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ABSTRACT

Background: Several mathematical models have
been applied for the study of HIV/AIDS epidemic dynamics
in The United States, looking for causal associations of its
dynamics with the phenomenon.

Methodology: It was built a probability total space
in the basis of probability occurrence of annual ranges
about 2,500 and 1,500 infected from 1981 to 2005; in this
way the temporal dynamic of the epidemic was quantified.
The mean quadratic deviation was evaluated for 25 groups
of ranges and a prediction of the infected number in 2006
was developed based on the probabilistic behavior of the last
group.

Results: It was predicted that AIDS cases in The
United States for year 2006 were between 37,500 and 40,000
for the ranges of 2,500 and between 38,000 and 39,500 for the
ranges of 1,500. In both cases the real value was contained
into the predicted interval; that means a 100% success in the
prediction.

Conclusions: Analysis in time about dynamics of the
loading of probabilities shows an acausal mathematical order
that allows to do temporal predictions of the HIV epidemic
infected number in a simple way and that is applicable to
Public Health.
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RESUMEN

Antecedentes: Algunos modelos matematicos han
sido aplicados al estudio de la dinidmica de la epidemia
de VIH/SIDA en Estados Unidos, buscando asociaciones
causales de su dindmica con el fenémeno.

Metodologia: Se construy6 un espacio total de
probabilidad con base en la probabilidad de aparicion de
rangos anuales de 2.500 y 1.500 infectados desde el afio 1.981
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al 2.005, cuantificando la dindmica temporal de la epidemia.
Se evalud la desviacion cuadratica media de 25 grupos
de rangos y se desarrolld una prediccion del nimero de
infectados para el afio 2006 con base en el comportamiento
probabilista del altimo grupo.

Resultados: Se predijo que los casos de SIDA en Los
Estados Unidos para el afio 2006 estuvieron entre 37.500 y
40.000 para los rangos de 2.500 y entre 38.000 y 39.500 para
los rangos de 1.500; el valor real fue contenido en el intervalo
predicho en ambos casos, lo cual significa una exactitud del
100% en la prediccién.

Conclusiones: El anilisis de la dindmica del
cargamiento de las probabilidades en el tiempo evidencia un
orden matematico acausal que permite realizar predicciones
temporales del nimero de infectados de la epidemia de VIH
de una forma simple y aplicable a la salud publica.

Palabras Clave: Epidemia, VIH, SIDA, Probabilidad,
Prediccion, Salud Publica.

INTRODUCTION

AIDS is an important cause of morbility and mortality
around the world. In 2009, the United Nations estimated that
33.3 million people worldwide were living with Human
Immunodeficiency Virus type 1 (HIV-1) infection; during that
same year, the number of annual AIDS-related deaths worldwide
was estimated as 1.8 million [1.6 million—2.1 million] (1,2). Sub-
Saharan Africa remains as the most severely affected region,
with approximately 22.5 million infected in 2009 (2). According
to UNAIDS epidemiological report, The United States has
reported the highest number of infected in all countries; in North
America there is an average of 1,500,000 people living with
HIV and 26,000 deaths attributable to AIDS by the year 2009
(2). Despite the strategies implemented to prevent the disease, it
remains a public health problem (2).

Probability is a mathematical measure that assesses the
possibility of the occurrence of a given event in an experiment that
can present a finite set of events (3-6); some of the fundamental
theories, as quantum physics and statistical mechanics, express
laws of nature with the calculus of probabilities. Since the HIV/
AIDS epidemic is an irregular and complex phenomenon, it
will be study from the theory of probability and the loading of
probabilities for a better understanding of its dynamics and so
make possible to predict the number of infected cases in future.

