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Background: Measles, a highly contagious and vaccine-preventable disease, continues to present global public health challenges.
This retrospective study focused on measles outbreaks in Hormozgan province, southern Iran, spanning from 2014 to 2019.
Methods: Between 2014 and 2019, patients suspected of having measles, as reported by medical centers in Hormozgan, were
subject to a comprehensive evaluation. The diagnosis of measles was conclusively established through the use of real-time
polymerase chain reaction (RT-PCR) testing. A detailed collection of pertinent data was undertaken. SPSS software, version 21, was
employed for statistical analysis.
Results: In the current study, out of 1291 clinically suspected measles cases, 151 were PCR-confirmed, with an average age of
16.77 years (±10.46), comprising 50.9%males and 49.1% females. The annual distribution showed varied incidence: 8.4% in 2014,
peaking at 18.8% in 2015, then fluctuating to 11.4% in 2016, 0.8% in 2017, and 17.9% in 2018, with no cases in 2019. Among
confirmed cases, 16.5% were vaccinated, while 68.2% were not, and 15.23% had unknown vaccination status.
Conclusion: This retrospective study highlights the ongoing challenge of measles in Hormozgan province, Iran, from 2014 to 2019.
Despite measles being preventable by vaccination, a significant number of cases were confirmed among both vaccinated and
unvaccinated individuals, indicating gaps in immunization coverage and effectiveness. The fluctuating annual incidence, with a peak
in 2015 and no cases in 2019, suggests variable success in disease control efforts. This underscores the need for enhanced
surveillance, improved vaccination strategies, and public health interventions to effectively combat measles outbreaks in this region.
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Introduction

Measles stands out as one of the most highly contagious illnesses
known to mankind[1,2]. This vaccine-preventable disease triggers

a range of distressing symptoms, including the development of a
maculopapular rash, respiratory complications, and elevated
body temperature. Its incubation period typically spans
7–21 days[3–5].

Regrettably, measles remains a substantial contributor to both
child mortality and morbidity on a global scale, accounting for a
significant 4% of the annual six million deaths among children
below the age of 5[6].

Due to the remarkably high level of contagiousness exhibited
by the measles virus and its capacity for airborne transmission,
even a solitary case of measles can lead to a substantial number of
secondary exposures, potentially culminating in a pandemic
outbreak[7,8].

Efforts aimed at measles elimination draw upon strategic
guidelines derived from the Global Measles and Rubella Strategic
Plan 2012–2020[9]. A cornerstone of these strategies involves

HIGHLIGHTS

• The study emphasizes the fluctuation in measles cases in
southern Iran between 2018 and 2019.

• Vulnerability in infants underscores the need for targeted
vaccination efforts.

• Unvaccinated cases, particularly in those under one year
old, highlight the pivotal role of vaccination in measles
prevention.
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maintaining robust population protection through vaccination,
striving to achieve a minimum vaccine coverage rate of at least
95%[10].

Between the years 2000 and 2019, an impressive vaccination
effort unfolded, encompassing over 670 million individuals ran-
ging from 6 months to 60 years of age. This massive undertaking
involved the implementation of 257 national or subnational
Supplementary Immunization Activities (SIAs)[9].

Despite the availability of a safe and effective measles vaccine,
measles outbreaks continue to loom as a significant global public
health concern[11]. In the period spanning from 2016 to 2019, a
sharp upswing in measles cases was observed, with an alarming
tally of over 500 000 confirmed cases reported to the WHO[12].

In the Eastern Mediterranean Region (EMRO), the prevention
of vaccine-preventable infections, including measles, stands as a
paramount concern[13]. EMRO nations have adopted regional
policies aimed at measles elimination, albeit with varying levels of
efficacy and success[10]. However, it is crucial to acknowledge
that this region has encountered substantial challenges due to
increased measles outbreaks. Several countries, including
Afghanistan, Pakistan, and Syria, have grappled with healthcare
sector issues exacerbated by these outbreaks. Alarmingly, in
certain nations such as Afghanistan, Sudan, Somalia, Djibouti,
and Pakistan, measles vaccination coverage remained below
60%[13].

In Iran, measles has consistently represented a well-diagnosed
infectious disease and a substantial public health challenge[14].
Prior to the implementation of mass immunization programs, the
country experienced a considerable burden of measles cases. In
non-epidemic years, measles cases in Iran reached levels as high as
150 000, while during epidemic years, this figure soared to a
staggering 500 000[11]. Iran has made substantial progress in
measles vaccination coverage over the years. From 1980 to 2005,
the country witnessed a remarkable increase in vaccination cov-
erage, with rates soaring from 38 to 95%[15]. These achievements
align with Iran’s National Immunization Program, which man-
dates that all children receive a minimum of two doses of the
measles vaccine during their early childhood. These doses are
administered at the ages of 12 and 18 months[16].

