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Abstract 

Measles is considered to be one of the world’s most contagious viral 

diseases. It is an acute viral respiratory illness and is specified by a 

prodrome of fever (≥38.3ºC or higher), malaise, cough, rhinitis, 

conjunctivitis (the three “C’s”), and Koplik’s spots. Incubation period for 

measles usually is 10 to 14 days (range: 7-23 days). Measles virus (MV) 

is a myelotropic, lymphotropic and epitheliotropic negative strand RNA 

virus which also causes great effects on the immune system. The entrance 

doors to infection are the mucous membrane of the upper respiratory tract, 

from where, penetrating into the body, the virus multiplies in the 

epithelium of the respiratory tract and peripheral lymph nodes. WHO 

defines a single measles case as a measles outbreak, which requires 

prompt and proper response and identification. Both endemic and 

imported cases need some key activities as a part of outbreak control. 

Measles elimination in the United States was proclaimed in 2000 after a 

2-dose MMR vaccine administration. However, imported cases from low 

vaccination rate countries can lead to outbreaks. Vaccination of non-

immune individuals is considered the key strategy in limiting the spread 

of measles during outbreaks.  

The main purpose of this article is to provide up-to-date data on the 

detection of measles disease in different countries, experience in the field 
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of prevention and surveillance, as well as vaccination and specific 

responses to immunization. All modern methods used in public health are 

presented, not only to reduce the number of cases of the disease, but also 

to further eliminate measles. 

 

1. Introduction 

All over human history, Infectious diseases have been the leading 

cause of human affliction in terms of both morbidity and mortality. 

Through the ages, humankind underwent large pandemics that threatened 

its existence. Despite the commonness of infectious diseases in the non-

industrialized world, the prevalence of infection is still very high for some 

infectious diseases in the industrialized world. Globally, every third death 

is on ground of an infectious disease. As stated by  the World Health 

Organization (WHO), the most common causes of infectious disease 

deaths were lower respiratory infections (3.46 million), diarrheal diseases 

(2.46 million), HIV/AIDS (1.78 million), tuberculosis (1.34 million), 

malaria (1.1 million), and measles (900,000) [1]. 

Measles is a disease characterized by a systemic rash with diverse and 

unique pathogenic features, as well as complications of infection. It may 

spread via airborne droplets and/or direct contamination through nasal or 

throat secretions of infected individuals [2]. In the pre-vaccination era, 

measles infected more than 90% of children at the age below 15 years, 

causing more than two million deaths. Large outbreaks would take place 

every 2-3 years during late winter or early spring, as the number of 

susceptible individuals in the community increased [3]. Since 1980, due 

to  global measles vaccination efforts, measles-associated mortality has 

decreased by 95%, from an estimated 2.6 million deaths yearly, to an 

estimated 134,000 in 2015 [4]. The first measles vaccine was introduced 

in 1963. After 50 years, endemic measles was proclaimed eliminated in 

North America and by 2016, elimination of endemic measles was declared 

for the whole of the Americas region, the first WHO region to achieve this 

huge endpoint [4]. 
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Coverage of ≥95% with Measles-containing-vaccine first-dose 

(MCV1) and Measles-containing-vaccine second-dose (MCV2) is 

essential to ensure and sustain high population immunity against measles. 

MCV1 coverage has stagnated since 2010, and the largest annual increase 

seen since 2000 in children who did not receive MCV1 was reported in 

2020, representing an acute setback in progress toward measles 

elimination [5]. Hastened efforts are needed to expand MCV1 coverage 

among the 22.3 million unvaccinated children in 2020. Since 2017, routine 

MCV2 immunization has been suggested [5]. Before 1985, immunization 

coverage was low; measles incidence was 88.5 cases/100000. Afterwards 

incidence declined as vaccination uptake improved. Nevertheless, 

whenever there was a downturn in coverage, the incidence increased two 

to three years later. In 1997, when the catch-up vaccination program was 

introduced, measles incidence declined further to 2.9 cases/100 000 

population in 1998. Ever since, the incidence has remained below 4.0 

cases/100 000 [6]. 

Yearly reported measles incidence diminished globally during 2000–

2016, rose in all regions during 2017–2019, and then decreased in 2020. 

