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Abstract 

Typhoid fever remains a serious public health problem in many underdeveloped regions, with children and young adults (5–19 

years) at highest risk. In Benue State, Nigeria, hospital records suggest a rising trend in reported typhoid cases, yet few studies 

have examined future incidence under current conditions. This research modeled and forecasted daily typhoid fever cases at Saint 

Vincent Hospital. Aliade (Gwer-East LGA) using an Auto-Regressive Integrated Moving Average (ARIMA) approach, thereby 

providing policymakers with data-driven projections for resource planning. The research also analyzed 501 daily observations of 

laboratory-confirmed typhoid cases collected from October 2019 to February 2021. Descriptive statistics (mean = 15.95 

cases/day; SD = 8.81) characterized the series, which exhibited non-stationarity (ADF p = 0.301) at level. First and second 

differencing achieved stationarity (ADF p = 0.01). Autocorrelation (ACF) and partial autocorrelation (PACF) plots guided 

tentative model selection, and the final ARIMA (2,1,4) model was chosen based on minimum Akaike Information Criterion 

(AIC = 837.11). Model adequacy was confirmed via residual diagnostics (Ljung–Box test), and forecast accuracy was 

benchmarked against mean and naïve methods using mean absolute deviation and mean squared error. The ARIMA (2,1,4) model 

demonstrated strong fit (log-likelihood = –410.56; σ² = 0.2998) and outperformed benchmark forecasts in both MAD and MSE. 

A 15-year forecast indicates a slight upward trajectory in daily typhoid cases, suggesting continued burden without enhanced 

interventions. ARIMA modeling provides reliable short- and long-term forecasts of typhoid fever incidence. These projections 

can inform targeted prevention strategies, resource allocation, and public health planning to mitigate future outbreaks in the 

region. 
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1. Introduction 

Typhoid Fever is a worldwide disease which creates a very 

serious public health problem. In many underdeveloped 

countries, the World Health Organization estimated that about 

one person out of every hundred (100) is suffering from ty-

phoid fever. WHO also identifies typhoid as a serious public 

health problem whose incidence is highest in children and 
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young adults between 5 to 19 years old [17, 9]. Typhoid fever 

is a systematic disease caused by the dissemination of Sal-

monella Typhi or Salmonella Para-typhi mainly characterized 

by fever. It is called Salmonella Typhi because of its common 

similarity to typhus. It is clearly defined pathologically as a 

unique disease of its own, it is a common worldwide illness, 

transmitted by the ingestion of food or water contaminated 

with the faces of an infected person, which contains the bac-

terium Salmonella enterica. The bacteria then perforate 

through the intestinal wall and are Phagocytosed by macro-

phages [9, 16, 12, 5-7]. 

Osagi reveals that typhoid fever is an infection that is usu-

ally spread by contamination of food, milk, or water supply 

with Salmonella Typhi (S. Typhil) either directly by sewage 

or indirectly by flies or by faulty personal hygiene [12]. 

Symptomless carriers harboring the germ in the gall bladder 

and excreting it in their stools are the main sources of out-

breaks of disease in this country. The average incubation 

period is 10-14 days. A progressive feverish illness marks the 

onset of disease which develops as the germ invades typhoid 

tissues, including that of the small intestine to profuse diar-

rheal (pea soup) stools which may become frankly hemor-

rhagic, ultimate recovery usually begins at the end of the third 

week. A rose-colored rash may appear on the upper abdomen 

and back at the end of the first week [10, 11, 8, 14, 13, 2]. 

Most researches conducted on the disease were done by 

medical practitioners, who majorly reported the rate of oc-

currence and major cause of typhoid fever in the region, little 

or no research from the region focuses on the future incidence 

of the disease if the present situation exists. Such information 

is important for policymakers to be able to plan ahead of time. 

Thus, this research seeks to investigate the pattern of occur-

rence of typhoid fever in the region over different periods of 

the year to forestall or reduce the danger posed by typhoid 

fever and provide adequate information about the past, pre-

sent and future of the disease by adopting statistical tools the 

Auto Regression Integrated Moving Average (ARIMA) 

model. ARIMA model is a class of models used to forecast 

stationary time series data. A time series data is said to be 

stationary if the statistical properties like mean, variance, etc. 

are constant over time. ARIMA model comprises three parts 

namely: Auto Regression (A. R), Integrated (I), and Moving 

Average (M. A) [15, 3]. In this research work, we use the 

ARIMA model because time series data of typhoid fever 

obtained from Saint Vincent Hospital Aliade is stationary. 

