744
501-3000 49 8 9.8
3001-10,000 8.5 2 24
10,001-30,000 5 6.1 4 49
>30,000 53 64.6 7 8.5 <0.001% RW
CD4 (cells/mm?) =200 4] 51.3 58 70.7
<200 39 488 24 29.3 0.00 ¥
Phenotyping data No. pairs Mean (SD) Median [IQR] Mean (SD) Median [IQR] p-value
Blood count data
Total WBC 79 5.84 (5.57) 4.30 [3.40] 5.04 (2.42) 421 [2.41] 0.604™"
Lymphocyte count (K cell/mm?) 76 1.65 (1.52) 1.30 [1.57] 2.06 (1.08) 1.65 [1.46] 0.002% RV
Lymphocyte % 75 31.46 (16.17) 35.20 [20.70] 41.65 (14.22) 4340 [14.70] | <0.001% W
Platelets 76 254.33 (121.48) 227 [121.5] 279.84 (98.27) 262.5 [105.75] 0.107 ®W
Monocyte count 80 0.96 (4.17) 0.46 [0.41] 0.49 (0.25) 0.42 [0.24] 0.710
Monocyte % 79 9.90 (4.63) 9.50 [4.70] 9.89 (3.83) 9.30 [2.50] 0.720
Hemoglobin 80 11.0 (2.62) 11.50 [4.35] 12.18 (2.10) 12.55 [3.15] 0.003*
Phenotyping data
CD4 count 80 433.74 (631.86) | 203 [503.25] 592.21 (1546.36) 311 [391] <0.001%*
CD4% 80 18.84 (17.10) 15 [23.25] 19.75 (15.20) 14 [22] <0.001%*
CD8 count 63 838.40 (806.59) 556 [873] 1734.37 (4127.93) 979 [1805] <0.001*
CD8% 63 50.02 (18.57) 53 [32] 48.84 (18.42) 48 [30] 0.193
CD4/CD8 ratio 59 0.48 (0.57) 0.29 [0.73] 0.61 (0.71) 0.37 [0.60] 0.001*

Notes: N, Number of participants for whom data for the given parameter were available at both pre- and post-treatment. *Statistically significant results (p<0.05).
Abbreviations: HIV, Human Immunodeficiency Virus; RW, Related-samples Wilcoxon Signed Rank test; MN, McNemar test; CD, Cluster of differentiation.
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Table 2 Correlation of Hematological Parameters with PCR Levels (Pooled Data, N=384)

Parameter <500 501-3000 3001-10,000 10,001-30,000 >30,000 Kruskal-Wallis Test Bivariate Correlation
Median IQR Median IQR Median IQR Median IQR Median IQR Statistics | p-value | Spearman’s Rho | p-value
Total WBC 4.8 2.41 4.46 2.65 4.49 1.45 4.53 3.0l 3.94 3.17 8.14 0.086 —0.140 0.008*
TLC 1.81 1.35 1.37 241 1.32 1.34 1.76 0.99 1.20 0.95 36.46 <0.001* —0.303 <0.001*
TLP 39.90 15.88 35.20 29.90 32.25 3428 45.30 14.90 33.20 22.10 25.04 <0.001* —0.242 <0.001*
Platelets 265 13 265 162 258 50.25 2255 25.75 227 117.5 16.96 0.002* —0.156 0.003*
Monocyte count 0.44 0.27 0.49 0.37 0.34 0.12 0.49 0.30 0.49 0.34 8.40 0.078 0.037 0.482
Monocyte % 9.10 3.48 9.30 4.90 8.70 4.58 10.0 1.93 9.75 6.20 14.68 0.005* 0.137 0.009*
Hemoglobin 12.90 2.60 11.20 3.20 10.70 4.35 11.45 2.58 10.70 4.20 52.04 <0.001* —-0.357 <0.001*

Notes: N, Number of participants for whom data for the given parameter were available at both pre- and post-treatment. *Statistically significant results (p<0.05).

Abbreviations: TLC: Total lymphocyte count; TLP: total lymphocyte percentage.
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between PCR rank and WBC (Rho = —0.140, p=0.008), TLC (Rho = —0.302, p0.001), TLP (Rho = —0.242, p0.001),
platelet count (Rho = —0.156, p=0.003), and hemoglobin concentration (Rho = —0.357, p0.001). In contrast, the
correlation between PCR rank and monocyte proportion was positive (Rho = 0.137, p=0.009). The median TLC, TLP,
platelet count, proportion of monocytes, and hemoglobin level by PCR rank are shown in Figure 1.

