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Statistical control charts to assess the incidence of presumably infectious
diarrhea reported between 2009 and 2019 in children under 4 years of age in
the macro regions of Aracatuba, Marilia and Presidente Prudente, Sao Paulo,

Brazil.

Graficos de control estadistico para evaluar la incidencia de diarrea presumiblemente
infecciosa notificada entre 2009 y 2019 en nifios menores de 4 afos en las macro
regiones de Aracatuba, Marilia y Presidente Prudente, SGo Paulo, Brasil.

Suelen Navas-Ubida' y Rogério Giuffrida?

Resumen: Objective. To evaluate the monthly rates of hospitalizations for childhood diarrhea in macro-
regions of Aracatuba, Marilia and Presidente Prudente, SP, between 2019 -June Between June 2009. Methods.
The average rates and their standard deviations for admission of diarrhea in the target population were
obtained from DATASUS and standardized for cases x 100,000 inhabitants. Confidence limits were established,
occurrences above confidence limits were considered epidemic events. The normality of the data and serial
autocorrelation were tested using the Shapiro-Wilk and Durbin-Watson method. Results. All methods
detected epidemic occurrences in the three regions. Aracatuba and Marilia, the peaks were concentrated in
the first half of the decade and Presidente Prudente, close to the middle. The CUSUM method was more
sensitive to detect epidemic periods, however the normality data and assumptions have been violated by
serial autocorrelation in a few months. The EWMA method was considered the most appropriate.
Conclusions. Statistical process control charts can be used to monitor and compare disease incidence
between different regions.

Keywords: diarrheal diseases, sanitation, children, temporal analysis.

Resumen: Objetivo. Evaluar las tasas mensuales de hospitalizaciones por diarrea infantil en las
macrorregiones de Aracatuba, Marilia y Presidente Prudente, SP, entre entre Junio 2009 -Junio 2019.
Métodos. Las tasas medias y sus desviaciones estandar de ingreso de diarrea en la poblaciéon diana se
obtuvieron de DATASUS y se estandarizaron para casos x 100.000 habitantes. Se establecieron limites de
confianza, las ocurrencias por encima de los limites de confianza se consideraron eventos epidémicos. La
normalidad de los datos y la autocorrelacion en serie se probaron utilizando el método de Shapiro-Wilk y
Durbin-Watson. Resultados. Todos los métodos detectaron ocurrencias epidémicas en las tres regiones.
Aracatuba y Marilia, los picos se concentraron en la primera mitad de la década y Presidente Prudente, cerca
de la mitad. El método CUSUM fue mas sensible para detectar periodos epidémicos, sin embargo, los datos
de normalidad y los supuestos han sido violados por la autocorrelacién en serie en unos pocos meses. El
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método EWMA se considerd el mas apropiado. Conclusiones. Los graficos de control de procesos estadisticos
se pueden utilizar para monitorear y comparar la incidencia de enfermedades entre diferentes regiones.

Palabras clave: enfermedades diarreicas, saneamiento, ninds, analisis temporal.
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Diarrheal diseases are highly prevalent in the human population. It is estimated that approximately
1.4 million people worldwide are killed by diarrheal diseases, including 500,000 children under five
years old (Troeger et al., 2017). In children, the disease can trigger important consequences, such
as poor weight development and cognitive deficits (Troeger et al., 2018).

In Brazil, childhood diarrhea is related to several infectious viruses, among those we highlight
Norovirus Gll Adenovirus and Rotavirus. In addition to viruses, colibacillary syndromes are common
due to enteropathogenic, verotoxygenic, enteropathogenic and enteroaggregative Escherichia coli
virotypes (Lima et al., 2019). Despite the multiplicity of agents, this infection has shown a significant
decrease in Latin America and Brazil in recent decades, mainly because of systematic vaccination
campaigns against Rotavirus in children under 5 years old (Baker & Alonso, 2018). However, the
incidence is still high in vulnerable populations of some regions in Brazil (Fontoura et al., 2018).

The most cases of childhood diarrhea are closely related to environmental sanitary conditions. In
Brazil, the disease presents peaks in the rainy season when the humidity and warm climate favor
the dispersion of infectious and parasitic agents (Fonseca, Hacon, Reis, Costa, & Brown, 2016). In
vulnerable populations, the disease is associated to the lack of food security, polluted water and
poor hygiene in vulnerable populations (Mbuya & Humphrey, 2016).

