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Article 
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* Correspondence: ofap@sund.ku.dk. 

Abstract: To assess the impact of tourism on the incidence of HIV and AIDS using Malaysian epidemiological 

data over the period of 1986-2011 with additional consideration for newborns infected with HIV. A population-

level mathematical model was used to investigate: i) the role of tourism in the spread of HIV and measures 

used to reduce HIV spread in Malaysia; ii) whether the stability of infectious disease transmission is dependent 

on the flow of visiting tourists. We first derived an equation for the reproduction number (𝑅଴) threshold to 

quantify the contagiousness of HIV in Malaysia. Sensitivity analyses were used to determine the effect of 

various parameters on HIV transmission with respect to the increase in tourism. Our findings suggest that a 

stable disease-free state is sustainable based on the low value of 𝑅଴ was 0.0017. This result is encouraging from 

a public health perspective. Approximately 14% of outbound tourists who leave the country return infected 

with HIV and the difference between the rate at which tourists move to the susceptible category and the rate 

at which tourists leave the susceptible is category is 12%. Estimated parameters for the influx of tourist rates, 

δ=1.1540x10-3[1.1477x10-3 - 1.15954x10-3], δ1=7.7901x10-4[7.7867x10-4 - 7.79418x10-4], and δ2=1.4030x10-8[-

7.2287x10-7-7.5096x10-7], significantly impacted the spread of HIV in Malaysia. Some significant adjustments 

were made to the expected parameters. The methods used are helpful to public health analyses and provide a 

framework for epidemiological modeling of HIV spread among tourists. The trend and magnitude of tourist 

inflows may be determinants in the incidence of HIV and AIDS in Malaysia. 

Keywords: Tourism; HIV; AIDS; Malaysia; mathematical model; reproduction number; sensitivity 

analysis   

 

1. Introduction 

Globally, one of the fastest growing industries is tourism [1], which can be either domestic or 

international, and revenue from this industry supports national economies. However, it is important 

to consider the potential for infectious disease transmission from tourists to the populations in their 

destination countries, which may be a detrimental side effect of tourism [2]. While it is likely that the 

majority of tourists partake in little or no sexual activity, the sexual behavior of tourists can play a 

role in the transmission and spread of disease, especially when unprotected sexual activity takes 

place[3,4]. Therefore, tourists may play an important role in the spread of disease to the host nation’s 

population, whether the sexually transmitted infection (STI) was obtained in the tourist’s country of 

residence/home country or the tourists contracted it during their trip [1,2]. Tourism is inextricably 

linked to the transmission of diseases that are infectious.  

Tourism has been one of the most significant industries in Malaysia in recent decades, and 

several studies have suggested that touristic regions are linked to increased HIV risk in the nation. 

Ketshabile et al. (2007) investigated how HIV/AIDS affects Southern African tourism, with specific 

reference to the tour operators (13). By conducting a qualitative study on Dominican Republic 

policymakers, Padilla et al. (2012) investigated the policy environment for tourism-related HIV 

prevention in the Caribbean industry [6]. Padilla et al. (2010) argued that the direction of future 

studies will be influenced by the change in environmental perspective on sexual health in Caribbean 

tourist destinations and HIV/AIDS cases [7]. A study by De Matos et al. (2013) indicated that, in 

Central Brazil, most sexually transmitted diseases have increased due to females that engage in the 
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sex trade through prostitution to tourists [8], and Guilamo-Ramos et al. (2013) studied the efficient 

health intervention design for HIV prevention among tourists using the family to combat the HIV 

epidemic as a means for [9].  

