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Abstract

Containment zones, or areas with strictly enforced restrictions regarding social interactions and self-
protective behaviour, are basically demarcated to ensure that in the early stages or at the least, as soon as
possible, a disease is confined to particular areas and not allowed to spread to unaffected areas. Influenced
by ecological, environmental, pathogenic and demographic factors, which still are just a few of the many
formative factors, implementing such demarcations have helped prevent worsening situations in many
cases. Building containment zones require analysing experiences from previous attacks of a disease,
mathematical modelling and social spread pattern identification, as well as understanding the progression
of the disease from rural areas to urban metro cities. Moreover, on account of the diverse characterisation
of a geographical area and its population, all the parts of the area will not be uniformly affected. Thus,
developing containment zones and implementing them require strategic planning. Further, if effectively
dealt with and reviewed, containment zones even transform back into safe zones. This review will assess
the necessity of a containment zone, its emergence and factors influencing it, its relation with hotspots and
finally, how it could be transformed into safe zones, free of disease constraints.

Keywords: Containment zone, hotspot, disease spread, demographic, environmental factors, Buffer zone,

Safe zone.

Introduction

Generally, a given geographic area with positive
cases of infectious diseases, and where it is found to be
tough to restrict the rates of cross-infection, is considered
as a containment zone. Further spread is prevented by
imposing behavioural and social restrictions. Hotspots,
on the other hand, are areas with a concentrated disease
occurrence. Even ifit’s just a small area, if those affected
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are confined to the same area, the entire arca becomes a
hotspot. Containment zones and hotspots are demarcated
by assessing risk factors, high probability of spread, and
attitude of the people in the area . A containment zone
may or may not become a hotspot, but a hotspot can
become a containment zone. A containment zone will
have harsher restrictions to check the further progression
of a disease to such an extent that even essential services
can be curbed 2.

Based on the extent of cases or contact mapped

by local response teams 3,

containment zones are
categorized. In the case of an immediate need where
mapping might cause a delay, an approximate radius
of 3-5 km about an area is designated as a containment
zone, that will be updated as and when mapping results
are obtained. A buffer zone i.e. a zone of larger radius,
than the containment zone, encircling it, will also be

declared 4.
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Building containment zones include analysing

experience from previous attacks of a disease,
mathematical modelling and social spread pattern
identification, understanding progression from rural
areas to urban metro cities °. Besides, on account of
the diverse characterisation of a geographical area and
its population, it is only unlikely that all the parts of
the area will be uniformly affected. Thus, developing
containment zones and implementing them require

strategic planning.

Large scale developments in the fields of agriculture,
hydro-industry and extensive population movements like
immigration & emigration, have inflicted an invasion of
sorts into the natural environment °. Thus, it becomes
necessary to understand parasitic and zoonotic diseases.
Urbanization has brought rural diseases into urban areas
where the course of the infection is apparated by greater
populations of vectors and hosts 7. It is to be noted that
so far there has been only little work done in linking
biomedical aspects of a disease with the socio-economic
effects caused due to them. Or the latter must be just too
extensive to comprehend adequately ®.

Recognition of the potential for a widespread
infliction due to a disease and mobilisation, that
too, timely, of required public health operations and
mathematical modelling to predict any further cause of
a disease is necessary in the initial stages itself °. These
might also be accompanied by prophylactic medication,
movement restrictions and other non-pharmaceutical
interventions '°. The rapid detection, investigation,
and reporting of human cases enable mathematical
modelling and analysing what possible actions at the
moment would be required. In a study '! it has been cited
that timely deployment of adequate drugs to 80% of the
population of a containment zone can ensure the disease
does not progress beyond the initial stages.

Materials and Methods

Around 30-40 articles were selected from portals like
Google Scholar, PubMed, and Semantic scholar. They
were analysed and reviewed based on their relevance
to the study, after which their content was interpreted
and incorporated into the present study. Uncontrolled
variables like time frame of disease, pathogenesis
etc. were excluded while control variables including
demographics, human-caused natural habitat destruction
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etc. were included in the study.
Disease emergence

A disease can be a familiar one resurfacing, or a
completely unfamiliar newly surfacing one. However,
this does not differentiate between some common
driving factors in disease emergence, in both cases,
like ecological and environmental changes including
natural disasters, deforestation, droughts, agricultural
interventions, demographic and behavioural aspects
like population migration, urbanization, international
trade and travel, technology, microbial adaptation > and

public health measures '°.

Certain situations of conflict characterised by a civil
strife are again more prone to disease emergence with
frequent periods of violence, insecurities, economic
downfall, poverty and after effects still ongoing after a
war or disturbance, severe enough to sustain that long 4.