Among the bacterial agents commonly seen in children, the one from the genus Salmonella have
been increasing over time in Brazil. For instance, the non tifoidais species that are multidrug
resistance to antibiotics (Reis et al., 2018). Children in socially vulnerable situations are more
susceptible to colonization by Salmonella sp (Mello et al., 2018). In some regions of Brazil,
Salmonella and the Enteretidis serotype (Assis et al., 2014) have been identified as the cause for
diarrhea in children and commonly associated with intake of poultry products.
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Pathogens associated with childhood diarrheal diseases can occur in relatively stable annual or bi-
annual cycles (Chao, Roose, Roh, Kotloff, & Proctor, 2019). However, approaches supported by
temporal models to predict disease outbreaks are poorly studied. Among the tools potentially
employed for the prediction of outbreaks, the control diagrams stand out. These diagrams are
based on the statistical control of industrial processes, a methodology that works with the periodic
recording of events, establishing upper and lower limits to classify an event within the normal range.

This process has been adapted to the epidemiology, so that when an event exceeds the upper or
lower limit, it is considered an occurrence outside of expected patterns. In the case of
epidemiological events, the upper limits are recognized as cutoffs to consider the existence of an
anomaly, such as an outbreak or epidemic (Woodall, 2006). Once the cutoff is established, the
diagram must have high sensitivity to reduce the rate of false-positive alarms. Similarly, it must be
specific enough to do not mislead the detection of disease outbreaks (false positive) (Gandy & Lau,
2013).

The three main methods for the preparation of control charts are the cumulative tabular sum
(CUSUM), the Shewhart method and the exponentially weighted moving average (EWMA) (Gomes,
Mingoti, & Oliveira, 2011). Here, we aimed to evaluate the performance of the three methods on
detecting diarrheal hospital outbreaks in children under four years old.

An analytical and descriptive study was conducted with secondary data on childhood diarrhea
reported between June 2009 and June 2019 in the macroregions of Aracatuba, Marilia and
Presidente Prudente, Sdo Paulo. These macroregions was selected in order to similar physical,
climatic, economic and social characteristics, spatial continuity between them and high infant
mortality rates, in comparison to the other mesoregions (Mendes, 2009).

The study population consisted of children aged no more than four years old hospitalized with
presumably infectious diarrhea (viral or bacterial etiology) and paratyphoids (salmonellosis).
Considering that are secondary and collective data notifications, compiled the DATASUS database
(Brasil-Ministério da Saude), 2019), it was not necessary consent or confidentiality term.
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Raw data were obtained with the TabWin Program for local analysis by Notification System
database DATASUS diseases. The TabWin allows the import of tabs that can be compiled and
analyzed in other programs. Datasets about hospital morbidity due to presumably infectious
diarrhea and paratyphoids (salmonellosis) were selected in the age group of up to 4 years of age
in the three macroregions of the study. Because presumably infectious diarrhea can include
unconfirmed cases of salmonellosis, we use the sum of reported cases to analyze a single index.

The data were standardized per 100 thousand inhabitants using the direct method. The average
rate, median, minimum and maximum values were estimated for each mesoregion and the data
were submitted to Kolmogorov-Smirnov test for normality. Serial autocorrelation between data was
assessed by the Durbin-Watson test, for each mesoregion. Standardized rates of childhood diarrhea
were modeled in a time series based on the generalized linear model using a scale factor (quasi-
Poisson) to control data overdispersion.

We used control charts as statistical tools to study and control sequential processes. In the case of
epidemiology, these graphs are used to control epidemic adverse events that are included in so-
called control limits. These limits define a normal region for the events (or their average) in which
are considered under control (Woodall, 2006).

The Shewhart control chart is the simplest and most common of the methods studied. However, it
presents low sensitivity to detect subtle changes. In this study, this graph was built using the
complete series of observations to estimate the limits, assuming a normal distribution of the
variable of interest (Abujiya, Riaz, & Lee, 2013). In the Shewhart chart, the lower limits (LCL), central
line (CL) and upper limit (UCL) are calculated by:

~ MR
LCL = x—Za/zm

CL=x

~ MR
UCL = X+Za/2m

Where i is the mean value of events, z,/, is the standardized value of the normal distribution to
control the rate of false positive alarms and % is the standard deviation (sd) of the data calculated

using a method based on the scaled mean of moving ranges. This procedure is frequently used for
data that may have severe deviations able to inflate the sample standard deviation, which will
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increase the control limits and possibly hide individual deviations within the limits (Benneyan, 2003).
We adopted sd = 3, which under the normal distribution corresponds to a false alarm rate of 0.27%.

