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Abstract

Background: The dynamic interactions of severe infectious diseases with epidemic potential and their hosts are complex.
Therefore, it remains uncertain if a sporadic zoonosis restricted to a certain area will become a global pandemic or something
in between. Objective: The objective of the study was to present a surveillance system for acute severe infections with epi-
demic potential based on a deterministic-stochastic model, the StochCum Method. Design: The StochCum Method is founded
on clinical, administrative, and sociodemographic variables that provide a space/time map as a preventive warning of possible
outbreaks of severe infections that can be complemented based on the sum of all the first accumulated cases. If the outbreak
is happening in high-risk areas, an early warning can be elicited to activate the health response system and save time while
waiting for the confirmation of symptomatic cases. Results: The surveillance system was tested virtually for 1 month on admis-
sions to the Emergency Room of a public hospital located in Mexico City, Mexico. It promptly identified simulated cases of
acute respiratory infections with epidemic potential. Conclusions: The StochCum method proved to be a practical and useful
system for conducting epidemic surveillance on a hospital network.
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Resumen

Antecedentes: Las interacciones dindmicas de enfermedades infecciosas graves con potencial epidémico y sus hospederos
son complejas. Por lo tanto, sigue siendo incierto si una zoonosis esporadica restringida a una determinada region se con-
vertird en una pandemia o algo intermedio. Objectivo: Presentar un sistema computacional de vigilancia de las infecciones
graves agudas con potencial epidémico basado en un modelo estocdstico determinista, el StochCum Method. Disefo: El
StochCum method se basa en variables clinicas, administrativas y sociodemograficas que proporcionan un mapa espacio-
temporal de posibles brotes de infecciones graves, que se ponderan con los casos de contagios confirmados. El sistema es
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especialmente util para obtener una alerta temprana mientras se confirman los casos sintomaticos. Resultados: E/ sistema
de vigilancia fue probado en forma virtual durante un mes con los ingresos al Servicio de Urgencias de un hospital publico
ubicado en la Ciudad de México. En todos identifico los casos de sujetos con infecciones respiratorias agudas con potencial
epidémico. Conclusiones: El StochCum method mostrd ser un sistema practico y util para efectuar vigilancia epidemioldgica

sobre una red hospitalaria.

Palabras clave: Potencial pandémico. Infecciones graves. Sistemas deterministicos-estocasticos de alerta epidemioldgica.

|ntroduction

The landmark analysis of 335 emerging infectious
diseases from 1940 to 2004 reported that 60% of them
were zoonoses and 25% were viruses', along with the
2009 A-H1NT Influenza outbreak. They remind us that
the days when highly lethal pathogens emerged through
periodic outbreaks in remote parts of the world but re-
mained geographically isolated are over. Substantial
progress has been made in developing surveillance sys-
tems for acute severe infections with epidemic potential
to support public health, in spite of our deficient clinical
infrastructure and the limited surge capacity of our
stressed health care systems. It remains uncertain if a
sporadic zoonosis restricted to a certain area will be-
come a global pandemic or something in between.
Therefore, epidemiological surveillance systems for
acute severe infections with epidemic potential must not
rely only on the number of cases reported and their
temporal-spatial distribution in a determined geographi-
cal area or region to elicit an early alarm. Ideally, they
should also rely on sociodemographic factors, such as
public transportation, livestock production, and vacci-
nated population, because it is well known that these
factors are part of the epidemiological substrate for a
potential outbreak and its possible route of dissemina-
tion. Nowadays, a person can be infected in one conti-
nent and be in another 10 h later. Therefore, this is a
challenge that must be faced by surveillance systems
for severe infections with pandemic potential’? because
it is one of the main reasons that dissemination of out-
breaks is identified too late. The spread of a severe in-
fection with epidemic potential starts with the net of
contacts of the first infected patient (index case)® and
the replication of this net among the population. These
facts, combined with the virulence of the pathogen and
some sociodemographic factors, outline its pandemic
potential. On the one hand, early warning system will
give precious time to the Health Authorities to promote
the appropriate intervention to minimize the spread of
the outbreak, for example, A — HIN1 Influenza (2009) in
Mexico* and Middle East Respiratory Syndrome (2015)

in Korea®. On the other hand, when there is a late warn-
ing, the population is severely affected in terms of both
the number of fatal victims and the economic cost in-
volved, as was the case of the Ebola outbreak in 2014
in Liberia, Guinea, and Sierra Leone®. Confirming an
outbreak requires the clinical evidence of a number of
infected subjects related in time and place and this task
takes time. It is expected that an epidemiological surveil-
lance system will identify specific symptomatic cases of
an infectious process as soon as possible; this requires
a predictive element to foresee with a probability index
of possible occurrences in the time and place of the
infectious process, which will enable the authorities to
take preventive measures in a particular region.

