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Objective. To predict the amount of CD4+/uL3 in sequences of patient records with CD4 T lymphocyte values above 500
cells/uL3 and / or between 200 to 500 cells/pL3 from the absolute leukocyte count in the context of the theory of probability.
Materials and methods. Two mathematical inductions were performed to find predictive mathematical relationships for
CD4+/pL3 when they are above 500 cells/pL3 and between 200 to 500 cells/uL3, from the absolute count of leukocytes.
Subsequently, the probability of success of the predictions was calculated, two blind studies were performed on 80 remaining
data, and sensitivity and specificity were calculated for both cases.

Results and discussion. If there are more than three records in time per patient, and these are above 500 CD4/uL3 cells or
between 200 to 500 CD4/uL3 cells, finding that the absolute leukocyte count has a greater or equal value to three and lower
to 4 for all the records, the following record will be maintained with a measurement of CD4 lymphocytes>500 or between [200,
500], if in the absolute count of leukocytes of the patient sequences a value of four is observed and CD4+ ranges from 200 to
500 cells/uL3, it can be deduced that there will be at least one measurement of CD4 +>500 cells/pL3 associated with a leuko-
cyte measurement / pL3 greater than 3.7.

Conclusions. We established two temporal mathematical patterns capable of predicting the CD4+/uL3 count from the
absolute leukocyte count.
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MNPOrHO3UPOBAHUE JHAINNA30OHOB CD4+ HA OCHOBE OBLUEIO
KOJIMYECTBA JIEWKOLMTOB Y JIKOJEN, YKUBYLLIMX C BUY
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Lleas. Onpenennts konudectso CD4+ na M3

B MOCJ/IEIOBATENLHOCTSIX UCTOPUH G0se3HH MaldeHToB co 3Havenusmu CD4 T-
sumdotinToB Bbitie 500 ka1eToK/MKIS 1/uan ot 200 10 500 KIETOK/MKJI® Ha OCHOBE aGCOMIOTHONO KONHYECTBA JEHKOLHTOB
B KOHTEKCTE TEOPUU BEPOSITHOCTH.

Mamepuanol u menodol. Bblii BBINOJHEHbI IB€ MATEMATHUECKHE HHYKLIMH, YTOObI HAITH MaTeMaTHYeCKHE MPeICKa3aHus 115
CD4+ Ha MKJI®, Koria oHu npesbiliaot 500 k1eToK/MKI® 1 o1 200 10 500 KAeTOK/MKJIS 0T a6COMOTHOrO KOJIHYECTBA JIEHKO-
uuToB. BriocsienctBun Gblna paccunTaHa BepoOsITHOCTD ycriexa TMPOrHo30B, ObLIM TPOBEJIEHb! Ba CJENbIX HeeaenoBanus Ha 80

OCTaBLIKXCs JaHHBIX, W OJ1s1 o6oux cJayvyaeB OblJIH pacCyUTaHbl YYBCTBUTECJ/IbHOCTL U CHELLI/I(bI/I‘{HOCTb.
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Pesyaomamot u ux oocyacdenue. Ecnu umeercst GoJiee Tpex 3arnuceil Ha OJIHOTO NaleHTa 1 oHU cosiepakat Gosiee H00 KeToK

CD4+ na mka® uan ot 200 10 500 kietok CD44 na Mka2, 0GHapYKUBAETCS, UTO aOCOMIOTHOE KOJIUUECTBO JIEHKOIUTOB H0JIbllIe

WK PaBHO 3 M HIKe 4 JyIs BCex 3anuceit, cietyioliias 3annch Oy/IeT NoIep2KUBaThes ¢ u3MepeHueM sumdounto CD4>500 uiu

mexay [200, 500], ecain B aGCOJIIOTHOM MOJCUYETE JIEHKOLMTOB MOC/EI0BATEIbHOCTEH NallMeHTOB HabJliolaeTest 3HaueHue 4

u CD4+ xone6aetes ot 200 10 500 KAeTOK/MKA®, MOXKHO CIe1aTh BLIBOL, UTO GyeT 1o KpaiiHeii Mepe oHo uameperne CD4+

>500 KJIeTOK/MKJIS, CBsI3aHHOE C U3MepPeHHeM JIeHKOLUTOB Ha MKJIS Godbliie 3,7.

3akaouenue. YCTaHOBJIEHbBI JBE€ BPEMEHHbIC MaTEeMaTHUYCCKUE MOJECJH, MO3BOJIAIOUIHE ITPOTHO3UPOBATL KOJUYECTBO CD4+

3

Ha MKJI° 110 a6COJIIOTHOMY KOJIHUECTBY JICHKOLIUTOB.
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Introduction. Different studies developed by
United Nations (UNAIDS) Reveal that about 36 mil-
lion people live with HIV [1]. Besides, until 2017
more than 78 million people have been infected by
HIV in more than 40 million have died [2]. The diag-
nosis of HIV represents the first step in the cascade of
elements necessary to an appropriate treatment and
following up. Among the different treatments
designed to manage HIV patients is anti-retroviral
therapy which is useful to achieve maximal suppres-
sion of HIV replication, helping to increase the
immune response [3]. One of the elements used to
make surveillance of patient please through the
measurement of CD4+ lymphocytes [4].