The Cumulative Sum Control Chart (CUSUM) was developed to detect small changes in the process
mean. It is more sensible than the Shewhart chart because it incorporates all the information from
a historical series of data. Although, to plot this graph, it is necessary to set a predetermined target
value, typically the mean of the process under control. The following step is obtained for each
deviation from the target value, the weighting also for having the same weight. To prepare this
graph, the variables were scaled by the formula Z-score.

The CUSUM chart is sensitive to changes in the average of the epidemiological event of interest.
When the mean increases, the cumulative sum of C increases and when it decreases, the amount
of C decreases. It must take assumptions: normal distribution of data and independence of events,
the latter rarely observed in epidemiological events (O'Brien, 1997). The upper (Ci +) and lower (Ci-
) CUSUM limits are calculated respectively as:

Ci+ =max [0, xi- (Xg+ k) + Ci-1 +]
Ci-=max [0, (x, - k)-xi +Ci-1-]

with the starting value Ci + = Ci - = 0.

In the equation, k is a reference value (also called tolerance value), being approximately half of the
standardized target value, being specified in “sigma” units. We adopted k=0.5 which is equivalent
to detecting a deviation of 1 sigma.

The lower and upper limits of the CUSUM control table are determined using a parameter h, which
corresponds to the number of standard deviations that Ci + and Cl- can be exceeded to classify
the process as out of control. For the analysis, h = 5 was adopted.

Similar to CUSUM, the EWMA chart is able to detect small changes in the process average. However,
by means of the EWMA chart, we can model autocorrelated data and there is no need to assume
independence between the observations of the sample. The EWMA method is more robust to the
assumption of non-normality than Shewhart and CUSUM (Montgomery, 2018). The graph is
controlled by two parameters: an arbitrary value A, which represents the weight given to the most
recent average and must satisfy 0 <A < 1, and, L, a multiple of the standard deviation that
establishes the control limits. We adopted A = 0.3, and L = 3 to allow comparisons with the Shewhart
graph. The lower control limit (LCL) and the upper (UCL) were calculated as:
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The graphics have been compared for the occurrence of abnormal events by sensitizing rules
(Montgomery, 2018)

a. one or more points outside the control limit;

b. two or three consecutive points outside the two o alert limits;

c. four or five consecutive points beyond the limits of a g;

d. a sequence of eight consecutive points on the same side of the center line;

e. six points in an ever increasing or decreasing sequence;

f. fifteen points in a row in zone C (one o), both above and below the central line;

g. fourteen points in a sequence alternating up and down;

h. eight points in a sequence on both sides of the center line with none in zone C (one 0);

i. an unusual or non-random pattern of data.

_ 3. Results

We evaluated 120 monthly records of diarrhea in children aged less than 4 years between 2009 and
2019. The average monthly rate of cases per 100,000 children was similar to the average in the
three regions, indicating that the variable distribution is relatively symmetric. However, only the
rates recorded in the mesoregion of Presidente Prudente presented parametric distribution (Table
1).
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Table 1
Statistical parameters of the mesoregions included in the study (2009-2019).

Mesorregion | Mean
Aracatuba 120 22.2 15.9 15.8 0.09 1317 0.001 0.058
Marilia 120 17.7 15.2 11.2 0 1218 0.004  <0.001
Presidente

120 21.2 18.5 12.1 002 710 0.395 0.004
Prudente

Sd= standard deviation; Min= minimum value; Max= maximum value; KS test= Kolmogorov-
Smirnov test; DW= Durbin-Watson test.

Source: own elaboration, 2020.

The Durbin-Watson test indicated significant serial autocorrelation in monthly rates for the
mesoregions of Marilia and Presidente Prudente. Thus, the incidence rates in these regions violated
the assumptions Graphics Shewhart and CUSUM.

Figure 1 shows the Incidence per 100,000 cases/month in 2009-2019 for the regions of Aracatuba,

Marilia and Presidente Prudente. The lines represent the values predicted by the linear model using
the quasi-Poisson regression.