ARIMA (Box-Jenkins) Model is a mathematical model de-

signed to forecast data from specified time series estimation 

and diagnostic checking the identification process involves 

identifying or determining the appropriate order of the Au-

to-Regressive Integrated moving Average (ARIMA) (p,d,q) 

required to capture the pattern of the time series using the 

Autocorrelation function (ACF) and Partial Autocorrelation 

function (PACF). After the appropriate ARIMA (pdq) model, 

the parameter of the model will be estimated after identifica-

tion and estimation, it is required to determine whether the 

model is adequate, and this is done through diagnostic 

checking [1]. 

Over the last decade, there has been an alarming increase in 

the rate of recorded cases of typhoid fever in our various 

hospitals especially in Benue State. This has led to a series of 

questions in the minds of the citizenry and the professionals in 

the medical field in general. Ordinary, since typhoid fever is 

generally associated with a lot of symptoms such as fever 

headache, cough, etc. These however make it a complicated 

disease with a very serious economic and social effect on the 

victims. This study seeks to predict the prevalent rate of ty-

phoid fever by: developing an ARIMA model using the time 

series data of St Vincent Hospital; predicting the rate of 

prevalent in the future, using the developed model and fitting 

the appropriate model to capture the pattern or behavior of 

typhoid fever and its types to aid the decision makers for 

decision making in the health sector. 

2. Methodology 

2.1. Research Method 

This research seeks to find the rate of typhoid fever to un-

derstand the underlying reasons for such rates, the quantita-

tive research method is used. The method is adequate for the 

study because it provides useful insight into the data and a 

possible prediction about typhoid fever and its types in soci-

ety. 

2.2. Area of the Study 

This research was conducted in Saint Vincent Hospital at 

Aliade Gwer-East Local Government Area (LGA), Benue 

State. 

2.3. Method of Data Collection 

The data collection here was basically from a secondary 

source, the medical report of a patient on the rate of typhoid 

fever and its type from Saint Vincent Hospital. The data was 

collected with due permission. The data was collected for 

seventeen (17) months. 

2.4. Method of Data Analysis 

The data used in the study was presented using tables, 

graphs and charts. The graph shows the trend of typhoid fever 

and its types for the period of seventeen (17) months. The R 

Statistical Computing package was used to analyze the time 

series data of Typhoid Fever from Saint Vincent Hospital 

Aliade Gwer-East LGA Benue State. 

Trend is one of the basic components of a time series. The 

trend is the general movement (upward or downward) of a 

series over a long period. There are several methods of esti-

mating the trend of a given series. However, least square 
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estimation (LSE) and moving average (MA) are commonly 

used in many literatures. The LSE method will be used in this 

work and the trend line equation is given as: 

Yt= α + bXt                           (1) 

Where, 

Yt is the series 

α is the intercept 

b is the slope 

Xt is the time variable. 

α = 𝑌̅t -𝑏̂𝑋̅t                        (2) 
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2.5. ARIMA Model (Box and Jekins) 

The Box and Jenkins approach involves three stages: iden-

tification, estimation and diagnostic checking. The identifi-

cation process consists of identifying or determining the ap-

propriate order of the Auto-Regressive Integrated Moving 

Average (ARIMA) (p,d,q) required to capture the pattern of 

the time series using the autocorrelation function (ACF) and 

partial autocorrelation function (PACF). After the appropriate 

ARIMA (p,d,q) model, the model's parameters will be esti-

mated. After identification and estimation, it is required to 

determine whether the model is adequate, and this is done 

through diagnostic checking. 

The ARIMA model is a class of models used for forecasting 

stationary time series data. A time series data is said to be 

stationary if the statistical properties, like mean, variance, etc., 

are constant over time. ARIMA model comprises three parts, 

namely: Auto-Regressive (AR), Integrated (I) and Moving 

Average (MA) can be classified generally as an ARIMA (p, d, 

q) model, where; 

p is the order of the autoregressive term; 

d is the differencing order required to achieve stationarity; 

q is the order of the moving average term. 