An infection might be introduced into the community
through travel, commerce, or war, especially with the
current widespread globalisation of the service sector.
Certain studies cite examples of pathogens invading
raw materials in cargo ships, and ending up in the larger

batch of the manufactured products '3.

Inadequate
surveillance, response teams, destroyed infrastructure
and health systems, and poor disease control programs
and infection control practices, accompanied by
poor coordination among humanitarian organisations

contribute to disease development ©.

Detecting and controlling emerging diseases
already is a challenge as such, due to multiple
uncontrolled factors like pathogenic mutations and
suitable environments or niche !7. Civil conflicts only
add on to these hassles, leading to further population
displacement, overcrowding, inadequate water and
sanitation deficiency while in vector-borne diseases,
enhanced transmission by vectors during the initial
stages itself. Vulnerability to contracting infectious
diseases in an area is very much linked to long term
lack of investment in health, education, public works,
malnutrition, low prophylaxis coverage, and chronic

stress 18.

Disease amplification

In the past (2000), Uganda saw an outbreak of
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Ebola * which was attributed to poor infection control
practices in health care facilities itself . In poor resource
settings, sub-standard supply and maintenance of
personal protective equipment, insufficiently trained
staff, unhygienic practices 2’and inadequate sterilization

protocol amplify disease transmission 2!

Delays in detection and reporting due to weak
surveillance systems 22, limited laboratory infrastructure
and expertise, and delayed specimen collection may

23, Poorly

impede the confirmation of the pathogen
trained health staff and unorganized logistics are added
factors that prevent the reach of drugs and medication to

the wider public at the time of need 4.

Transmission heterogeneity 23 is a phenomenon
observed in different pathogens where, within the
same species, there tend to be differences in the mode
of transmission making it unpredictable to outline a
definitive pattern. Variability in host behaviour, host
& pathogen genetics, co-infection and cross-infection

26 are some

patterns, and environmental exposure
variables leading to transmission heterogeneity. Variable
population densities, environmental characteristics and
some spatial characteristics which if understood can
enable determining patterns of transmission. Pathogenic
resistance to drugs is another factor contributing
to disease amplification with resistance leading to
confusing diagnoses and inappropriate drug regimens or

outdated drugs 6?7,

Poor treatment compliance and insufficient

procuring of drugs or interrupted treatment with sudden

displacement or irregular health access 23

are some
factors of amplification of diseases. International disease
spread may occur through movements of refugees, relief
workers, private sector employees, animals and products,
especially those directly from factories and industries
where a large number of people remain confined to the

workplace .

Demarcating containment zones

A particular zone demarcated from the rest of
the zone and feasibly maintained, large enough to
include all infected persons in the vicinity and those in
contact with them, is included as a containment zone
30, Meanwhile, the surrounding ‘buffer zone’ of larger
radius is to conduct surveillance for new cases and to see
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if the containment operations are effective. This enables
modifying, continuing or terminating the containment

operations 3!,

The theoretically most inclusive form of a
containment zone is the circular form with a defined
radius, however, in reality, containment zones will be
geographically determined. Movements of people,
case contacts, administrative boundaries and natural
boundaries, infrastructure and essentials like power,
affect/

influence containment and buffer zones 32. If human-

sanitation, food supply, contamination etc.

to-human transmission is still detected outside the
containment and buffer zones, the WHO aids government
authorities to constantly assess the situation and expand
containment operations further 3.

Pathogenic factors

Several pathogens exist which infect across various
species where contact rates and transmissibility vary 3.
It becomes necessary to also identify hosts that amplify
pathogen transmissions and super spreaders to manage
multi-host diseases. These hosts increase susceptibility
of differing species to the disease on exposure, and
ironically, tend to have a greater social interaction and
reside in populated zones. They elevate overall disease
prevalence in multi species communities .

The distribution of pathogens within an environment
influences burdens on the host. For example, even in
situations with a lesser pathogenic population, if a host
comes across a concentrated pathogenic region, he will

still be infected only, even from that less populated zone
36

Environmental factors

As discussed previously, spatial heterogeneity
also plays an important role in determining pathogenic
prevalence. Hotspot or transmission rates may act as
source areas for pathogens to traverse across landscapes to
affect less infected areas *’. Even a specific environment
may facilitate elevated survival rates of pathogen or
amplification hosts which are equally dangerous. In
a study by Spira et al ¥ the bacteria Vibrio cholerae
was observed to thrive well in water hyacinth colonies
causing areas with such colonies to become hotspots of
the disease cholera.
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Demographic factors

Alteration in community structure, contact rates
and host susceptibility in humans, plants and all the
occupants of an area are associated with anthropogenic
changes such as genetic drift, which alter population and
habitat size, changing reduced population diversity in
host population, reducing host immunity, causing spatial
variability *°. Nutrient enrichment also elevated disease
risk through pathogen abundance virulence even though
this is probably being utilised by the human population
40 A study by Lol et al #! showed how nutrients enhanced
in an agricultural land also caused a greater Anophele
vestiti pennis (vector) population.