Accuracy of CBC Parameters in Predicting CD4 Count Level and AIDS Status
The first ROC curve analysis showed an acceptable-to-high AUC for TLC (0.73, p<0.001), TLP (0.69, p<0.001), and
hemoglobin level (0.70, p<0.001) for CD4 count>200 (non-AIDS), while platelet count was not significant (AUC=0.48,
p=0.542), and monocyte count and percentage showed a low AUC (0.43, p=0.029 and 0.59, p=0.004, respectively).
Hence, only TLC, TLP, and hemoglobin levels were included in the second ROC curve analysis using reciprocal
transformation of the variables. The AUC for TLC-1 (0.73), TLP-1 (0.69), and hemoglobin level-1 (0.70) and the
corresponding cutoffs with sensitivity and specificity were determined (Figure 2 and Table 3).

TLC1345 cells/mm3, TLP29.07%, and hemoglobin 10.55 mg/dL were independently linked with AIDS risk using
back-transformed cutoffs, with adjusted ORs of 2.92, 3.53, and 3.60, respectively (Table 4).

Performance of the 3-Parameter Score

Each parameter value below the specified cutoff was given a unitary score of 1; otherwise, a unitary score of 0 was given.
The three unitary scores were added together to create the risk score (Table 5). As a function of risk score, the likelihood
of having AIDS increased dramatically, ranging from 18.3 to 95.1%. In comparison to score 0, score 2 (two parameters
below the threshold) was linked to an OR of 8.25 (95% confidence interval [CI] = 4.31, 15.81) of CD4 count 200, while

Parameter

# — Lypmhocyte count /-1

— Lymphocte percentage "-1
""" Hemoglobin *-1

— Reference Line

Sensitivity

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure | Correlation of blood cell count parameters with HIV PCR levels (N=384).
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Figure 2 Receiver Operating Characteristic (ROC) Curve Analysis for the Significance of Reciprocal Lymphocyte Count, Percentage, and Hemoglobin Level in Predicting
AIDS Status among HIV Patients.
Notes: The ROC curve analysis revealed a prediction of HIV PCR level using lymphocyte count, lymphocyte percentage, platelets count and hemoglobin level. The sub
figure (A) showed the low AUC for lymphocyte count (0.43, p< 0.001), while Sub figure (B), showed AUC for lymphocyte percentage (0.59, p< 0.001). Additionally, sub
figure (C) reflected an acceptable-to-high AUC for platelets count (0.73, p=0.002), and sub figure (D) revealed the monocytes percentage (0.69, p=0.005). The sub figure (E)
showed the hemoglobin level (0.70, p< 0.001) for CD4 count 200 (non-AIDS).
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Table 3 Diagnostic Accuracy of Reciprocal Hematological Parameters in Predicting AIDS Status Among HIV Patients

Parameter AUC SE 95% CI p-value | Youden’s Index | Cutoff Value | Sensitivity | Specificity
TLC! 0.73 0.03 0.67 0.79 <0.001* 041 >0.7435 58.1% 82.4%
TLp! 0.69 0.03 0.62 0.75 <0.001* 0.39 >0.0344 50.7% 88.2%
Hemoglobin level ™' 0.70 0.03 0.64 0.76 <0.001* 0.36 >0.0948 49.3% 86.9%

Note: *Statistically significant results (p<0.05).

Abbreviations: AUC, area under the receiver operating characteristic curve; SE, standard error; TLC, Total lymphocyte count; TLP, total lymphocyte percentage.

Table 4 Multivariate Logistic Regression Analysis of the Association Between Total Lymphocyte Count,

Percentage, Hemoglobin Level, and AIDS Status (CD4<200)

Parameter (X) Reciprocal Back- Adjusted 95% CI p-value
Level (X7") Transformed OR
Level (X)
TLC (K cells/mm?) <0.7435 > 1.345 Ref - - -
>0.7435 < 1.345 2.92 1.68 5.07 <0.001*
TLP (%) <0.0344 = 29.07% Ref - -
>0.0344 <29.07% 3.53 1.96 6.36 <0.001*
Hemoglobin level (g/dL) | <0.0948 > 10.55 mg/dL Ref - - -
>0.0948 < 10.55 mg/dL 3.60 2.06 6.29 <0.001*

Notes: Model goodness-of-fit: R? = 0.346. *Statistically significant results (p<0.05).
Abbreviations: TLC, Total lymphocyte count; TLP, total lymphocyte percentage.

Table 5 Risk Score Calculation for Predicting CD4 < 200 Using TLC, TLP,

and Hemoglobin

Back-Transformed Parameter

Score

TLC (cells/mm?)