Measles surveillance worsened in 2020. Since 2000, estimated measles 

deaths decreased 94%. Measles vaccination has disallowed an estimated 

31.7 million deaths globally [5].  In 2000–2016 the number of reported 

measles cases diminished 84%, from 853,479 (2000) to 132,490 (2016). 

From 2000 to 2016, annual measles incidence dwindled 88%, from 145 

cases per million (2000) to 18 (2016), then increased 567% to 120 per 

million (2019) before decreasing 82% to 22 (2020) [5]. In 2020, 26 large 

and disruptive outbreaks (≥20 cases per million) were reported across five 

WHO regions 17 (65%) of these outbreaks occurred in countries in the 

African region (AFR) [5]. Although a safe and effective attenuated live 

virus vaccine is available, Measles continues to cause the deaths of more 

than 100,000 children annually [7]. It remains an important disease in 

many areas of the world and continues to cause the deaths of more than 

100,000 children each year despite the availability of a safe and effective 

attenuated live virus vaccine [7]. Most of the mortality caused by infection 
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with wild type MeV is due to a measles-induced increased susceptibility 

to infection with bacteria or other viruses [7]. Only one measles serotype 

has been described that facilitates protection against the disease by 

vaccination. Measles eradication has not been attained because global 

high vaccination coverage has not been reached [3]. Added, that although 

a safe and effective vaccine has been available for nearly 60 years, measles 

still causes noteworthy morbidity and mortality, especially among 

children in under-resourced settings- 315 -[8]. In order to achieve regional 

measles elimination, intense efforts are needed to vaccinate all children 

with 2 doses and identify and close immunity gaps, implement general and 

specific public health measures, as well as seek to spread vaccine 

awareness.  

This article summarizes the general data on measles disease, as well as 

the latest statistics on measles detection and public health problems 

exacerbated due to other accompanying infectious diseases. Our main goal 

is to provide up-to-date data on the detection of measles disease in 

different countries, experience in the field of prevention and surveillance, 

vaccination and specific responses to immunization, as well as modern 

day public health measures used in limiting spread and finally eliminating 

the disease are presented. 

2. Measles etiology and geographical distribution:  

Measles virus (MV) is a member of the family Paramyxoviridae, the 

subfamily Paramyxovirinae and the genus Morbillivirus. MV is an 

enveloped virus, which contains non-segmented, negative-sense RNA. 

The diameter of the virus is 100–300 nm [8]. It has six structural proteins: 

the nucleoprotein, phosphoprotein, matrix, fusion, hemagglutinin, large 

protein, and two non-structural proteins V and C, which are encoded by 

genome [9]. It exclusively causes disease in old- and new-world non-

human primates (NHPs) and humans. Like all morbilliviruses, MV is 

highly infectious, as well as myelotropic, lymphotropic and 

epitheliotropic virus and is transmitted via the respiratory route [9-10]. If 

one person is infected, up to 90% of healthy unprotected individuals in the 

surrounding are will become infected [2]. In the virus particle, two surface 
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glycoproteins, the fusion (F) and hemagglutinin (H) form a multimeric 

complex that mediates viral entry. The hemagglutinin protein provides 

banding to cellular receptors, namely signaling lymphocyte activation 

molecule (SLAM or CD150) on   monocytes, lymphocytes, macrophages 

and dendritic cells (DCs), and nectin-4, a component of epithelial cell 

adherens junctions. The distribution of these receptors determines the 

broad cell types and tissues infected with measles virus. The nucleoprotein 

(N) encapsidates the viral genome and is the most abundant viral protein 

in diversity of the virion and in infected cells and explains clinical 

symptoms [11]. 

WHO defines measles elimination when a defined geographical area 

endemic transmission is absent for more than 12 months [5]. Progress with 

the aim of measles elimination has differed by WHO region. Hence, 37 of 

53 countries had eliminated measles by 2017. In the European region, five 

of 11 countries in the South-East Asia region, and 9 of 37 countries in the 

Western Pacific region had also achieved elimination status by 2017. 