Considering the previous statements, the necessity
of obtaining differently strategies that allow to estab-
lish the trajectory of CD4+ cells from the diagnosis to
the surveillance during antiretroviral treatment has
arose [5—7]. In The medical literature, different clini-
cal and descriptive studies have documented the tem-
poral changes in the trajectory of CD4+ cells count
after initiating anti-retroviral treatment [5-11].
However, these kinds of methodologies might not be
easy to develop, so other strategies that include lineal
effects [7—9] have been implemented, but the corre-
lation of these results with the real trajectory of
CD4+ counts in some cases do not match [7].

The theory of probability is tightly bound to set the-
ory, through axioms formulated under the notions of
belonging and not belonging of set theory [12]. For

example, the possible events how far to determine
experiment are grouped in a sample space, similar to
the way that elements are grouped in a set. In the cur-
rent literature, some studies have been developed
with basis on these theories, showing their capability
of predicting CD4+ counts through values of leuko-
cytes and lymphocytes counts from the complete
blood count [13—-18].

Continuing this line of investigation, the purpose of
this study is to design a methodology based on the the-
ory of probability, capable of obtaining predictions in
time of the number of CD4+ cells when these values
are found simultaneously in two mathematical relation-
ships. The first one accounts for CD4+ >500 cell/pL3
while the second scenario is for counts that are between
200 and 500 cells/pL3, considering the absolute letko-
cyte count to obtain predictions. These relations are
studied from different registries along time from flow
cytometry and complete blood count values of patients
that have initiated antiretroviral treatment.

Materials and methods. Definitions.

Range 1: [CD4+4 >500] cells/pL3 and the
absolute leukocyte count, corresponding to CD4+
>500 cells/uL3, associated to one absolute leukocyte
count.

Range 2: [200< CD4+ < 500] cells/pL3 and the
absolute leukocyte count, corresponds to the CD4+
counts whose values are found only within the values
200 and 500 cells/pL3, associated to an absolute
leukocyte count.
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R range repetitions Npg .
= - — =—"Fquation 1
Totality of repetitions of the ranges N

Probability of the ranges of [CD4+/pL3 >500] and
[200< CD4+/uL3< 500 cells/uL3]: frequency of
occurrence of the distribution of leukocytes in CD4+
counts >500 and between 200 to 500 cells/uL3 over
the totality of repetitions of these two ranges.

Population. The registries of flow cytometry and
blood count of 91 HIV-positive patients were taken
along time, whose leukocytes were associated to
CD4+ counts that varied in one or two ranges (see
definitions). At the moment of selecting patients,
variables such as sex, age, time elapsed between
sampling and antiretroviral regimens were not con-
sidered. The information of the registries used in this
study was gathered between 2016 and 2019 by
Servicios y Asesorias en Infectologia and evaluated by
an expert specialist in infectious diseases.

Procedure. Two mathematical inductions were
developed. The first one used 6 cases denominated
prototypes (P1 to P6) which were selected by having
more than two CD4+ and leukocyte counts in differ-
ent times, meeting the conditions of the first range
(see definitions). The second induction was conducted
with 5 cases, also prototypical (Q1 to Q5) which also
has more than two registries along time and meet the
conditions of the second range (see definitions). With
the 80 remaining samples, 35 were used to confirm
the first mathematical induction and 45 to confirm the
second induction through two blind studies.

All these calculations were conducted in a software
developed for this investigation in C++

Diagnostic tests. Two diagnostic tests were per-
formed to evaluate the reproducibility and clinical
applicability of the diagnostic criteria of the proto-
types chosen for both mathematical inductions. For
that, the values of CD4+ counts were unmasked in
order to calculate false positives, true positives, false
negatives and true negative.

Ethical considerations. This investigation fulfills
the technical, scientific and administrative standards for
investigation in health, stipulated in the legal resolution
No. 8430 of 1993 of Colombia and, specifically, with the
title 11, which refers to investigation with human
beings. It belongs to the category of investigation with-
out risk given that mathematical calculations are per-
formed over results of medically prescribed diagnostic
tests, not affecting diagnostics or treatments of patients
and honoring their integrity and anonymity.

Results and discussion. The number of samples
analyzed for CD4+ counts that are found in the

P(A)

ranges 1 and 2 (see definitions) in which the 6 and 5
prototypes used for the inductions, respectively, can
be observed in table 1. The counts of CD4+ for the six
prototypes in range 1| varied between 517 and 1359
cells/uL3 and the absolute leukocyte counts varied
between 5.3 and 12.1 cells/pL3. The counts of CD4+
for the five prototypes in range 2 varied between 517
and 1359 cells/pL3 and the absolute leukocyte counts
varied between 5.3 and 12.1 cells/pL3.