Surveillance systems today are designed to emit
alerts from confirmed cases and not from predicted cas-
es. These warnings have been opportune; however, in
some cases, the unexpected has happened, as was the
case with the latest infectious outbreak of Ebola virus in
Liberia (2014) that resurged® in less than a month. We
believe that some of the main factors that undermine the
effectiveness of the warnings are the ever-growing and
increasingly efficient modes of transportation, and the
many mild diseases, for example, cold, which may lead
to symptoms such as fever. Actual surveillance systems
are strongly based on the number of cases verified by
the laboratory’; the warnings, although real, sometimes
are also late because monitoring is based on the as-
sumption that a symptomatic individual will attend a
medical clinic. However, if the transmissibility and/or
lethality of the virus are very high, or if there are limited
medical facilities in the area, the index patient and some
of his contacts will probably die before receiving medical
care, making it even more difficult to trace back its net
of contacts, which will continue growing. In addition, the
number of doctors and clinics available is frequently less
than optimal, as happens in developing countries, where
the population does not usually seek medical advice for
a variety of reasons.

Improvements to such surveillance systems are like-
ly to generate a lot of false positives and, in practice,
cannot be handled easily, but the answer can come
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from a change in paradigm. Instead of waiting for
symptomatic individuals to attend the clinics, it would
be more efficient to look for them in the affected ar-
eas. This would involve the use of thermal cameras®®
that identify individuals with fever. Thus, doctors will
focus on symptomatic cases to disregard other infec-
tious, neoplastic, and rheumatic diseases. With this
approach, it will be possible to decrease the net of
contacts of affected cases. Nevertheless, this would
require the individuals’ consent for scrutiny.

There is another approach: a mixed model of epide-
miological surveillance, the StochCum Method. Its time
and space warnings come from weighting three clinical
indicators, that is, critically ill patients and mechanical
ventilators in the Emergency Rooms of a net of hospi-
tals in a determined area, and non-clinical indicators,
such as demographics and socioeconomic information,
among others. The model would issue warnings that
consider these indicators and would have a census in
real-time from symptomatic or confirmed patients who
attend the hospitals or clinics. The model is a deter-
ministic-stochastic and non-retrospective approxima-
tion: (i) it considers only the physical counting of
critically ill patients and mechanical ventilator demand
associated with the ongoing infectious process; (ii) it
reports 24/7, in real-time, the over-saturation of Emer-
gency Rooms; (iii) it has a simple algorithm adaptable
to different regional indicators from the area, state, or
country implementing it; (iv) it also randomly weights
the clinical indicators (Table 1) and non-clinical indica-
tors (Table 2); and (v) it reports the early warning to a
higher hierarchy of physicians in the health system
responsible for issuing the warning™ to inform all users
about the saturation of the Emergency Rooms while
waiting for the laboratory verification of the possible
cases. Not using this approach is probably the reason
why other predictive models only simulate past
events'? that cannot be used for real-time monitoring.
A mixed model always emits warnings considering the
clinical elements, so this model could be the prototype
that makes a difference because: (a) its prediction is
based on counting the cases at the time of the early
warning and (b) it informs all users, in real-time, of the
over-saturation of the Emergency Rooms.

In this work, we introduce a computer program de-
veloped by us named StochCum Method. The nature
of its algorithms can be considered a deterministic-
stochastic model since the processing of the variations
of the clinical indicators taken from the Emergency
Rooms (Table 1) is performed by a deterministic
function, while the non-linear indicators (Appendixes

Table 1. Clinical variables

# Concept Description
4 Critically ill The number of patients attending a hospital unit
patients with fever and/or a sore throat who, at the time

of the census, are requiring intensive monitoring
owing to the severity of his/her condition and the
comorbidity associated with it.

5 Hemodynamic The number of usable hemodynamic monitors in

monitors a hospital facility.
6 Mechanical  The number of usable ventilators in a hospital
ventilators facility.

Description of the clinical variables used for the StochCum Method® to determine
the deterministic index (2.1.1 Deterministic Index section). Note: the variables and
descriptions are taken from™'*. These variables are strongly associated with an
influenza outbreak and they were analytically determined.