Mathematical models have become indispensable tools that provide a thorough understanding 

for epidemiologist researchers [10–12]. The model used in this study is based on the SIR (Susceptible-

Infective-Recovery/Removal) model, which has been used in several studies [13–16]. Recently, 

disease spread models have investigated the dynamics of how tourists have affected HIV 

transmission [17–19]. Other research has used simulation to determine the effect of the tourism 

control approach on the spread of HIV among those who travel as tourists [20,21]. Although many 

of these issues are not well understood, they are nonetheless potentially important. To the authors’ 

knowledge, there exist relatively few studies on the impact of tourism on HIV/AIDS using 

mathematical models. Although some examples exist [22–26], these models did not take the following 

into account: i) children born to infected parents may be carriers of the disease, and ii) the susceptible 

class should have a rate of birth that is independent of vertical transmission; and finally, iii) the 

potential for direct contact between tourists and HIV/AIDS -positive individuals. In this paper, the 

impact on the occurrence of HIV and AIDS in tourism incidence in Malaysia will be investigated 

using epidemiological data over the period of 12 years with consideration for newborns infected with 

HIV [27–32]. 

2. Materials and methods 

2.1. Data 

Malaysian epidemiological data [33] on clinically confirmed HIV-positive, AIDS incidence, and 

tourist entries into Malaysia from 1986 to 2011 were used to develop and validate the epidemiological 

model. Three people acquired HIV in 1986, making up the original 𝐼(0) compartment (HIV cases), 

and one person developed AIDS because of their HIV infection (making up the 𝐴(0) compartment). 

There were 16,329,396 members of the susceptible  𝑆(0) compartment, which means there were 

16,329,400 people in the entire population and there were 3,200,000 tourists in 1986 [34]. And 

information based on the reported cases by the Ministry of Health, Malaysia [35].  

2.2. Description of the model equation 

Figure 1 describes the proposed model compartments the human population, represented by 𝑁(𝑡), to susceptible S(t), HIV-positive people who are clinically tested 𝐼(𝑡), those with AIDS 𝐴(𝑡), 

and tourists 𝑇(𝑡). Those in the tourism compartment arrive in the host nation from all over the 

world, and their interactions take the shape of sexual interactions and other activities that contribute 

to the occurrence of HIV/AIDS and its spread [19]. 
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Figure 1. Schematic representation of the compartmental model for assessing the impact of tourism 

on HIV and AIDS incidence. 

The model shown in Figure 1 implies that HIV-positive newborns enter the HIV class at a rate 

of 𝑏, for which we assume that 𝐼(𝑡) and 𝐴(𝑡) are sexually active, 𝜙𝑏(𝐼 + 𝐴), and are HIV-positive 

newborns, where 𝜙 is the percentage of newborns that are HIV-negative [36]. A fraction of (1 −𝜙)𝑏(𝐼 + 𝐴) will considered to be susceptible. The likelihood of HIV transmission by sexual contact 

or needle sharing is known as the susceptibility to infection at rate 𝛽. Here, 𝜇 the natural death is 

supposed to be constant across all compartments. The parameter 𝑑 denotes additional AIDS-related 

death rates, while the 𝛼  parameter indicates the rate of transfer of HIV-positive compartment 

members into the AIDS compartment. The tourists will migrate/move to the susceptible, HIV, and 

AIDS compartments at the rates of 𝛿, 𝛿ଵ, and 𝛿ଶ, and tourists are leaved each compartment at the 

rate of 𝜎 . We considered the proportion of domestic tourists (nationals) who travel abroad and 

contract HIV before returning, 𝜌 [19]. 𝑑𝑆𝑑𝑡 = 𝛿𝑇 + 𝜌𝑆 + (1 − 𝜙)𝑏(𝐼 + 𝐴) − 𝛽 𝐼𝑁 𝑆 − (𝜎 + 𝜇)𝑆          (1) 𝑑𝐼𝑑𝑡 = 𝛿ଵ𝑇 + 𝜙𝑏(𝐼 + 𝐴) + 𝛽 𝐼𝑁 𝑆 − (𝛼 + 𝜎 + 𝜇)𝐼                         (2) 𝑑𝐴𝑑𝑡 = 𝛿ଶ𝑇 + 𝛼𝐼 − (𝜎 + 𝑑 + 𝜇)𝐴                                                     (3)    
2.3. Calculating of reproduction number                                     

All the model's dependent parameters and variables are assumed to be non-negative. From 

equations (1)-(3), when there is the absence of HIV-positive and AIDS disease, 𝑆(𝑡) → ఋ்ఓାఙିఘ  . 

