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Abstract
AIM: To forecast hepatitis C sero-prevalence among Libyan population using blood donors and applying autoregressiveintegrated moving average (ARIMA)-model to predict future trends and comply with the needed plans to minimize the burden of hepatitis C virus (HCV). 

METHODS: HCV positive cases were collected from a total of 1008214 healthy blood volunteers over six years period from 2008 to 2013. Such data was used to construct ARMIA model in order to forecast HCV sero-prevalence among blood donors. The validity of the model was assessed using the mean absolute percentage error between the observed and fitted sero-prevalence. The fitted ARIMA model was used to forecast the incidence of HCV beyond the observed series of the year 2014 and then further till 2055.

RESULTS: The overall prevalence of HCV among blood donors was found to be 1.8%, varied over the study period from 1.7% to 2.5%, though no significant variation was found within each calendar year itself. The ARIMA model constructed showed non-significant auto-correlation of the residuals and the prevalence was steady within the last three years as expressed by goodness-of-fit test. The forecast incidence beyond the observed data showed increasing tendency in hepatitis C sero-positivity in 2014 ranged from 500 to 700 in 10000 population with an overall prevalence of 2.3% to 2.7%. This may be steady extended till 2055 with a minimal periodical variation within a six-year period.

CONCLUSION: The applied model was found to be valuable in evaluating the sero-prevalence of HCV among blood donors and highlights the growing burden of such infection on the Libyan health care system. Such modell may help in assessing the national policies to prevent the evolvement of HCV and plan for a needed future strategies that could target the consequences of such infection. 
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Core tip: Hepatitis C virus (HCV) has great consequences and overwhelming impacts particularly among developing countries, hence then prediction of such consequences are important for future planning to overcome the impacts of HCV infection. This is an innovative study highlighted the importance of using a modified mathematical modell to forecast and predict the future prevalence and consequence of HCV infection using the data collected form blood banks. The results we allow strategists in health care services to put their policy forward for immediate and long run policies.  
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INTRODUCTION 
Hepatitis C virus (HCV) has been known to be one of the leading causes of chronic viral hepatitis with a devastating consequences such as cirrhosis and hepatocellular carcinoma which are the major cause of liver transplantation[1]. The geo-epidemiology of HCV varies greatly and known to be dynamic over time[2] . Indeed, 3% of the world’s population are chronically infected with HCV and over three million new infection occur each year[3]. Africa a long with Asia is the largest reservoir of chronic HCV[4,5]. Even though it varies from one country to another and among the regions within each country[2,3]. The prevalence rates of HCV are the highest in Africa ranging from 1%-26%, as Egypt, Senegal and Cameroon having the highest rates worldwide[6]. 
Hepatitis C infection is well documented in Libya and different studies have shown the prevalence of HCV and genotypes involved among Libyans[7-9]. Recently a comprehensive study on over 1% of Libyan population has shown that the prevalence of HCV is 1.2% varying from 0.6% to 2.2% according to the regions within the country[10]. The prevalence indicated an alarming increase of HCV among young generation, particularly within new emerging risk groups in Libyan society such as IVDUs[10,11]. The age and disease progress among the infected individuals will increase and expected complications will develop. This will place an increasing burden on Libyan health care system which is still developing. Hence then studies should be directed to combat such expectation. 
An early identification of epidemics of infectious diseases and prediction of their consequent outcomes become an important step toward implementing effective intervention measurements and reducing the resulting mortality and morbidity[12]. Such goals became a challenge to the health care surveillance studies. Mathematical dynamic modelling has contributed greatly in exploring such challenges. Surveillance data however, are usually used for these modelling purposes[13]. 
Different statistical models including linear regression and correlation co-efficient have been used for prediction of viral hepatitis. Autoregressive integrated moving average (ARIMA) or Box-jenkins has a potential application in studies of disease dynamics[14]. Helfinstein was the first to show that ARIMA model can be used successfully for forecasting and predicting the different relation among viral infection and associated diseases[15]. Different studies hence then did apply such modelling to detect spike, step and trend changes for hepatitis E, hepatitis B and hepatitis C infection[16,17]. A considerable work has been undertaken to forecast the epidemiology of hepatitis C and different models were used to estimate the burden and complications of such infection[18]. Recently Corson et al[19] have used mathematical model to project the future of HCV among IVDUs and its impact of the future development of HCV morbidity and mortality. 
Blood donors are generally considered to be a healthier component of any community and viral hepatitis sero-positivity among them may mirror the sero- prevalence status in general population[20]. In Libya, a study conducted between 1991 and 2001 indicated that the prevalence of HCV ranged from 1.2% to 1.6% among blood donors, this is similar to the prevalence among general population reported in 2014 being 1.2% though it was much higher (20.5%) among hospital personnel[7,10]. Therefore, modelling and forecasting HCV data among blood donors may provide an opportunity for planning and intervention to control HCV infection. In this study we aimed for forecasting the prevalence of HCV trends among blood donors, analysing HCV dynamics and highlighting the need for further intervention strategies.

