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Abstract: Many living organisms respond to pandemics using strategies such as isolation. This is true, for example, of social insects, for whom the spread of disease can pose a high risk to colony survival. In light of such behaviors, the present study investigated a different way of developing strategies to mitigate the effects of the coronavirus pandemic. Specifically, we considered the strategies ants use to handle epidemics and limit disease spread within colonies. To enhance our understanding of these strategies, we explored ants’ social systems and how they specifically respond to infectious diseases. The early warning threshold system reflects the importance of building mechanisms and making early decisions to enable appropriate actions to be taken to control the spread of disease and develop alternative plans. Determining thresholds is a complex process with several factors related to decision-making. For example, reliable warnings about pathogens among ants require the defense system to allocate more members to more valuable resources. The effectiveness of ants’ disease-control strategies is rooted in behaviors such as social coordination between members, organizational immunity, disease-outbreak reduction, behavioral plasticity, and risk-threshold determination. Understanding such behaviors among ants could inspire the development of new strategies for limiting the spread of COVID-19 as well as future pandemics.
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1  Introduction

In March 2020, the World Health Organization declared the COVID-19 outbreak a pandemic [1]. While some countries implemented various disease-control strategies (ranging from stringent lockdowns to more permissive approaches), others focused more on containment. Nevertheless, a failure to determine the correct mechanisms caused COVID-19 to worsen in many places. Thus, selecting the right disease-control strategies plays an important role in stemming outbreaks and estimating their prevalence [2]. It is clear that confusion persists regarding the best strategies for combating COVID-19, and proper management strategies are still urgently needed [3]. Such strategies mainly aim to reduce disease spread rather than target the disease itself [3].

Among the many COVID-19 response strategies, artificial intelligence (AI) has been widely used as an early warning system to detect outbreaks, shape the healthcare structure, model public health strategies, provide faster decision-making for healthcare authorities, and trace the contacts of infected people [4]. Deep learning, computer vision, and machine learning are useful for monitoring social distancing, which can greatly reduce infection rates.

Conventional approaches such as active surveillance and case isolation can be useful containment strategies for COVID-19. However, some strategies have proven ineffective in certain places or have been ignored in others. There is no conclusive evidence regarding which approaches are the best and how to effectively implement them. Factors such as pandemic severity and healthcare-system capacity often determine response strategies. In this regard, examining insect behavior could provide insight into developing more effective strategies. There are, indeed, similarities between social insects and human societies, and both groups are subject to disease outbreaks [5].

Social insects have a suite of defense mechanisms and diverse strategies they use to prevent or reduce infectious disease. These include disease detection and estimating the effect of disease on all colony members. Such strategies could provide guidance for combating disease in human societies [6–9]. Relatedly, Pull et al. [10] noted that exploring insect defenses against pathogens could help researchers to better understand complicated immune systems. It has been suggested, moreover, that human models can be improved by exploring insect organisms through tuning or mimicking insect models [11]. In particular, an epidemiological model of human society could be developed by simulating how insect societies reduce disease [7,12]. In short, exploring insect societies and their behavioral mechanisms and responses related to containing disease could provide new approaches for human societies.

The present study focused specifically on ant colonies to understand behaviors they use to combat disease. These behaviors have been shown to be unique, highly adaptive, successful, and capable of preventing future disease [10,13]. Such effectiveness is based on features such as social coordination between members, organizational immunity, disease-outbreak reduction, behavioral plasticity, and risk-threshold determination [13–19]. Therefore, ant research could prove useful for formulating strategies to combat COVID-19. To this end, this study analyzed natural phenomena related to disease-prevention strategy. Fig. 1 illustrates the way an ant-inspired framework could be used to control COVID-19.
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Figure 1: Ant-inspired framework for controlling COVID-19

The rest of this paper is organized as follows. Section 2 describes ant strategies used to combat disease, including proactive strategies and thresholds after event detection. Section 3 presents the principles of strategies used to combat disease—namely, avoidance strategy, organizational immunity strategy, and fault tolerance. Section 4 concludes the paper and discusses the limitations and future work.

2  Strategies Ants Use to Combat Disease

2.1 Proactive Strategy

The proactive strategy for disease detection helps ant colonies control disease before it spreads. Colony members prioritize colony preservation and prophylactic activities against pathogens [20]. Early, reliable warnings about pathogens among ants are essential for detecting disease and reducing new infections [21]. The characteristics of proactive-stage, prepandemic preparation include the following:

•   Division of labor, in which detection tasks are managed by different functions.

