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Prediction case notification rates for tuberculosis in eight countries
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Abstract: This article describes a novel approach to predicting tuberculosis case notification rates based on
historical data for the eight countries with the highest tuberculosis rates. Using a relatively new prediction method
known as Brown’s Weighted Exponential Moving Average, we produced excellent prediction results for the selected
countries. In one example, we describe the implementation of the proposed tuberculosis case notification rates
prediction model in China, which led to the most accurate prediction result in the study. The effectiveness of this
new method was confirmed by our calculation of the prediction error using the mean absolute percentage error,
showing that China had the lowest mean absolute percentage error value at 2.3606444%. New research results
confirm that there is an increasing trend in tuberculosis case notification rates for most countries included in this
research. These results can be used to support the decision-making process for all related stakeholders, including the
governments of these countries, when managing the spread of tuberculosis.
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Introduction

Tuberculosis (TB) is a communicable disease that
originates from bacteria called Mycobacterium
tuberculosis [1]. It is easily spread through the air and
typically infects the lungs (Pulmonary TB) or other
sites (Extrapulmonary TB), such as the kidneys, bones,
and spine [2]. In the past decade, tuberculosis was
listed as one of the top ten causes of death around the
world [3], which should concern stakeholders
everywhere, especially governments and public health
experts.

In particular, TB has become a public health threat
in low- and middle-income countries (LMICs) [4]. Out
of the 202 countries and territories mapped by the
World Health Organization (WHO), the 48 high TB-
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burden countries are predominantly LMICs [1].
According to the same report, in 2018, two-thirds of
the global burden of TB was shared by only eight
countries: namely, “India (27%), China (9%),
Indonesia (8%), the Philippines (6%), Pakistan (6%),
Nigeria (4%), Bangladesh (4%), and South Africa
(3%)” (Figure 1).

Fig. 1 TB incidence estimation in 2018 [1]
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In this study, the TB case notification rates (CNR)
for these eight countries will be predicted using a time
series forecasting method. TB notification is defined as
“the reporting process of diagnosed TB cases to
relevant health authorities” [5]. TB notification is
important for local contact tracing and assessing a
country’s TB incidence [6]. Therefore, the aim of this
study is to find patterns or trends in TB CNR to help
the decision-makers in these countries take proper
action and form policies to handle the global burden of
TB. Of note, two previous studies have discussed TB
case prediction. Halim et al. [7] used the fuzzy linear
regression method to predict TB CNR in the province
of Surabaya and obtained good prediction results. In
addition, Li et al. [8] used the autoregressive integrated
moving average and generalized regression neural
network (ARIMA-GRNN) hybrid model to predict TB
incidence rates in the city of Lianyungang, Jiangsu
Province, China. Both publications used soft
computing methods, which can produce good results
but generally are more complex and computationally
expensive.

In this study, TB case notifications for all the eight
countries will be predicted by using a time series
forecasting method. TB notification is defined as “the
reporting process of diagnosed TB cases to relevant
health authorities” [5]. It is important for the local
contact tracing and assessing the country’s TB
incidence case [6]. Therefore, the aim of this study is to
find the pattern or trend of TB case notifications in
those countries that can help the decision-makers to
take proper action and policy in handling TB global
burden.

There are two previous pieces of research that had
discussed the TB case prediction. Halim et al. [7] use
the fuzzy linear regression method to predict Surabaya
province’s TB case notification. They found that the
model built by using the prediction method could give
a good prediction result. Another publication is from Li
et al. [8], where they used the hybrid model from
ARIMA-GRNN to predict TB incidence rate in
Lianyungang city, Jiangsu province, China. Both
publications used soft computing methods that could
give a good result, but generally are more complex and
computationally expensive.