Further, day care facilities, hospitals, farms, markets
and regional differences in socialising also enable hotspot
development. The main areas of disease transmission
include schools where multiple children aggregate wood
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places, construction sites where labourers work together,
etc. A study by Chong et al * showed how the Nipah virus
was contracted by Malaysian families from Bangladeshi
nurses. Other ‘social animals’ like rodents and their ‘lek’
behaviour especially in feeding sites, watering holes etc,
cause greater transmission of pathogens.

Cluster size, time lapse, and mitigation protocol since
early cases determine the furthering of conditions in a
containment zone. Geographical characteristics coupled
with the interactions of social structures based on the area
are determinants of the ease of pathogenic transmission.
The feasibility of initiating and maintaining containment
operations for the better, require consultation with the
WHO and must aim to assess the general security of the
situation, international support, financial and technical
resources, food, water and sanitation, and the national

government’s willingness to address the situation 43.

Table 1: Factors that determine disease emergence in population

Factors that determine disease emergence in population

Pathogenic factors

Vectors
Amplification hosts
Multi-drug resistance
Multifactorial-health conditions

Environmental factors

Human animal interactions
Climatic conditions
Spatial heterogeneity

Demographic factors

Age
Multi-factorial health conditions
Human animal interactions
Population distribution
Urbanisation
Social behaviour/interaction
Population migration

Discussion

Thus, the review has highlighted what hotspots
and containment zones are, what do they root from
and how they enable controlling of diseases. Mostly,
socioeconomic, environmental and ecological factors

are attributed to the emergence of containment zones.
One aspect to be noted is that containment zones are
born out of necessity rather than of environmental or
other extrinsic causative pathogenic factors.
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A common finding is the emphasis on vectors,
amplification hosts, population distribution, urbanisation,
and social behaviour/interaction 4, as risk factors for the
development of containment zones. Another study, +°
however argues that delayed detection could be due to
unfamiliarity with disease and cannot be addressed in
the same way as lack of infrastructure, which might be
one of the reasons for the development of containment
zones.

Age, population density, population movements,
multi-factorial health conditions and human animal
interactions can also be other factors that determine
containment zones (Table 1). Again, it is reiterated that
social contact occurs more within homes and workplaces,
than in the course of travelling, so population migration
can only be conditionally considered as a risk factor 6.

Containment zone formation is tedious enough but
the recovery time surpasses this in terms of challenges
faced for which rapid action is required. Antiviral

medication 47

, non-pharmaceutical “® interventions,
dispatching health care workers, consistent surveillance
all form a part of outreach protocols and response team

motives, to deal with situations alike.

Communication plays an important role % in

dispatching information and implementing better
preventive methods. Local, regional, national and even
international public communication must form a support
system for the affected and must guide and organise
ways of information dispatching to those in the vicinity
of containment and buffer zones. This also is a key to
international coordination which might bring about a
holistic betterment of the affected zones. With greater
awareness, the public would also follow stringent
practices for protecting oneself including disinfecting
household items, using sanitizer, consuming immunity
booster and stocking on protective masks and gloves
051 The emphasis of careful determination of the
affected zones is exhibited in one such case, in the city
of Mumbeai, India, where instead of selecting entire
districts as containment zones in the face of the extensive
spread of the Covid-19 disease, two regions, the Dilshad
Gardens and Nizamuddin, are selected as hotspots,

making population directed treatment, feasible 32.

Frequent physical reminders on the status of the
situation are also necessary incentives to the population.
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Establishing clear cut exit and entry points, screening
procedures, watch on the transit through sea, air, or
land, and administering chemoprophylactic doses are
necessary aspects of containment operations.

The review is however limited only to the discussion
of controlled aspects of a setting, which are at least
quantifiable and measurable. It does not highlight abstract
factors like the genetic disposition of an individual or the

pathogenesis of the disease 3.

Conclusion

The review has assessed possible risk factors,
demographic patterns, measures taken in the development
of containment zones and has highlighted barriers and
deficiencies in a social setting that might necessitate
the formation of such zones. Future considerations
might as well involve necessary measures to improve
outreach across communities and countries, standardize
quantification and assessment of disease progression
and preparatory efforts to equip nations with resources
to handle unfamiliar disease conditions.
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