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Abstract

After the fall of the central government and the emergence of the recurrent civil conflict in Somalia, many new
sociocultural phenomenons that have appeared across the country contributed to the spread of many infectious diseases
including TB. One of these social phenomena is a wide spread use of the illicit drug Khat which is predominately used
by the Somali males. Mostly khat is chewed in small overcrowded, unhygienic and unventilated makeshift huts known as
Marfishes. These Marfishesbecamethelaunchpadandthebreeding grounds of many infectious diseases that have affected
the lives of many Somalis including children. Under-five mortality in somalia is estimated at 200 deaths per 1000 births,
which is one of the highest in the world. Approximately one third of these are neonatal deaths, occurring during the first
month of life, pneumonia and diarrhea are the main killers each contributing20-25 percent of all under-five mortality. While
thesediseasesstillremainedthe topmajorkillers,communicable diseasesincluding TB are alsoaleading cause ofdeath. This
paper investigates the incidence and the trends of tuberculosis among the Somali children by using time series statistical

models.
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Introduction

Tuberculosis remains a serious public health problem worldwide,
and in particular, in the developing countries [1]. It is one of the leading
causes of mortality and morbidity across all age groups throughout
the world, especially in the developing countries [2]. Over 95% of TB
deaths occur in low-middle income countries, and it is among the
top 5 causes of death for women aged 15 to 44 [1], more references
about how TB is spreading over the globe, see, for example [3-5]. As
TB is an airborne infectious disease, transmission is associated with the
contact of an infectious TB case and the intimacy of that contact [6,7].
In 2014 alone, more than 9.6 million people fell ill with TB including an
estimated one million children. During that year, 1.5 million died for
the disease of which 140000 or almost 15% were children [1], and in
2006 that number was estimated 11% [8]. In areas with a high incidence
of TB, children contribute 15-40% of the total case load and experience
considerable mortality [7,9,10]. Among children, the greatest numbers
of TB cases are seen in those less than 5 years of age, and in adolescents
older than 10 years of age [11]. Childhood tuberculosis (TB) reflects
recent transmission, and it is an important indicator of public health
success in interrupting and preventing TB transmission. High rates
of childhood TB indicates that opportunities for preventing TB are
being missed [12]. In endemic countries, the focus is mainly on adults
with smear positive TB while TB in children receives little attention
[13,14]. Despite the fact that one million child TB cases were reported
in 2014, TB disease and latent TB infection (LTBI) frequencies in
children are dramatically underestimated. The sum total of MDR-TB
child cases that have ever been reported in the literature is just 2%
of those that they estimate occurred globally in the year 2010 alone
[15]. In their study [15], they have mentioned multiple factors that
would explain the present sizeable underestimate of the incidence of
TB disease in children. Firstly, Young children experience the highest
risks of severe disease and death once infected, but are the least likely
to be confirmed bacteriologically as TB cases. This reflects the fact that
children are more likely than adults to have paucibacillary disease and

those young children (less than 5 years old) cannot expectorate sputum,
preventing microbiological diagnosis. Secondly, all currently available
microbiological tests have very low sensitivity for child TB disease.
Applying these calculated risks, their estimates showed that around
1,000,000 children developed TB disease in 2010, among which 32,000
had MDR-TB. TB disease among children is much more prevalent in
developing countries, where resources for TB control are scarce, than
in industrialized countries [16]. In resource-limited settings, many
deaths in children with pneumonia are TB-related [9,17], and it is more
common in countries with failed states like Somalia where TB is more
prevalent. In the first quarter of 2013 alone, 3300 new TB cases were
detected in that country, at a time new drug resistant tuberculosis is
emerging in many parts of the world. In a nationwide survey in 2011
[18] multidrug-resistant tuberculosis (MDR TB) was found in 5.2%
and 40.8% of patients with new and previously treated TB respectively.
These levels of drug resistance are among the highest ever documented
in Africa and the Middle East. The estimated per capita incidence rate
for TB in Somalia for 2013 was 253 per 100,000 (WHO). Under-five
mortality in somalia is estimated at 200 deaths per 1000 births, which
is one of the highest in the world. Approximately one third of these are
neonatal deaths, occurring during the first month of life, pneumonia
and diarrhea are the main killers each contributing 20-25 percent of all
under-five mortality. While these diseases still remained the top major
killers, communicable diseases including TB are also a leading cause
of death.
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The Role of the Social Determinants and the Over-
crowded Khat Marfishes on the Spread of the Diseases

