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Abstract

Emerging and re-emerging infectious diseases constitute one of the main health problems worldwide. The objective of
the research consisted of analyzing the development dynamics of adult mosquito populations of the species Ae. aegypti
in Villa Clara province, Cuba during the period 2016-2020. The research covered the 13 municipalities of Villa Clara. An
observational, descriptive, ecological, retrospective and analytical-statistical (by decision tree/exploratory data
analysis) study was conducted. The study was based on the collection of positive samples/number of outbreaks
reported in the 13 municipalities of the province, in the different months of the period analyzed, for the mosquito
species Ae. aegypti, where each sample point corresponded to the number of specimens collected in one of the years
covered, with one of the months of the year in question (12 months), the 13 municipalities, and 9 types of reservoirs.
This resulted in 7 020 observations, which constitutes the sample size. The presence of the species under analysis was
found in the 13 municipalities of the province, with abundant population densities; on the other hand, the variables with
the greatest incidence in the population dynamics were: municipality and type of reservoir, with emphasis on the low
tank, as the preferred oviposition and breeding site for this species. It is concluded that Ae. aegypti has a high capacity
for adaptation and high ecological plasticity, with a marked correspondence between the ecology and habitat of the
species under analysis.
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1. Introduction

Emerging and re-emerging infectious diseases constitute one of the health problems that have aroused most interest in
different countries around the world in recent years [1-4], as many of them are considered national catastrophes due
to the high morbidity they generate, the large number of lives they cost and the cost that these represent from the
economic point of view for the country [5-7]. They cease to be health problems to become economic problems, due to
their impact on tourism, industry, product exports, in addition to the resources that the health sector must contribute
to control such infectious entities [8-10].
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Numerous factors or combination of factors can contribute to the emergence of infectious diseases [11-16]. Already
known diseases may spread to new geographic areas, populations, or genetic changes may occur in known organisms.
Previously unknown infections may develop in people living or working in changing ecological conditions, which
increase their exposure to insect vectors, animal reservoirs or an environment that is the source of new pathogens [16-
18].

Millions of people in the world suffer from infections transmitted by arthropod vectors; among them, culicidae are
undoubtedly of the greatest hygienic-sanitary importance, because they constitute one of the priority health problems
in almost all tropical regions and are responsible for the maintenance and transmission of the pathogens that cause
Dengue, Yellow Fever, Zika, Chikungunya and other deadly and debilitating infections. Dengue is a disease of great public
health importance in tropical and subtropical areas, where 50 and 100 million cases occur each year [1,2,17,19].

With sporadic presentation, Dengue has emerged as one of the diseases that most affect public health, it manifests itself
with important social and economic impacts given its current dispersion, high morbidity and significant mortality of
severe cases [1, 2, 18].

The situation of emerging and re-emerging infectious diseases in the Americas is extremely serious [20-22], as there is
a high number of infectious diseases, among which dengue deserves special mention, which has spread to numerous
countries in the Caribbean and Central American area, in Venezuela, Colombia and Peru and new types of viruses have
appeared, resulting in an increase in dengue hemorrhagic fever [23-25]. Yellow fever remains a persistent threat and
Chikungunya and Zika have been introduced. Most cases, of arboviral diseases previously emerged are caused by
viruses, usually considered to be controlled or of little public health importance, which are transmitted by vector
organisms, mainly mosquitoes [26-29].

In Cuba, the incidence of these entities, both parasitic and viral, is undoubtedly a health problem (MINSAP 20164, b)
[30, 31], with a tendency to increase the number of cases, as well as the populations of vector organisms [5, 31, 32]. The
control of dengue and its vector is an emerging problem that resists traditional solutions, but requires systems thinking
to understand various aspects of the dynamics of this disease. Traditional analytical methods must be suited to the high
degree of predictability of these emerging health problems in which many variables are involved [12, 13, 16, 24].

The objective of the research consisted of analyzing the developmental dynamics of Ae. aegypti mosquito populations
in Villa Clara province, Cuba during the period 2016-2020.