- . . . [SSN-1659-0201
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Figure 1

Incidence per 100,000 cases/month in 2009-2019 for the regions of Aragatuba, Marilia and
Presidente Prudente. The lines represent the values predicted by the linear model using the
quasi-Poisson regression.

160+

100+

2]
(=)

Monthly incidence (rate per 100 thousand)
L]

2010 2012 2014 2016 2018
Year

Macroregion -= Aracatuba - Marilia - P. Prudente

Source: own elaboration, 2020.

Figure 2 shows the Shewhart chart for the three mesoregions, where 9, 6,12 events that exceeded
the control limits were detected for mesoregions Aracatuba, Marilia and Presidente Prudente,
respectively. In the region of Aracatuba, adverse events were concentrated at the beginning of the
period studied. This was also observed for the region of Marilia, yet the number of events was lower
than the number of events observed in Aracatuba. In Presidente Prudente, adverse events were
observed mainly in the second half of the decade evaluated.
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Incidence control chart per 100,000 cases/month in 2009-2019 (Shewhart chart) for the

Monthly incidence(Counts x 100 mil)

Monthly incidence(Counts x 100 mil)

Monthly incidence(Counts x 100 mil)

regions of Aragatuba, Marilia and Presidente Prudente.
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own elaboration, 2020.
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The Cumulative Sum Control Charts for the three mesoregions are shown in Figure 3. The graphs
suggest that the incidence rate remained under control for the three mesoregions until the 8th, 7th
and 55th months, for Aracatuba and Marilia, and Presidente Prudente, respectively. The incidence
exceeds the limits for persistent periods exceeding 20 months. There was a significant decrease in
the last four months in the mesoregion of Marilia.

Graph of incidence control per 100,000 case/month in 2009-2019 (CUSUM chart) of the
mesoregions of Aragatuba, Marilia and Presidente Prudente.
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Monthly incidence(Counts x 100 mil)
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own elaboration, 2020.

In Figure 4, the EWMA chart for the three mesoregions present events that exceeded the control

limits at the beginning of the decade in the mesoregions of Aracatuba and Marilia. The chart also

showed sufficient sensitivity to detect four epidemic events in half of the decade in Presidente

Prudente.

Incidence control chart per 100,000 cases/month in 2009-2019 (EWMA chart) for
the Aracatuba, Marilia and Presidente Prudente mesoregions.
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Mesorregion of Marilia
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own elaboration, 2020.

The prediction of abnormal events by the sensitivity rules for the three mesoregions is described in
table 2. It was not possible to verify the compliance of all the described rules, since some require
limits corresponding to one, two and three standard deviations around the mean. We believe that
this process is more suitable for parametric Shewhart-type graphs, which consider a parametric
distribution of data.
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Table 2

Occurrence of abnormal events by sensitizing rules (Montgomery, 2018), in the three
mesoregions assessed, according to the type of control chart adopted.

Mesorregion

Aracatuba Marilia P. Prudente

Sh CS Ew Sh CS Ew Sh CS Ew

One or more points outside the control limit P P P P P P P P P

Two or three consecutive points outside the two

o alert limits

Four or five consecutive points beyond the limits
A P P P P P A P P
ofac

A sequence of eight consecutive points on the

same side of the center line

Six points in an ever increasing or decreasing

sequence

Fifteen points in a row in zone C (one o), both
NA NA NA NA NA NA NA NA NA
above and below the central line

Fourteen points in a sequence alternating up

and down

Eight points in a sequence on both sides of the
NA NA NA NA NA NA NA NA NA
center line with none in zone C (one o)

An unusual or non-random pattern of data P P P P P P A P A

Sh = Shewhart chart; CS = CUSUM chart; Ew = EWMA chart; P = present; A = absent; NA = not
applicable.

Source: own elaboration, 2020.
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Effective epidemiological surveillance systems are crucial for early detection of disease outbreaks,
since some diseases have high transmission rate. For example, the rotaviroses in children and adults
(Kotloff, 2017). However, a simple analysis of incidence rates does not provide enough evidence to
state whether or not they are within the normal range expected. An alternative for that limitation is
the use of control charts, which are able to generate alerts to detect epidemics and trigger early
action of enteric viruses control with high transmissibility (Ilmi, Darti, & Suryanto, 2020; Mohammed,
2004).

Our data show that the three epidemics control detection methods were able to provide at least
one epidemic alert, denoted by red dots (active points) in the graphs. The distribution of alerts
during the study period varied depending on the technique employed.