It has been known for many decades that tuberculosis is a social
disease that is highly correlated with environmental risk factors and
cultural backgrounds among people sharing a particular community.
Many conditions that increase the risk of TB infection arise from the
circumstances in which people living in a particular community are
born, grow, live, work and age [19]. Social determinants of health are
mostly responsible for health inequities between and within countries
(WHO).Because of the social connections between an index patient and
contacts, social determinants of infectious diseases in the world become
a public health priority [20]. These determinants which may vary by
geographical region and cultural background can be used to shed light
the role social processes could play the spread of tuberculosis globally
as well as nationally to develop effective prevention strategies. Lack of
consideration for the entrenched cultures and their embedded social
determinants may predispose general population high rates of TB
infections. Environmental risk factors such as indoor air pollution, and
overcrowdedliving conditions exacerbate TB risks in some countries like
Somalia where crowding tends to be associated with other socioeconomic
and living conditions [14]. Proximity and persistence of contactare major
determinants of transmission, and those living within the same household
are at higher risk than casual contacts [2]. Proximate risk factors include
those that directly increase exposure to infectious droplets. Among
household contacts, young children are at increased risk of getting
infectionfromanindexcase[21].

In Somalia after the fall of the central government in 1991, many
new sociocultural phenomenons that have appeared across the country
contributed to the spread of many infectious diseases including TB.
One of these social phenomena is a wide spread use of the illicit drug
khat! which is predominately used by the Somali males. Binge khat
chewing in small overcrowded, unhygienic and unventilated makeshift
huts known as Marfishes mostly concentrated in small villages and big
cities become a common habit across the regions inhabited by ethnic
Somalis. These huts are increasingly becoming breeding grounds for
many infectious diseases including Mycobacterium tuberculosis. Khat
Marfishes were also common where Somalis reside in the UK before
it was banned in the country in 2014; currently its trade, possession
and use are illegal in many countries including UK. Heathrow airport
served as a hub and a distribution center to the UK and to many other
European and North American countries [22]. In a report about the
health and social impacts of khat use released by Brent council in the
UK indicated that, among consequences attributed to khat use are
infectious diseases, such as TB or pneumonia, contracted as a result of
taking khat in confined and poorly ventilated spaces in mafrishes?. The
Somali community in the UK believes that, the number of Tuberculosis
patients that health authorities blamed on the enclosed Mafrishes
which they say was conducive for the spread of the airborne disease has
dramatically declined after it was banned in the UK.

Overcrowded Khat Marfishes and the Spread of
Tuberculosis among Somali Children
There is accumulating compelling evidence that overcrowded khat

Marfishes contributed the dissemination of tuberculosis (TB) amongst
the Somalis and created perfect conditions on its transmission. There

'Khat (Catha edulis) is a large green shrub mainly cultivated in the highlands of the
Horn of Africa and Southern Arabia.

2https://www.brent.gov.uk/media/2025436/0702012- khat1.pdf

is significant evidence about the adverse effects of overcrowding and
unhygienic, unventilated buildings on the spread of tuberculosis. An
ecological analysis of childhood tuberculosis in New York [23,24]
showed that the average level of notifications is correlated with
overcrowding [25]. In an another study it has also been found for each
1% increase in the numbers living in overcrowded accommodation the
average notification rate for tuberculosis increased by 12% [25]. Bhatti
et al. concluded in their studies that, there was a strong association of
tuberculosis risk with overcrowding [26]. Baker et al. conducted the
first study of its type in New Zealand to look at the effects of household
crowding on TB [27]. They found that, TB risk of infection is increased
by household crowding. Their investigation is focused among the 40
years or younger age group in New Zealand-born population. They
found that on average for every 1% increase in household crowding in
a neighborhood the expected number of TB cases will increase by 8%,
holding other variables constant. Other studies also show overcrowding,
poor ventilation and lack of screening for TB in the prisons made these
places breeding grounds and incubators for TB. For example, in Russia’s
overcrowded prisons populated largely by young and poor people, TB
incidence leapt toward 5,000 cases per 100,000 during the late 1990s and
early 2000 [28].