> 1345 cells/mm® £ 0
<1345 < |

TLP (%)

229.07% <0
<29.07% < |

Hemoglobin level (g/dL)

21055g/dL <0
<1055 g/dL < |

Risk score = } (range 0-3)

Abbreviations: TLC, Total lymphocyte count; TLP, total lymphocyte percentage.

score 3 (all three parameters below the cutoff) was linked to an OR of 86.96. (20.09, 376.33). A total score of 1 did not
indicate any notable risk. The total model accounted for 34.6% of the variation in the CD4 count, (Table 6).

Discussion

Summary of Findings
Despite remarkable progress in health outcomes among PLHIV globally in the last few decades, several factors still limit

access to adequate care in low-income countries.”> Our study introduces a novel composite score that combines

significant hematological parameters, namely TLC, TLP, and hemoglobin concentration, to monitor HIV patients on
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Table 6 Association of the Proposed Score with AIDS Status (CD < 200 Cells/Mm?)

Score | Risk of AIDS OR 95% CI p-value Model Goodness of Fit (R%)
0 18.3% Ref - - <0.001*

| 28.4% 1.77 0.97 322 0.063

2 64.9% 8.25 431 15.81 <0.001*

3 95.1% 86.96 20.09 376.33 <0.001* 0.346

Note: *Statistically significant.

ART. This composite score aims to provide an alternative and potentially more cost-effective approach for assessing
treatment efficacy and disease progression, particularly in low-resource settings where access to viral load and CD4 count
measurements may be limited. In a cohort of newly treated HIV patients, the introduction of ATR was associated with
a significant increase in TLC, TLPm, and hemoglobin levels compared to baseline. In the pooled data, the viral load titer
was negatively correlated with TLC and TLP, platelet count, and hemoglobin levels, while it was positively correlated
with monocyte percentage; nevertheless, all these correlations were weak to moderately weak. More interestingly,
reciprocal values of TLC (in thousands cells/mm3), TLP, and hemoglobin levels showed good accuracy in indicating
AIDS status defined as a CD4+ count <200 cells/mm3, with a high specificity. This enabled computing cutoffs and
elaborating a 3-dimension risk score model that could be easily implemented in clinical practice and predicted AIDS with
34.6% goodness-of-fit.

The Use of Lymphocyte Count and Hemoglobin in HIV Monitoring

HIV infection is associated with multiple hematological abnormalities, especially anemia and neutropenia, the prevalence and
degree of which are significantly correlated with the CD4 count and disease progression.”® According to previous WHO
guidelines, TLC below 1200 cells/mm3 in asymptomatic HIV patients could be used for ART initiation in low-resource
settings, as it is indicative of a low CD4 count (<200 cells/mm3). However, the same WHO guidelines stated that lymphocyte
count had a high positive predictive value, but a low negative predictive value.?’ This is consistent with our findings that TLC
<1345 cells/mm3 was indicative of a CDs count<200 with high specificity (82.4%) but relatively low sensitivity (58.1%). This
limits its utility as a screening test for AIDS because of the high percentage of false negative results.

Several studies have explored the validity of TLC or hemoglobin for monitoring HIV patients in the past two decades,
revealing interesting observations with mixed conclusions. A longitudinal multicenter study by Lau et al using survival
analysis showed that a rapid decrease in TLC was associated with a 4.7-fold hazard ratio of progression to AIDS, while
a rapid decrease in hemoglobin level was associated with a 5.5-fold hazard ratio.'® Another study assessed the accuracy
of TLC in monitoring treatment efficacy by analyzing its covariance with CD4 count 24 months after the initiation of
HAART. The findings showed that an increase in TLC was indicative of an increase in CD4 count with very high
sensitivity (86-94%) and specificity (80-85%), and that an increase in CD4 count by 100 cells/mm3 or higher was
associated with an average increase in TLC by 766 cells/mm3.%® Conversely, a study in 2007 showed a weak correlation
between TLC and CD4 count (r=0.41), and predictive models using cutoffs <2000 and <1000 cells/mm3 were not
significant in indicating a CD4 count<200.>’ Another recent study by Wande et al analyzed the correlation of CD4 count
with TLC, hemoglobin, and lymphocyte/leukocyte and lymphocyte/neutrophil ratios. TLC showed the strongest correla-
tion with CD4 count (r=0.57), followed by lymphocyte/leukocyte ratio (r=0.51), and lymphocyte/neutrophil ratio
(r=0.46), while the correlation with hemoglobin was the weakest (r=0.32).%° This is consistent with our findings showing
a significant association of both viral load and CD4 count<200 with TLC and hemoglobin, in addition to TLP, which is

mathematically identical to the lymphocyte/leukocyte ratio used by Muhamad et al.*>°