2. Material and methods

2.1. Study area

The research was carried out in the province of Villa Clara, Cuba, whose provincial capital is the municipality of Santa
Clara and covered the 13 municipalities that make up the province, which is located in the central region of the island
of Cuba (Latitude: 222 29'40" N, Longitude: 79228'30" W). In Villa Clara province, specialists of the Provincial Unit of
Surveillance and Antivectorial Control (UPVLA) have registered about 316 370 dwellings and/or premises in the
general universe, of which 236 391 belong to the urban universe (74.7%) and an average of approximately 1 581 850
tanks used for water storage in these dwellings and/or premises, with conditions for the breeding, proliferation and
dissemination of culicidae of this species distributed in the 13 municipalities.

2.2. Type of study

Observational, descriptive, ecological, retrospective and analytical-statistical study (based on multivariate analysis, by
means of decision tree/exploratory data analysis), in the period from 2016 to 2020.

2.3. Population

The population of mosquitoes of the species Ae. aegypti (adult phase) of the 13 municipalities that make up the province
Villa Clara, Cuba (2016 to 2020).
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2.4. Sample

The results of the collection of positive samples/number of outbreaks reported in the 13 municipalities of Villa Clara
province, in the different months of the period analyzed (2016-2020), of the Ae. aegypti mosquito species in the adult
phase are presented.

Each sample point (observation) corresponds to the number of specimens collected in one of the years comprised,
between 2016 and 2020 (5 years), with one of the months of the year in question (12 months), one municipality of Villa
Clara province (13 municipalities) and one type of reservoir (9 types of reservoirs). This resulted in 7 020 observations,
which constitutes the sample size. (The sample size was calculated by the generalized multiplication theorem; that is,
by multiplying the number of years by the number of months, by the number of municipalities and by the number of
types of deposits (5*12*13*9=7 020).

2.5. Type of sampling used

Census sampling, which attempts to include the entire population of adult mosquitoes living in the urban universe,
although only those detected by vector control workers are included.

2.6. Methods and techniques for the collection of information

The documentary review of the records and statistical files existing in the Provincial Unit of Surveillance and Vector
Control (UPVLA) and in the Provincial Department of Health Statistics of Villa Clara, where the entire entomological
history of the work cycles conceived in the 13 municipalities of the province is compiled, which is periodically reported
in statistical tables established for such purposes by the National Directorate of Surveillance and Vector Control
(DNVLA) and the Department of Health Statistics of the Ministry of Public Health (MINSAP).

The information collected is based on the work cycles established for surveillance and vector control, aimed at focal
work in the universe of dwellings and premises in urban and rural areas of the 13 municipalities of the province, but in
the case of our research it was focused on the urban universe (related to the ecology of the vector under study). The
periodicity of the cycles is monthly, in the case of this universe.

2.7. Information processing

The data were organized by means of the Windows Excel application, by years and months; that is, 11 columns were
placed: the first one with the municipalities and the provincial accumulated, the remaining ones with the years and their
respective focus.

The second had a total of 14 columns; the first with the years and the average focal point, while the following 12 columns
represent the months with their respective focal point and the last one, the total by years, in each of the municipalities
of the province. After organizing the data, we proceeded to obtain the time series and trend for each of the variables
mentioned, which was reflected in the figures prepared for all the municipalities, according to the variables under
analysis.

The following were considered as independent variables: Year, Month, Municipality and Type of deposit, while the
dependent or predictor variable was the number of adult Ae. aegypti specimens/specimens. The statistical technique
used was the decision tree, from which a classification model of the observations was created by considering the
influence of the independent variables included in the study.

The method used to grow the tree was the exhaustive CHAID (Chi-square automatic interaction detector), which is an
algorithm that allows the automatic detection of interactions by means of Chi-square. At each step, CHAID chooses the
independent variable (predictor) that has the strongest interaction with the dependent variable. The categories of each
predictor are merged if they are not significantly different with respect to the dependent variable. The comprehensive
analysis indicates that all possible splits for each predictor variable are examined, and treats all variables equally,
regardless of the type and number of categories.