However, under the dynamics described by equations (1)-(3), the region Σ = ቄ(𝑥 = 𝑆, 𝐼, 𝐴) ∈ ℛାଷ : 𝑆 ൑ఋ்ఓାఙିఘ ቅ, is positively invariant. Therefore, for the initial starting point 𝑥 ∈ ℛାଷ ; the trajectory lies in Σ. 

Therefore, we can restrict our analysis to the region Σ. Existence, uniqueness, and continuation 

results for systems (1)-(4) hold in this region as described [36,37]). It is possible to examine whether 

the disease-free equilibrium has the property of asymptotic stability, Σ, adopting a next-generation 
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operator strategy [38–40]. Specifically, where 𝐹  matrix represents the new infection terms, and 𝑉 matrix represents the transition terms, respectively, such that:  𝐹 = ቆ𝛽 ௌே 00 0ቇ, and 𝑉 = ൬𝛼 + 𝜇 + 𝜎 − 𝜙𝑏 −𝜙𝑏−𝛼 𝜇 + 𝜎 + 𝑑൰        (4) 

By taking the inverse of matrix 𝑉 and multiplying it by the matrix 𝐹, the following result is 

obtained: 

 (𝐹𝑉ିଵ) = ቄఉௌே ቅ ቄ ఓାఙାௗ(ఓାఙାௗ)(ఈାఓାఙିథ௕)ିథఈ௕ቅ.       (5) 

From the disease-free equilibrium, 𝑆 = ఋ்ఓାఙିఘ  and by substituting it into 𝜌(𝐹𝑉ିଵ) . The 

reproduction number of the proposed model is 𝑅଴ = ቄ ఉఋ்ே(ఓାఙିఘ)ቅ ቄ ఓାఙାௗ(ఓାఙାௗ)(ఈାఓାఙିథ௕)ିథఈ௕ቅ . The 

reproduction number, which measures how contagious infectious illnesses are, is the anticipated 

number of new HIV-positive cases that a typical infected person introduces into a group with a 

specific percentage of protection.  

Firstly, we looked at how the tourism industry affected HIV and AIDS pandemic in Malaysia. 

Using our national suggested model, we then concentrated on comprehending the epidemic, 

projecting evolutionary tendencies, and pinpointing the crucial epidemiological factors that fuel the 

HIV and AIDS epidemic. 

3. Results and discussion 

After a model has been fitted to the data, the parameter estimates that were determined by the 

best fit are shown in Table 1, which were used to determine the reproduction number. 

Table 1. Estimated paramters. 

Parameters Definition Estimate (lower and upper CI) 𝛽 Probabilities of transmission per 

susceptible 

4.7021x10-1[4.7016x10-1 - 4.7028x10-1] 

𝛼 The proportion of people with HIV who 

get AIDS 

6.9630x10-2 [6.9585x10-2 - 6.9682x10-2] 

𝜇 Natural death rate 1.8510x10-1[1.8508x10-1 - 1.8531x10-1] 𝜎 The rate at which tourists left the 

compartments  

1.2020x10-1[1.2017x10-1 1.2024x10-1] 

𝛿 The rate at which tourists moved to the 

susceptible 

1.1540x10-3[1.1477x10-3 - 1.15954x10-3] 

𝛿1 The rate at which tourists moved to the 

HIV 

7.7901x10-4[7.7867x10-4 - 7.79418x10-4] 

𝛿2 The rate at which tourists moved to the 

AIDS 

1.4030x10-8[-7.2287x10-7 - 7.5096x10-7] 

𝜌 Percentage of outbound tourists who 

returns home with an HIV 

1.3590x10-1[1.3581x10-1 - 1.3592x10-1] 

𝑑 The disease-induced mortality rate of 

AIDS 

5.9241x10-3[5.9067x10-3 - 5.9417x10-3] 

𝑏 Natural birth rate 1.0931x10-6[-4.1732x10-7 - 2.6043x10-6] 𝜙 Fraction of newborn babies who are 

infected with HIV 

8.5610x10-7[8.5574 x10-7 - 8.5640 x10-7] 

Figure 2 shows a comparison between the observed yearly reported HIV and AIDS cases with 

fitted lines obtained through simulations during the 25-year (1986-2011). Evaluating the plot of the 
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graph by comparing its performance means that the model can generate good parameter estimates 

and can be used for predictions in future studies. 