The application of acausal mathematical and physical
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theories in the study of the epidemics dynamics have allowed to
predict the infected cases number in big populations as countries,
and small ones as municipalities; it also have allowed predictions
for annual periods or even for a given epidemiologic week.
For example, the prediction about the trajectory of the Malaria
epidemic for the years 2005, 2006 and 2007 by calculating the
speed and acceleration, the usage of second-order differential
equations and the representation in polar coordinates by means
of using concentric circular attractors (7). Another characteristic
example is the prediction of Malaria outbreaks in periods of
weeks for Colombia’s municipalities, through the application of
probability, entropy and entropy / Boltzmann constant relation
(S/k) (8). Based on random walk a prediction about the Dengue
epidemic in Colombia was made for the year 2007, obtaining
a value that corresponds to the 90.4% with respect to the real
infected number reported (9). It was also made a prediction
about the annual infected number in Colombia of epidemics as
Malaria (10) and Dengue (11), based on the load of probabilities
in bounded time ranges, with a success percentage over 90% in
both cases.

From this perspective, it is possible to assess whether the
ranges, seen as events of a sample space, are equally probable or
not, by using the mean quadratic deviation (4). The study of the
dynamics of HIV/AIDS epidemic will allow making predictions
for the HIV/AIDS cases number in the United States for 2006.

In this work, we will apply previously methodology
applied to the malaria (10) and dengue (11), epidemic, thus the
dynamics of HIV/AIDS epidemic will be characterized in an
objective and reproducible way, establishing the quantitative
probabilistic behavior of the increase or decrease of the cases
number per year and predicting the infected number of VIH/
AIDS for 2006 year.

DEFINITIONS

Probability of a range: The probability of a range is
defined as the number of frequency of times that the total number
of annual infected in United States has been contained in this
range, divided between the total of frequencies that corresponds
to the total of years.

Frequency of range

P(r)= Equation 1

Total Frequency of ranges

Mean quadratic deviation of a range: To study if a
group of ranges is equally probable or not, which means if there
is a loading of the probability for specific events of the sample
space, the formula of deviation equally probable is used4:

Frequency of range + 1

P (Rn) = Equation 1

Total Frequency of ranges - 2N

Where N is the number of events of the sample space, this is the
total of frequencies.
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METHODOLOGY

The values reported by the U.S. Health institute for the
annual cases number of HIV / AIDS from 1981 to 2005 were
grouped in ranges of 2.500 and 1.500 infected. These ranges
were analyzed through a space of probability construction for
each of the defined range types, where the presentation of each
specified range is considered as an event. Based on the space
of probability, the probability of occurrence of each event is
established (see definitions).

This space of probability quantifies the possibility of
a recorded total value for the HIV/AIDS infected number for a
specific year in The United States, to be included in the established
ranges. The range’s extension was chosen considering that the
annual variation of the infected number for the last years, with
respect to the year of prediction, was close to these ciphers.

Then, probability spaces that quantify sets of ranges of
2,500 grouped in three were defined, so as sets of ranges of 1,500
grouped in four. The conformation of those sets was done in
this way, given that since 1998 the epidemic tended to stabilize,
and the annual variability of the defined ranges was three and
four respectively. In these spaces the probability was calculated
for each range with respect to the total set. The mean quadratic
deviation of each range was also determined in order to establish
if it exists or not a loading of the ranges, through the subtraction
of the probability and its mean quadratic deviation. Finally an
arithmetic average of the numbers that name the ranges of the
last three years was made, and the range of infected number that
correspond to the average value was established by a rule of
three.

RESULTS

The minimum ranges of annual infected in the period
1981-2005 was 1 in both ranges, of 2.500 and of 1.500,
corresponding to an infected number that varies from 0 to 2.500
and from 0 to 1.500 respectively. The highest number of infected
was 32 for the ranges of 2.500 and was 54 for the ranges of
1.500, belonging to an infected number that varies from 77,500
to 80,000 and from 78,500 to 80,000 respectively

Table 1: Ranges determination of the infected number per year

Year Infected Ranges Year Infected Ranges
Number Number
2.500 1.500 2.500 1.500

1981 339 1 1 1994 73086 30 49
1982 1201 1 1 1995 69984 28 47
1983 3153 2 3 1996 61124 25 41
1984 6368 3 5 1997 49379 20 33
1985 12044 5 9 1998 41829 17 28
1986 19404 8 13 1999 38811 16 26
1987 29105 12 20 2000 36087 15 25
1988 36126 15 25 2001 39206 16 27
1989 43499 18 29 2002 39250 16 27
1990 49546 20 34 2003 39690 16 27
1991 60573 25 41 2004 38807 16 26
1992 79657 32 54 2005 37662 16 26
1993 79879 32 54
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The frequency values of ranges occurrence were
between 0 and 6, and the probability values were between 0
and 0.24 for ranges of 2,500 (Table 2). The frequency values
of ranges occurrence and ranges probability for ranges of 1,500
are not shown, but they respectively were between 0 and 3, and
between 0 and 0.12