MATERIALS AND METHODS
Study population
A total of 1008214 healthy individuals aged from 18 to 50 years recruited from three different main blood banks in Tripoli over six years period from 2008-2013 as shown in Table 1. These include Tripoli Central Hospital, Karda Teaching Hospital and Tripoli Reference Laboratory. Each person was subjected to screening for known risk factor associated with blood donation according to the national and international standards applicable in all the three hospitals. Those who were failed to meet the criterions of blood donation were excluded from the study such as those who had previous blood transfusion, Jaundice, history of elucidating drugs and other associated potential risk factors. 

Laboratory diagnosis
The laboratory analysis had been carried out using ELISA (Vitros EciQ, Orthodiagnostic- Switzerland), samples were considered to be confirmatory positive according to the manufacturers specifications of ELISA tests. Hepatitis C infection defined as the presence of anti-hepatitis C antibodies in the serum detected by ELISA.

Modelling 
The ARIMA model was developed to forecast the incidence of HCV among blood donors in Libya. This was applied using 72 mo from January 2008 to December 2013 and then to forecast the incidence of HCV from January to December 2014 and then to predict the prevalence of HCV from 2008 till 2055 under nonexclusive expectation. The model was constructed using Box and Jenkins. The identification and selection steps for ARIMA was carried via autocorrelation and partial autocorrelation functions. The model parameters were utilized by the maximum likelihood method. Goodness-of-fit among ARIMA models was compared using diagnostic checking such residual analysis and other needed information. The accuracy of model was finally subjected to critical estimation and rigorous checking process to fulfill needed criteria of the model. The details of ARIMA model was recently described by Yu et al[21] 2013 and used by to analyse HIV among Korean population.   

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Statistical analysis
The data have been analyzed using excel Microsoft program, and the statistic has been done using minitab version 15 and SPSS version 16 windows programs, where P value used to measure the significant difference between HCV and HBV prevalence. We use excel 2007 forecast function to predict the number of infected people. The following equation was used to calculate the expected number of infected persons on each year, 1- Y = 613.2X + 836.5. Y; number of expected infected persons with HCV. X; the serial number for the year calculated from 2008 for example 2009, 2010 serial number are 2 and 3 respectively. 

Ethical consideration 
The study was reviewed by the board of Faculty of Medicine Tripoli Libya and found that the utilization and analysis of microbial epidemiological data did not require oversight by Libyan National Ethics Committee. Hence then no ethics approval was needed for this study. 

RESULTS
A total of 1008214 volunteer blood donors were screened for HCV within six years period from 2008 till 2013. Of those screened 17897 were found to be positive of Anti-HCV antibodies with an overall prevalence of 1.8%. There was no evident monthly difference of HCV among the individuals screened with the same year. Based on year to year analysis, a substantial variation in the sero-prevalence of HCV was observed as shown in Table 2. The highest prevalence rate of HCV was reported in 2008 and 2009 as (2.6%) though it was 1.5% (2010) and 1.7% (for 2011-2013). In the year of 2008, 35869 individuals were reviewed, of them 937 (2.6%) were anti-HCV antibodies positive. During 2009 the number of screened people was doubled, 1713 (2.6%) of them showed anti HCV antibodies positive. On 2010 the number of screened people was 254177 increases seven times over those screened in 2008, the number of HCV antibody positive persons were 3958 (1.5%). In 2011, 3060 (1.7%) were HCV positive. Although 260139 people screened during the year 2012 - the largest number of screened people over the five years period with an equal prevalence rate of 2011 (1.7%) and 2013 (1.7%) as 218836 persons were screened as shown in Table 1.
The data analyzed by applying ARIMA modeling strategy for identification, estimation and then forecasting of the data collected form the voluntary blood donors screened for HCV in main Libyan blood banks. The first stage is building up an estimation model followed by forecasting and model evaluation. The data collected from 2008 till 2013 period was used for constructing the ARIMA model as depicted by Box et al[14]. Figure 1 shows the sample autocorrelation and partial autocorrelation functions (ACF and PACF) for the case structure which allowed one to identify an appropriate ARIMA form to model the stationary series. Small variation was notified though it was not statistically different from zero which confirms the appropriate adequacy of ARIMA model. The modeling forecast for the coming six years was visible with steady increase.
The sample autocorrelation and partial autocorrelation function (ACF and PACF) in Figure 2 showed a good-fit which allow us to determine the appropriate ARIMA model for HCV sero-prevalence among blood donors. The adequacy of the Model was evident as the residuals of autocorrelation has stable variation with insignificant difference (P < 0.05).
The blot of observed verses fitted values indicated that the model provided an excellent fit of the data as shown in Figure 3. The ARIMA model was for forecasting HCV prevalence for 72 mo in six years period from January 2003 to December 2013 (Figure 3). Detailed analysis of observed vs forecasted values of HCV prevalence over the study period showed steady increase with maximum value at 1.8% to 2.01% with increasing tendency beyond the observed series for the short term forecast (January -December 2014 which could reach the maximum of 700; 1000-1 ranging from 2.3% to 2.7%. This was further analysed and used as a basic foundation for estimating the modelled prevalence of HCV among Libyan population till 2055 based on a six-year period as graphically depicted in Figure 4. According to our model, the prevalence of HCV infection will and thus all sequelae of the infection continue to increase steadily in the future.