The depth of the tree was chosen in advance with a value of three (three levels). As restrictions, the minimum number
of cases in a parent node was taken as 100, and in a branch node as 50.
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3. Results

In the research carried out, the following variables were obtained as influential variables: year, municipality and type
of deposit. The variable: year was forced to be the first predictor variable, so it gave rise to the first level of the tree. This
was done to begin with an analysis of the temporal evolution of the distribution of adult specimens of Ae. aegypti in the
period analyzed. The second predictor variable was "municipality” (second level of the tree) and the third "type of
deposit" (third level of the tree), both identified in that same order by the algorithm, according to their incidence on the
distribution of adult Ae. aegypti individuals. The variable "month"” was excluded from the model, which means that its
contribution to the final model was not significant.

As aresult, a total of 38 nodes were obtained, of which 28 were terminal. From here on in the text, nodes will be referred
to with a capital n followed by the node number (Figure 1)

:
IR
X3

M M
~2 1??2..

a3

Figure 1 Decision tree map

3.1. Analysis of level zero

NO includes the total number of observations n=7 020. The mean is 9.3 individuals per observation and the standard
deviation is approximately 48, which indicates that there is a great variability in the samples collected (the number of
individuals collected varies greatly from one observation to another). For the NO: the mean is 9.31; however, the mode
and median are zero, the third quartile is 3. The range was 166, which indicates the existence of several extreme points
far away from the center of the data.

3.2. Analysis of the first level of the tree
From NO, starting from the first predictor variable "year", three nodes are derived: N1, N2 and N3 (Figure 2).
N1: This node corresponds to the year 2016, it includes 1 404 observations, representing 20 % of the total observations

made in the five years. The mean is 5.5 individuals per observations and the standard deviation is 30.9; indicating high
variability.

N2: corresponds to the period from 2017 to 2018. It includes 2 808 observations representing 40 % of the total. The
mean is 8.7 individuals per observations and the standard deviation is 46.9.

N3: Corresponds to the years 2019 and 2020. It includes 2 808 observations, with a mean of 11.8 individuals per
observation and standard deviation of 55.4 (Figure 2).

A comparison of these three nodes shows that the mean increased, which reflects that the number of individuals per
observation increased over the years, indicating that vector control has been decreasing over time.

On the other hand, variability has been high in the three periods determined, with an increase observed over time. This

variability indicates that there is high diversification in terms of the action of the independent variables by groups of
observations.
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Predicted 55624 Predicted 8673 Predicted 11.8492

Figure 2 First level of the decision tree

3.3. Analysis of the second level of the decision tree

At the second level, the predictor variable was municipality.

In each municipality, 108 observations are included, corresponding to the 9 types of deposits multiplied by the 12
months of the year. In each node, a number of observations is included that depend on the number of municipalities
included in that node, so that the number 108 is multiplied by the number of municipalities included in the node in
question.

3.4. Year 2016 "N1"

N1 gives rise to two nodes: N4 and N5.

N4: groups 12 municipalities: Corralillo, Quemado, Sagua, Encrucijada, Camajuani, Caibarién, Remedios, Placetas,

Cifuentes, Santo Domingo, Ranchuelo and Manicaragua with an average of 2.6 adult specimens per observation and a
standard deviation of 12.9. N5 includes only Santa Clara with a mean of 40.8 and a standard deviation of 95.9.

Between N4 and N5, a very marked difference is observed, highlighting the municipality of Santa Clara (N5), with a
mean number of adult individuals per observation (40.8), much higher than that of the rest of the municipalities (N4),
which is 2.6. The standard deviation is high in both nodes, although in Santa Clara it reaches a much higher value,
indicating the high variability of the observations (Figure 3).

3.5. Years 2017 and 2018
N2 gives rise to three nodes: N6, N7 and N8.

N6 includes the municipalities: Corralillo, Quemado, Encrucijada, Camajuani, Caibarién, Remedios, Cifuentes and Santo
Domingo, the mean is 1.2 adult individuals per observation and the standard deviation is 3.2.

N7 includes the municipalities: Sagua, Placetas, Ranchuelo and Manicaragua with a mean of 6.9 adult individuals per
observation and a standard deviation of 16.9.

