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Abstract

Introduction: Different parameters have been established to direct the treatment of patients with human
immunodeficiency virus (HIV) infection, such as CD4+ lymphocyte values, and it is of clinical interest to
have methodologies that accurately predict these values. Aim of the study was to predict the total values
of leukocytes and CD4+ lymphocytes greater than 500 cells/ul’ in HIV-infected patients using the theory
of probability and set theory.

Material and methods: Starting from 7 cases with several records over time, an induction was performed
establishing mathematical patterns between CD4+ lymphocyte values and total leukocyte values, while
applying the probability theory to calculate predictive accuracy in 43 cases, and subsequently, sensitivity
and specificity were calculated in a blinded study.

Results: In total, 184 records were analyzed for 50 cases. The values of total leukocytes equal to or greater
than 3.9 cells/mm? were predicted to correspond to CD4+ lymphocyte values greater than 500 cells/ul®
in 100% of time, with sensitivity and specificity results of 100%.

Conclusions: This is the first investigation with the theory of probability, in which predictions were
made from leukocyte values equal to or greater than 3.9 cells/mm? to find CD4+ lymphocyte counts.
A predictive probabilistic methodology was developed, and determined results for the calculated ranges
were found.
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Introduction

Probability can be understood as a dimensionless mea-
sure of obtaining the possibility of occurrence of an event in
the future, for which axiomatic conditions defined by Kolmo-
gorov test must be fulfilled and all probabilities are considered
to have a value between 0 and 1, where 1 is an event that will
surely occur, with the entire space showing a probability of 1.
In case of two events considered, the probability will result
from the sum of both [1-4].

According to the Joint United Nations Program (UNAIDS),
there are about 36 million people currently living with HIV
infection [5]. This virus has a tropism for cell lines, such as
macrophages or CD4+ T lymphocytes [6], and as the values
of these cells decrease, the risk of developing opportunistic
infectious diseases increases [7].

Different methods of follow-up have been developed for
patients with human immunodeficiency virus (HIV) infec-
tion, including the measurement of CD+ 4 T lymphocyte
level; however, the cost associated with this measurement us-
ing flow cytometry limits the possibility of timely follow-ups,
during which prophylactic treatments can be modified, par-
ticularly in Third World countries [8-10]. Considering this
difficulty, alternatives to obtain predictions of CD4+ T lym-
phocyte counts through different methodologies, such as ma-
chine learning, artificial neural networks, and linear analysis,
are used. However, currently, there is no high precision results
to allow an exploration of this phenomenon [11-14].

Similarly, from the theory of probability and theory
of sets, a methodology has been designed that relates the vari-
ables of hemogram, such as the absolute counts of leukocytes
and lymphocytes to predict the absolute CD4+ counts. For
this, ranks of 1,000 cells/mI’ analyzed by intersections were
organized, obtaining percentages of 100% predictions for
counts of less than 4,000 leukocytes [15, 16]. This proves that
the methods of exploration of problems from mathematics
can generate clinical solutions [15, 16].

The objective of this study was to predict the temporal dy-
namics of absolute CD4+ counts from the absolute leukocyte
counts of blood count by establishing mathematical relation-
ships that describe this phenomenon initially with a mathe-
matical induction, and later with a blinded study of 50 cases.

Material and methods

CD4 + range > 500 cells/pl’ bound to total leukocyte counts,
in which seven prototype cases (P1 to P7) were taken to gene-
rate a mathematical induction, considering minimums and
maximums of the counts.

Population

There were 2 to 6 flow cytometry records and blood
count of 50 patients with confirmed HIV infection, with
CD4+ lymphocyte counts greater than 500 cells/pl* at diffe-
rent dates regardless of age, sex, or treatment from baseline
data, evaluated by an infectious disease specialist from Ser-
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vicios y Asesorfas en Infectogia, and different records were
entered between 2016 to 2019.

Procedure

Initially, a mathematical induction was performed for
7 of the most representative cases, of which the absolute
counts of leukocytes and CD4+ lymphocytes were observed
in search of a mathematical order between these two vari-
ables, with predictions that could be made from CD4+ counts.

First, this inductive process consisted of simultaneous
observation of experimental behavior of CD4+ T lympho-
cyte counts with respect to the total leukocyte counts with
a significant behavior. This means that cases that present-
ed extreme values of both variables were taken to generate
7 prototypes, which included possible scenarios of the studied
dynamic. Subsequently, an analogy based on quantum elec-
trodynamics was made, where the probability of the photon
was established based on probabilities of the positron and
electron when converging. In this case, the analogy was di-
rected to establish the probability of CD4+ counts from
the convergence of probabilities of both CD4+ and total leu-
kocytes counts. Once the observation of experimental data
and physical analogy was made, a predictive dynamic was es-
tablished, from which CD4+ counts greater than 500 cells/ul®
were predicted based solely on total leukocyte count value.
This was a value of interest considered in clinical context.