Table 2. Non-clinical variables

# Symbol Concept Direct Appendix Reference
proportionality

1 C, Passengers by T A 16, 17
traveling

2 G, [lliterate T B 19
indigenous
population

3 C, Indigenous T B 19
population

4 C, Bovine T C 20
production

5 C, Porcine T C 20
production

6 G, Avian T C 20
production

7 C, Immigrant T D 21
population

8 C, People age 60 T E 23, 26
and over

9 C, People in T E 22
extreme
poverty

10 C,, Dwellings with T F 18
dirt floor

11 C, Dwellings T F 24,25
without piped
water

Conditions associated with non-clinical variables (sociodemographic factors) by State
(2.1.2 Stochastic Index section). Direct proportionality: variable that favors the epidemic
process

section) are processed by a stochastic function.
Both functions feedback to issue (or not) an epi-
demiological alert. The StochCum Method collects the
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clinical indicators of all Emergency Rooms subscribed
to the program, so the more Emergency Rooms sub-
scribing, the greater the reliability. This program always
depends on the number of Emergency Rooms; how-
ever, this is not required for the non-clinical indicators,
which must only comply with representing the corre-
sponding states, provinces, or regions of the country
where the StochCum Method is applied. The testing
and validation of this program were carried out with the
non-clinical indicators corresponding to Mexico (Ap-
pendixes section), which are accessible to everyone.
However, the clinical indicators correspond only to
Hospital Juarez de Mexico, which is a public hospital.

Materials and methods

The deterministic-stochastic model StochCum
Method oriented to predict an epidemic outbreak of
serious acute infections was implemented based on
two previous deterministic computer models: the Mod-
ified Overcrowd Index (ISM)® and the Overcrowd-
Severe-Respiratory-Disease-Index Model (OSRDI)*.
These two systems register seven and five clinical
variables, respectively’®*, (Table 1), associated with
the over-saturation of the Emergency Rooms. From
these clinical variables, both systems ISM and OSRDI
measure the over-saturation of a net of Emergency
Rooms and, by considering the speed at which the
Emergency Rooms get over-saturated, they can pre-
dict an epidemic outbreak. Both systems, the ISM and
OSRDI, are deterministic types and their metrics sup-
port the forecast of the real demand of medical sup-
plies, for example, beds, doctors, and equipment,
though the OSRDI gives priority to the demand of
hemodynamic monitors and mechanical ventilators,
over the other clinical variables. However, depending
only on the clinical variables of these methods to pre-
dict an epidemic outbreak of serious acute infections
is not enough. Therefore, the StochCum Method was
designed. This model considers two components of
different nature that make it possible to predict, with
a certain degree of probability, an epidemic outbreak
for acute severe infections. To facilitate the under-
standing of the algorithms used in the StochCum
Method, each section has a numerical explanation
whenever necessary.

Deterministic-stochastic model

The StochCum Method is a computational system
that has two mathematical approaches: a deterministic

profile (Deterministic Index) from the daily count of
three clinical variables (Table 1), related to Eq. 1; and
a stochastic profile (Stochastic Index) taken from elev-
en non-clinical variables (Table 2)'¢-%, related to Eq. 2
(these equations are defined in subsections, 2.1.1-2.1).
With these two indexes, a third index is built called the
StochCum Index, whose metric is expressed in Eq. 3;
finally, the latter index is normalized (Eq. 4) to obtain
the Normal StochCum Index (Eqg. 5). These four in-
dexes form the metric of the StochCum Method. The
three clinical variables (Table 1) are strongly associ-
ated with the signs and symptoms of an epidemic
outbreak of serious acute infections and are also as-
sociated with the over-saturation of the Emergency
Rooms. On the other hand, the eleven non-clinical
variables (Table 2) are usually regarded as sociode-
mographic indicators of a developed or undeveloped
country or region and are secondary factors in the
dissemination of an outbreak; therefore, they are not
directly taken into account in the algorithms used to
know the over-saturation of an Emergency Room.

Here, each one of these indexes is explained in
detail with some examples; later, some “example cas-
es” will be given to show how they work in different
epidemiological scenarios.

DETERMINISTIC INDEX

The deterministic index is the quotient of the num-
ber of critically ill patients and the smaller number of
mechanical ventilators and hemodynamic monitors
found at the time of the census (Eq. 1). Although these
variables were considered in our previous articles'",
they were not used in any index described here.

Deterministic Index=
Critically ill patients
min (Mechanical ventilators,
Hemodynamic monitors) =0

+warnings (1)

Note 1: If, at the time of the census, there is a mi-
crobiological confirmation of a case of infection, then
the “warning” will have the value of “1,” otherwise, it
will be zero. If the denominator of the Deterministic
Index (Eq. 1) is zero, then the denominator will have
the value of “1.”

Example 1. Suppose that in an Emergency Room
census, there are three critically ill patients, five he-
modynamic monitors, and three mechanical ventila-
tors and that any of those three patients have a
microbiological confirmation for influenza. From Eq. 1:
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Deterministic Index=
Critically ill patients
min (Mechanical ventilators,
Hemodynamic monitors #0)
:;+ 0:1:1_
min(3,5) 3

+warnings

In this example, if any of the critically ill patients had
a microbiological confirmation for influenza, then the
warning would be “1.” Note that the warning can have
a value of “0” or “1*”

Deterministic Index= + 1=%+1=2.

min (3,5)

STOCHASTIC INDEX

The “Stochastic Index” was built as a Hidden Mar-
kov Model (HMM)'™. An HMM is a mathematical algo-
rithm that makes it possible to predict the behavior of
a variable based on other variables that are not ap-
parently associated with the characteristic studied.
From the mathematical point of view, an HMM as-
sumes that the probability of observation at time i
depends on C, _,. As a consequence, the number of
past events is reduced to C_ ® C_.. The HMM algo-
rithm receives the geographical location from the De-
terministic Index, and it calculates the “Stochastic
Index” represented by the series (Eq. 2), where C, is
the 11 conditions (Table 2).

