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Abstract

Introduction: few population-based studies on
typhoid fever (TF) have examined spatial clustering
or investigated association between water supply
and wastewaters evacuation modes in Morocco.
This study aimed at investigating TF spatial clusters
and TF-associated environmental factors, between
2011 and 2017. Methods: country-surveillance and
population census data were used. An exploratory
spatial data analysis was conducted to assess the
global and local patterns of spatial autocorrelation
of TF adjusted rates and environmental variables
(Moran’s | and local indicator of spatial association
(LISA)) at the prefecture/province level. Effects of
drinking water access, required clean water
amount, and modes of wastewaters evacuation
were assessed via regression models. Results: TF
spatial distribution was random in Morocco,
whereas environmental variables were strongly
clustered in space (P-Moran’s | < 0.01). Water
supply was not associated with TF, whereas the use
of the different modes of wastewaters evacuation
had an effect on TF rates, but contributed only 14%
to TF. Conclusion: further researches at the
household or individual level are needed to
understand specific risk factors in the identified
endemic provinces/prefectures.

Introduction

Typhoid Fever (TF) is an acute, possibly fatal
disease. It is caused by Salmonella Typhi, a
bacterium that may grow in intestines and blood of
human beings. Such condition is mainly due to poor
hygiene, inadequate sanitation and drinking water
contaminated with the faeces of infected people.
Overcrowding also seems to be associated with
that affection [1]. TF is endemic in various corners
of the world; however, it has been indicated that
more population-based studies on such disease are
needed in emerging and developing countries [2-7].
Estimating country figures can inform global health
statistics; having information on TF at the country
level can help policy-makers understand which
areas are most in need of prevention and control

measures. In Morocco, one of the North African
countries, updating information on TF may be
needed for many reasons. First, a few population-
based studies on TF were conducted in Morocco in
the latest years; none of them was based on
comprehensive surveillance data at the country
level, which may have allowed comparison
between suspected endemic and non-endemic
provinces/prefectures. Second, new cases have
been regularly found in particular locations, others
have emerged in new locations; we wonder if such
cases are merely isolated events or there are spatial
clusters of TF in Morocco. Third, accurate factors
associated with such disease remain uncertain in
Morocco. Few population-based studies examined
water supply and sewage disposal systems as
covariates. More importantly, in previous
outbreaks, for one reason or another, matrices
such as drinking water, wastewaters and consumed
food may fail to be all analyzed for Salmonella
Typhi, and the investigation may be restricted only
to cases. Updating information on TF would provide
further insight into the disease and would target
interventions in Morocco. Based on available,
recent country-surveillance data from 2011 to
2017, we investigated spatial clusters and
examined association between such disease and
some a priori, potential environmental variables,
including access to clean water supply, the
delivered quantity of clean water (in liter per capita
per day) to meet the domestic basic needs, and the
adopted mode of wastewaters evacuation (i.e.,
sewage systems, septic tanks or others). All this was
performed at the province/prefecture level.

Methods

Setting and study population: Morocco is
administratively divided into 12 regions, which
includes 75 provinces/prefectures. A shapefile map
of the 75 provinces/prefectures was obtained from
the National Agency for Land Conservation,
Cadastre and Cartography. Data on population size
by province/prefecture were obtained from “Santé
en Chiffres” files made available by the Service of
Studies in Health and Health Information-Ministry
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of Health [8]. Morocco’s population was 30 079 000
in 2011, increasing to 32 951 000 in 2017 [8].

Data on typhoid fever: in Morocco, TF was under
mandatory notification since 1995 (Act N°683-95 of
March 31, 1995, related to notifiable diseases in
Morocco). The country reported data on typhoid
and paratyphoid fever (combined data). Each
physician from the public or the private sector
should report cases of TF to the health authority at
the province/prefecture level. The adopted case
definition for TF in Morocco is “an illness that is
characterized by insidious onset of sustained fever,
headache, abdominal pain, anorexia, constipation,
relative bradycardia and rose spots on the
abdominal skin” [9]. Compiled data on cases of TF
by province/prefecture and by year were made
available by the Ministry of Health [10]. Data for
the years 2018 and 2019 were not yet available.