DISCUSSION
HCV has been known to be an important cause of chronic liver diseases though accurate representative epidemiological data are difficult to gain particularly among developing countries as this infection has been considered to be endemic[2]. Statistical analysis of surveillance data on the prevalence of various infection was shown to be helpful in establishing a found-able hypotheses to highlight and anticipate the dynamics of hepatitis C infection and subsequently implementing the accurate preventive measures and reallocation of the needed resources[22]. ARIMA model is one of the most widely used forecasting technique due to its structured modelling bases and acceptable forecasting performance[23]. 
In this study, we developed a calibrated ARIMA model for HCV with an aim of taking full advantage of available epidemiological information from registered blood donors in Libyan blood banks. The overall prevalence of HCV among the blood donors studied was found to be 1.8% ranging from 2.5% in 2008 to 1.7% in 2013. This is in an agreement of with a recent comprehensive study published by our group who reported that the prevalence of HCV among Libyan population varied 1.2% from 0.6% to 2.2%[10]. Comparing such results with regional published data the prevalence of HCV was found to be similar to the neighboring countries, its reported to be 1.6% in Tunis, 1.8% in Algeria, though its higher in (22%) Egypt[24,25]. However, this does not parallel, the prevalence among developed countries such as United States and Germany[26,27]. Hence then, further studies are needed to elucidate the different factors associated with a higher prevalence of HCV among Libyan blood donors. 
In our study, the applied model showed an accurate prevalence and dynamics of HCV among blood donors over a six-year period and the forecast over then. This is in agreement with other studies who also declared that such model provide a better forecast than the traditional methods for case notification of an infectious disease[28]. Despite that the prevalence of HCV was steady among the last three years being 1.7% (2011-2013), we predicted an increase in forecast of the year after. This however is a consistent with other studies from China and Latin America who showed the prevalence of HCV is steady or increasing and the number of the infected individuals will increase[29,30]. This suggested that other risk factors are set to play a major role in continued new infection. Further studies are needed to clarify such assumption. 
Despite the increase of seropositivity of hepatitis C in this study, we did not predict the burden of HCV infection over the next decades, neither we calculated the estimated number of individuals morbidities associated with HCV. However, different studies have shown that the number of HCV-related cirrhosis is expected to increase by 24% within a decade, though decompensated cirrhosis cases and HCC will increase by 50% within the same period[31-33]. Hence then further studies are needed to elucidate such consequent complications of hepatitis C infection among Libyan populations. 
Modeling studies have projected a dismal future for HCV- and related disease burden. In general, these models make forecasts based on current conditions of low rates of screening and treatment and thus do not include a widespread program of identifying and treating the large proportion of undiagnosed HCV-infected individuals[34]. According to the results of our model, the incidence of the more serious outcomes of HCV infection will continue to rise, at least until 2055, unless modified. In our projections of HCV infection to 2055, we did not take into account the effective HCV prevention programs and the possible impact of the use of antiviral medications. Both these developments could have considerable impact on our future projections and thus the prevalence of HCV projected to 2055 may be less than that estimated by our Modell. Furthermore, socio-economic condition of the country should be taken in consideration particularly among the developing countries; Libya is experiencing a major challenge regarding its geographical, political and social-ethnic identity[35,36]. Hence then, future planning regarding infectious disease should be priority[37,38].
Monitoring HCV sero-positivity among blood donors could be used to evaluate the effectiveness of the national efforts and guide lines to provide a safe blood donation and good blood banking services[39]. In many countries, HCV transmission rates decreased tremendously with the introduction of blood screening[40]. Despite such decline mathematical models still predict a continuing rise in the prevalence of HCV within blood banks[41]. This was evident in our study since increase in HCV sero-prevalence may be contributed to the lack quality assurance within the blood donation system. In Arab countries, blood transfusion is still problem due to lack of organized infrastructure and altruistic volunteers. The main blood sources of blood donation are usually relatives and friends who come on social pressure and in emergency time where questions regarding risk behaviors rarely asked[2].  
Many difficulties surrounding the determination of HCV prevalence using blood donors, since high risk groups including IVDUs are often excluded from blood donation leading to underestimation of the true prevalence of HCV[42]. Nevertheless, our data do not necessarily represent true hepatitis C prevalence among general population and thus are in need of further updating. The applicability and effectiveness of this monitoring system in practical application we conducted is visible in detecting the epidemic situation of HCV in Libya. However, such infection is dynamic and evolving over time. Therefore, the model should be periodically reassessed and updated to maintain long term sustainability and precision. This study highlights the need of preventive initiatives and strategies to be adapted by health care policy makers to indoor hepatitis C infection.
In conclusion, there is an important need for monitoring and predicting the prevalence of HCV to reduce the substantial consequences caused by such infection particularly among the developing countries. The model applied was useful and could be used to monitor and predict the epidemiology of HCV. A better understanding to the epidemiology of HCV allow the health authorities revise and plan for new strategy within the health care system.
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COMMENTS
Background
Viral hepatitis, particularly hepatitis C virus (HCV) is known to be a serious problem particularly among developing countries. Hence then using a simple and reliable methods for prediction the future consequence of this infection become apriority for researchers and scientific scholars. A reliable data regarding the prevalence HCV among blood donors are available in all blood banks and this could be used to achieve such objectives.