In Somalia, many adult males who are obsessed with chewing khat
in these overcrowded places became a source of TB infection to their
families including children. Those fathers are living with their families
and mostly share the master bedroom with multiple children. Many of
those children had close contact with a father who had active tuberculosis
for a long period of time. Risk factors of child infection are younger age,
birth in a high prevalence country and prolonged close contact with an
index case. Many studies demonstrated a very strong association between
parental TB infection status and infection status of preschool-age children
[29]. Exposure to an adult with pulmonary TB was reported to increase
mortality by 70% in children under 5 years of age in high-burden settings
and by eightfold when the mother had TB [9]. Risk factors for pediatric
infection included exposure to a parent who had active tuberculosis and
that risk of infection increases if their father had a current TB infection.
Unless more attention is given to the linkages between Marfishes and
communicable diseases in Somalia, the spread of infectious diseases in
the country will be very difficult to control. Any appropriate preventive
strategy should depend on funding campaigns that are designed to
curbing binge khat chewing in these places, and a strong emphasis should
be placed on facilitating the socio-cultural factors that inhibit this habit.
While the currently focus of TB control is based on prompt case detection
and effective treatment, incubators for tuberculosis like the levels of
crowding also need to be considered. Reducing the number of breeding
grounds could play an important role in controlling the spread of this
disease. Thus, progress towards the elimination of tuberculosis needs
to put more emphasis not only on diagnosis and treatment of the latent
infection but also on environmental interventions based on controlling
breeding grounds.

Methods

Time series analysis of Tb data collected from the under five
years children in Somaliland

Proactive infection control measures are the best way to prevent the
spread of tuberculosis. Those measures cannot be implemented without
early detection of people in need of the disease treatment which relies
on higher quality forecasts and effective strategic planning. Forecasting
incidence of communicable diseases and in particular (TB) plays an
important role in planning, control, developing intervention programs
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and allocating resources. Early prediction of its trends also helps
to choose the most appropriate and timely interventions before the
outbreak of the disease occurs and avoids any lapses in controlling the
spread of the disease. Lack of relevant information about the spread of
the TB could also pose significant challenges to those providing services
to the prevention, treatment, and control of the disease. Thus, any TB
control plan designed to ensure effective prevention must include
continuous monitoring and surveillance based on broad understanding
of the local living conditions and better prediction methods. So far, a
number of studies were conducted to investigate the temporal structure
of these diseases. Those studies used different forecasting time series
methods to predict the morbidity and mortality of the disease [30-34].
Time series modeling is fundamental in predicting and controlling the
spread of many infectious diseases. Most common time series models
include various forms of weighted smoothing methods, decomposition
techniques which decompose the series into trend, seasonal, cyclic and
random components, Box-Jenkins models, time series regression and
curves fitting. In this section TB trends among the under-five year old

(a) (b)

2011 2012 2013 2014

50
|

60
40

Average
30
|
Average
20 30
| |

20
|

10

Jan Mar Jun Aug Oct Dec
Years Months

Figure 1: Under five years TB data 2011-2014 (a) Yearly averages (b) Monthly
averages.

Below 5 Year TB by Region in 2011-2014

350 —
300
250
200

150+

Number of Cases

100+

507 .

Sool H

T T T T
= < = =
g 3 z 3
3 > » <
< = : i

Regions RE|

Figure 2: Average number of cases.

Averages by Region from 2011-2014

o
T}
o -

Awdal MJeex Sahil

150 200
| )

Average
100
L

Togdheer Sool
Regions

Figure 3: Average number of cases.

children in Somaliland will be investigated. Figures 1-5 show that, there
are trend and seasonal effects of the TB infection patterns. We have
compared different time series models to select the best model that
describes these patterns of the disease and best model is chosen. The best
model among the competing models that has captured the dynamics of
the disease is Holt-Winters exponential smoothing method.

Additive Holt-Winters exponential smoothing method

This forecasting method weights the observed time series values
unequally taking into account the level, trend and seasonal effects
of the data. Exponential smoothing methods have been found to be
most effective when the parameters describing the time series may be
changing slowly over time. Most recent observations are weighted more
heavily than the old observations. Given a time series y,, y,, ..., y, that
exhibits a linear trend and a seasonal variation that are slowly changing,
the estimates of the level L, trend TR, and the seasonal effect St are as
follows

L=a(Y-S,)+(1-a)(L,+TR )
TR=B(L-L,_)+(1-B)TR
S=8(Y-L)+(1-8)S,,

Where a f and § are smoothing constants between 0 and 1 and
a point forecast made at time T for Y _ is Y_ =L TR+S for

T T t+T-L”
t=1,2,..,, and the estimates of the above parameters d, 3, J, are based
on the times series accuracy measures, particularly the mean square

error (MSE) and the mean absolute percentage error (MAPE). The
. 1 n A 2
MSE and the MAPE are given by MSE:;zr:](y, -3,) and

1

MAPE = {z;’l

n

Y _j/t

}*100% respectively. The model that has

t

the minimum forecast errors is chosen to forecast the future trends of
the given time series.