11
Stochastic Index=Y.C, @)
i=1

Note 2: A HMM (or probabilistic directed acyclic
graphical model) is a compilation of all possible routes
that can be taken to achieve a goal, subject to certain
restrictions. An HMM algorithm builds the network as-
sociating a probability value to each route since an
HMM is essentially a probabilistic model and not a
deterministic one. In the field of Mathematical Epide-
miology, HMMs are useful to identify factors that trig-
ger an outbreak.

Example 2. Now, suppose we want to determine
condition C, (Table I, first row) for a particular state
in Mexico, where the number of passengers traveling
to the state during the year was 456,600, and the total
number of passengers traveling to Mexico the same
year was 85,510,569. Then, C, is the quotient:

456600

=22 =0.00534
85510569

The other ten conditions are calculated the same
way (Table 1). To give an example of how the Sto-
chastic Index works (Eq. 2), let us assume that the
other ten conditions C, have a value of 0.00123, then:

11
Stochastic Index=)_C, =0.00534
i=1

+10(0.00123) = 0.01764

StocHCum INDEX

The StochCum Method determines the StochCum In-
dex as a function of the Deterministic Index (2.1.1 Deter-
ministic Index section) and the Stochastic Index (2.1.2
Stochastic Index section). Thus, both indexes (determin-
istic and stochastic) feedback to each other (Eq. 3).

StochCum Index = Deterministic Index

xStochastic Index

This way the feedback of these indexes helps to de-
termine a new index named the StochCum Index. This
index has the feature of magnifying, either positively or
negatively, each profile. A deterministic index > “1,” com-
bined with a Stochastic Index smaller than “1” will de-
crease the value of the Deterministic Index, that is,
StochCum Index < Deterministic Index; this can be in-
terpreted as a case of influenza in a socioeconomic
environment of low risk, and the value of the StochCum
Index will be low. On the one hand, a case of influenza
in a socioeconomic environment of high risk will in-
crease the value of the StochCum Index, that is, Stoch-
Cum Index > Deterministic Index. Note that this criterion
will always be influenced by the non-clinical variables.

Note 3: The StochCum index is a non-linear func-
tion, the non-linearity of the index is due to the multi-
plication of the Deterministic Index by the Stochastic
Index.

Example 3: Let the Deterministic Index = “1.1” and
two different values of the Stochastic Index, “0.98710”
and “1.09876”, so the effect will be:

StochCumindex, = (1.1)(0.98710)=1.08581
StochCumIndex, = (1.1)(1.09876)=1.208636

NormaL StocHCum INDEX

The StochCum Index (2.2.1 StochCum Index sec-
tion) is normalized with the maximum value of the
StochCum Index that the method accumulates and
whose iterations will not exceed 150 entries (operating
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as a data pipeline); this last index will be named
Normal StochCum Index (Eq. 4).

Normal StochCum Index=
StochCum Index
~[0.1]
max (StochCum Index) 4
if warnings=1then

Normal StochCum Index=1 (5)

Note 4. The normalization of the StochCum Index,
that is, the Normal StochCum Index of the list of 150
StochCum Indexes, will show thoroughly the behavior
of the index in a closed interval [0,1] (Eq. 4), without
affecting its regularity.

Example 4. Suppose that the 150 automatically ac-
cumulated values of the StochCum Method have the
maximum value of 1.63669 and that we want to de-
termine the value of the Normal StochCum from the
StochCum Index = 0.99875, then:

StochCum Index
max(StochCum Index)

Normal StochCum Index=

_ 0.99875

=———=0.61022
1.63669

Test plan
HosPITAL CENSUS

During July 2016, there were 125 admissions (Ap-
pendix H, Supplementary Materials section) at the
Emergency Room of Hospital Juarez de Mexico,
located in Mexico City. In each case, the time of
arrival and the medical evaluation of the patients
were registered, as well as the supposedly con-
firmed cases of influenza. In each census, the num-
ber of critically ill patients, the hemodynamic
monitors, and the mechanical ventilators used were
reported. Once the information was verified and the
readings were correct, the following procedure for
the StochCum Method was carried out in this
order:

1. The Stochastic Index (2.1.2 Stochastic Index sec-
tion) was calculated for the 32 States in Mexico
(Appendix G), using the socio-economic data
from (Appendix A-F). Then, the Stochastic Index
from Mexico City (CMX) was taken (Appendix G,
CMX row in green).