As one of the time series forecasting methods,
Brown’s Weighted Exponential Moving Average (B-
WEMA) was first introduced in 2016 [9]. Since then,
the method has been widely accepted and applied to
different kinds of problems, such as Forex forecasting
[10], stock rate of return [11; 12], and air quality index
prediction [13]. In [10], B-WEMA was compared with
WEMA and got a smaller Mean Square Error (MSE)
value at 6.97030E-5. Similarly, in [11], B-WEMA also
was compared with WEMA and got smaller MSE at
6124.222 and smaller Mean Absolute Percentage Error

(MAPE) at 1.831685%. In [12], B-WEMA was
compared with its building block methods, i.e.,
Weighted Moving Average (WMA) and Brown’s
Double Exponential Smoothing (B-DES). From the
experiments undertaken, they found that B-WEMA has
the lowest MSE and MAPE values at 2100.488 and
1.4959%. Lastly, in [13], B-WEMA excels WMA, B-
DES, and Exponential Moving Average (EMA) with
MSE at 114.326 and MAPE at 20.062%. Based on
those research, B-WEMA is proven to be a robust and
accurate forecasting method that can be used in
different kinds of scenarios. Hence, in this study, B-
WEMA will be used to predict the TB case
notifications for the top eight TB-burden countries.

The next section will briefly discuss B-WEMA as
the forecasting method used in this study. Section 3
will present the forecasting results of TB incidence for
the top eight high burden countries, and some
concluding remarks will be given in Section 4.

1 B-WEMA method

B-WEMA is a hybrid forecasting method that
combines the procedure of Weighted Moving Average
with Brown’s Double Exponential Smoothing (B-DES)
[9]. It can be used to predict the future values of a
given time series data with a trend pattern [13]. Since it
follows the B-DES procedure, it has similar steps with
a little variation, as described below [10].

Step 1. Find a base value, B, using Eqg. (1)

NPp+M—1)Pp_1++2Pm—n+2)+Pm-n+1

B, = n+(n—1)+~~~(+2+1 — : OF

where n is the total span period as weighting
criteria, m is the total historical data in the dataset, and
PB,, shows the actual value at index m.

Step 2. Find the forecasting value using the B-DES
procedures as follows

First, as shown in Eq.(2), we need to set the initial
values for $ and S”, i.e., the single-smoothed series
and the double-smoothed series, respectively.

St,—l = St”—l = B¢ (2)

Then, we calculate the following values for both
smoothed series using the same constant smoothing
factor, « (0 < a < 1), as shown in Eq.(3) and Eq.(4).

Ss=aY + (1-a)S, ©)

Si=aSi+ (1—a)Si_, 4

Next, we move to calculate the estimated level (L)
and estimated trend (T) at time t using Eq.(5) and
Eq.(6). , )

Ly = zo?'t - /St—l . (5)
Ty = 1-a (St - St—l) (6)

Lastly, we could calculate the forecast value for

Y4k, forany k > 1,as shown in Eq.(7).
Fipp = Le + kT )

Step 3. Repeat Step 1 and 2 until each data point has

been gone through.
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Although it was just recently introduced, B-WEMA
has been widely accepted in the community. It had
been tested and applied to different scenarios, such as
foreign exchange transaction data prediction [10], air
quality index prediction [13], and foreign tourist arrival
prediction [14].

2 Results and discussion

We start this section with the description of the
dataset being used in this study. Next, the forecasting
results of TB incidence for the top eight countries will
be given, followed by the analysis of the forecasting
results.

2.1 The Dataset

In this study, we used data from WHO’s Global
Tuberculosis Database [15], specifically the Case
Notifications CSV file with around 2Mb size in total. It
contains 8,286 records and 163 attributes for more than
200 countries and territories. Eight countries form the
main focus of this study: India, China, Indonesia, the
Philippines, Pakistan, Nigeria, Bangladesh and South
Africa, hence the data collected are only for those
countries. Moreover, since there are some missing
values for several countries prior to the year 2000, we
limited the data collection from 2000 up to 2018. Table
1 shows the data recapitulation for the top eight
countries that experience a high burden of the
tuberculosis (TB) disease.