Data collection and descriptive analysis

The data used in this study were collected from five regions in
Somaliland from the period of 2011-2014. Tuberculosis surveillance
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data are compiled and recorded in the database center of the planning
section at the public health department in the ministry of health.
General hospitals in five regions have to report all the new cases of
tuberculosis every month to the planning section in the ministry of
health. Somaliland has a relatively reliable surveillance and reporting
system for infectious diseases compared to other parts of Somalia. We
reviewed all the available data about the children under five years old
suspected of TB infection stored in Somaliland’s monthly ministry of
health records in this period. The number of reported suspected cases
of TB during this period were 2268 cases.

Figure la shows how the yearly averages for the number of
suspected TB cases for the children (under five years) is increasing
for the last two years, incidence has increased 32% each year and the
number of the reported cases has reached the peak in 2014. Figure 1b
displays monthly averages for the number of the infected children.
Highest cases were reported in March, July and August. Figures 2 and
3 present Boxplots and barcharts of the number of cases by region for
the five regions. Table 1 shows the estimated case proportions and their
95% confidence intervals for the under-five years children suspected of
TB infection in the five regions. Four of the regions, namely Maroodi
Jeex, Togdheer, Awdal and Sool are inland regions, whereas Sahil is a
coastal region. In Sahil region most of khat sessions are held outdoors
where the levels of pollutants are less concentrated. During that period,
Togdheer region is accounted for the highest proportion of cases 38%

Region Proportion 95% CI
Awdal 0.115 (0.102 - 0.129)
Mjeex 0.261 (0.243 - 0.280)

Sahil 0.102 (0.090 - 0.116)

Togdheer 0.368 (0.348 - 0.388)

Sool 0.154 (0.139 - 0.169)
Table 1: Under-Five TB Proportions.

Region Est. Pop. Est. Per 100000
Awdal 100990 258
Mjeex 1863001 442

Togdheer 108205 772
Sool 49114 711

Table 2: Under-Five TB Incidence.
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whereas the coastal region of Sahil has lowest 10%, the proportions
of the other three regions; Awdal, Maroodi jeex, and Sool are 11.5%,
26.1%, and 15.4% respectively.

Table 2 displays the estimated number of under-five year old
children in each region and the estimated number of infected cases
per 100,000 populations of these children. The incidences during those
years for the different regions are 258, 442, 772, and 711 for Awdal,
Maroodi jeex, Togdheer, and Sool respectivly. The Population of Sahil
region is unknown but included in Maroodi jeex. Incidence rates of
Sool region have been in sustained decline over the past four years
whereas those rates were increasing for the other four regions.

Predictions

Figure 4a depicts the time series plot of the monthly reported
cases during those years and Figure 4b displays time series plot for the
complete data which contain 48 observations. Statistical techniques are
utilized to understand the trends of the disease. The best time series
model that fits these data is investigated. Many tentative different time
series models were fitted and compared by using various accuracy
measures and model selection criteria like Mean Absolute Percentage
Error (MAPE), Mean Absolute Deviation (MAD), and Mean Square
Error (MSE). Based on these criteria, the best model is chosen. After
searching the best prediction method for this data series, we found
the most appropriate method for the prediction of the changing
patterns for this disease in under-five year children as the Additive
Holt-Winters Exponential Method with level, trend and seasonal
smoothing parameters, 6=0.2, f=0.1, 6=0.01 respectively. Out of the
48 observations, 45 of them are used to estimate the changing level,
trend and seasonal indices and the observations of the last three months
were predicted. The predicted values and their prediction intervals are
presented in Table 3. Figure 5 depicts the time series plot of the original
data with their predicted values.

According to the accuracy measures the model has fitted the data
well. Figure 5 shows the plots of the original data and the one-step ahead
predictions. These plots clearly show the strength of the employed
model. Table 3 is presented the observed, the predicted and the 95%
prediction intervals for the number of cases in the last three months of
2014. The predicted values are very close to the actual observations and
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Figure 4: TB Time Series Plots. 4a: Monthly reported cases during those years, 4b: Complete data which contain 48 observations.
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Month Actual Predicted 95% PI
Oct. 14 78 70 51.31-89.24
Nov. 14 71 70 50.69 - 89.20
Dec. 14 69 75 55.69 - 94.87
Table 3: Three Month TB Prediction.
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Figure 5: Actual and one-period ahead predictions.

each prediction interval has reasonable length. Based on these results,
the best model to be adopted for the short term prediction for the
number of the suspected TB cases among the under-five year’s children
in Somaliland appears to be the Additive Holt-Winters Exponential
Smoothing Method.