It is important to note that in theoretical physics, induc-
tive predictive processes allow predicting universal phenom-
ena based on scarce experimental observations. In this case,
the 7 cases analyzed served as the basis for inductive pro-
cess, in which predictive parameter was automated by means
of a software developed by Insight Group in C++ language,
to verify the precision of the parameter in a blinded study
with the remaining cases not analyzed.

Therefore, the total leukocyte values of the remaining
43 cases were taken to develop a blinded study, and predic-
tions of CD4+ counts greater than 500 cells/pl’> were gene-
rated. For this, values of leukocytes were considered, and by
means of the predictive parameter generated in mathemati-
cal induction and automated in software, values of CD4+
counts were predicted. Finally, methodological predictive
precision was verified using calculations of the probability
of presentation of the range.

Statistical analysis

Values of CD4+ lymphocytes were unblinded to perform
sensitivity and specificity calculations using a binary table
that included true positives and negatives as well as false
positives and negatives.

Ethical aspects

This research followed scientific, technical, and adminis-
trative guidelines outlined for health research in resolution

HIV & AIDS Review 2024/Volume 23/Number 2



126

Signed Esperanza Prieto Bohorquez, Joao Cuesta, César Alejandro Valdés Cadena, et al.

Table 1. Total CD4+ counts of 50 cases analyzed and time intervals between records in number of days

Case No. of records Record 1 Record 2 Record 3 Record 4 Record 5 Record 6
1 1 25/02/19 - - - - -
2 1 23/10/17 - - - - -
3 2 10/10/17 363 - - - -
4 2 12/10/18 159 - - - -
5 2 25/11/16 224 - - - -
6 2 07/03/18 275 - - - -
7 2 01/03/18 217 - - - -
8 2 06/04/18 208 - - - -
9 2 22/11/16 527 - - - -
10 3 13/12/16 176 199 - - -
11 3 02/12/16 136 541 - - -
12 3 13/05/17 171 329 - - -
13 3 24/04/17 143 453 - - -
14 3 09/11/16 224 162 - - -
15 3 25/10/16 637 136 - - -
16 3 30/11/17 167 197 - - -
17 3 02/02/18 253 153 - - -
18 4 06/12/16 172 178 155 - -
19 4 19/07/17 171 186 182 - -
20 4 15/11/16 164 208 204 - -
21 4 16/11/16 204 198 381 - -
22 4 08/11/16 192 313 246 - -
23 4 16/01/17 170 149 337 - -
24 4 25/05/17 139 182 182 - -
25 4 06/09/16 223 200 189 - -
26 4 12/09/16 186 218 198 - -
27 4 28/09/16 425 185 195 - -
28 4 20/09/16 198 216 377 - -
29 4 12/10/16 182 190 160 - -
30 4 24/10/16 177 171 193 - -
31 4 07/10/16 266 229 173 - -
32 4 05/10/16 201 177 169 - -
33 4 14/10/16 230 194 423 - -
34 4 19/12/16 360 182 182 - -
35 4 28/10/16 148 238 355 - -
36 5 11/01/17 216 149 181 177 -
37 5 22/06/16 175 173 452 173 -
38 5 07/10/16 193 175 175 183 -
39 5 14/09/16 164 171 182 365 -
40 5 01/10/16 184 175 205 182 -
41 5 17/11/16 191 174 167 174 -
42 5 10/10/16 218 192 152 203 -
43 5 12/07/16 140 169 136 318 -
44 5 01/12/16 160 199 182 187 -

HIV & AIDS Review 2024/Volume 23/Number 2



Prediction of CD4+ lymphocyte count in HIV patients

127

Table 1. Cont.

Case No. of records Record 1 Record 2 Record 3 Record 4 Record 5 Record 6
45 5 10/08/16 160 157 180 356 -

46 5 01/10/16 157 179 180 313 -

47 5 14/09/16 203 202 226 245 -

48 6 30/07/16 191 214 206 169 169
49 6 13/06/16 263 204 182 160 141
50 6 23/07/16 142 164 184 214 82

No. 008430 of 1993, particularly with title 11 that refers to
research in humans. This research was considering without
a risk, since calculations were performed on values of clini-
cal diagnostic tests previously indicated by a treating phy-
sician. Privacy and integrity of all participants’ data were
guaranteed throughout the study [17, 18].