N8 includes only Santa Clara with a mean of 75.7 adult individuals per observation and a standard deviation of 150.
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Between these three nodes a very marked difference is observed, with an increase in the mean in the same order in

which the nodes have been defined (Figure 4).

<= T;no

Node 1

Mean 55249
Typical dev. 30842
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Predicted 55249
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Figure 3 Second level of the decision tree for 2016
1
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Figure 4 Second level of the decision tree for the period between 2017 and 2018
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The municipality Santa Clara remains as the most affected, the same as in 2016, in addition, for this municipality, an
increase in the mean by almost double compared to 2016 is observed (Figure 3/ N5). This indicates that the number of
adultindividuals per observation increased considerably, so it can be said that the municipality of Santa Clara was more
affected in 2017 and 2018 than in 2016 (compare N5 in Figure 3 with N8 in Figure 4), however, between 2017 and 2018
no differences were found for this municipality.

As for the rest of the municipalities, which in 2016 were included in the same node (Figure 3 N4) with similar
characteristics, already in the period between 2017 and 2018 they form two well differentiated nodes (N6 and N7),
highlighting that those included in N6 (Corralillo, Quemado, Encrucijada, Camajuani, Caibarién, Remedios, Cifuentes and
Santo Domingo) have decreased the number of adult individuals per observation (the mean is lower than in 2016,
compare N6 with N4), so their epidemiological situation improved; while in the municipalities corresponding to N7, the
presence of adults per observations has increased by almost three times, so that their epidemiological situation is more
affected than in 2016 (compare N4 with N7).

3.6. Years 2019 and 2020
N3 gives rise to three nodes: N9, N10 and N11.

N9 includes the municipalities: Corralillo, Quemado, Encrucijada, Cifuentes and Santo Domingo with a mean of 1.2 adult
individuals per observation and a standard deviation of 2.4.

N10 include the municipalities: Sagua, Camajuani, Caibarién, Remedios, Placetas, Ranchuelo and Manicaragua with a
mean of 7.8 adult individuals per observation and a standard deviation of 16.7.

N11 only includes Santa Clara with a mean of 93.2 adult individuals per observation and a standard deviation of 175.6
(Figure 5).

|
Node 3
Mean 11.842
Typical dev. 55.447
n 2808
% 400
Predicted 11.842

| =

Municipality
Corrected P value=0 000, F=313.230,
df1=2, df2=2805

Comalillo; Quemado de Glines; $agua la grande; Camajuani; Santa Clara
Encrucijada; Cifuentes; Santo Domingo Caibanien; Remedios; Placetas;
Ranchuelo; Manicaragua

Node 9 Node 10 Node 11
Mean 1.176 Mean 7843 Mean 93.162
Typical dev 2.356 Typical dev, 16,682 Typical dev. 175.575
n 1080 n 1512 n 216
% 154 % ns % 31
Predicted 1.175 Predicted 7843 Predicted 93.162

Figure 5 Second level of the decision tree for the period between 2019 and 2020

3.7. Analysis of the third level of the decision tree

Regarding the third level of the tree the predictor variable was the type of deposit.

In 2016, N4, gave rise to three nodes, N12, N13 and N14, differentiating the types of tanks into three groups. The highest
value of the mean (10,562) corresponded to low tank, which is located in N12. The municipality of Santa Clara (N5) does

not present divisions, this is because the possible divisions resulted in nodes with n<50, which is restricted by the
assumed model (Figure 6)
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Ne6: gives rise to six nodes: N15,N16,N17, N18, N19 and N20. This shows that there are large differences in the number
of adult individuals according to the type of tank. It is observed that the type of deposit whose mean number of
individuals per observation was higher in "low tank”, with a value of 4, 297; followed by the type labeled with "other"
with a mean of 2,521 and the rest with means below 1 (Figure 7).