•   Cleaning up colonies, which can reduce pathogens and prevent diseases from reaching places where they could spread. Undertaking environmental hygiene at different times can positively affect survival and reduce disease [22].

•   Aside from monitoring mechanisms, specific plans and actions are important for disease prevention in ant colonies.

2.2 After Detection of Event R0

Initially, an ant cannot determine the severity of a detected disease, whether it is an accidental disease, a nonmeasurable habitual condition, or a pandemic. Therefore, the ant deals with the event according to its characteristics, as well as the criteria established to determine the severity of the disease. Ant behavior indicates that ants prefer to live with known risks rather than unknown risks [22]. They are not ignorant of dangers, but they have difficulty dealing with pathogens they lack previous experience with.

Ants have developed an early warning system to detect unknown pathogens based on the features of the detected disease [23–25]. Early detection of pathogens is critical for colony survival, despite its costs in terms of time and energy [14]. The early warning threshold is characterized by adjustable reactions to a disease according to severity, morbidity, and colony fitness [26]. Ants react to a disease according to infection records, including age (susceptibility to infection), infection history, and risk adjustment [26]. Determining thresholds is a complex process with several factors related to decision-making [14]. Multiple parties—not just one—are empowered to determine the risk and decide when and where to take specific actions. Likewise, when it is difficult to avoid risks, decisions are made based on priorities, and sorting is undertaken based on short-term effects. In this context, it is important to consider external and internal factors in terms of the nature of the disease and how many are infected or at risk of infection.

The estimated risk threshold of the early warning system may differ based on the frequency of events, the number of infected members, and the effect of events on the environment, as follows:

•   High risk: characterized by common events or unusual behavior among the majority of individuals that will cause serious damage or destroy the environment.

•   Medium risk: characterized by common events or unusual behavior among the majority of individuals that may cause damage to the environment.

•   Low risk: characterized by very rare events or unusual behavior among a few individuals that will not cause damage to the environment.

The aspects of ant thresholds that can be used to determine a COVID-19 threshold are as follows:

- The importance of early identification and disclosing whether new viruses have been detected anywhere in the world. An early warning system will enable appropriate actions to be taken to control the spread of disease and develop alternative plans [27].

- Early warning failure may cause the rapid spread of a disease, as with COVID-19 [28,29]. Safety violations should be disclosed to the public [30]. Rapid recognition and prognosis are crucial to combating the spread of a disease. Early warning and quick reaction, as seen in ant colonies, can limit disease spread.

- The collaboration and communication seen in ant colonies can integrate management structures and facilitate collaboration between several parties. In the human context, parties such as health and research centers, organizations, and governments can collaborate to more effectively respond to epidemics without wasting resources. Policies related to risk determination can be derived from such integration to move from short-term priorities to long-term planning.

Fig. 2 shows the thresholds of an early warning system with regard to decision-making for strategy implementation.
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Figure 2: Thresholds of early warning system strategies

3  Principles of Strategies for Combating Disease

3.1 Avoidance Strategy

Ants try to reduce risk by implementing an avoidance strategy as a first line of defense. This strategy includes the following:

•   Avoiding (with strict compliance) visiting areas with high pathogen density or hotspots of parasites [8].

•   Isolating infected members in a special zone and encouraging others to stay away [31].

•   Limiting and adjusting contact between infected and noninfected members [32,33]; noninfected members should not touch infected members but shield them and warn others not to come close [17,32].

•   Infected members typically become aware of risk, and their changed behavior increases their chances of survival [17,34].

Fig. 3 shows the characteristics of the avoidance strategy.
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Figure 3: The avoidance strategy

Yet, the spread of disease (among other factors) makes implementing the avoidance strategy difficult and not universally effective, especially when a disease has successfully passed the first line of defense. Therefore, using another strategy is preferred [10].

3.2 Organizational Immunity Strategy

The second strategy ants use to reduce disease transmission is changing the contact structure and the interaction network structure. Ants suppress epidemic risk by changing social connections within the colony [15]. Altering these “rules” of the communication network is an important factor that helps reduce disease. In this stage, ants try to break the pathogen life cycle by keeping it from infecting new members [10,35]. The aspects of the organizational immunity strategy that mitigate disease outbreaks are as follows:

- Intensive care and surveillance of members at high risk [35].

- Reducing the duration of contact [33]. Duration is a critical factor compared to contact alone. In this strategy, duration is minimized as much as possible.

- Spatial compartmentalization and physical separation [19]. This trait can limit movement and restrict mobility, thus reducing the overall infection rate.