Conclusions and Paradigm Shift for Tuberculosis
Control in Children

Current global tuberculosis (TB) control paradigm mainly focuses
on cutting transmission through early case detection and effective
treatment [18]. Social and environmental interventions are not usually
delivered or funded by the health sectors [1]. Poor sanitation and
overcrowding take the environment more propitious for the breeding of
mycobacterium tuberculosis. The most productive breeding grounds of
the Mycobacterium tuberculosis are neglected and did not get sufficient
attention and enough funding. A key similarity between vector-borne
and air-borne diseases is the existence of the breeding grounds for both
diseases. For example, the spread of vector-borne diseases is highly
correlated with precipitation where as one of the major risk factors
for airborne diseases is overcrowding and unventilated buildings.
Given the promising results in fighting vector-borne diseases, it is
necessary to adopt similar approaches in fighting against the spread
of TB. Those approaches included the Roll Back Partnership initiative.
The partnership comprises hundreds of partners organized in different
constituencies like governmental, nongovernmental, community-
based organizations, foundations, and academic institutions. Those
initiatives helped to achieve substantial successes against fighting
vector-borne diseases and created conditions that have positive impact
on the dynamics of these diseases. The risk of exposure is determined
by the physical environment in which the contact takes place, including
aspects of crowding, air flow and humidity [35]. Environmental
management strategies and community action helped the control
measures in targeting towards the most productive breeding sites.
For example, stagnant water where mosquito larvae grow was treated
with chemicals that have substantially reduced its population. Same
approaches could be adopted in combating the spread of tuberculosis.
These approaches could include, identifying the most productive

Mycobacterium tuberculosis breeding sites, and then using local
community and government clean-up campaigns in eradicating
these breeding sites. Clearly, health care professionals in partnership
with the local community and the government can easily undertake
the empowerment activities to build public awareness for the risks of
the disease. Promoting the spirit of joint cooperation between health
care, local community and the government could help to implement
the intervention and mitigation measures to combat the spread of
the disease. Those groups together could provide comprehensive
monitoring at the breeding grounds. A prevention and control plan
designed to contain Mycobacterium tuberculosis breeding and to treat
the infected promptly could produce good results and substantially
reduce the spread of the disease. Such a plan needs to give an opportunity
to the communities and the local authorities to provide their input in
fighting with the disease, and to bring different groups together to
fight the disease on multiple fronts. Local communities could be used
to identify the most productive Mycobacterium tuberculosis breeding
sites, whereas community organizations can play the active role of
raising the awareness of the patients and groups within the community
who may be at higher risk of TB infection. Those groups could benefit
from health promotion and disease prevention programs targeted
to their specific needs. On the other hand, governments can actively
engage in building health safety standards, improve sanitation and
hygiene management. Governments can also support media campaigns
to increase awareness, community empowerment, education, and able
to enforce environmental laws and promote compliance [36-40].

Prompt reporting of adult cases and contact investigations would
be very difficult unless all breeding grounds are located, supervised
and controlled. Since TB is a social disease that requires a life-course
approach, existing interventions could be broadened by pursuing a life-
course framework that gives more consideration on structural, social,
cultural and environmental contexts. Identification of the crowding
sites need the consideration of a wide range of social, structural
environmental factors and the social conditions that shape the burden
of infectious diseases in certain populations. These determinants would
contribute in understanding the social interactions that promote the
transmission of the disease. Locating breeding areas and high risk
groups in these places would help to target strategies for early detection
of people in need of treatment.

In Somalia, medical professionals believe the majority of the TB
breeding grounds in the country are the poorly ventilated overcrowded
Marfishes that people gather to chew khat. Since the customers of these
marfishes stay long hours in overcrowded khat chewing houses, they are
at a higher risk of getting infected and most of them share their young
children in a master bedroom. Thus, TB infection control plan designed
to ensure prompt detection of infectious patients and protecting the
very young, must include health monitoring and surveillance systems
directed to these places. Concentrating more focus on these sites would
help to improve national health monitoring and surveillance systems.
Without the consideration of these breeding grounds, the long-term
epidemiological goals for global TB control in general and in Somalia
in particular will be difficult to be achieved. Therefore, to contain the
spread of the disease to the too young and the most vulnerable children,
local communities and the different levels of the government must be
completely involved in the intervention and the preventive activities
and more resources have to be allocated. The failure to trace and
appropriately manage adult source cases in these breeding sites will
make difficult to prevent and control TB from Somali children.
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