Nonetheless, in the region of the Americas, despite verification that 

measles had been eliminated in September 2016, the region reported its 

highest increase of cases in 2017, and that endemic transmission of 

measles restarted in Venezuela. In the African region and the Eastern 

Mediterranean Region, there are no countries confirmed as having 

eliminated measles [5]. In October 2018, the WHO verified that Singapore 

had eliminated endemic transmission of measles [6]. Up till 2020, 

Independent regional commissions verified 81 (42%) countries that had 

sustained measles elimination, but no new countries had achieved 

elimination. No WHO region had achieved and sustained elimination, and 

no AFR country has yet confirmed to eliminate measles [5]. In 2016, the 

WHO region of the Americas achieved verification of measles 

elimination. However, endemic measles transmission was reestablished in 

Venezuela (2016) and Brazil (2018), and since 2016, it restarted in nine 

other countries that had eliminated measles earlier (Albania, Cambodia, 

Czech, Germany, Lithuania, Mongolia, Slovakia, the United Kingdom, 

and Uzbekistan) [5]. 
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3. Virulence and pathogenicity:  

The entrance doors to infection are the mucous membrane of the upper 

respiratory tract, from where, penetrating into the body, the virus 

multiplies in the epithelium of the respiratory tract and peripheral lymph 

nodes. On the 3-5 day of the incubation period, short-term viremia is 

observed. The virus spreads hepatogenically throughout the body, and is 

fixed and accumulated in the reticuloendothelial system. The interaction 

of the immune system with virulent cells is accompanied by cytolysis of 

the latter and secondary penetration into the blood (secondary viremia). 

Due to the tropism in relation to epithelial cells, the virus is again fixed in 

the mucous membrane of the oral cavity, eye, and respiratory tract. 

Allergy caused by the components of the destroyed virus causes vascular 

damage, edema, as well as necrosis of cells and tissues. Cicatricial collet 

element is an inflammatory focus around the vessels due to damage to the 

vascular endothelium. The tropism of the virus in relation to the central 

nervous system may be the cause of measles encephalitis. During autopsy 

of people who died from measles, alterative and proliferative changes are 

observed in the upper respiratory tract, oral cavity, gastrointestinal tract, 

necrotic changes are found in almost all organs, and intravascular 

infiltrates are found in the liver, spleen, and lymph nodes. Edema, vascular 

hemorrhages, diabetes hemorrhages, endovascular infiltrates of various 

sizes (granulomas) are present in the membranes of the brain and 

cerebellum [10, 12].  

3.1 Mechanism of distribution in the immune system. The measles 

virus causes severe systemic disease. The rash occurs simultaneously with 

the onset of the effector phase of the antiviral immune response and 

significant signs of immune activation. This immune response is effective 

in eliminating the virus and establishing long-term resistance to 

reinfection, but is associated with immune suppression, autoimmune 

encephalomyelitis, and increased susceptibility to secondary infections. 

This apparent paradox may be partly explained by the preferential long-

term activation of type 2 CD4+ T cells upon measles virus infection. 

Preferential stimulation of type 1 CD4* T cells by inactivated viral 
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vaccines has been suggested to play a role in the subsequent development 

of atypical measles [13]. 

Clearance of measles virus from peripheral blood mononuclear cells 

(PBMCs) correlates with the appearance of Interferon-γ-(INF-y) brilliant 

CD4+ and CD8+ T cells in the blood, and several lines of evidence suggest 

that CD8+ T cells are the most important elimination effectors. During the 

onset of the rash and the onset of CD8+ elimination, measles-specific T 

cells appear in circulation during natural and experimental infection. In 

vitro, CD8+, but not CD4+ T cells, can control viral replication in B cells. 

In addition, depletion of CD8+ T cells in macaques results in higher levels 

of viremia and delayed clearance of the measles virus. It is hypothesized 

that CD8+ T cells eliminate infected cells through cytotoxic mechanisms, 

but may also suppress virus production in surviving infected cells through 

non-cytotoxic mechanisms such as IFN-γ production [13]. 

3.2 Virus detection on macaque monkeys. Although important for 

protective immunity, the direct role in the clearance of CD4+ T cells and 

antiviral antibodies is less clear. IFN-γ-producing Th1 cells are produced 

in large numbers during rash when plasma levels of IFN-γ are elevated. 

Depletion of CD20+ B cells in macaques delays the production of 

measles-specific antibodies but does not prolong viremia. However, 

monkeys depleted of both CD8+ T cells and CD20+ B cells develop a 

scaly skin rash in addition to long-term viremia, suggesting a role for 

CD4+ T cells in the pathology. After the rash and fever subside, the 

infectious virus can no longer be isolated from the blood or respiratory 

secretions, and there is a rapid decline in the number of IFN-γ producing 

T cells in circulation [7]. 