The primary objective of this study was to comprehensively
characterize the recent measles outbreak in southern Iran,
focusing on epidemiological patterns and vaccination status
among affected individuals. Additionally, the study aims to offer
a set of recommendations aimed at advancing efforts toward
achieving measles elimination in the region. This research
endeavours to shed light on the current status of measles-elim-
ination initiatives in southern Iran and provide valuable insights
to inform future public health strategies.

Methods

Study design and setting

The present study conducted a retrospective descriptive analysis
of all measles cases reported to the health centers in Hormozgan
province’s database between 2014 and 2019. The study protocol
was registered with the Ethical Committee of Hormozgan
University of Medical Sciences under registration ID: IR.HUMS.
REC.1399.471. All participants were informed about the study,
and written consent was obtained from each of them. The study
adhered to the Helsinki principles and ethical guidelines[17].

Measles diagnosis

We adhered to the WHO-recommended measles case definition,
which incorporates both clinical and laboratory criteria for
diagnosis; both criteria were utilized to define confirmed cases[18].

Themeasles cases reported by the health centers inHormozgan
province were classified into two categories: clinically suspected
cases and laboratory-confirmed cases, determined by positive
real-time polymerase chain reaction (RT-PCR) results in this
study[19].

To accurately confirm measles in clinically suspected patients,
a thorough evaluation process was implemented. Every indivi-
dual suspected of having measles underwent a comprehensive
assessment. This included the collection of urine and pharyngeal
samples within 5 days following the onset of the rash.

The collected samples were then dispatched to the measles
reference laboratory at the Faculty of Health, Tehran University
of Medical Sciences. Upon arrival at the laboratory, these speci-
mens were immediately processed and subsequently stored at a
temperature of –75°C. This storage protocol was maintained
until the time of laboratory diagnosis. The diagnostic procedure
employed was the RT-PCR, a method known for its high speci-
ficity and sensitivity in detecting the measles virus.

Inclusion and exclusion criteria

In our study, we focused on individuals diagnosed with measles
over a six-year period, spanning from 1 January 2014 to 31
December 2019. The inclusion criteria comprised cases reported
from all health centers within Hormozgan province, ensuring
extensive geographical coverage.

To be included, cases had to be confirmed through RT-PCR
among clinically suspected individuals. There were no restrictions
based on age or sex; thus, individuals from all demographic
groups who met these criteria were encompassed in the analysis.
Individuals who exhibited measles-like symptoms but were not
officially diagnosed with measles were not included. This exclu-
sion was pivotal in ensuring that the data accurately reflected
confirmed measles cases.

Data collection

The present study was conducted in accordance with the guide-
lines of STROCSS[20]. Relevant information, including age, sex,
nationality, number of cases, measles disease summary, symp-
toms, and vaccination status (including the number of doses
administered), was collected.

To study measles complications, the medical records of
measles patients were reviewed. The surveillance system for
measles elimination identified suspected cases (i.e. fever, rash,
cough, conjunctivitis, and/or coryza), and cases were reported to
the health centers in Hormozgan province by physicians and
health institutions using an enhanced surveillance system.

The vaccination status of measles cases was validated by col-
lecting individual vaccination certificates and searching the elec-
tronic health records database. It is noteworthy that ‘without’
vaccination status included children older than one year, and
‘unknown’ included individuals with an unknown vaccination
history.
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Statistical analysis

Statistical analyses were performed using SPSS software, version
21. Descriptive statistics were utilized to summarize the demo-
graphic characteristics of the study population, including means
and standard deviations for continuous variables and frequencies
and percentages for categorical variables. According to the
Kolmogorov–Smirnov test it was indicated that the distribution
of all variables was normal.

Results

Baseline characteristics

From 2014 to 2019, a total of 1291 clinically suspected cases of
measles were identified, of which 151 were confirmed through
PCR. The mean age of the study population was 16.77 ±
10.46 years, with 77 cases being men (50.9%) and 74 (49.1%)
beingwomen. Eighty-one were under 1 year old, 19were between
1 and 4 years old, 10 were between 5 and 9 years old, 7 were
between 10 and -14 years old, 7 were between 15 and 24 years
old, and 27 people were above 25 years old. The majority of
individuals were from Iran (n=140), followed by Afghani
(n=8). The detailed information of study individuals is presented
in Table 1.