- Behavioral structuring [36]. All members should adjust their behavior according to the risk that may threaten the whole colony [10].

Fig. 4 shows the characteristics of the organizational immunity strategy.
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Figure 4: The organizational immunity strategy

3.3 Fault Tolerance

Fault tolerance has to do with keeping a system working and continuing processes, even after the failure of certain components [37]. This is the third strategy ants use to flatten the disease curve [35]. If the disease cannot be completely removed, the aim is to at least limit its effects. This strategy may alleviate pathologies, depending on understanding how the disease works and how to cope with its negative effects [38]. Fault tolerance strategies can limit a disease’s effects without causing the whole system to fail. Here, strategies are adopted that focus on reducing risks rather than directly resisting the disease [39]. Fig. 5 shows the characteristics of the fault tolerance strategy.
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Figure 5: The fault tolerance strategy

In this stage, the success of limiting morbidity and mortality depends on preventing transmission in terms of the following:

•   Appropriate management of the environment [40], especially where disease hotspots are detected (i.e., “source reduction”).

•   Limiting disease expansion to new areas.

•   Tight restriction of disease transmission between members.

•   Continuous assessment of the effect of each phase.

The fault tolerance strategy aims to reduce risks, recover overall tasks in the environment, and effectively respond to changes in the environment. Studies have focused on fault tolerance as an important approach to reducing the spread of COVID-19.

3.4 Ant Strategies and Security Policy

COVID-19 has given rise to privacy and security issues in areas such as information collection and data protection. With regard to computer security, security policy is at least as important as security countermeasures. Security policy provides a framework for making decisions, such as which defense mechanisms to use. Security policy establishes the rules by which a system must operate—what is allowed and not allowed—and without it, security development can be ambiguous and unfocused. At the most basic level, security policies partition the states of a system into a set of authorized or secure states and unauthorized or insecure states [41].

In ant colonies, the “security policy” architecture begins by identifying rules and guidance regarding security issues. The “security policy” pertains to protecting either the colony and its contents or the rights of individual members. Security behavior involves distributing tasks based on necessity. Workers are assigned to a group as a member based on certain criteria (e.g., age, strength, priority of assignment). Each group has a specific task. Additional tasks may be assigned based on the requirement that some ants may engage in defense-related tasks, but they also regulate other activities in the colony as additional tasks. Though the main task of guard ants is to identify and detect intruders, they may also recruit other ants to defend against more aggressive intruders [13].

Ants’ security tasks include guarding, monitoring, detection, early warning, and assessment [9]. Although ant members congregate around the queen and focus on her reproductive activities, the colony appears to be controlled by the consensus its workers. An intracolonial hierarchy seems to be responsible for distributing security tasks, and there are primary prerequisites for each task. For example, workers become guards only after performing certain jobs in the colony. There are consequences for security breaches, and if a guard ant is removed, another ant assumes its role [13].

Supervision and surveillance arise in ant colonies after “rules” are designated and tasks are assigned. The main purpose of surveillance is to ensure that the colony system functions properly. Fig. 6a shows the “security policy” architecture in an ant colony and how it works. Fig. 6b shows how an ant colony can guide humans to improve their security policies.
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Figure 6: (a) Security policy in ant colonies. (b) Approach to modeling security policy using AI

4  Conclusion

Many strategies have been proposed or adopted to limit the transmission of COVID-19. The outcomes of these strategies have been widely varied. However, it is generally advantageous to have a strategy as opposed to fighting a pandemic with no strategy at all.

The early warning threshold system found in ant colonies highlights the importance of establishing mechanisms and making early decisions with regard to detecting a disease outbreak. This study investigated three noteworthy disease-defense strategies used by ants. Most of the strategies focus on using physical isolation to reduce disease transmission. Physical distancing can reduce transmission in many cases, including unknown or suspected cases. This study provides new insights, on the basis of ant-colony systems, for defining rules and guidelines that could help improve COVID-19 security policy. More broadly, this study highlights the relevance of studying social insect behaviors for application to human situations. In this regard, the present study may help to explain how ant strategies can be adapted to reduce disease transmission among humans. This could inspire humans to “think outside the box” when searching for effective strategies to deal with current and future epidemics or pandemics.

This study is limited in that it evaluated ant behavior regardless of ant species or classification. Moreover, in some cases, the manner in which ants react to disease is not evident, and some strategies overlap. In other cases, strategies are implemented simultaneously. Future studies can more thoroughly investigate such phenomena.
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