Comnalillo; Quemado de Glines: Sagua Santa Clara

1a grande; Encrucijada; Camajuani;

Caibarien; Remedios; Placetas;

Cituentes. Santo Domingo; Ranchuelo;

Manicatagua 1

Node 4 Node S
Mean 2580 Mean 40,760
Typical dev. 12872 Typical cev. 05802
3 1200 n 108
* 185 * 15
Predicted 2580 Predicted 40,700
—

Deposit
Corrected P value =0.000, F=35 858,
at1=2, 42=1203

Low tank

Elevated tank; cistern; natural
deposits, liquid residues

Node 12
Mean 10.562

Typical dev. 34,000
n 1494

Predicted 10. 502

Node 13
Mean 0672
Typical dev. 3002
" 570
% 82
Predicted 0672

Other, dont destroyed artificial;
destroyed antificial; survedtance

Node 14
2507
Typical dev. 85490
n s70
82
Predicted 2507

Figure 6 Third level of the decision tree for the type of deposits. Year 2016
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Mean 1651
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Survesdllance a W2
- 27
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Figure 7 Third level of the decision tree for the period corresponding to 2017-2018 (only N6 and its child nodes are
represented)
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For 2017-2018, the graph was divided by parent nodes to achieve fit on the sheet.

For N6, it was obtained that the tank type with the highest mean was low tank (mean of 4.297), followed by "other" and
"surveillance" and with means of 2.521 and 1.651 respectively, the rest present means below 1 (Figure 7)

In N7 also the type of tank with more individuals per observation was "low tank", with mean of 28.479, followed by
"other", "artificial not destroyed" and "artificial destroyed", with mean of 8.573 (this value even higher than the highest
for the previous period obtained for "low tank"). Then "elevated tank", "cistern" and "surveillance", with mean of 2.299
and finally "natural reservoirs” and "liquid waste" whose mean 0.458 is below zero (Figure 8).

Node 21
Mean 268.470
Low tank Typecal dev 20950
L] e
% 14
Predcted 28419
Node 22
Sagua la grande; Placetas, Mean 2200
Ranchuelo; Manicaragua Elevated tank; Typical dev 4088
cistern; surveillance L] 268
Node 7 - 4.1
Mean 8.890 Predcied 2.200
{ Twicet dov a9 L_Camected P value=0.000. F=01.677 —
o 123 d11=3, d2=500 Node 23
Preacted 8890 Other: Wesn 8.573
= | dont destroyed artificial; | TYPoM dev 10.643
destroyed arthicial . 268
bt a1
Predcied 8573
Node 24
Mean 0.958
Natural deposit, | Typical dev 1.125
liquid redives " 192
- 27
Predcted 0.458

Figure 8 Third level of the decision tree for the period corresponding to 2017-2018 (only N7 and its child nodes are
represented)

In N8, which collects observations from Santa Clara, a very significant differentiation for tank types is observed in two
nodes: N25 and N26. N25 includes "low tank", "other", artificial not destroyed" and "artificial destroyed" with the

highest mean 161.958 (about 162 adult individuals per observation). N26 includes "elevated tank", "cistern”, "natural
reservoirs”, "liquid waste" and "surveillance", with a standard deviation of 6.542, much lower than N25 (Figure 9).

Node 2%
Wean 161958
Santa Clana ___Low tank; other; dont destroyed Tyonci dev 103,403
- artfcial; destroyed artficial " o
N 14
15722
:"N'" i 1530;5 Depost Predcied 181,659
{ s dyg " | Comucted P vake *0.000. F277 279, e
. 24 dfind, §2e214 ——
157122 Mean &0
& L Blevatedtank cistern; natural | Typical dev 8502
deposit; bquid residues; survedlance & 120
% 17
Predcied RES

Figure 9 Third level of the decision tree for the 2017-2018 period (only N8 and its child nodes are represented)
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From N9 onwards, the formation of 4 nodes N27, N28, N29 and N30 is observed, which classifies the types of tanks into
four groups. The one with the highest mean is N27 corresponding to "low tank" with a value of 4.608 and is followed by
"other" with a mean of 2.200, the rest of the deposit types corresponding to N29 and N30 present a mean below one
individual per observation (Figure 10).