It was found that the probability values for sets of 4
ranges groups varied in the interval [0 — 1.00]; the values of mean
quadratic deviation for these sets varied between [-0.5 — 1.50],
finding that the differences between them and the probability
value (expected value) vary in the interval [-0.50 to 0.50] (Table
3).

It was found that the minimal value for the calculated
differences for the 2,500 and 1,500 ranges sets were associated
to a set that contains the ranges 16 to 18 and 25 to 28, for each
ranges set respectively; the last ones are those that precisely
contain the last five years, demonstrating so the loading of
probabilities in time in this ranges set and it justifies the using
of probabilities in this interval of time in order to predict the
epidemic dynamics.

The obtained values of infected number that correspond
to the years 2003, 2004 and 2005, for the ranges of 2,500 infected
were in the range 16, while for the ranges of 1,500 infected were
in the ranges 27 and twice in 26. The average evaluation of these
values showed for 2006 that in the ranges of 2,500 corresponds
to 16 and in the ranges of 1,500 to 26.33 (Table 4).

Values that was later corroborated with the diagnoses
of HIV Infection in The United States, by year of diagnosis
and selected characteristics, reported by the Center for Disease
and Control and Prevention (Atlanta) according to “HIV/
AIDS Surveillance Report 2009, where infected number
corresponding to year 2006 was 39 329, finding that the
prediction was 100% accurate in both cases.

Table 2: Frequency and probability for the ranges of 2,500 cases.

Range Frequency Probability Range Frequency Probability

1 2 0,08 17 1 0,04
2 1 0,04 18 1 0,04
3 1 0,04 19 0 0
4 0 0 20 2 0,08
5 1 0,04 21 0 0
6 0 0 22 0 0
7 0 0 23 0 0
8 1 0,04 24 0 0
9 0 0 25 2 0,08
10 0 0 26 0 0
11 0 0 27 0 0
12 1 0,04 28 1 0,04
13 0 0 29 0 0
14 0 0 30 1 0,04
15 2 0,08 31 0 0
16 6 0,24 32 2 0,08
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Table 3: Frequency values (F), Probability values (P), Mean Quadratic
Deviation (+ MSD, - MSD) and the differences between them (+ MSD-P,
- MSD-P) for the 4 ranges groups.