For instance, in the Shewhart chart, the mesoregion Aracatuba had concentrated epidemic events
early in the first half of the decade studied. These standards do not necessarily indicate the
occurrence of diarrhea outbreaks in these regions at this time. However, it may be a reflection of the
reduction in the incidence of the disease in the second half of the decade, after the implementation
of control measures, including the implementation of vaccination programs against rotavirus disease
(Ilmi et al,, 2020). In Presidente Prudente, this pattern was not observed, in this area cyclical epidemics
occurred over several years, possibly reflecting seasonal disease occurrences in this region.

In contrast, the CUSUM chart featured epidemic events for longer periods or ongoing in the three
mesoregions. We observed the increase in the number of monthly cases, the stabilization leading to
a plateau or a peak, and its decrease, especially for the mesoregions Aracatuba and Marilia. In
Presidente Prudente, the curve appears to behave with two peaks that show an epidemic period.
These results reinforce the usefulness of CUSUM charts, when the purpose of health care is to
monitor small deviations in control of hospitalizations for diarrhea (O'Brien, 1997).

For the CUSUM chart, the process stabilized and possibly remained under control when there were
few consecutive months with low incidence rates in the mesoregions. This phenomenon is the result
of accumulated information to early detect a change in the average, and return to the control
(O’'Brien, 1997). Each mesoregion differed on the time of the decrease of the incidence, Marilia being
the earliest and Presidente Prudente the latest.
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The CUSUM chart has a useful explanatory effect for the control of diarrhea because it allows early
detection when the period of process deviations began. This early detection provides an opportunity
to prevent progression of outbreaks because once a period of increasing trend starts, actions can be
taken to prevent the curve to exceeding the upper control limit (O'Brien, 1997).

The Shewhart charts are most commonly used by health systems than the CUSUM because they
require relatively simple calculations with well-known statistics such as mean and standard deviation.
However, as only analyze specific events and isolated, have no memory like the CUSUM graphs, being
ineffective for the detection of more moderate changes. One way to minimize this problem is the use
of sensitizing rules in Shewhart charts. These rules improve the sensitivity for detection of epidemic
events but also increase the complexity in the interpretation of standards and might lead to false
alarms (Woodall & Faltin, 2019). This phenomenon was observed in the mesoregion Aracatuba (21
anomalous events), followed by Presidente Prudente (seven) and Marilia (zero). These results indicate
that the region of Aracatuba features many anomalous events, requiring further investigation for the
cause of these anomalies.

The mesoregions Marilia and Presidente Prudente showed significant serial autocorrelation in the
Durbin-Watson test. Thus, for these two areas, the EWMA chart would be the most suitable, or
alternatively, a Shewhart inclusion graph of moving averages (Senouci, Bendaoud, Medles, Tilmatine,
& Dascalescu, 2008). The EWMA type graphs left more evident than in the regions of Aracatuba and
Marilia, there were significant cases of diarrhea between the first and second half of the decade.

The EWMA graphs seem to be more suitable because of their robustness regarding violations of the
assumptions of normality of the data and serial autocorrelation. It was found that in the three regions
studied, at least one of these assumptions was violated (Table 1).

The EWMA charts showed good results in situations where there are small changes but do not react
to large changes as quickly as the Shewhart graphs. However, the EWMA graph is generally better
than the CUSUM for detecting major changes, particularly if the parameter A> 0.1 is used (Saleh,
Mahmoud, Jones-Farmer, Zwetsloot, & Woodall, 2015). Thus, we consider reasonable performance
with A = 0.3.

The control limits by the CUSUM and EWMA method were calculated considering all available
observations, including those observations whose values were outside the control region defined in
the Shewhart charts. Thus, these graphs can be influenced by atypical years one of the options to
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minimize this problem is to redo the graphs excluding these limits, which may be more reasonable
to monitor the incidence rates of diarrhea in children under four years old.

As shown in Table 2, the CUSUM graphics are the most sensitive to abnormal events and Shewhart
charts less sensitive. Graphics type EWMA showed intermediate performance. It should be considered
that very sensitive graphics tend to detect false-positive events, as well as less sensitive may result in
false-negative events. Thus, it may be interesting to use cross-validation procedures to estimate the
sensitivity and specificity of each graph in the face of real epidemic events. We consider also that the
sensitivity rules are designed to industrials standards, but have been adapted for epidemic events,
and thus may not be suitable for epidemic with complex temporal distribution. Some illnesses show
curves with more than one epidemic wave, sometimes distinct or confluent, underreported cases and
chronic illnesses detected late by the notification systems.