The ribonucleic acid of persistent measles virus may contribute to the 

development of lifelong immunity. The development of an immune 

response to the measles virus continues for several months with continued 

maturation of antibodies and waves of functionally distinct T cells 

entering the bloodstream. Continued stimulation of B cells is also reflected 

in the continued emergence of antibody-secreting cells (ASCs) in the 

circulation with a maximum number 6-8 weeks after infection and 
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maturation of the avidity of measles-specific immunoglobulin G (IgG). In 

the lymph nodes, there is a steady proliferation of B cells, an increase in 

the number of germinal centers that become hyalinized late after infection, 

and the production of intestinal stem cells (ISCs) for at least 5–6 months, 

with predominant accumulation in the bone marrow of ISCs that secrete 

antibodies to the hemagglutinin protein (H) [7]. 

3.3 Possible return of the virus. Although the infectious virus is 

cleared, B cell responses are associated with chronic infection and suggest 

that persistent measles virus ribonucleic acid induces persistent measles 

virus protein synthesis sufficient to stimulate immune cells and select B 

cells. Although the importance of antigen persistence in the development 

of long-lived plasma cells is not clear, continued production of the viral 

protein may promote continued T cell development as well as antigen 

supply to follicular dendritic cells to stimulate B cell selection [10,14] 

T cells are essential for this process, and during elimination of the 

infectious virus, most measles-specific CD4+ and CD8+ T cells produce 

IFN-γ, while later IL-17-producing cells, which are associated with both 

autoimmunity and with the maturation of B-cells. In addition, the number 

of CD4+ CXCR5+ peripheral Tfh cells in circulation is steadily 

increasing. In secondary lymphoid tissue, both Th17 and Tfh cells can 

contribute to the formation of the germinal center and the production of 

ASCs, and their appearance in circulation probably reflects an increase in 

their number in the tissue. Changes in plasma cytokine levels also suggest 

shifts in the activation of functionally distinct T cell populations over time, 

with increased levels of IFN-γ early and Interleukin-4 (IL-4), IL-13 and 

IL-10 later. Presumably, the evolution of T and B cell differentiation over 

time after infection reflects as yet unidentified progressive changes in the 

milieu of the lymphoid tissue immune response [14]. 

Several mechanisms have been proposed to explain the immune 

suppression associated with measles, such as suppression of lymphocyte 

proliferation, altered cytokine profiles, apoptosis of foreign lymphocytes, 

and infection and depletion of pre-existing CD150+ DCs and 

lymphocytes. This decrease was found more than a month after recovery. 
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Children are more likely to develop non-measles infectious diseases, 

especially upper respiratory tract infections, which can last for several 

years after recovery from measles [14]. 

4. Disease and clinical manifestations.  

The incubation period of Measles regularly lasts 10 to 14 days, and is 

connected with leukopenia. The prodromal phase is noted by onset of 

fever followed by cough, rhinitis or conjunctivitis. Rash is usually seen 

from three to five days following onset of fever.  People are considered to 

be infectious from about four days before rash to four days after rash onset. 

Entire uncomplicated disease course is 17–21 days from the first sign of 

fever [10]. 

For most of the people it is possible to  recover  without any negative  

effects after  1 week of illness suffering from the beforehand mentioned 

symptoms [15]. For young age children who have weak immune system, 

measles can lead to progressive lung or nervous system infections as well 

as fatal system disease subacute sclerosing panencephalitis (SSPE). It can 

also lead to death for immunocompromised or cancer 

immunocompromised patients [7]. 

It can be also lead to such complications as immunosuppression, 

diarrhea, keratoconjunctivitis (which becomes the reason of blindness, 

especially among those who have lack of vitamin A), otitis media and 

pneumonia (it is considered the main reason of measles-related deaths). 

Rarely  this illness (nearly 1 in 1000 patients ) is accompanied by fatal 

neurologic complications such as acute disseminated encephalomyelitis, 

neurologic complication ( nearly 1 in 10,000 patients), and SSPE [15]. 