Range F P +MSD -MSD +MSD-P -MSD-P

1 2 0,50 0,750 0,250 0,25 -0,25

2 1 0,25 0,500 0,000 0,25 -0,25

3 1 0,25 0,500 0,000 0,25 -0,25
TOTAL 4

4 0 0,00 0,500 -0,500 0,50 -0,50

5 1 1,00 1,500 0,500 0,50 -0,50

6 0 0,00 0,500 -0,500 0,50 -0,50
TOTAL 1

7 0 0,00 0,500 -0,500 0,50 -0,50

8 1 1,00 1,500 0,500 0,50 -0,50

9 0 0,00 0,500 -0,500 0,50 -0,50
TOTAL 1

10 0 0,00 0,500 -0,500 0,50 -0,50

11 0 0,00 0,500 -0,500 0,50 -0,50

12 1 1,00 1,500 0,500 0,50 -0,50
TOTAL 1

13 0 0,00 0,354 -0,354 0,35 -0,35

14 0 0,00 0,354 -0,354 0,35 -0,35

15 2 1,00 1,354 0,646 0,35 -0,35
TOTAL 2

16 6 0,75 0,927 0,573 0,18 -0,18

17 1 0,13 0,302 -0,052 0,18 -0,18

18 1 0,13 0,302 -0,052 0,18 -0,18
TOTAL 8

19 0 0,00 0,354 -0,354 0,35 -0,35

20 2 1,00 1,354 0,646 0,35 -0,35

21 0 0,00 0,354 -0,354 0,35 -0,35
TOTAL 2

22 0 0,00 0,000 0,000 0,00 0,00

23 0 0,00 0,000 0,000 0,00 0,00

24 0 0,00 0,000 0,000 0,00 0,00
TOTAL O

25 2 1,00 1,354 0,646 0,35 -0,35

26 0 0,00 0,354 -0,354 0,35 -0,35

27 0 0,00 0,354 -0,354 0,35 -0,35
TOTAL 2

28 1 0,50 0,854 0,146 0,35 -0,35

29 0 0,00 0,354 -0,354 0,35 -0,35

30 1 0,50 0,854 0,146 0,35 -0,35
TOTAL 2

31 0 0,00 0,354 -0,354 0,35 -0,35

32 2 1,00 1,354 0,646 0,35 -0,35
TOTAL 2

Table 4. Ranges associated to the 2006 prediction, and values for the
upper and lower limits of predicted infected number.

Prediction Range 2.500  Range 1.500
2006
16 26,3
Infected: Lower
limit
37.500 38.000
Infected: Upper
limit
40.000 39.500
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DISCUSSION

This is the first work in wish it is make a prediction
of the cases number of the HIV/AIDS epidemic in The United
States based on the ranges of the last three years, which is
independent of causal factors. When the behavior of the
epidemic is considered as a dynamic system, the probability
theory application reveals a self-organization that allows to do
temporal predictions, that may facilitate decision-making in
Public Health. This methodology was originally developed for
the Malaria epidemic in Colombia (10); it has been demonstrated
its applicability to the Dengue epidemic (11), and in this study
to the VIH/AIDS epidemic in The USA, results that suggest its
generalization for other epidemics.

It have been developed mathematical models on
the HIV/AIDS; most of them use statistical analysis across
multivariate regression and make predictions with iteration
nonlinear methods (12), others use computer models to make
projections of the epidemic (13) and other are based on
exponential models (14-16).

According to the calculation of the mean quadratic
deviation to the probability values in chosen periods, it was
revealed that the HIV epidemic dynamics has a kind of
“probabilistic inertia”, which means that there is a loading
of probabilities. Giving support to the evaluation of the HIV
epidemic when recent years are taken, because these values are
within limited values and none of them deviates considerably
from the expected value. The predicted value was compared to
the actual cases number reported by the Atlanta’s CDC (Center
for Disease and Control and Prevention) (17), and it was
determined the success degree of the prediction about the range
in which the infected number will be, finding that it was 100%.

This work was based on the records of the Department
of Health and Human Services of The United States, which
before 2006 does not had exact methodologies to estimate the
infected number, presenting so a sub-registration (18-19). The
CDC has revealed that the historical trend analysis suggests
that the annual number of new infections was never lower than
40,000 and that it has been more or less stable since the 1990
decade (20). A work of Hall H. et al., showed that in 2006 the
HIV infected number was 56,300, number that is substantially
higher than the previous estimates of 40,000 annual new
infections (21).

The application of Physical and Mathematical
theories also have been allowed to advance on the solution of
another related problems to the human health. In this way, it
has been developed characterizations and predictions in the
immunology and molecular biology area, useful for the vaccines
development. Some of them, are stand out the development of
a predictive theory about the malaria peptides binding to HLA
class II (22) and the creation of a theory for the prediction of
binding peptides to Red Blood Cells, which results show a
sensibility of 95% and a specificity of 90% (23). These theories
also make possible predictions of CD4 lymphocytes’ count in
HIV patients from complete blood count (24). It has been made
morphometric characterizations and diagnostics to the health
and sick prototypes differentiation of cells as erythrocytes (25),
cervical epithelial cells (26-28), and coronary arteries in an
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animal experimental model (29). In cardiology field, diagnostic
methodologies and predictions have been developed for cardiac
dynamic (30-34), and predictions in the Intensive Care Unit
(39).

This work is a temporal limited prediction, unlike
that made for 820 municipalities in Colombia (8), which was
an accurate prediction in time and space, calculated for weeks.
Nevertheless the prediction developed in this study is also
important because can make annual predictions in a precise way.
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