Node 27
Mean 4008
— Low tank Typical Gev. ’;.m
L3 <
% 17
Predcied 4608
Comalille, Quamade da Guines, Node 28
Encrycijadas, Cituentes, Mean 0228
Sante Domingo | Elevated tank; cistemn; natural Typeea ooy 0.633
deposit: quid residues s 480
@ * (-3 ]
Mesn 1176 Depost Predated 0225
H Typscal dev. 2350 L Comected P vaiue=0.000. F= 178683, —|
a 1080 at1ed, 42%1076
= 154 Node 29
Predied 1478 Moan 2200
- — Other Typical dev. 2755
I n 120
= 17
Predcted 2200
Node 30
Mean 0650
L__Dont destroyed artificial; destroyed | Typucal dev 1005
artificial; surveillance " 380
- 51
Predcted 0.058

Figure 10 Third level of the decision tree for the 2019-2020 period (only N9 and its child nodes are represented)

In N10, the variability is very large resulting in a classification of 9 deposit types studied in six groups, ranging from
N31 to N36. The deposit type with the highest mean value was "low tank”, with a value of 33.863; in descending order
followed by "other", with mean of 16.286; "artificial not destroyed"”, with mean of 3.994; "cistern" and "surveillance”,
with 2.036 and finally "elevated tank”, natural deposits and "liquid waste", with less than one individual per observation
(0.813) (Figure 11).
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Figure 11 Third level of the decision tree for the period corresponding to 2019-2020 (only N10 and its child nodes
are represented)
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In N11, only Santa Clara is included and the differentiation by tank type results in two groups N37 and N38. In N37
("low tank”, "other" and "artificial not destroyed"), the mean is 252.792; about 253 individuals per observation, very
high with respect to N38 ("elevated tank"”, "cistern", "artificial destroyed", natural deposits”, liquid waste" and
"surveillance") with mean of 13.347 (Figure 12).
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Node 11 % 1.0
Mean 03.162 o " Predcied 252702
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" [ 143
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Figure 12 Third level of the decision tree for the period corresponding to 2019-2020 (only N11 and its child nodes
are represented)

In summary, the table 1 shows a grayscale differentiation of the means of adult individuals by type of deposit,
considering the three periods determined by the first predictor variable (year) and the second predictor variable
(municipality). For the differentiation of the shades, an exponential function of base 10 (y=10%) was used, so that as the
exponent increases, the coloration becomes darker.

Table 1 Means of adult individuals per observation for the third level of the decision tree

N1: Year 2016 N2: Year 2017 y 2018 N3: Year 2019 y 2020
Municipality
N4 N5 N6 N7 N8 N9 N10 N11
TB N12:10.6 N15:4.3 | N21:28.4 | N25:162 | N27:4.6 | N31:33.7 | N37:252.8
TE N16: 0.1 N32:0,8
N22:2.3
g | C N17:0.3 N33: 2.0
= N13:0.67 N26:6.7 | N28:0.2 N38: 13.3
© | DN
o N16:0.1 | N24:0.6 N32:0.8
T | RL 40.8
o
< | Otro N18: 2.5 N29:2.2 | N34:16.3
= N37:252.8
% | AND N23:8.6 | N25:162 N35:9.9
N14:2.5 N19: 0.8
AD N30:0.97 | N36:4.0
N38:13.3
\Y N20:1.7 | N:22:2.3 | N26:6.7 N33:2.0

Legend: Mean number of adult individuals per observation is greater than zero and less than one; The mean number of adult exemplars per
observation is greater than 1 and less than 10; The mean number of adult exemplarys per observation is greater than 10 and less than 100; The
mean number of adult exemplars per observation is greater than 100.

From the table above it is observed that the highest averages of individuals per observation are given for N37, which
corresponds to "low tank”, "Other" and "artificial not destroyed" in the municipality Santa Clara, between the years
2019 and 2020. In descending order, it is followed by N25, which corresponds to "low tank", "Other", "artificial not
destroyed" and "artificial destroyed" also in the municipality Santa Clara, between the years 2017 and 2018.