Results

A total of 184 records were analyzed for 50 cases, for
which 2 cases had 1 record, 7 cases presented 2 records, 8 cases
3 records, 18 cases 4 records, 12 cases 5 records, and 3 cases
presented 6 records (Table 1). As for the mathematical induc-
tion, it was observed that CD4+ counts differed between 506
and 1,429 cells/ul’, and the absolute leukocyte counts varied
between 3.9 and 16.5 cells/mm? (Table 2). These indicated
that for cases with leukocyte counts greater than 3.9 cells/
mm’, their CD4+ cell count would be predicted greater than
500 cells/pl®. Later application of the predictive parameter
now established with the remaining 43 cases revealed that
100% of cases, in which absolute white blood cell counts
were equal to or greater than 3.9 cells/mm?® were predicted
as CD4+ counts higher than 500 cells/pl®, thus confirming
that the predictive parameter previously established during
the inductive process was maintained. Temporal dynamics
for the absolute CD4+ counts of a case is shown in Figure 1,
while Figure 2 presents these dynamics for the absolute leu-
kocyte counts. Finally, sensitivity and specificity results were
obtained for 100% in the blinded study.

Discussion and conclusions

This was the first investigation using the theory of proba-
bility, in which predictions were made from leukocyte values
equal to or greater than 3.9 cells/mm?® to find CD4+ lym-
phocyte counts greater than 500 cells/ul’. Results of sensiti-
vity and specificity of 100% with a predictive precision were
obtained, similarly to 100% results obtained in the blinded
study among 50 cases, with several records over time. To
reach these results, we first observed the absolute counts
of leukocytes and CD4+ lymphocytes from the initial reg-
istry of prototypical cases. Subsequently, the counts were
evaluated, both for leukocytes and lymphocytes in the sec-
ond record, which determined if the prediction was correct.

Table 2. Total leukocyte and CD4+ counts for 7 prototypical
cases of the entire sample

Case CD4+ Leukocyte count
P9

Min. 704 13.4

Max. 729 16.5
P14

Min. 648 5.5

Max. 918 7.4
P24

Min. 549 5.2

Max. 767 7.6
P25

Min. 526 41

Max. 809 5.0
P37

Min. 506 3.9

Max. 687 55
P47

Min. 742 5.6

Max. 1,429 7.6
P48

Min. 945 5.5

Max. 1,038 7.7
Total

Min. 506 3.9

Max. 1,429 16.5

Finally, with the observation that, if the third record presented
leukocyte values equal to or greater than 3.9 cells/mm?’, it can
be deduced that the absolute CD4+ counts would be greater
than or equal to 500 cells/ul’.

Due to the growing interest of making predictions in med-
icine, particularly in HIV-infected populations, different stud-
ies have been developed to predict variables, such as absolute
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Figure 1. Temporal dynamics of CD4+ counts analyzed in
case P47
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Figure 2. Temporal dynamics of leukocyte counts analyzed
in case P47

CD4+ counts based on the absolute white blood cell counts
[19-21], ratio CD4/CD8 [22] or CD4+ % [23], and more re-
cently through data mining techniques [24]. Interestingly, it
has been found that correct classifications can be made with
99% accuracy using the random forest algorithm for CD4+
counts between 0 and 100, attributing weight to variables, such
as age or marital status [24]. However, as these methods are
directly related to study populations from the epidemiological
point of view, in which they may occasionally require special-
ized software to carry out the procedures, their applications
may be limited. Therefore in this sense, the methodology
presented here is simpler when considering only the absolute
count of leukocytes to evaluate temporal predictions.

Additionally, it should be noted that methodological
foundations of this research are related to the causality of
contemporary physics [25], where it is intended to simplify
the study phenomenon. That is why the use of other variables
related to clinical history, factors of risk, basal treatments,
age, among others, are ignored. Despite obtaining 100 per-
cent results, studies should be conducted with larger popu-
lations, and where there are different values of CD4+ in clin-
ical interest ranges, such as counts of less than 200 cells/ul®
or between 200 and 500 cells/ul®, and to elucidate orders be-
tween these ranges.

From this same perspective, different physical theo-
ries have been applied to investigate the complexity of bi-
ological phenomena that are of interest in medicine, such
as obtaining predictions of mortality in intensive care units
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from hemodynamic variables [26], predictions of malaria
epidemics [27], binding of peptides to HLA class II [28],
predictions of cardiac dynamics [29, 30], or characterization
of bodily structures with fractal geometry [31].
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