Table 1 TB case notifications

Year “India” “China”  “Indonesia” “Philippines”  “Pakistan”  “Nigeria® “Bangladesh” A?filég:’
2000 1115718 454372 84591 119914 11050 25821 75557 151239
2001 1085075 470221 92792 107133 20707 45842 76302 148257
2002 1060951 462609 155188 118408 48344 38628 83485 215120
2003 1073282 615868 174174 132759 69632 44445 88156 227320
2004 1136182 798433 210229 130530 94327 57553 98336 267290
2005 1156248 899729 254601 137100 142017 63990 123118 270178
2006 1228827 945175 277589 147305 177376 70734 145186 303114
2007 1295943 979502 275193 140588 230468 82417 147342 315315
2008 1332267 975821 296514 139603 245635 85674 151062 348241
2009 1351913 965257 292754 146565 264248 88589 160875 360183
2010 1339866 908399 300659 166323 264235 84121 153892 354786
2011 1323949 899669 318949 195560 264934 86778 154358 362453
2012 1289836 890645 328824 216627 267475 92818 168683 323664
2013 1243905 847176 325582 229918 288910 94825 184506 312380
2014 1609547 819283 322806 243379 308417 86464 191166 306166
2015 1667136 798439 331703 276672 323856 87211 206915 287224
2016 1763876 778493 364671 332941 356390 97279 222248 237045
2017 1649694 773150 442172 317266 359224 102387 242639 243297
2018 1994000 795245 563879 371668 360472 103921 267143 227999
2.2 Prediction Results country in this study.

Figure 2 shows the graphs of forecasting results for

Table 2 Best a for each country

each country starting from “India, China, Indonesia,
Philippines, Pakistan, Nigeria, Bangladesh, and South
Africa”. The actual values are shown as blue line, while
the predicted values using the B-WEMA forecasting
method are shown as red line. In this study, the
constant smoothing factor, « , will be increased
iteratively on each looping, started from 0 to 1 with
two decimal places to get the smallest forecast error.
The initial data being used is five, and the span data is
also five. Table 2 shows the best a values for each

— Acual Dot a Ferecasted Data

(a) India

Country Best a
“India” 0.41
“China” 0.46
“Indonesia” 0.57
“Philippines” 0.5
“Pakistan” 0.49
“Nigeria” 0.46
“Bangladesh” 0.52
“South Africa” 0.46

(b) China
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(c) Indonesia

— ActualData a Forecasted Duta

(e) Pakistan

(g) Bangladesh

— actuni Osta a4 Forecasted Data

(d) Philippines

— ActusiDats a Forecasted Cata

~ (f) Nigeria

— o,

— Actusl Cuts - Forecasted Dats

(h) South Africa

Fig.2 TB case notifications prediction

2.3 Analysis

Most of the countries studied in this research have a
rising linear trend of TB case notifications since 2000,
except for China and South Africa. However, China has
an increased value of TB notification in 2018 and is
predicted to have an increasing trend again in the
future. Meanwhile, South Africa tends to have a
declining trend in the future, which can be drawn from
the graphic results in Figure 2.

Moreover, to calculate the accuracy level of the
forecasting method applied in this study, the Mean
Absolute Percentage Error (MAPE) was used. It is one
of the forecast error measurement that has the property
of being scale-independent. It has a formula, as shown
in Eq.(8) [16].
MAPE = mean(]|100 e;/Y;|) (8),

where Y; is the actual value at time t, F; is the
forecasted value of Y;, and lastly e, = Y; — F;. Table 3
shows the MAPE values for each country incorporated
in this study.

Table 3 MAPE for each country

Country MAPE Value
“India” 5.5381966
“China” 2.3606444

“Indonesia” 6.1865528
“Philippines” 6.6085564
“Pakistan” 6.3175929
“Nigeria” 4.8628874
“Bangladesh” 5.0844156
“South Africa” 5.1957879

Table 3 demonstrates that China has the smallest
MAPE value; hence the forecasting results for TB case
notifications in China will be highly regarded than
those of the other countries. Since China also has been
predicted to have an increase in TB case notification
next year, it should become the main focus of all
related stakeholders, especially the Government.

3 Conclusion

Tuberculosis (TB) case notifications for the top
eight high burden countries of TB disease have been
successfully predicted by using the B-WEMA
forecasting method. As can be seen in Table 3, B-
WEMA produces small forecast error results; in this
case, MAPE values under 7% for each country. Out of
all eight countries, China has the smallest MAPE value
of 2.36%, which means that the forecasting results
should be more accurate than those of the other
countries. However, there is an increasing trend in the
forecasting results for China in recent years; hence it
should become the main focus of all the stakeholders,
especially the Government, to handle the situation. One
of the possible immediate solutions is by utilizing the
primary health care facilities in latent TB infection
screening and treatment [17].
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