For immunocompromised patients, research shows that more than 50% 

of cancer patients may have atypical rash (maculopapular, 

transient/evanescent, or severe and desquamative). Moreover 20% may 

start without rash and are recognized only after developing encephalitis or 

at autopsy. Sometimes it is very difficult to make the right diagnosis for 

cancer patients as it can develop without fever and viral upper respiratory 

symptoms [16]. 
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When a patient recovers from measles, they produce lifelong 

immunity, nevertheless during and after acute infection, the patient can 

experience transient immunosuppression, which is substantiated by the 

suppression of delayed-type hypersensitivity responses. Because of Mv-

induced immunosuppression, secondary infections frequently occur, 

leading to pneumonia or gastrointestinal infections, which are the main 

cause of morbidity and mortality. Recent researches show that increased 

susceptibility to infections may continue for 2–3 years after measles. 

Secondary bacterial infections and the connected morbidity and mortality 

are stopped by measles vaccination [17]. 

5. Measles and COVID-19.  

The World Health Organization (WHO) recommends that countries 

aiming at measles elimination should achieve ≥ 95% coverage with both 

doses of vaccine equitably to all children in every district. Due to 

disruptions in immunization caused by the COVID-19 pandemic, the 

current state of global and regional measles control is unsatisfactory [18]. 

Due to the COVID-19 pandemic affecting ≥93 million people, 24 

scheduled preventive immunizations in 23 countries have been postponed 

[5]. A substantial decrease in measles incidence and associated mortality 

occurred worldwide in 2020 during the COVID-19 pandemic, but there 

was a significant decrease in measles incidence and associated mortality 

worldwide. Nevertheless, this did not affect measles susceptibility, more 

children were susceptible to measles in 2020 compared to 2019, 22.3 

million children did not receive MCV1 through routine immunizations, 

and 93 million people did not receive MCV1 due to COVID-19-related 

measles Supplementary Immunization Activity (SIA) deferral. Measles 

surveillance was also not well organized: the number of reports was the 

lowest in over a decade, many countries did not have specific data, and 

only a few countries (32%) achieved measles surveillance sensitivity. The 

lower number of reported cases may depend on both increased immunity 

from outbreaks in 2017-2019 and measures to mitigate the effects of 

COVID-19 [5]. We believe that the decrease in COVID-19 cases during 
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this year will lead to increased focus on re-emerging infectious diseases 

and their elimination. 

On the other hand, positive regards can also be made. There is evidence 

that preventive measures to limit the spread of Covid-19, such as wearing 

masks, travel restrictions and social distancing, have also been successful 

in reducing measles transmission. There is no information yet on the 

increase in measles cases and deaths due to low measles vaccination 

coverage. But this may be the result of poor surveillance and COVID-19-

related restrictions that distort the reality. It should also be noted that 

several large measles outbreaks were reported in 2020 in 26 countries [19]. 

6. The role of public health in prevention and elimination of 

measles. 

 Measles cases have surged across the globe, with a 30% year-over-

year increase in the number of reported infections worldwide. Such a sharp 

increase in infection is associated with the rise of the anti-vaccine 

movements, which is most prevalent in developed countries. Vaccination 

reductions are not only a threat to herd immunity, but also a serious danger 

to immunocompromised patients, especially in regions where measles is 

considered eliminated [16]. Hence, solving this contemporary problem is 

very important in order to achieve determined public health goals. 

To achieve measles elimination, the public health system must improve 

surveillance, implement measures to ensure high immunization coverage, 

and provide good training for physicians [18, 20] Hence, we present some 

key public health strategies for limiting the spread of measles. 

6.1 General public health measures. 

6.1.1 Definition of outbreak. WHO defines a single measles case as a 

measles outbreak, which requires prompt and proper response and 

identification. Both endemic and imported cases need some key activities 

as a part of outbreak control [21].  Measles elimination in the United States 

was proclaimed in 2000 after a 2-dose MMR vaccine administration. 

However, imported cases from low vaccination rate countries can lead to 

outbreaks [22]. 
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6.1.2 Rapid response team formation. As the outbreak control needs 

preparation and planning, a rapid response team or a committee of 

outbreak control is required. Determined by the circumstances of the 

outbreak, the teams are formed from specialists from local hospitals, 

national, regional and local health departments and laboratories [20]. Like 

any other quick response team, the outbreak control committee needs 

routine exercises and emergency preparation activities to function 

adequately during the outbreak.[20-23] These committees decide whether 

there is need for additional resources. Also they can create targeted 

vaccination clinics in addition to measles outbreak management steps 

[24]. 