Research frontiers
[bookmark: _GoBack]Studies utilizing blood bank data on the prevalence of HCV, could be used as vehicle data base for future planning. However, such studies are rare and few researchers have focused on using such data as a modell for future planning.

Innovations and breakthroughs 
This is a novel study applied a mathematical modell utilizing the basic data from blood banks regarding a potential pathogen such as HCV. This is a rare study which used to predict the prevalence of HCV among the general population over the next fifty years (2008-2055).

Applications
The practical approach of this study allows the strategists and health care system professionals to plan for good intervention and prevention methods not only to minimize the spread of HCV but also to reduce the consequences and complications associated with HCV such as hepatocellular carcinoma and cirrhosis further to other concomitants infections such as hepatitis B virus and human immunodeficiency virus.

Terminology 
ARIMA modell, is an autoregressive integrated moving average or Box-jenkins mathematical modell which has a potential application in studying disease dynamics. ARIMA model can be used successfully for forecasting and predicting the different relation among viral infection and associated diseases.

Peer-review
This is a well conducted epidemiologic study carried out in a developing country.
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Figure 1 Correlogram and partial correlogram for a case structure control used for ARMIA model. A: ACF; B: Partial ACF. ACF: Autocorrelation function.
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Figure 2 Residual plots for the final ARIMA (2, 1, 7) model of hepatitis C virus sero-prevalence among volunteer blood donors in Libya 2008-2013. A: ACF; B: Partial ACF. Lines indicate 95%CI. ACF: Autocorrelation function.
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Figure 3 Number of observed and forecasted hepatitis C sero-positive volunteers among blood donors in Libya 2008-2013. Date: Period of observation (months: 2008-2013); Number: Estimated number of HCV sero-positive/month. UCL: Upper confidence limit; LCL: Lower confidence limit. 
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Figure 4 Modeled prevalence (not exclusive1) of hepatitis C virus by six-year interval, Libya, 2008-2055. 1Estimates assume stable risk populations and HCV infection risks and do not adjust for treatment. HCV: Hepatitis C virus.















Table 1 Number of blood donors involved in the study, Tripoli, Libya 2008-2013

	Study period 
	No. of volunteers 
	No. of HCV sero-positive 

	2008
	35859
	937   

	2009
	65330
	1713  

	2010
	254177
	3958  

	2011
	173873
	3060  

	2012
	260139
	4480  

	2013
	218836
	3749   

	Total
	1008214
	17897   



2011-2013-post revolution years where many Libyan were injured during the Libyan conflict (2011)[35]. HCV: Hepatitis C virus.










Table 2 Sero-prevalence of hepatitis C virus among blood donors, Tripoli-Libya, 2008-2013
	Year
	Prevalence (%)
	± SD
	95%CI
	Minimum
	Maximum

	
	
	
	 Lower
	Upper	
	
	

	2008	
	2.6
	  1.4
	2.3
	 2.8
	2.0
	  3.2

	2009	
	2.6
	  1.4
	1.7
	3.4
	1.1
	  4.1 

	2010	
	1.5
	  0.8
	1.3
	1.6
	 0.9
	  2.1

	2011
	1.7
	  0.7
	1.3
	2.0
	 0.8
	  2.8

	2012
	1.7
	  1.1
	 0.8
	2.6
	 0.6
	  2.9

	2013	
	1.7
	  1.1
	 0.9
	2.5
	 0.7
	  2.7

	Total 	
	1.8
	  1.1
	1.4
	2.5
	1.0
	  3.0
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