In total, 215 registries corresponding to 50
patients were analyzed whose registries were divided
in two ranges. The first one for CD4+>500 cells/pL3
and the second for counts between [200-500]
cells/pL3. For the first range, 19 patients had 1 reg-
istry, 11 patients had 2 registries, 13 patients had 3
registries, 6 patients had 4 registries and 1 patient
had 5 registries. For the second range, 21 patients
had 1 registry, 14 patients had 2 registries, 7 patients
had 3 registries, 4 patients had 4 registries and 4
patients had 5 registries.

Carryover effect for absolute leukocyte counts
found in ranges 1 and 2.

From the analysis of these two mathematical
inductions, two mathematical conditions were estab-
lished for subsequent cases that present at least two
registries for CD4+ and absolute leukocytes counts
fir a same patient in the ranges 1 and 2, which can be
presented individually or with both conditions. The
conditions are as follows:

When taking more than three registries in time of a
same patient and the leukocytes counts are
>3000 mm?, then in orders of magnitude, the vari-
able will remain close to that value in the remaining
registries.

If in the leukocyte count a value greater than 4000 is
observed and the CD4+ count varied in a range of [ 200,
500], it can be deduced that at least one of the measure-
ments of CD4+ will be greater than 500 cells/pL3
associated to leukocyte counts greater than
3.700 mm?, which is formally known as carryover effect.

The application of the first condition can be
observed in the case 9. The first registry dated on
18/11/16 with an absolute leukocyte count of 3.400
with a CD4+ count >500 cells/puL3, from 15/06/17
until 22/06/2018 the absolute leukocyte counts in
orders of magnitude are close to 3 in most cases and
where in a range of[200, 500] cells/pL3. The dynam-
ics of leukocytes and CD4+ lymphocytes can be
observed in figures.

The second condition can be observed in patients
1, 5,29, 30 and 35 of table 3, where all the absolute
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Figure. Dynamics for the prototype P1 in time for a) CD4+ counts in the ranges >500 cells/pL3 and b) absolute leukocyte counts
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leukocyte counts are higher than 4 when these are in
the range [200, 500] cells/pL3 and in the range
CD4+ >500 those values are higher than 3.7 (see
table 4).

Conclusion. This is the first study where mathe-
matical inductions from which mathematical predic-
tive parameters are established through relations
between CD4+ cell counts within the ranges of 500
cells or between [200< CD4+ < 500] cells/pL3 and
the absolute leukocyte counts in HIV-positive
patients aiter initiating antiretroviral therapy in the
context of the theory of probability. Besides, the term
«carryover effect” was established in order to be
applicable to two ranges established for this study.
This effect for a leukocyte count is a way to under-
stand how the system will behave after finding the
leukocyte count in a value of 3.700 cells in a range
>500 cells/uL3. The application of this methodology
will contribute with more precise following ups of
patients in time during their treatment with antiretro-
virals and to avoid opportunistic infections, in order to
augment their overall survival.

The results of this study reveal that the establish-
ment of a pattern between the behavior of CD4+ and
leukocytes counts along time are more important than
any other analysis focused in CD4+ counts in view
that the results suggest that the dynamics behaviors,
although apparently fluctuating, in fact present pat-
terns between both variables. Future studies will be
performed with CD4+ counts in ranges <200
cells/uL3, as well as the possible combinations that
can be arranged between the different ranges.

The way of observing mathematical relations of the
individual values of leukocytes and lymphocytes to
predict CD4+ cells was previously developed in a
study designed with two methodologies based on set
and probability theories. In the context of set theory,
a mathematical order was established for the behavior

of leukocyte populations with respect to lymphocytes
and CD4+ counts that were represented based on set
theory, from the belonging or not to four defined sets
[13]. In the context of probability, the achieved results
of the first methodology were refined, establishing
ranges of leukocytes that fulfill the specific character-
istics of belonging to any of the four sets and proba-
bility was applied to each of them, which allows to
quantify how the established sets behave in the
induction [14]. The reproducibility and clinical appli-
cability of both methodologies was confirmed in sub-
sequent studies [ 15, 16], finding a higher refinement
of the predictions in the moment that both method-
ologies were unified [17, 18].

This new line of investigation shows the possibility
of developing studies that apply methodologies that
are available to patients with low-income. This is pos-
sible in view that only two variables are taken in time
and predictions can be calculated by only requiring a
complete blood count. Moreover, the effectivity of the
antiretroviral regimens in time can also be evaluated
in this line, limiting the variables to consider by spe-
cialists in infectious diseases in order to establish the
trajectories of CD4+ counts after antiretroviral treat-
ment, which at present time has not been established
in conventional clinical studies [5-7].

The development of other predictive methodologies
has contributed to successfully contribute in other
areas of medicine such as in adult and neonatal cardi-
ology [19, 20] achieving the first predictions of mor-
tality [20]. Other predictive methodologies have been
developed to predict the number people infected by
malaria [21] and people living with HIV/AIDS [24].
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