2. The Deterministic Index (2.1.1 Deterministic Index
Section), the StochCum Index (2.1.3 StochCum

Index section), and the Normal StochCum Index
(2.1.4 Normal StochCum Index) were determined
for each entry of the census, registering the in-
formation in Appendix H.

3. Finally, The Normal StochCum Index (Fig. 1) and

the StochCum Index (Fig. 2) were graphed.

To verify the reliability of the StochCum Method, the
three previous steps were repeated, modifying the
information of the census, according to the examples
given in (2.2.2. Example Cases section).

EXAMPLE CASES

The procedure (2.4.1 Hospital census) for the origi-
nal census is shown in detail in this work and all the
variations to the census, described as example cases,
are listed in Table IlI.

— Any record of the census was altered (Ap-

pendix H).

— The record, Appendix H, July 7", 9:05 h, was
changed to warning “1”.

— These two records, Appendix H, July 7", 9:05 h
and Appendix H, July 13", 17:28 h, were changed
in the census to warning “1”.

— The record, Appendix H, July 7, 9:05 h, was
changed to hemodynamic monitors = “5” and me-
chanical ventilators = “4”.

— All records were altered (Appendix H) to me-
chanical ventilators = hemodynamic monitors.

PERMISSIONS

All users of the StochCum Method can see the Nor-
mal StochCum Index of the other hospitals in the
system; therefore, all users are informed of the equip-
ment status in all the Emergency Rooms in the Sto-
chCum Method network.

Results

During July 2016, 125 admissions were registered
in a census taken by the Emergency Room of Hospi-
tal Juarez de Mexico, located in Mexico City, record-
ing the time of arrival and the medical evaluation of
patients. The five figures of the distribution of the
Normal StochCum Index (Table 3) show that the in-
dex discriminates the over-saturation of the Emer-
gency Room (Example cases A, D, and E) from the
cases of influenza (Examples cases B, and C). The
maximum points in example cases A, D, and E
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Figure 1. Distribution of Normal StochCum Index in July 2016 (from Appendix H), by day of the week, in the Emergency Room of Hospital Juarez
de Mexico, located in Mexico City, Mexico. This figure corresponds to 2.2.2 example cases section (A entry).

correspond to the demand for specific equipment cases of influenza (example cases B and C) can be
services and there are no cases of influenza reported  differentiated from the demand of equipment by the
(Figs. 1, 3, and 4). On the other hand, the reported red line (Figs. 2 and 5).
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Figure 2. Distribution of Normal StochCum Index in July 2016 (from Appendix H), by day of the week, in the Emergency Room of Hospital Juarez
de Mexico, located in Mexico City, Mexico. Warning is marked in red color. This figure corresponds to 2.2.2 example cases section (B entry).

Discussion decisions for a public health response must be made
as quickly as possible, even though the evidence for

Infectious disease outbreaks are periods of decision-making may be scant, so resources and ca-
great uncertainty. While events unfold, responsible pacities (that are already scarce and limited) be
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Table 3. Summary of example cases

Date Time (24-h Normal Normal Normal Normal Normal
(DD/MM) format) StochCum Index StochCum Index StochCum Index StochCum Index StochCum Index
Case A Case B Case C Case D CaseE
714 8:43 0.00000 0.00000 0.00000 0.00000 0.00000
7/4 11:27 0.00000 0.00000 0.00000 0.00000 0.00000
714 13:41 0.00000 0.00000 0.00000 0.00000 0.00000
7/4 18:06 0.00000 0.00000 0.00000 0.00000 0.00000
7/4 22:11 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 1:11 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 6:22 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 6:24 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 9:29 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 13:01 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 18:42 0.00000 0.00000 0.00000 0.00000 0.00000
7/5 22:46 0.50000 0.33333 0.33333 0.33333 0.33333
7/6 3:59 1.00000 0.66667 0.66667 0.66667 0.66667
7/6 9:05 1.00000 1.00000 1.00000 1.00000 1.00000
7/6 11:19 0.50000 0.33333 0.33333 0.33333 0.33333
7/6 15:28 0.50000 0.33333 0.33333 0.33333 0.33333
7/6 20:53 0.00000 0.00000 0.00000 0.00000 0.00000
uy 1:42 0.00000 0.00000 0.00000 0.00000 0.00000
77 714 0.50000 0.33333 0.33333 0.33333 0.33333
77 12:00 0.00000 0.00000 0.00000 0.00000 0.00000
77 15:23 0.50000 0.33333 0.33333 0.33333 0.33333
uy 21:.22 0.50000 0.33333 0.33333 0.33333 0.33333
7/8 2:50 0.00000 0.00000 0.00000 0.00000 0.00000
7/8 6:26 0.00000 0.00000 0.00000 0.00000 0.00000
7/8 12:48 0.00000 0.00000 0.00000 0.00000 0.00000
7/8 15:01 0.00000 0.00000 0.00000 0.00000 0.00000
7/8 18:20 0.00000 0.00000 0.00000 0.00000 0.00000
7/8 22:00 0.50000 0.33333 0.33333 0.33333 0.33333
79 2:57 0.50000 0.33333 0.33333 0.33333 0.33333
79 11:21 0.50000 0.33333 0.33333 0.33333 0.33333
7/9 20:22 0.50000 0.33333 0.33333 0.33333 0.33333
7/10 1:55 1.00000 0.66667 0.66667 0.66667 0.66667
7/10 13:05 0.50000 0.33333 0.33333 0.33333 0.33333
7/11 3:55 0.00000 0.00000 0.00000 0.00000 0.00000
711 3:56 0.50000 0.33333 0.33333 0.33333 0.33333
(Continues)
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Table 3. Summary of example cases (Continued)