Pattern of measles outbreaks by year, 2014–2019

Figure 1 shows the trend in measles outbreaks from 2014 to
2019, highlighting variations in outbreak size and year. The data
reveals a fluctuating pattern: 9 confirmed cases (8.4%) in 2014
out of 106 suspected, an increase to 44 cases (18.8%) in 2015 out
of 234 suspected, 11 cases (11.4%) in 2016 out of 96 suspected, a
drop to one case (0.8%) in 2017 out of 122 suspected, and a peak
in 2018, with 86 cases (17.9%) out of 480 suspected. Notably,
2019 marked a significant decrease, with no reported cases, as
depicted in Fig. 1.

Distribution of clinical symptoms in patients

According to the study findings, the most prevalent complications
during these outbreaks were skin rash, affecting 100% of cases
(n=151), followed by fever at 95.36% (n=144). Conversely, the
least common complications included cough, reported in 64.90%
of cases (n=98), rhinorrhea in 56.95% (n=86), and con-
junctivitis in 54.96% (n= 83) (Table 2). In this study, Measles
caused no deaths, and we discharged all patients after 2–4 days.

Incidence of measles outbreaks by nationality and age

In 2014, there were nine confirmed cases, comprising six Iranians
and three Afghans. The following year, 2015, 44 confirmed cases
were witnessed, including 41 Iranians, two Afghans, and one
from another nationality. In 2016, all 11 confirmed cases were
Iranian. Moving to 2017, there was only one confirmed case
involving an Iranian individual. The year 2018 saw a surge with
86 confirmed cases, primarily among Iranians (82 cases), fol-
lowed by three Afghans and one Pakistani. The majority of
measles cases in 2018 occurred among Iranians.

Analyzing the nationality breakdown for Iranian case-patients
from 2014 to 2019 revealed that children aged younger than
1 year had the highest incidence of measles (n=76), followed by
those aged older than or equal to 25 years (n= 26). Other age
groups included 19 cases in the 1–4-year range, 8 cases in the
5–9-year range, and 6 cases in each of the 10–14 and 15–24-year
ranges.

For individuals of Afghan nationality from 2014 to 2018,
children aged younger than 1 year also had the highest incidence
(n=4), mirroring the trend in Iranians. The second most affected
age group was 10–14 years old (n= 2), with one case in each of
the 5–9 and 15–24-year age groups. Only one case from Pakistan
was reported, and that individual was under 1 year old.

Further details on the trend of the annual number of measles
cases in the south of Iran are presented in Table 1.

Vaccination status

Figure 2 provides an overview of the age distribution among the
151 confirmed cases based on their vaccination status. Of the 151
subjects investigated, 81 patients under 1 year old (53.6%) did
not receive any measles, mumps, and rubella (MMR) vaccine
doses, while 4 cases (2.6%) had received 1 MMR vaccine dose.
Moreover, 21 cases (13.9%) had received 2MMR vaccine doses,
and 22 cases (14.5%) had no vaccination throughout their
entire life.

Analysis of the results from 2014 to 2018 revealed that, on
average, 16.5% (n=25) of individuals who contracted measles
were vaccinated (either one or two MMR vaccine doses) against
the virus. In contrast, a substantial majority, averaging 68.2%
(n=103) of the cases, were confirmed to be non-vaccinated.
Additionally, 15.23% (n= 23) of cases had an unknown vacci-
nation status.

Discussion

Eliminating measles, a key vaccine-preventable disease, is a top
priority in the Eastern Mediterranean Regional Office (EMRO),

Table 1
Nationality of patients included in the study.

Under 1 year 1–4 years 5–9 years 10–14 years 15–24 years More than 25 years

Nationality Iranian Afghan Pakistani Iranian Iranian Afghan Iranian Afghan Iranian Afghan Iranian Other

2014 2 1 1 1 4
2015 21 6 3 1 2 3 1 6 1
2016 9 1 1
2017 1
2018 46 2 1 12 3 3 1 3 15
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highlighting the need for superior immunization efforts and
impactful vaccination campaigns[13].

The results of our study revealed that children under one year
old were highly susceptible to measles. In addition, most of the
infected children were unvaccinated against the virus. Early in
life, children often acquire passive immunity through maternal
antibodies, offering protection against the virus. However, these
antibodies typically deplete from a newborn’s serum within
six months, rendering the children more susceptible to infection.
It is important to note that immunized children may still be at risk
due to factors such as prematurity, which can impact maternal
antibody levels and result in declining maternal immunity[21,22].