Thrombocytopenia or Thrombocytosis!?
We observed that the platelet count was inversely correlated with the HIV PCR titer; however, this correlation was weak.
In contrast, the platelet count showed a two-phase correlation with AIDS status, as demonstrated by the ROC curve

HIV/AIDS - Research and Palliative Care 2023:15 https: 607

Dove!


https://www.dovepress.com
https://www.dovepress.com

Al-Mughales Dove

crossing the reference line. This indicates the existence of a “turning point”, beyond which the levels of platelets count
(thrombocytosis) may be paradoxically indicative for more advanced disease. This may further be indicative of drug
toxicity, consistent with a study showing that 9% of patients on highly active ART had chronic thrombocytosis, which
was associated with decreased natural killer cell counts and an increased risk of cardiovascular events.’! This suggests
that the interpretation of platelet count changes differs by reference to the turning point and depends on potential
iatrogenic factors, which challenges its use in monitoring HIV patients.

Specificity of This Study — Use of a 3-Parameter Risk Score

The specificity of the present study is the elaboration of a predictive model for CD4<200 that combines three
hematological parameters, including TLC <1345 cells/mm3), TLP (<29.07%) and hemoglobin concentration (<10.55
g/dL), using their respective cutoffs in the ROC curve analysis. All three binary variables were significant in the adjusted
analysis, indicating that each parameter was independently associated with the AIDS status and could be included in the
cumulative risk score. A cumulative risk score of 2 (two out of three parameters below the cutoff) was associated with an
8.25-fold risk of AIDS, and this risk was multiplied by 10 for a cumulative score of 3 (OR=87). However, the goodness-
of-fit of the model was moderate, as it explained 34.6% of the CD4 count variance. The main advantage of this model is
its practicality and ease of implementation in routine practice, particularly in low-resource settings. However, the
interpretation of the risk score for a specific patient should consider the baseline values and normal variability between
repeated measurements. Further studies are warranted to assess the validity of this model and to determine its further
application conditions and improvement perspectives.

Limitations of the Hematological Parameters in Monitoring HIV

The present approach of using hematological parameters to monitor HIV patients is limited by the hematological
toxicity of ART drugs. This is the case for patients on zidovudine-containing regimens, which entail a relatively high
risk of anemia, especially during prolonged periods of use.** Zidovudine has been demonstrated to have a dose-
dependent cytotoxic effect on erythroid precursor cells in the bone marrow.>* Other iatrogenic factors may interfere
with anemia in patients with HIV, such as cotrimoxazole prophylaxis,®* the confounding effect of which should be
addressed in further studies and considered for each specific case. This represents a strong confounder for the model
developed in the present study, notably when drug toxicity is associated with low adherence to treatment, which may
falsely potentiate the correlation between anemia and HIV PCR and CD4 count. However, one should consider that the
risk of anemia is drug- and time-dependent, and may be potentiated by other factors inherent to disease progression.
A study from Cambodia involving 1180 patients who were on a zidovudine-containing regimen showed that 12%
developed anemia after one year of treatment, leading to the discontinuation of zidovudine. Analysis of the cumulative
incidence curve showed that the risk was 5% at three months and 10% at 6 months.>®> Another Ethiopian study
observed a prevalence of anemia as high as 26% among treated HIV patients, which was associated with advanced
stages of the disease and a history of opportunistic infections, whereas drug-induced anemia accounted for only
5.5%.% This finding suggests that the use of the model developed in the present study can be considered after ruling
out all iatrogenic and other confounding factors that affect hematological parameters, which may be time- and
resource-intensive in routine practice.

Methodological Limitations

The present model was developed on the basis of a retrospective series of patients with readily available parameters of
interest. This is exposed to selection and information bias, which may affect the generalizability of the model. Therefore,
it is necessary to test the validity of the present model in a prospective series of patients by using a more rigorous data
collection procedure, which could further improve the model.

Conclusion
The study reveals the clinical utility of the three haematological parameters (total lymphocyte count, lymphocyte
percentage, and haemoglobin concentration) as cost-effective tests for monitoring HIV patients in low resource settings,
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particularly where viral load and CD4 count assessments are absent. Independently, each parameter shows high
specificity in predicting AIDS status, with defined cutoff values. Moreover, the combination of these parameters in
a cumulative risk score significantly enhances their predictive value, indicating an approximately 8-fold to 87-fold
increase in the risk of AIDS progression for scores of 2 and 3, respectively. These findings underscore the promise of our
composite risk score as a practical tool for HIV patient management.
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