In the same order N5 corresponding to the municipality Santa Clara in 2016, presents an average of 40.8 individuals per

observation, although in this case there is no differentiation between the types of tanks, which is given because the
division of a node can only occur in the child nodes where more than 50 observations can be included.
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Given this limitation, figure 13 was produced, which shows the types of deposits for the Santa Clara municipality in
2016. The graph shows that the highest number of individuals per observation occur in "low tank”, and in descending
order followed by "other"”, "artificial not destroyed" and "artificial destroyed", however, the maximum of each of them
is below the median for "low tank", the rest of the deposit types, the maximum value is well below the first quartile for

"low tank".
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Figure 13 Distribution of deposits by type for the municipality Santa Clara in 2016

In summary, Ae. aegypti was identified in the 13 municipalities of Villa Clara province, with a marked presence, both
inside the home and in the surroundings/peridomicile, with a predominant focus on low tanks. The variables with the
greatest influence in the investigation were: year, municipality and type of tank, while the month variable was excluded
from the study, since its contribution to the final model was not significant.

4. Discussion

The results obtained in the research in relation to the analysis by municipalities (2016-2020) according to the nodes,
agree with those reached by Machado (2019) [33] in his master's thesis, where it was obtained, that both the highest
mean value and the standard deviation were higher in Santa Clara and lower, in the municipality Encrucijada. In the
lengths of the series (11 years of annual data), the maximum value reached was 8 778 in Santa Clara and the minimum,
zero, for the municipalities: Corralillo, Quemado, Encrucijada and Caibarién, results that agree with those obtained by
other authors in this regard [34-38] and even for other mosquito genera.

There is a large variability of data by municipality, which may be given by: the incidence of the particular physical-
geographical characteristics of each of them, aspects inherent to the quality, capacity and preparation of the technical
force dedicated to surveillance and vector control activities, as well as the stability of this qualified force, which does
not behave in the same way in all territories, taking into account their socio-political, economic and cultural
characteristics; especially in the municipality of Santa Clara, where there is a marked instability, which leads to
fluctuations in the force and not always recruiting those with the necessary skills to ensure the quality of the actions; In
addition, other aspects that intervene are the deficient individual support of the community in the protection and care
of their health, focused on the low perception of risk manifested, the failure to perform the family autofocal every seven
days, as well as the deficient water supply, the poor physical condition and protection of the tanks used for the storage
of this water and the deficient environmental conditions, all of which agrees with the results achieved by other authors
[26,33,34,37,39,40].
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The results obtained in this research also coincide to a large extent with the behavior of the focal point in the 13
municipalities of Villa Clara province during the years 2007 to 2009, in the thesis of Machado (2019) [33], where it can
be seen that the municipalities of Santa Clara, Ranchuelo, Placetas, Manicaragua, Santo Domingo and Sagua la Grande
turned out to be those with the highest absolute frequency (Fi), something very similar for the case of cumulative
relative frequency (fai), with slight changes in relation to the position of the municipalities, Santo Domingo and Sagua
la Grande turned out to be those with the highest absolute frequency (Fi), something very similar for the case of the
accumulated relative frequency (fai), with slight changes in relation to the position of the municipalities, with highlights
for the municipalities of Manicaragua and Santo Domingo, something very similar to that obtained by other authors in
this regard [33,38,41].

Similarly, the behavior of the province's focal point during the years 2010 to 2017 (eight years), where the
municipalities with the highest absolute frequency (Fi), coincide with what was described in the preceding years,
highlighting that the municipality of Santa Clara occupies in the eight years of study the most significant place, since all
these years it is presented as the one with the highest focal point reported in the province, followed by Sagua la Grande,
which is shown as the second highest focal pointin 5 years (2011-2014-2015-2016 and 2017), the 3rd in 2 years (2010-
2013) and the 5th one year (2012), followed by the municipality Ranchuelo, which was presented in the years studied
as the second with the second highest reported focal points in one year (2010), the third in three years (2011-2016-
2017), the fourth in three years (2012-2014-2015), and the fifth in two years (2013-2016). Manicaragua comes in
second for two years (2012-2013), 4th for two years (2011-2016) and 5th for two years (2014-2017). In the case of the
municipality of Santo Domingo, it is presented as third for three years (2012-2014-2015), 4th one year (2013) and 5th
one year (2010), while the municipality of Placetas is presented as 4th for two years (2010-2011) and 5th in two years
of those evaluated (2014-2017), which confirms that these municipalities are those that have maintained the
entomological situation of the province compromised during the period evaluated and with this the epidemiological
risk, something very similar to what was obtained in the current research, only with slight differences in some years.