To curb measles transmission, it is advised to maintain a
population immunity level of 89–94%. Administering only the
first dose of the measles-containing vaccine (MCV1) to nine-
month-old children falls short of attaining this immunity
threshold. Consequently, to ensure and sustain measles elimina-
tion, the WHO recommends achieving greater than or equal to
95% coverage with the two-dose measles-containing vaccine
(MCV2)[23,24]. Typically, the second dose of the measles-con-
taining vaccine is administered between 4 and 6 years of age.
However, depending on the prevailing measles status in a region,
it may be recommended to administer the second dose just a
month after the first[25]. To achieve sufficient immunity levels and
effectively halt transmission, two doses of the MMR vaccine are
essential[7]. The increasing likelihood of measles outbreaks can be
attributed to the rising trend of vaccine refusal, which the WHO
recognized as one of the top ten global health threats in 2019[26].

Our study revealed that while the majority of measles cases
occurred in children, 27.8% involved adults. WHO reports show

that 77% of measles cases globally occur in children under 15[25].
Although measles predominantly affects children, especially in
low-vaccination regions, the importance of adult cases should not
be underestimated[27]. Vaccine efficacy in adults is affected by
age, lifestyle, occupation, and health status. The aging process
and immunosenescence diminish the immune response to vac-
cines, making the protection of adults increasingly difficult[28].

In our study of adults over 25, 10 out of 27 patients were
unvaccinated, while the vaccination history of the remainder was
unknown. The occurrence of measles in adults who were pre-
viously vaccinated points to a possible decline in immunity over
time post-vaccination[29]. Vaccination failure in measles is clas-
sified into primary and secondary forms. Primary failure denotes
the absence of immunity development post-initial vaccination,
whereas secondary failure represents a reduction in immunity
over time following initially successful vaccination[30,31].
Notably, 13.9% (n= 21) of our cases had received two vaccine
doses yet developed measles again. It is important to note that
primary failure of the measles vaccine is more prevalent than
secondary failure. Most epidemiological studies indicate that
immune suppression following vaccination is uncommon[29].

Our findings revealed that the majority of cases were unvac-
cinated and below the vaccination age, underscoring the critical
need for vaccination in measles prevention. It is crucial to
acknowledge potential factors that might influence the accuracy
of these figures. One such factor is the number of vaccine doses
administered; individuals reporting measles contraction despite
vaccination might have received an insufficient number of doses.
Additionally, only 16.5% of cases (n=25) had a documented
number of vaccine doses received (either one or two doses).

Figure 1. Measles outbreaks patterns from 2014 to 2019.
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This falls considerably short of the WHO’s target of 80%, indi-
cating a shortfall in the immunization system[32]. Our findings
show that 68.22% of measles cases (n= 103) occurred in
unvaccinated individuals. It is noteworthy that outbreaks can still
occur in populations where only 10% are susceptible to
measles[24]. Given the potential clustering of non-vaccinated
individuals, the estimated vaccination coverage rates may not
accurately reflect the overall population but rather a high-risk
subpopulation[33]. Chains of measles transmission are frequently
observed in enclosed settings or close-contact environments, such
as healthcare facilities, schools, and households[24].

Vaccine-preventable diseases such as rubella and measles may
pose higher susceptibility risks among international migrants, yet
there is limited data on the immune status among various migrant
groups[34]. In our study, specific immigrant cases were identified
in the measles outbreaks between 2014 and 2018. Notably, nine
confirmed cases were traced to individuals originating from
Pakistan and Afghanistan. To improve measles vaccination cov-
erage, many countries have implemented supplemental immuni-
zation campaigns since 1994. However, some nations, including
Afghanistan, Sudan, Somalia, Djibouti, and Pakistan, have
reported measles vaccination coverage levels below 60%[13].

Table 2
Symptoms of patients included in the study.