6.1.3 Measles transmission risk and prophylaxis. Immediately after a 

case is identified, the transmission possibility should be determined. 

Finding exposed people at high risk for disease complications who may 

profit from post exposure prophylaxis is a primary issue. Among those 

people are infants, pregnant women and immunocompromised patients 

[20]. Each case can result in hundreds of contacts, and finding those 

contacts can be extremely difficult. Especially it can be problematic 

during community exposures (e.g. stores), where it may be almost unreal 

to determine who was present, and that can lead to new undetected 

transmission chains [23]. Besides, the evaluation of local vaccination 

coverage data should be done. Immunization registry data has been used 

to determine areas where vaccination may be in suboptimal levels [25]. 

 Suggesting vaccination to non-immunized people and post-exposure 

prophylactic vaccine or immunoglobulin to people at high risk can help 

prevent the spread of measles [20]. Parents’ unawareness about the 

significance of vaccination and worries about the unpredictable adverse 

reactions after the injection are important factors in low vaccination rate 

regions. That means courses should be created to fill the education gaps 

and to raise awareness of the importance of vaccination [26].  Alerting and 

informing messages convincing to get vaccinated, and immune status 

testing also may be used among the contacts especially if they are under 

high risk of getting infected (pregnant women and infants) [27]. 
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6.1.4 Surveillance. Surveillance needs to be strengthened to detect 

further cases and ensure the diagnosis of measles at the right time. Raising 

awareness of local measles transmission is a key approach to solve this 

problem. Doctors, laboratories and educational facilities working for the 

affected community are an important part of surveillance. They should 

inform about the confirmed and suspected measles cases to local health 

departments [20]. Among some common measles surveillance problems 

are completeness of the information, timeliness, laboratory specimen 

management, epidemiological analysis and surveillance system 

management [21]. 

6.1.5 Raising awareness. Raising awareness of the risk of measles is an 

important step since it has a highly contagious nature. This can be done 

by communicating with the public and other health forces. Keeping the 

public informed about a potential exposure is especially important when 

outbreaks occur in big places (such as malls) and the level of risk is 

unknown [20]. Patients and their caregivers should be informed about the 

way of transmission, contagious period, and how to decrease the 

expansion of the virus. Counsel should be provided to citizens by setting 

up measles telephone lines [20]. Another approach to this issue is creating 

“Frequently Asked Questions” sheet for explaining sample collection and 

testing processes and holding regular update teleconference meetings [28]. 

6.1.6 Obtaining clinical samples. Clinical samples must be collected to 

confirm measles in all suspected cases and to detect the virus. Genotyping 

is also an important activity especially after elimination, because the roots 

of the outbreak can be identified, different transmission chains can be 

separated, and wild type virus and the vaccine strain in newly vaccinated 

people can be differentiated. However, the process of collecting clinical 

species is challenged by some factors, which make difficulties in reaching 

the demanded level of laboratory results. In some cases it is difficult to 

obtain species for measles testing and alternative clinical species (such as 

oral fluid and dried blood spots) may be used to overcome these issues 

[29]. 



- 325 - 
 

6.1.7 Data collection and analysis: Relevant information must be 

collected during the interviews of cases within the first 48 hours after case 

confirmation. Measles evaluation forms are regularly recorded into a 

database creating a case data which contains surveillance variables. 

Electronic journal usage is also suggested [20]. Recording the number of 

vaccine doses and given immunoglobulin programs, the complete contact 

number of each case, and data about the quarantine measures carried out 

during the response, is important to evaluate the efficacy of control 

measures [20]. After each outbreak a data analysis should be done. 

Previous experience can help to describe the disease among under-

immunized people and to evaluate response strategies and steps that were 

efficient in decreasing the spread of the virus. Financial impact of measles 

outbreak on public health sector are also in the center of interest [20]. 

6.2 Specific public health measures. 

6.2.1 Isolating the infectious patients. One way for the prevention of 

measles transmission from an infected or suspected individual is isolating 

them for the period required until he/she is not contagious anymore or 

until the presence of the virus is ruled out. The period of isolation varies 

and depends on the timing of viral communicability, which is the amount 

of day prior to and after the onset of rash. This is when the viral content 

in the respiratory droplets is highest. Considering that the onset of rash as 

day zero, the accepted criteria is the fourth day prior to the onset of rash 

until the fourth day following it. However, this consideration has its 

limitations, since transmission may take place before the rash is seen, and 

this requires high quality investigations and surveillance of contact 

transmission [20]. 