Date Time (24-h Normal Normal Normal Normal Normal
(DD/MM) format) StochCum Index StochCum Index StochCum Index StochCum Index StochCum Index
Case A Case B Case C Case D CaseE
711 9:37 0.50000 0.33333 0.33333 0.33333 0.33333
711 12:54 0.50000 0.33333 0.33333 0.33333 0.33333
7/11 12:55 0.50000 0.33333 0.33333 0.33333 0.33333
7/11 14:14 0.50000 0.33333 0.33333 0.33333 0.33333
7/11 17:48 0.50000 0.33333 0.33333 0.33333 0.33333
7/11 21:07 0.00000 0.00000 0.00000 0.00000 0.00000
712 0:23 0.00000 0.33333 0.33333 0.33333 0.33333
712 7:02 0.00000 0.00000 0.00000 0.00000 0.00000
7112 10:43 0.50000 0.33333 0.33333 0.33333 0.33333
712 15:06 0.50000 0.33333 0.33333 0.33333 0.33333
7/12 22:30 0.50000 0.33333 0.33333 0.33333 0.33333
7/13 3:50 0.50000 0.33333 0.33333 0.33333 0.33333
713 3:52 0.00000 0.00000 0.00000 0.00000 0.00000
7113 7:19 0.00000 0.00000 0.00000 0.00000 0.00000
7/13 10:53 0.00000 0.00000 0.00000 0.00000 0.00000
7/13 17:28 0.00000 0.00000 0.00000 0.00000 0.00000
7/13 23:01 0.00000 0.00000 0.00000 0.00000 0.00000
7/14 1:51 0.00000 0.00000 0.00000 0.00000 0.00000
714 1:52 0.00000 0.00000 0.00000 0.00000 0.00000
7114 5:51 0.00000 0.00000 0.00000 0.00000 0.00000
7/14 9:07 0.00000 0.00000 0.00000 0.00000 0.00000
7/14 14:26 0.00000 0.00000 0.00000 0.00000 0.00000
7/14 18:08 0.00000 0.00000 0.00000 0.00000 0.00000
7114 22:16 0.00000 0.00000 0.00000 0.00000 0.00000
715 6:02 0.00000 0.00000 0.00000 0.00000 0.00000
7/15 12:.03 0.00000 0.00000 0.00000 0.00000 0.00000
7/15 17:44 0.00000 0.00000 0.00000 0.00000 0.00000
7/15 22:41 1.00000 0.66667 0.66667 0.66667 0.66667
7/16 3:07 0.50000 0.33333 0.33333 0.33333 0.33333
716 9:12 0.50000 0.33333 0.33333 0.33333 0.33333
7/16 19:33 0.50000 0.33333 0.33333 0.33333 0.33333
77 1:20 0.50000 0.33333 0.33333 0.33333 0.33333
77 9:09 0.50000 0.33333 0.33333 0.33333 0.33333
717 12:.02 0.50000 0.33333 0.33333 0.33333 0.33333
717 15:43 0.50000 0.33333 0.33333 0.33333 0.33333
(Continues)
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Table 3. Summary of example cases (Continued)