Data on clean water quantity: according to WHO,
a basic water requirement to meet the four
domestic basic needs (i.e. drinking, sanitation,
bathing and cooking) was 50 liters per capita per
day of clean water [11,12]. Clean water is drinking
water from the public water system. Prior to
distribution, clean water was subject to treatment
and chlorination to meet safety guidelines as a
drinking water; the water delivery system is
maintained. Constraint of data for some provinces
made us to consider data on water production for
the years 2015, 2016 and 2017 [13]. Such data were
expressed in millions of cubic meters per year by
province/prefecture. We calculated the mean
amount of water production; the quantity of water
made available in liter per capita per day and by
prefecture/province was calculated as the mean
amount of water production divided by the
population size of the year 2016.

Data on households that have access to clean
water supply: data on the percentage of
households that have access to clean water, by
province/prefecture, were freely accessible from
the Moroccan Census Bureau and available only for
the year 2014 [14]. The total number of households

was 7 313 806 and the mean size of a household
was 4.6 persons [14].

Data on households evacuating wastewaters
according to three modes: in Morocco,
wastewaters may be evacuated via a domestic
system (mode A), septic tanks (mode B) or nearby,
i.e. in abandoned well or directly in the nature
(Mode C). According to the recent census, a
proportion of 58.9 % of the population used mode
A, 23.2 % used mode B, and 17.9 % used mode
C [14]. Data on the percentage of households using
each mode of wastewater evacuation, by province
and prefecture, were freely accessible from the
Moroccan Census Bureau and available for the year
2014 [14]. The total number of considered
households was 7 313 806 [14].

Statistical analysis: we performed an approximate
two-sided Kendall’s rank correlation test to
examine variation in TF notification rate from 2011
to 2017 at the national level; the P-values and size
effects of which were given. We also calculated an
annual Poisson notification rate of TF and a Poisson
rate confidence interval. This was estimated as the
number of events observed divided by the time at
risk of event during the observation period.
Furthermore, we calculated rates by
province/prefecture and by year, checked for
variance instability of such rates, and identified
outliers. A Kendall’s rank test was conducted to
evaluate variation in rate in such outliers or
selected prefectures/provinces (statistics were
calculated in exact form). All rates were expressed
in 100000 population per vyear. StatsDirect
statistical software version 3.0.194 (StatsDirect
Ltd., Cheshire, UK) was used to perform such
statistical analyses.

Global spatial clustering of typhoid fever: spatial
and nonspatial data corresponding to the 75
provinces/prefectures were joined using QGIS
(version 2.0.1 “Dufour”). As the
province/prefecture’s area and the population size
may vary, the spatial empirical bayes rate (i.e.
adjusted rate) of TF was calculated. The exploratory
spatial data analysis approach (ESDA) [15,16] was
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then used to examine global patterns of spatial
autocorrelation in TF adjusted rates. Queen
contiguity was adopted and Moran’s / statistic test
was used. A positive significant Moran’s | indicates
clustering in space of similar TF rates. GeoDa
software version 1.6.7.9, March 2015 (ASU, GeoDa
Center for Geospatial Analysis and Computation,
Arizona, USA) was used to perform ESDA.

Specifying a regression model of TF: the influence
of previously cited predictors on TF was evaluated
by means of the ordinary least squares regression
(OSR). Data on water availability in liter per capita
per day and by prefecture/province were evaluated
as dummy variables. Prior to conducting regression
analysis, we checked dependency between
variables to identify independent variables to
include in the model. GeoDa software was used for
such statistical analyses.

Results

A decrease in TF rate was seen from 2011 to 2017
in Morocco (Kendall’s tau b=- 0.72 and P = 0.02).
Over the study period, the total notified cases were
1706 with a maximum number of 672 cases in the
prefecture of Meknes and a minimum number of
zero cases in 25 provinces/prefectures. The Poisson
annual rate was 0.7 per 100 000 population per
year at 95% Cl: 0.7-0.8. Figure 1 showed a map of
TF notification rates by province/prefecture (in left)
and patterns of box plots of adjusted and
unadjusted rates (in right). Patterns of box plots,
both identifying seven outliers, were similar for
adjusted and unadjusted rates; these outliers were
the province of Tata (21.43 per 100000 population
per year), the prefecture of Meknes (2.43 per
100000 population per year), the province of Ifrane
(5.84 per 100000 population per year), the province
of Larache (4.77 per 100000 population per year),
the province of Sidi Slimane (3.88 per 100000
population per year), the province of Errachidia
(2.13 per 100000 population per year, and the
prefecture of Fez (1.73 per 100000 population per
year) (Figure 1). We examined variation in TF by
such selected provinces/prefecture. Pics in TF were