 

Figure 2. HIV and AIDS reported cases in Malaysia (1986 to 2011) using our fitted model and actual 

cases. Where 𝐼 and 𝐴 represent HIV and AIDS, respectively. 

Then, to determine the burden of the disease and the effect of tourism, we investigate how 

sensitive the model parameters are with their impact on the spread of HIV. The analysis is required 

to pinpoint the parameters of the model that have a big impact on results and assess how resilient 

the model is to parameter values. Each variable's sensitivity to parameters is determined as they 

change over time, and the variance of each variable is then plotted as a box plot after outliers have 

been removed. Figure 3 depicts the sensitivity analysis of important factors in relation to HIV 

populations. 
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Figure 3. Sensitivity regarding all the parameters with respect to HIV incidence cases. A: Represents 

all the eleven parameters. B: Represents the rest of the parameters which were not visible in A. See 

Table 1 for a description of the parameters. 

Figure 3A illustrates how the prevalence of HIV tends of tourists who came in with HIV infected 

rate 𝛿ଵ was higher. The rationale is that as the population of Malaysia increases, the likelihood of 

transmission between tourists and people with HIV increases significantly. Sex between tourists is 

more likely to increase as well because the HIV population is growing alongside Malaysia's 

population. This is because the probabilities of transmission per susceptible have a positive effect on 

the HIV population. It's noteworthy to note that the rapid growth of the tourist population in 

Malaysia has led to an increase in HIV spread. Figure 3B shows how the percentage of the national 

tourists who returns to the country with HIV (𝜌) also has an impact on the spread.  The rate of a 

fraction of newborn infected with HIV (𝜙) has less impact on the spread of HIV. Because we assumed 

an introduction of intervention measure (1 − 𝜙)  to ensure that not all newborn babies might 

probably be born with HIV. 

Additionally, we looked into how changes in 𝛽  and 𝛿ଵ  impacted Malaysia's population in 

terms of HIV spread. The dynamics of the susceptible population were shown to be greatly impacted 

by increasing the probability of transmission per susceptible 𝛽, as was the case with the susceptible 

to prevent infection, as shown in Figure 4.  

A

B

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 August 2023                   doi:10.20944/preprints202308.1372.v1

https://doi.org/10.20944/preprints202308.1372.v1


 7 

 

 

Figure 4. The effect of 𝛽 (transmission probability) on HIV spread.  

In Table 2, increasing the baseline 𝛽 (transmission probability) by 50%, for example, will result 

in approximately 138958 HIV cases (34%) in the Malaysian population as compared to the baseline 

probabilities of transmission per susceptible at 98069 HIV cases. Whiles, a reduction in 𝛽 shows a 

drastic decrease in the infected individual with HIV cases as far as an 80% decrease in the baseline 

will be 27352 HIV cases. With the infectious populations, a similar pattern was seen. The effects of 𝛿ଵ 

on HIV population growth are shown in Figure 5, tourist-infected populations decreased as 𝛿ଵ 

decreased with less.   

Table 2. Effect of 𝜷 (transmission probability) on the infected cases in Malaysia between 1986 and 

2011. 

Changes in 𝛽 The infected individual with HIV cases 

Baseline 98069 

50% increase in the baseline 149575 

40% decrease in the baseline 63420 

60% decrease in the baseline 40254 

80% decrease in the baseline 27352 
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Figure 5. The effect of 𝜹𝟏 (the rate at which tourists moved to HIV) on HIV spread. 

As shown in Table 3, for example, a 50% rise in the baseline of  𝛿ଵ will lead to about 125071 

additional cases of HIV in the Malaysian population as opposed to the baseline of 98069 cases. With 

the baseline number of HIV cases at 54926, the reduction in  𝛿ଵ indicates a sharp decline in the 

number of HIV individuals. 