Date Time (24-h Normal Normal Normal Normal Normal
(DD/MM) format) StochCum Index StochCum Index StochCum Index StochCum Index StochCum Index
Case A Case B Case C Case D CaseE
nr 15:44 0.50000 0.33333 0.33333 0.33333 0.33333
7/18 0:01 0.50000 0.33333 0.33333 0.33333 0.33333
7/18 8:22 0.50000 0.33333 0.33333 0.33333 0.33333
7/18 10:59 0.50000 0.33333 0.33333 0.33333 0.33333
7/18 14:47 1.00000 0.66667 0.66667 0.66667 0.66667
718 23:24 1.00000 0.66667 0.66667 0.66667 0.66667
7119 6:12 0.50000 0.33333 0.33333 0.33333 0.33333
7/19 10:24 0.50000 0.33333 0.33333 0.33333 0.33333
7/19 12:00 0.50000 0.33333 0.33333 0.33333 0.33333
719 20:43 0.00000 0.00000 0.00000 0.00000 0.00000
719 21:34 0.00000 0.00000 0.00000 0.00000 0.00000
7/20 0:15 0.00000 0.00000 0.00000 0.00000 0.00000
7/20 5:21 0.50000 0.33333 0.33333 0.33333 0.33333
7/20 11:.07 0.50000 0.33333 0.33333 0.33333 0.33333
7/20 17:42 0.50000 0.33333 0.33333 0.33333 0.33333
7/20 21:50 0.50000 0.33333 0.33333 0.33333 0.33333
7/21 1:23 0.50000 0.33333 0.33333 0.33333 0.33333
7/21 8:27 0.50000 0.33333 0.33333 0.33333 0.33333
7/21 11:08 0.50000 0.33333 0.33333 0.33333 0.33333
7/21 13:37 0.50000 0.33333 0.33333 0.33333 0.33333
7/21 22:11 0.00000 0.00000 0.00000 0.00000 0.00000
7/22 6:27 0.00000 0.00000 0.00000 0.00000 0.00000
7/22 16:44 0.00000 0.00000 0.00000 0.00000 0.00000
7/22 19:46 0.00000 0.00000 0.00000 0.00000 0.00000
7/23 3:13 0.00000 0.00000 0.00000 0.00000 0.00000
7/23 14:49 0.00000 0.00000 0.00000 0.00000 0.00000
7/23 18:15 0.00000 0.00000 0.00000 0.00000 0.00000
7/24 7.04 0.50000 0.33333 0.33333 0.33333 0.33333
7/24 23:56 0.00000 0.00000 0.00000 0.00000 0.00000
7/25 1:48 0.00000 0.00000 0.00000 0.00000 0.00000
7/25 10:44 0.00000 0.00000 0.00000 0.00000 0.00000
7/25 15:42 0.00000 0.00000 0.00000 0.00000 0.00000
7/25 20:14 0.00000 0.00000 0.00000 0.00000 0.00000
7/25 22:37 0.00000 0.00000 0.00000 0.00000 0.00000
7/26 1:37 0.25000 0.16667 0.16667 0.16667 0.16667
(Continues)
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Table 3. Summary of example cases (Continued)

Date Time (24-h Normal Normal Normal Normal Normal
(DD/MM) format) StochCum Index StochCum Index StochCum Index StochCum Index StochCum Index
Case A Case B Case C Case D CaseE
7/26 4:22 0.25000 0.16667 0.16667 0.16667 0.16667
7/26 5:47 0.25000 0.16667 0.16667 0.16667 0.16667
7/26 9:51 0.25000 0.16667 0.16667 0.16667 0.16667
7/26 13:08 0.00000 0.00000 0.00000 0.00000 0.00000
7/26 18:16 0.00000 0.00000 0.00000 0.00000 0.00000
7/26 19:01 0.25000 0.16667 0.16667 0.16667 0.16667
7/26 23:49 0.25000 0.16667 0.16667 0.16667 0.16667
7/27 4:59 0.00000 0.00000 0.00000 0.00000 0.00000
7/27 21:51 0.00000 0.00000 0.00000 0.00000 0.00000
7/28 4:53 0.00000 0.00000 0.00000 0.00000 0.00000
7/28 10:04 1.00000 0.66667 0.66667 0.66667 0.66667
7/29 8:50 0.00000 0.00000 0.00000 0.00000 0.00000
7/29 22:13 0.00000 0.00000 0.00000 0.00000 0.00000
7/30 4:29 0.00000 0.00000 0.00000 0.00000 0.00000
7/30 12:53 0.25000 0.16667 0.16667 0.16667 0.16667
7/30 21:54 0.00000 0.00000 0.00000 0.00000 0.00000
7/31 9:09 0.00000 0.00000 0.00000 0.00000 0.00000
7/31 16:33 0.00000 0.00000 0.00000 0.00000 0.00000
7/31 2117 0.50000 0.33333 0.33333 0.33333 0.33333
8/1 3:35 0.00000 0.00000 0.00000 0.00000 0.00000

Census of patients registered in the year 2016 in the Emergency Room of Hospital Juarez en Mexico located in Mexico City, Mexico. Normal StochCum Index: from equation 4. This table

corresponds to the example cases from 2.2.2 example cases section.

deployed to cope with the infectious threat. Therefore,
a surveillance system that gives early alerts and a
forecast of risk and route of dissemination by continu-
ous monitoring of a net of samples of the population
through hospitals and clinics is of paramount
importance.