The ARIMA (p, d, q) can be expressed mathematically as 

Xt = 𝛻dxt                           (4) 

Xt= μ+φ1 xt-1+φ2xt-2+…+φpxt-p-θ1εt-1+θ2εt-2+…+θpεt-p-εt (5) 

Where Xt follows ARIMA (p, d, q) and follows ARMA (p, 

q) of [4]. 

If the series is stationary, d will be equal to zero and leads to 

the ARIMA (p, q) model. However, if the series is differenced 

times to achieve stationarity, that leads to the ARIMA (p, d, q) 

model. To determine whether or not the series is stationary, 

the test for the presence of a unit root A unit root helps to 

identify some features of a series and when a unit root is 

present in a series, it is characterized as stationary; otherwise, 

it is non-stationary. 

Table 1. The Comparison between the ACF and PACF plots. 

MODEL ACF PACF 

AR (p) Exponential decay/or damped sinusoid Cuts off after lag p 

MA (q) Cuts off after lag q Exponential decay/or damped sinusoid 

ARMA (p,q) Exponential decay/or damped sinusoid Exponential decay/or damped sinusoid 

 

The identified model using the ACF and PACF plots is 

called the tentative model, which will be used as a starting 

model to search for an adequate model with the least Akaike 

Information Criteria (AIC). After the model with the least 

AIC has been identified, the model will be fitted by estimating 

the parameters of the model. The significance of the model 

coefficients will be examined using the z-test. 

Z= 
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡−0 

𝑆.𝐸(𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡)
                    (6) 

2.6. Forecasting Methods 

The future occurrence of typhoid fever in the region will be 

forecasted using the identified ARIMA models. However, the 

following forecasting measures will be used as benchmarks. 

2.7. Measurement of Forecasting Error 

The main purpose of Measurement of Forecasting Error is 

to examine and evaluate different forecasting error meas-

urements, traditional measurements of forecast errors are: 

mean absolute deviation (MAD), mean square error (MSE), 

together with new suggested error and bias measurement: 

“periods in stock” (PIS) and “number of shortages” (NOS). 

2.8. Mean Method 

The mean method assumes that all future values are con-
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stant by using the mean of the historical data as the forecast of 

all future values. 

X1+X2+…+Xt                    (7) 

Given the historical data, the forecast value using the mean 

method is expressed as; 

𝑋̂t+h\T = 𝑋̅ = 
(𝑋1 + 𝑋2 +⋯+ 𝑋𝑡)

𝑇
=  

∑ 𝑋𝑡
1

𝑇
             (8) 

 

2.9. Naïve Method 

The naïve method assumes that all future values are con-

stant by taking the last observation of the historical data as the 

forecast of all future values. 

2.10. Data Presentation 

The daily data was collected for seventeen (17) months 

from October 2019 to February 2021, as depicted in Table 1 

below: 

Table 2. St Vincent Hospital Aliade, Typhoid positive cases between October 2019 and February 2021. 