We can evaluate that the stage of the years where the increase of cases and the focus on Ae. aegypti, is the time in our
country when there is an increase in rainfall, high temperatures, variation in atmospheric pressure values, as well as
the time of development of major atmospheric phenomena in the Caribbean Sea region, where our archipelago is
geographically located, It is also the time of the year when, due to the beginning of the summer season in our country,
the labor indiscipline of the work force in the system increases, which also has an impact on the increased risk in the
proliferation of vector populations and thus the appearance of suspected cases, results that are consistent with those
obtained by other authors [38,40,41,47].

The report of suspected cases of dengue manifests a proportional correspondence to the increase in focality by months
in the municipality Santa Clara reporting an increase in the months of July to October, which demonstrates the existing
relationship between the entomological and epidemiological aspects (focality-suspected cases). In addition, it is
important to refer, as previously stated, that these months coincide with the time of increased rainfall, high
temperatures and other variations in the status of the climate in our country, which also shows the interrelationship
between these processes, results that agree with those obtained by other authors in this regard [42-45].

Regarding the third level of the tree, the predictor variable was the type of tank, in 2016, N4: it gave rise to three nodes
N12, N13 and N14, differentiating the types of tanks into three groups, where the highest value of the mean (10.562)
corresponded to the low tank, which is located in N12. The municipality of Santa Clara (N5) does not present divisions,
this is because the possible divisions resulted in nodes with n<50, which is restricted by the assumed model, but
something very similar occurred in the rest of the years (2017-2020), since the low tank maintained predominance,
corroborated by the values of the mean, a result that coincides with those obtained by other authors in this regard, and
even in other provinces of Cuba [8, 38, 41].

The great variety in terms of the number of nodes obtained, evidences that there are large differences in relation to the
number of adult individuals according to the type of reservoir, where the type of reservoir whose mean number of
individuals per observation was higher, also turned out to be, the "low tank", with a value of 4, 297, followed by the type
labeled with "other", with a mean of 2,521 and the rest with means below 1 (years 2017 and 2018), which agrees with
results obtained by Diéguez et al. (2015) [8] and Fimia et al. (2020b) [47].

The differentiation in terms of deposits was similarly marked for the Santa Clara municipality (N8, a very significant
differentiation is observed for tank types in two nodes: N25 and N26). N25 includes "low tank", "other", artificial not
destroyed" and "artificial destroyed", with the highest mean 161.958 (about 162 adult individuals per observation),

where "elevated tank", "cistern”, "natural deposits”, "liquid waste" and "surveillance" are also included, with a mean of
6.542, much lower than N25, but with a marked predominance of low tank [8, 38, 41, 47]. So the highest averages of
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individuals per observation occur for N37, which corresponds to "low tank”, "Other" and "artificial not destroyed" in
Santa Clara municipality, between the years 2019 and 2020. In descending order, it is followed by N25, which
corresponds to "low tank", "Other", "artificial not destroyed" and "artificial destroyed" also in the municipality Santa
Clara, between the years 2017 and 2018. In the same order N5 corresponding to the Santa Clara municipality in 2016,
presents an average of 40.8 individuals per observation, although in this case there is no differentiation between tank
types [8, 33, 46].

5. Conclusion

The variables with the greatest influence on population dynamics were: municipality and type of deposit, corroborating
once again the correspondence between ecology and habitat of the species under analysis. The methodology used for
the statistical technique of the decision tree provides excellent classification possibilities, with multiple observations
based on the influence of the dependent variables. Ae. aegypti was identified in the 13 municipalities of Villa Clara
province, with a marked presence, both inside the home and in the surroundings/peridomicile, being predominant the
focus on the low tanks, which demonstrates the capacity of adaptation and ecological plasticity of the species in
question, before the strong actions of chemical control to which the species has been subjected in our country since the
80's of the last century.
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