observed in the provinces of Tata in 2013 and 2014,
Ifrane in 2016 and Sidi Slimane in 2011; however,
the decreased rates was evident only in the
prefecture of Meknes (Kendall’s tau b=-0.81 and P
< 0.002) and the province of Larache (Kendall’s tau
b=-0.62 and P < 0.02) (Figure 2). Rate did not vary
in the remaining five provinces: Kendall's tau b = -
0.20 (P = 0.281) for Tata, b = 0.45 (P = 0.119) for
Ifrane, b = -0.43 (P = 0.068) for Sidi Slimane, b = -
0.10 (P = 0.386) for Errachidia, and b = -0.33 (P =
0.119) for Fez (Figure 2).

Global univariate Moran’s | statistics, univariate
LISA cluster maps, and univariate LISA significance
maps of TF rates showed dispersed distribution, but
it was not statistically significant at 0.05 level or less
(Table 1). Examination of covariates revealed that
the quantity of clean water made available
exceeded 50 liter per capita per day in only 16%
(12/75) of the provinces/prefectures of Morocco.
Both descriptive data on the delivered quantity of
clean water, expressed in liter per capita per day,
and the distribution of such variable by
province/prefecture were shown in Figure 3, in
right and left, respectively. In 95% of the
provinces/prefectures, such quantity varied
between 0.3 and 110.6 liter/capita/day (Figure 3, in
right). The quantity of clean water made available
exceeded 56 liter/capita/day in only 15 % (11/75)
of the provinces/prefectures of Morocco (Figure 3,
in left), 110 liter/capita/day in four prefectures
(Figure 3, inright). The mean quantity was about 41
liter/capita/day, but the value of standard
deviation showed disparities between
provinces/prefectures (Figure 3, in right). Spatial
clusters of such covariate was not seen (Table 1).
Figure 4 displayed both the spread of households
that have access to clean water supply (Figure 4, in
right) and spatial clustering of such households
(Figure 4, in left). A mean percentage of households
having access to clean water was about 68%, but
the value of standard deviation showed clear
variation between provinces/prefectures (Figure 4,
in right). Evidence of spatial clusters of such
covariate was shown in Table 1. High-high clusters
were located in the south-east of the country, while

Mina Sadeq et al. PAMJ-OH - 2(5);18 May 2020. - Page numbers not for citation purposes. 4


javascript:%20PopupFigure('FigId=1')
javascript:%20PopupFigure('FigId=1')
javascript:%20PopupFigure('FigId=2')
javascript:%20PopupFigure('FigId=2')
javascript:%20void(0)
javascript:%20PopupFigure('FigId=3')
javascript:%20PopupFigure('FigId=3')
javascript:%20PopupFigure('FigId=3')
javascript:%20PopupFigure('FigId=3')
javascript:%20PopupFigure('FigId=3')
javascript:%20void(0)
javascript:%20PopupFigure('FigId=4')
javascript:%20PopupFigure('FigId=4')
javascript:%20PopupFigure('FigId=4')
javascript:%20PopupFigure('FigId=4')
javascript:%20void(0)

Article g

5

ih| PAMJ

P¥) One Health

¢

low-low clusters were in some northern and
western parts of Morocco (Figure 4, in left).

Figure 5 displayed the spread of households by
mode of wastewaters evacuation. About 48.46 % of
the households used mode A, 27.97 % used mode
B, and 23.56 % used mode C; values of standard
deviation showed clear variation between
provinces/prefectures  (Figure 5). Significant
clustering was seen for all modes of wastewaters
evacuation (Figure 6 and Table 1). Significant spatial
clusters of high spread of mode A were located in
some northwestern and southern parts of
Morocco, while spatial clusters of low spread were
seen in the center of Morocco (Figure 6). Significant
spatial clusters of high spread of mode B were
located in the provinces of Taounat and Berrchid,
while spatial clusters of low spread were seen in the
provinces of Jrada and Boujdour; the prefecture of
Fahs Anjra was the only high-low cluster (Figure 6).
There was spatial randomness in the remaining
parts of the country. As to mode C, significant
spatial clusters of high spread were mainly located
in many provinces in the east of Morocco, while
spatial clusters of low spread were seen in some
southern parts of Morocco (Figure 6). A positive
correlation was seen between households that
have access to clean water supply and those that
use the sewage network (t-statistic = 6.365 with P <
0.001) whereas a negative correlation was
observed between households that have access to
clean water supply and those using mode B (t-
statistic = - 4.802 with P< 0.001) or mode C (t-
statistic = - 4.391 with P< 0.001). This most likely
suggested that households connected to the
municipal sewage were supplied by municipal
water systems, and that the households that used
modes B or C were not supplied by municipal water
systems. As to regression analyses, a first model for
a priori hypotheses included all covariates ; a
second principal model was related to clean water
supply in terms of access and quantity in
liter/capita/day. Another primary model included
covariates related to modes of wastewaters
evacuation. Table 2 summarized the results of OSR.
The regression analysis showed that effect of the