2019 2020 2021 

oct Nov Dec Jan Feb March April May Jun July Aug Sept Oct Nov Dec Jan Feb 

 3 6 4 2 7 7 4 3 5 2 5 4 4 5 4 6 

 7 5 6 8 7 2 2 8 6 5 2 2 8 3 2 8 

 3 2 4 6 4 2 5 2 5 2 5 3 4 3 3 6 

 7 6 3 14 8 2 4 3 8 8 3 2 7 3 3 6 

 6 4 11 6 7 2 3 4 2 3 3 3 4 4 7 6 

 9 4 2 9 12 4 3 5 2 2 2 4 6 4 3 3 

 10 7 2 2 3 4 4 3 8 4 6 3 3 4 3 5 

 6 3 5 11 3 3 2 3 7 3 3 8 2 2 4 3 

 4 2 3 12 10 5 6 2 2 3 3 4 5 6 3 3 

 2 2 2 2 5 6 4 7 7 8 4 3 4 4 3 3 

 2 5 4 2 7 3 3 5 5 7 5 4 7 3 4 3 

 8 2 2 7 9 2 3 3 4 4 5 3 9 2 4 3 

 4 2 4 9 7 4 2 8 5 4 3 3 5 9 5 3 

 2 7 6 14 2 2 2 8 6 4 4 5 5 5 3 3 

 2 4 2 10 9 5 2 7 5 2 5 3 2 2 3 3 

 7 7 4 8 10 5 4 3 7 6 4 6 6 2 3 3 

10 5 5 6 15 5 4 6 2 2 6 2 3 5 2 4 3 

8 3 5 7 6 11 6 2 3 4 8 3 3 5 3 2 3 

8 5 3 5 15 4 5 5 4 3 5 5 3 6 4 7 3 

6 3 5 6 3 3 3 3 6 7 7 3 5 2 3 4 3 

4 2 3 3 2 2 2 2 4 5 3 4 6 4 2 6 3 

16 5 3 2 2 3 8 3 5 2 5 3 7 4 4 7 3 

7 2 2 10 7 4 2 6 4 5 2 6 4 2 7 2 3 

4 2 2 5 7 7 7 7 3 7 3 4 6 5 5 3 3 

3 4 5 5 7 2 9 3 4 3 4 3 3 7 8 2 3 

2 3 7 6 7 15 4 3 4 3 5 2 4 2 2 6 3 
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2019 2020 2021 

oct Nov Dec Jan Feb March April May Jun July Aug Sept Oct Nov Dec Jan Feb 

7 6 22 8 7 7 4 5 4 8 5 3 4 6 3 7 3 

12 3 22 22 7 2 4 5 4 5 5 4 4 3 4 3 3 

5 6 22 22 8 5 2 4 6 5 4 4 5 4 7 3  

4 6 22 22 4 4 2 4 3 5 4 4 2 4 4   

7 22 22 7 3 5 5 4 4 4        

Sources: St Vincent Hospital Aliade (2021) 

 
Figure 1. St Vincent Hospital Aliade Typhoid positive cases between 

October 2019 and February 2021. 

3. Result 

Table 3. Descriptive statistics. 

 Descriptive statistics 

Nobs 501 

Nas 0 

Minimum 1 

Maximum 31 

1. Quartile 8 

3. Quartile 24 

Mean 15.948104 

Median 16 

 Descriptive statistics 

Sum 7990 

SE Mean 0.393473 

LCL Mean NaN 

UCL Mean NaN 

Variance 77.565301 

Stdev 8.807117 

Skewness -0.031766 

Kurtosis -1.201302 

3.1. Testing for Stationarity 

Figure 1 clearly indicates that the series is stationary. The 

verification to confirm that the data is stationarity is shown in 

Table 4, Table 5 and Table 6 below: Augmented Dickey-Fuller 

(ADF) Test. 

 
Figure 2. The first difference of the positive number of typhoid fe-

vers. 
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Figure 3. The second difference in the positive number of typhoid 

fevers. 

 
Figure 4. The ACF of the positive number of typhoid fevers. 

Table 4. The normal ADF test of the data. 

Dickey-Fuller Lag order p-value 

= -6.6841 =7 = 0.301 

Table 5. The first differences ADF test of the data. 

Dickey-Fuller Lag order p-value 

= -13.328 =7 =0.01 

Table 6. The second differences ADF test of the data. 

Dickey-Fuller Lag order p-value 

= -19.118 =7 =0.01 

 
Figure 5. The Partial ACF positive number of typhoid fevers. 

 
Figure 6. The Forecast of the Positive Typhoid Cases. 

Table 3 and Figure 3 show that the p-value of the Aug-

mented Dickey-Fuller Test of second differences confirmed 

that the data is stationarity. 
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Table 7. The model identification. 

Coefficients 

ar1 ar2 ma1 ma2 ma3 ma4 Mean 

0.2787 -0.1629 -2.8079 2.8162 -1.1806 0.1727 0 

s.e.0.1357 0.0744 0.0445 0.2555 0.3112 0.1153 0 

sigma^2 estimated as 0.2998: log likelihood=-410.56 

AIC=837.11 AICc =837.41 BIC =870.8 

 

3.2. Model Fitting 

The optimal ARIMA model for predicting typhoid cases is 

ARIMA (2,0,4) with a non-zero mean as depicted in equation 

(9). 