6.2.2 Quarantining susceptible individuals. Protection from potential 

exposure can be done through excluding the susceptible population from 

the outbreak. This reduced infection risk, potential exposure and 

transmission. Quarantine on the other hand will reduce transmissions 

through restricting the movement of healthy individuals who are suspected 

to develop the disease. Isolation of infected individuals who cannot 

present evidence of presumptive immunity or did not receive post-
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exposure vaccines as prophylaxis is also recommended. A limitation here 

would be determining those who are not immune to the virus. On the other 

hand, susceptibility to MV is easily detectible (unvaccinated children, 

infants, anti-vaccination groups, medically contraindicated groups) [20]. 

6.2.3 Vaccination of susceptible individuals. Properly limiting MV 

spread during outbreak can most efficiently be done through vaccination. 

On an individual scale, post-exposure shot within 72-hours of contact can 

shift the nature of clinical symptoms and course of disease, and so it is 

considered a preventive measure. Control through vaccination also affect 

viral transmission at a community level and reduces the numbers of 

measles developing secondary to another disease. The main challenge in 

case if implementing vaccine based strategies is the timely precision of 

vaccine administration to the susceptible groups, given the fact that the 

infected can transmit the virus even before the appearance of the key sign 

(rash). A strong healthcare basis is needed to correctly implement the 

vaccine strategy. A team of well trained healthcare providers and public 

health specialists is essential in identifying and reporting the susceptible 

cases through modern surveillance methods [20]. 

A study conducted by Čalkić et al. [30] has described measles epidemic 

during the period 2014-2015 in Zenica-Doboj Canton (ZDC) involving 

325 patients and resulting in incidence of 81.25/100.000 population.  The 

children of the target population for vaccine (< 6 years) in ZDC was 

30.528, and the percentage of those who were vaccinated was 83.34%, 

which was significantly more that the non-vaccinated being 16.66% 

(p<0.05) with the measles, mumps, rubella (MMR) vaccine. This 

significance was not enough to create herd immunity. The study 

demonstrated that the unvaccinated group are more often sick and the 

prevalence of disease was 76 times more in non-vaccinated children. On 

the other hand, in the Netherlands, the measles epidemic emerged in 2013-

2014 despite the high rated of MCV 1 received children [31].  Another 

study by Lo et. al found that even a modest 5% decline in MMR vaccine 

coverage may lead to a three times increase in the yearly cases. This leads 

to a substantial economic impact with more than 2.1 million US dollars 
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costs in children aged 2-11 years old [32]. They concluded that the virus 

is still considered a threat for outbreaks among children and non-

vaccinated groups with further decline in vaccination rates. Furthermore, 

the safety of MMR and other vaccines is well established in the scientific 

literature, including the finding that MMR vaccination has no association 

with the development of autism.[33-34].  

 

Conclusions 

Measles represents one of the re-emerging infectious diseases that can 

possess danger on both healthy and immunocompromised individuals. 

The virus, with its droplet way of transmission, can lead to a rapid 

occurrence of endemics, leaving health related, socials, and economic 

consequences. Although some countries have achieved measles 

elimination, emerging outbreaks and increasing number of measles cases 

worldwide state the opposite. The imported cases may have a role in 

outbreaks in high-vaccination rate countries. The increasing number of 

measles cases per year is associated with anti-vaccine movements. 

Besides, the vaccination process is highly affected by different public 

health and social challenges. Hence, to achieve and sustain measles 

elimination, some key public health activities are needed, such as rapid 

response team formation, transmission risk detection and prophylaxis, 

surveillance, raising awareness, obtaining clinical samples, data collection 

and analysis, isolating the infectious patient, quarantining susceptible 

individuals, and vaccinating susceptible individuals. The poor 

surveillance during COVID-19 does not allow us to investigate the link 

between the pandemic and measles cases and deaths. However, the 

decrease in COVID-19 cases will bring greater attention to plans seeking 

to decrease the spread and eliminate measles. 
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