independent variables related to water supply on
TF was not evident: the variance ratio, F, for the
overall regression was statistically not significant
(Table 2). Whereas the use of the different modes
of wastewaters evacuation had an effect on TF rate:
the variance ratio, F, for the overall regression was
highly significant, suggesting that mode A, mode B
or mode C was, or all, were associated with TF. The
r square value showed that only 14% of the
variance of TF was accounted for by the regression,
therefore the predictive value of this model was
low. The partial correlation coefficients were
shown to be at the limit of significance but the
intercept was significant (Table 2).

Discussion

TF notification rate was estimated to be 0.7 per 100
000 population per year in Morocco; this was
higher than that in Europe where the disease is rare
and mainly acquired. In 2014, an EU/EEA
notification rate of 0.31 cases per 100 000 were
reported in 27 EU/EEA countries [17]; the highest
notification rates of 0.65 cases per 100 000
population was reported in France [17]. In Africa,
the incidence of TF was still high [4,18]. TF rates
dropped over the study period in Morocco, and this
was in accordance with the situation
elsewhere [5,7]. In Africa, modeled estimates also
suggested a slight decrease in incidence since
1990 [19]. Endemic areas and potential previous
outbreaks were observed during the study period.
We expected that the prefectures of Meknes and
Fez, the provinces of Larache, Ifrane or Sidi Slimane,
where TF persisted during the study period, would
be disease hot spots; this was not the case as no
spatial clustering of TF was seen. A previous study
carried out on TF in Meknes during the period
between 2008 and 2010, suspected wastewaters
treated and used for irrigation [20]. This warrants
further investigation at the household level, taking
into account all possible risk factors and particularly
testing consumed food for S. Typhi. Future
population-based studies on TF are also required in
the remaining endemic areas to identify specific
risk factors.
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Drinking water from the distribution systems was
not associated with TF. In the urban area, the
municipal public water system or a public stand
point are the main distribution systems, whereas in
the rural area, the population may have to use
unprotected wells or springs, Matfia (rain water),
oueds or rivers for their water needs. According to
the recent census, 73 % of the population of
Morocco had access to an improved water source,
i.e., 91.3 % in the urban area and 37.8 % in the rural
area [14]. Previous TF outbreaks were limited in
space and time and promptly managed in Morocco.
More importantly, they were mainly reported in
rural locations, and this was in accordance with our
finding. As to wastewaters evacuation, the three
identified modes of sewage evacuation had similar
effect on TF and low contribution to TF in the
country, and this suggested the need of future
studies considering further risk factors of TF. Our
study has limitations. The study was based on the
population level census data, and this may have
given only general epidemiological evidence and
did not advise on individual exposure. Another
limitation was the age related data that were not
available, which would have given more insight into
TF in Morocco. In spite of these limitations, this
study is one of the fewer that considered
population data at the country level to examine
potential spatial clusters of TF and to investigate
potential implication of drinking water access and
amount, and modes of wastewaters evacuation in
Morocco, and would be a rational basis for giving
directions for future studies/interventions in the
country.

Conclusion

In spite of its low rates, TF remains endemic in
Morocco. Drinking water systems in terms of access
or delivered quantity were not associated with TF,
and the contribution of the modes of wastewaters
evacuation remained low. We identified some
endemic provinces/prefectures where further
researches at the household or individual level are
needed to understand specific risk factors.

What is known about this topic

e More population-based studies on Typhoid
Fever (TF) are needed in emerging and
developing countries;

e We wonder if cases of TF are merely isolated
events or there are spatial clusters of TF in
Morocco;

e Potential implication of water supply and
modes of wastewater evacuation has never
been investigated in Morocco.