Some pathogens are seasonal, peaking at different times of the year. The seasonality of diarrheal
disease is conditioned to the rainy season, which promotes the survival and multiplication of
pathogens, transmission between human hosts by water accumulated in flooding, contamination of
drinking water and the multiplication of transmitting vectors that use the water for breeding. The
climate is statistically correlated with the incidence of infectious diarrhea, such as rotavirus (Chao et
al., 2019).

The elaborate graphs for different mesoregions suggest that hospitalizations for diarrhea in children
showed similar patterns in Aragatuba and Marilia. In mesoregion of Presidente Prudente, anomalies
emerged in a period later in the timeline, which suggests that in this area, the occurrence of diarrhea
has different pattern from the others or it is a consequence of the spread of an arising outbreak of
the two mentioned regions. Indeed, geographical proximity between the two regions can influence
the spread of infectious agents associated with diarrhea in children. This hypothesis is supported by
studies that found significant spatial correlation in cases of hospitalizations for diarrhea in children
in the state of Sao Paulo, where it was observed extensively by the clustering of cases in the
Northwest region (Vaz & Nascimento, 2017). These charts can not only be useful for monitoring
epidemics, but can also be used to compare patterns in different epidemic diseases and locations.

Visible fluctuations in the sequential periods of epidemic are noticed in the CUSUM graphs. These
fluctuations are also observed outside the periods of anomaly and are less evident in the Shewhart
and EWMA charts. Probably this is due to the seasonality of agents associated with diarrhea in
children, such as rotavirus. In the months of lower temperatures or drought, the incidence of these
viruses increases between May and September, in the states of the Midwest, South and Southeast. In
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the North and Northeast, its occurrence is distributed almost throughout the year (Meneguessi,
Mossri, Segatto, & Reis, 2015).

Another possibility is that the fluctuations are due to norovirus, which has been identified as the
etiologic agent of gastroenteritis in children predominate, although the age of hospitalized patients
differs between studies, ranging from under one year to less than three years. These viruses, however,
have occurrences of peaks in the warmer months, pattern consistent with seasonality studies in the
Southern Hemisphere, in regions characterized by humid subtropical climate with dry winter and
rainy summer enough (Kamioka et al., 2019).

The studied techniques detected different fluctuation patterns in each of the mesoregions studied.
In CUSUM technique, the cases seem to have been concentrated between the years 2012 and 2014
to then present significant decrease. One possible explanation for this decrease is the vaccine strategy
for rotavirus, considered the main infectious agent prevalent in childhood. According to official data
from Brazil, in 2012 the region of Marilia had vaccination coverage of 91%, 100% and 94%,
respectively in Aracatuba, Marilia and Presidente Prudente. In 2013, this parameter has changed to
95%, 100% and 98%, respectively for the same areas (Ministério da Saude - Brasil). The vaccine was
introduced in the infant immunization schedule in 2006 and expanded to other age groups in 2013,
with a significant reduction of cases in childhood periods, pregnancy, adolescence, adulthood and
elderly life with 60 years or more (Oliveira, Leite, & Valente, 2015).

Although rotavirus is recently more common, noravirus has been increasing in prevalence, changing
the epidemiological pattern of viral gastroenteritis in childhood. Data about this pathogen are not
available in official notification systems, but it is highlighted that it is extremely important to
differentiate it from other pathogens (Kamioka et al., 2019).

We acknowledge the limitations of our dataset from recorded and publicly available data, which are
subject to biased underreporting and inconsistent data acquisition. Additionally, control charts
should be interpreted carefully, since false-positive alarms can generate the mobilization of resources
for investigations innocuous.
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_ 5. Conclusion

The process control charts CUSUM, EWMA and Shewhart can be used for surveillance of diarrhea
epidemics in children, with the possibility of early intervention by health managers. These graphs
show variable performance, suggesting the EWMA based method which presents results
parsimonious as compared to other methods. Epidemic events observed in control charts of spatially
contiguous areas may suggest directions in the spread of infectious diarrhea in children. In the
coming years, studies with larger datasets can create artificial intelligence systems to handle control
charts should be able to detect more accurately the epidemic events.
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