Table 3. Effect of 𝛿ଵ on the infected cases in Malaysia between 1986 and 2011. 

Changes in 𝛿1 The infected individual with HIV cases 

Baseline 98069 

50% increase in the baseline 125071 

40% decrease in the baseline 85556 

60% decrease in the baseline 71470 

80% decrease in the baseline 54926 

 

4. Conclusion 

In this study, we proposed and examined an epidemiological model including an influx of 

tourists. As many nations throughout the world have benefited economically from tourism, plans 

must be made for the impact this will have on the spread of disease in the future. Consideration must 

be given to how well tourists can sustain Malaysia's current economic situation. However, it is also 

important to consider more than just the decline in HIV incidence when assessing how tourism affects 

HIV prevention strategies in Malaysia. We presented a population-level mathematical model to 

investigate the validity of the tourist factor and prevention measures to reduce HIV cases in Malaysia. 

To assess whether the spread of infectious diseases is stable or unstable inside Malaysia depending 

on the influx of tourists, we first calculated the reproduction number (𝑅଴) , a contagiousness 

threshold. Epidemiologically, the transmission will wane or stop when 𝑅଴ ൑ 1. If 𝑅଴  ൐  1, on the 

other hand, it is anticipated that the number of infected people will rise. Our findings demonstrate 

that the steady-state absence of disease is stainable because 𝑅଴ was 0.0017, based on the estimated 
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parameters (Table 1). These findings demonstrate the high prevalence of HIV and AIDS in 

Malaysians. From a public health perspective, this is good news because the main objective is to 

achieve a steady infection at an equilibrium free of disease.  

To determine the impact of the different parameters on HIV transmission with the influx of 

visitors, a thorough sensitivity analysis was carried out. The prevalence of HIV of tourists who came 

in with HIV infected rate 𝛿ଵ  was higher and as well as the probabilities of transmission per 

susceptible 𝛽 (Figure 3A). As shown in Table 3, in contrast to the baseline of 98069 cases, a 50% 

increase in the baseline of 𝛿ଵ will result in approximately 125071 extra cases of HIV in the Malaysian 

population. The decrease in 𝛿ଵ shows a substantial reduction in the number of people living with 

HIV, with the baseline number of HIV cases being 54926. 

In terms of percentage, the difference between the rate of tourists moving to the susceptible and 

the rate at which tourists leave the susceptible is 12% (i.e., 𝜎 − 𝛿). This may be due to the fact most 

of the foreigners who enter Malaysia as tourists stay there for a couple of periods. However, the 

percentage of the national tourists who returns to the country with HIV is approximately 14% (Table 

1) and this will have policy ramifications for communities most at risk. The fraction of newborn babies 

who are infected with HIV, 𝜙 is 8.5610x10-7 and will give the estimation of the newborn as 𝜙𝑏(𝐼 +𝐴). 

Finally, it is important to recognize the limitations of this study. The findings could be negatively 

impacted by the dearth of comprehensive epidemiological data from the outbreak to this point. 

Nevertheless, the estimated parameters 𝛿 = 1.1540x10 -3, 𝛿ଵ = 7.7901x10 -4, and 𝛿ଶ = 1.4030x10 -8 

suggest that tourism has a strong effect on HIV transmission in Malaysia (Table 3). Given this, there 

is a need for the country to take significant steps in quantifying the trend and magnitude of the 

tourism and to develop platforms that will assist public health officials to incorporate control 

strategies. The average number of days stayed in Malaysia was incorporated into the proposed model 

as a parameter. However, in reality, the period a tourist stays in Malaysia will vary significantly. 

Despite these drawbacks, our findings strongly suggest that visitors to Malaysia have 

contributed to HIV and AIDS infection. To reduce the effective HIV and AIDS spread, it may be 

necessary to strengthen the control of tourists. Many more comparable quantities can be investigated 

if they can be expressed in relation to the underlying parameters of the proposed model. 
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