Yt=0.2787Yt-1 -0.1627Yt-2-2.8079Ɛt                (9) 

4. Discussion 

The results of this study indicated a stationary trend in the 

number of days over the period under study. From 17
th

 Oc-

tober 2019 to February 2021 the total number of patients who 

tested positive for typhoid was 2387 and the highest month of 

occurrences December, 2019 which recorded 218 positive 

cases and October 2019 recorded the lowest number of oc-

currences of 103 positive cases. December, 2019 also rec-

orded the highest in day 22 it recorded five times. 

A stationary series must have a constant mean, constant 

variance and constant autocorrelation structure. The time 

series plot of the daily reported cases of the positive number 

of typhoid carriages from October 2019 to February 2021 as 

shown in Figure 1 above; shows that the time series is sta-

tionary. The fact that there are irregular fluctuations in the plot 

was not a clear indication that the series was non-stationary. 

The verification to confirm that the data is stationarity is 

shown in Table 1 above Figure 2 takes the first differences 

and Figure 3 takes the second differences it is observed that 

due to the Augmented Dickey-Fuller Test of second differ-

ences and the p-value and also the ACF (Figure 4) and PACF 

(Figure 5) show and confirmed respectively that, the data is 

stationarity. Also, since the p-value = 0.01 is less than 0.05 for 

the typhoid cases period one, the null hypothesis is rejected at 

= 0.05 and we conclude that the typhoid cases are stationary. 

The ARIMA model in equation (9) has been proven to be 

adequate based on the Ljung Box test and Ljung Box plots. 

The models were used for forecasting the future incidence of 

typhoid fever as shown in Figure 6 and the forecast indicates a 

slight increase in the future occurrence of typhoid fever in the 

region. And we forecast for (15) fifteen years. 

5. Summary and Conclusions 

Historical data of 503 days was collected and the Box and 

Jenkins (ARIMA) model was successfully employed to de-

velop a forecasting time-dependent series model. The ARI-

MA (2,0,4) model developed was used to predict the typhoid 

fever future prevalence. The forecast indicates a slight in-

crease in the future occurrence of typhoid fever in the region. 

A forecast over (15) fifteen years was made. The generated 

forecasts were adequately accurate based on the accuracy of 

forecasts obtained from the various models built in this re-

search work. 

It is concluded that the Aliade District has conditions that 

accommodate the vector that causes typhoid. The prevalence 

of typhoid is among the population. Typhoid significantly 

affects households since it is possible to experience multiple 

and repeated attacks in a year. In this case, the district must be 

given priority attention in annual budgets to enable it to 

combat the disease. In particular, there is a need for strong 

collaboration among major stakeholders including the Gov-

ernment, District Assemblies, Non-Governmental Organiza-

tions and the community to devise holistic, effective, and 

cost-saving methods for the prevention, control and treatment 

of typhoid. Although the use of good water for example, good 

water is identified as the major method of protection due to its 

availability and affordability for many households, the effi-

cacy of some of these numerous brands on the market may be 

questionable. 

6. Recommendations 

It is evident from the historical data used in this research 

and the results obtained that the incidence of typhoid fever is 

influenced or affected by seasonal factors as the incidence of 

typhoid fever tends to be high at some periods of the year and 

low at some other period. A proper enlightenment program is 

recommended across genders to enlighten the people of the 

region about the seasonal pattern and educate them on pre-

ventive measures, especially during the period when high 

incidence is expected. Further research is needed to determine 
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the factors responsible for the high and low incidence at dif-

ferent periods of the year in the region. 

Abbreviations 

ACF Autocorrelation Function 

ADF Augmented Dickey-Fuller 

AIC Akaike Information Criteria 

ARIMA Model Auto Regression Integrated Moving 

Average Model 

LGA Gwer-East Local Government Area 

LSE Least Square Estimation 

MAD Mean Absolute Deviation 

MSE Mean Square Error 

NOS Number of Shortages 

PACF Partial Autocorrelation Function 

PIS Periods in Stock 

LCL Lower Class Limit 

UCL Upper Class Limit 
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