What this study adds

e Neither drinking water access nor delivered
quantity was associated with TF in Morocco;

e Modes of wastewater  evacuation
contributed only 14% to TF in the country;

e Further researches at the household or
indivudual level are needed in identified
endemic provinces/prefectures to
understand specific risk factors.
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Table 1: global Moran’s / statistics
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Table 2: regression analyses

Figure 1: descriptive data on TF notification rates,
2011-2017, Morocco

Figure 2: variation in TF rates by selected
provinces/prefectures (2011-2017), Morocco
Figure 3: quantity of clean water made available (in
liter/capita/day), by province/prefecture, Morocco
Figure 4: spatial clusters and distribution of
households that have access to clean water, 2014,
Morocco

Figure 5: distribution of households by mode of
wastewaters evacuation, 2014, Morocco

Figure 6: LISA Clusters and LISA Significance maps
of households by mode of wastewaters evacuation,
2014, Morocco
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Global Moran’s | statistic P-Value*
Typhoid rates - 0.025 0.455
Clean water quantity 0.012 0.208
Clean water access 0.300 0.001
Wastewater evacuation mode A 0.211 0.006
\Wastewater evacuation mode B 0.138 0.038
\Wastewater evacuation mode C 0.356 0.001

* Empirical Pseudo-Significance P based on 999 random permutations and statistically significant at P < 0.05
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Model 1: All variables Adjusted R2 = 0.148 F-
statistic=3.573 Prob(F-statistic) = 0.006
Variable Coefficient | t- Probability
Statistic
Constant 1314.75 1.892 0.063
Water -0.0003 -0.093 0.923
quantity
Water 0.029 1.457 0.150
Access
Mode A -13.162 -1.895 0.062
Mode B -13.202 -1.901 0.062
Mode C -13.104 -1.885 0.064
Model 2: Clean water supply
Adjusted R2 = 0.004 F-statistic =1.132 Prob(F-statistic)
=0.328
Variable Coefficient | t- Probability
Statistic
Constant -0.624 -0.520 0.605
Water -0.572 -0.611 0.543
quantity
Water 0.024 1.405 0.164
Access
Model 3: Wastewaters evacuation Adjusted R2 =
0.145
F-statistic = 5.169 Prob(F-statistic) = 0.003
Variable Coefficient | t- Probability
Statistic
Constant 1385.95 1.995 0.050
Mode A -13.848 -1.994 0.050
Mode B -13.903 -2.002 0.049
Mode C -13.802 -1.987 0.051
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Figure 1: descriptive data on TF notification rates, 2011-2017, Morocco
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Figure 2: variation in TF rates by selected provinces/prefectures (2011-2017), Morocco
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Descriptive data: Quantity of clean water made available (in liter/capita/day)

from 0.34 110.64 220.93 331.23 44152 551.82 66211
to 110.64 220.93 33123 44152 55182 66211 77241
#obs 71 3 0 0 0 0 1
% of total 94.67 4 0 0 0 0 133
sd from mean 0 0.76 196 3.16 4.37 5.57 6.77

min: 0.34, max: 772.41, median: 22.40, mean: 40.89, s.d.: 91.75, #obs: 75

Figure 3: quantity of clean water made available (in liter/capita/day), by province/prefecture, Morocco
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Figure 4: spatial clusters and distribution of households that have access to clean water, 2014, Morocco
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Descriptive data: Households using mode B (in percent)

from 5.20 18.43 31,65 44.89 58.11 71.34 85.57 from 1.80 12.20 22.60 33  43.40 53.80 64.20
o 18.43 31,65 44.89 58.11 71.34 85.57 97.57 to 12.20 22.60 33 43.40 53.80 64.20 74.60
Hobs 1 10 15 14 7 9 9 fobs. 12 17 15 20 B 1 2

% of total 14.67 13.33 20 18,67 933 12 12 % of total 16 22.66 20  26.67 10.67 1.23 2.67
sd from mean +1.16 -0.65 -0.14 0 037 oee 139 sd from mean -1.00 -0.34 0 032 098 165 231

min: 5.2, max: 97,8, median: 46.2, mean: 48.46, 5.d.: 25.90, flobs: 75

min: 1.8, max: 74,6, median: 28.6, mean; 27.97, 5.d.: 15,70, #obs: 75

Number of provinces/prefectures

22
18

LB
223 332 442 551 660 769
Household using mode C {in percent)

0s 114
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Figure 5: distribution of households by mode of wastewaters evacuation, 2014, Morocco
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Figure 6: LISA Clusters and LISA Significance maps of households by mode of wastewaters

evacuation, 2014, Morocco
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