In general, monitoring systems for severe infec-
tions make extrapolations from a minimum number
of confirmed cases. Although it allows this forecast,
it will surely be a weak estimate owing to the scant
information available at the time of the outbreak. On
the other hand, the stochastic models used for the
prediction of outbreaks of this nature focus on the
retrospective aspect and have been shown to be ef-
ficient in space/time forecast of the outbreak. This
model takes the confirmed clinical cases into con-
sideration as well as the available medical

equipment in the net of hospitals along with non-
clinical sociodemographic variables, allowing the
forecast of the dissemination of the pathogen with a
minimum number of identified subjects by giving an
estimation of the probability of an outbreak in the
hospital network. The model depends on timely up-
dating of the variables (clinical and non-clinical), all
of them with a different frequency of updating. How-
ever, it is important to note that the total index of
any hospital in the network is increased not only by
the confirmed cases but also by the gradual in-
crease in the number of patients and the demand
for medical supplies and equipment at a given date;
that is, the model alerts the imminence of an out-
break over a specific region, even before any known
or unknown microbiological results are known. The
deterministic-stochastic model StochCum Method
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Figure 3. Distribution of Normal StochCum Index in July 2016 (from Appendix H), by day of the week, in the Emergency Room of Hospital Juarez
de Mexico, located in Mexico City, Mexico. This figure corresponds to 2.2.2 Example cases section, (D entry).

can be customized to any rural area, region, state, With the availability and use of non-invasive micro-
or country by modifying the 11 non-clinical variables chips that collect and transmit with speed the geo-
described (Table 2). graphical location and biometric data of the population
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Figure 4. Distribution of Normal StochCum Index in July 2016 (from Appendix H), by day of the week, in the Emergency Room of Hospital Juarez
de Mexico, located in Mexico City, Mexico. This figure corresponds to 2.2.2 example cases section (E entry).

at risk?3°, our surveillance system will develop into dilemma of individual rights in the face of the rights
an “automatic” and robust one due to the large volume  of the society. Although the demand for electrical en-
of data generated; of course, there will be the ethical ergy required by these devices to keep them running
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Figure 5. Distribution of Normal StochCum Index in July 2016 (from Appendix H), by day of the week, in the Emergency Room of Hospital Juarez
de Mexico, located in Mexico City, Mexico. Warnings are marked in red color. This figure corresponds to 2.2.2 Example cases section, (C entry).

Normal StochCum index
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for years is still unresolved (graphene?, quartz?, and solar radiation, or electrostatic differential in the air
very low energy?), the combination of various tech- combined with or despicable energy consumption de-
niques such as electricity sourced from movement, or vices could be the solution, which is why it is

517



518

Cirugia y Cirujanos. 2021;89(4)

necessary to assume that symptomatic subjects will
continue to interact among the population, and, in
hours, the subject could even move from one conti-
nent to another. In this sense, the efficiency of the
proposed system requires it to be unique and acces-
sible online. Another aspect to be discussed is the
option to obtain the patient’s geographical location
without using a passive GPS tracker?, that is, the
geographical location can be “inherited” from the
proximity with another known location. This prevents
the use of a conventional GPS tracker and the energy
demand involved in those devices. This predictive
system would substantially benefit in the collection
and transmission of biometric data with such micro-
electronic devices, or electronic trackers, that auto-
matically census the patients in the different areas of
the hospital or Emergency Room.

Technical dimensions are prominent in the solution
of environmental, economic, social, and health care
problems. Throughout history, technological progress
has been a precondition for all forms of improvement
in human welfare; therefore, the recognition that this
diversity of perspectives would be advantageous for
medical, public health, mathematical, and bioinformat-
ics convergence is behind the idea that such a low-
cost surveillance system will enable us to have a
real-time census, with all its benefits that give us an
early warning with the identification of the initial pa-
tients infected and the implementation in advance all
known sanitary barriers.

Asymptomatic or presymptomatic patients will influ-
ence the model, causing a modification of its alert
curves, in a range equivalent to the period that the
symptoms remain hidden; however, the main feature
of this model is its ability to give an early warning of
an outbreak, with the clinical and non-clinical vari-
ables in the geographical areas where they occur.
This will keep informed all hospitals in the network
and will make decision-making for doctors and related
health care personnel easier.

By last but not least, it is transcendental to express
the change of the ecological consciousness incre-
mented in the last decades, where the micro-habitats
are correlated each other in a complex net where one
of the factors modified the others. In this sense, the
new concept of close environment.

Conclusions

The computational deterministic-stochastic system
StochCum Method is an effective and practical

algorithm that detects potential epidemic outbreaks of
severe infections in hospitals, measuring a few clinical
and non-clinical variables. This makes it possible to set
a geographical area where the outbreak is happening
and to forecast the possible route of dissemination.
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