Symptoms
Total

number Rashes
Percentage of

rashes% Fever

The
percentage of

fever% Cough

The
percentage of

cough%
Runny
nose

The percentage
of runny nose%

The redness of
the

conjunctiva

The percentage
of redness of the
conjunctiva%

Under 1 year 81 81 100 76 93.8 53 65.4 48 59.2 41 50.6
1–4 years 19 19 100 19 100 9 47.7 9 47.7 8 42.1
5–9 years 10 10 100 9 90 6 60 5 50 5 50
10–14 years 7 7 100 7 100 4 57.1 6 85.7 5 71.4
15–24 years 7 7 100 7 100 5 71.4 4 57.1 5 71.4
More than
25 years

27 27 100 26 96.3 21 77. 8 14 51.8 19 70.8

Figure 2. Vaccination status of individuals.
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Contrastingly, measles vaccinations in Iran have increased dra-
matically, from 38% in 1980 to 99% in 2005, with nearly 99%
of the population being immunized during this 25-year period[35].
Research emphasizing the importance of maintaining con-
sistently high vaccination coverage has highlighted instances of
measles outbreaks with imported cases from neighbouring
countries, as observed in Australia. A similar situation exists in
Iran, particularly concerning travellers arriving from neigh-
bouring countries with widespread measles[15]. Therefore,
immunization against measles and rubella is essential for immi-
grant groups who may not have been adequately immunized[34].

In our study, the most common complication observed was a
skin rash, followed by fever. An acute measles infection pro-
gresses through four stages: the incubation process, the pro-
drome, the exanthem, and the recovery and immunity phases.
After the incubation phase, the prodrome is clinically character-
ized by symptoms such as cough, coryza, and conjunctivitis. The
characteristic exanthem typically appears behind the ears and on
the face 3–4 days after the onset of fever. In uncomplicated cases,
clinical recovery is marked by a persistent cough and skin des-
quamation, which can be more pronounced in malnourished
children. The persistence of fever during this stage may indicate
potential complications related to measles[36,37]. Patients who are
unvaccinated face a higher risk of complications, especially those
who are very young or very old, are malnourished, live in
crowded conditions, have vitamin A deficiency, are immunode-
ficient, or have been intensively exposed to measles[38,39].

In our current study, no deaths attributable to measles were
reported. This contrasts with findings from other studies: Mishra
and colleagues reported a single death in their study, Murhekar
and colleagues reported six deaths, which constituted a 1.5%
Case Fatality Rate (CFR), Pomerai and colleagues reported five
deaths (4%CFR), andMishra and colleagues recorded 14 deaths
(6.2%CFR)[40–43]. The absence of fatalities in our study might be
attributed to the immediate medical attention provided to the
cases and the prophylactic administration of Vitamin A, which
may have significantly influenced the outcome.

In 2018 and 2019, several countries in the European and
American regions, as well as in the EasternMediterranean Region
(EMRO), lost their measles-elimination status. Given this con-
text, it is not surprising that Iran also experienced a similar
situation in 2018 with a dramatic outbreak. However, in 2019,
when the EMRO was experiencing its greatest surge in measles
cases, Iran was awarded a certificate for measles elimination in
October 2019, which aligns with our findings of zero cases in that
year. Following the detection of an outbreak, a catch-up vacci-
nation campaign was promptly implemented. Additionally,
during the follow-up phase, the number of measles cases reduced
substantially[44].

The implementation of the measles care system in Iran began
primarily with the vaccination of children, predominantly in the
1990s[45]. Iran has implemented a measles-elimination surveil-
lance plan utilizing a case-based system for suspected cases
identified through symptoms like fever and maculopapular
rashes. This approach involves reporting, laboratory confirma-
tion, clinical and epidemiological studies, and the registration of
cases using individual forms. The cohesive surveillance system,
coupled with high vaccination rates for children under two years
old, has contributed to a significant reduction in indigenous
measles cases in Iran. As Iran approaches the final stages of
measles elimination, there is a heightened need for sensitive

reporting of suspected cases and the maintenance of vaccine
coverage to ensure the preservation of elimination status[46]. On
28 May 2019, Iran received the certificate of elimination of
measles[44]; however, attention must be paid to the disease care
system, tracking the transmission chain and the source of the
disease, following up on all cases of suspected disease, better
implementation of case care, and maintaining vaccination cov-
erage, including vaccinating immigrants. These measures are
essential for the elimination of measles. Additionally, keeping
population immunity high can reduce the occurrence of measles
outbreaks[47–49].

Strengths and limitation

The strengths of this study include its potential to enhance the
direct uptake of generated evidence and its translation by the
health system. Additionally, this simple analysis has demon-
strated that health managers could use surveillance data in a
timely manner to investigate program challenges and design
appropriate interventions. Secondly, since the confirmation of
measles cases is an important indicator of the performance of the
measles-elimination program, our study utilized RT-PCR for
confirmation rather than relying on IgG or IgM testing.

However, it is important to acknowledge certain limitations of
the study. The retrospective nature of the analysis may be subject
to constraints related to data availability and potential under-
reporting. Additionally, the study’s focus on a specific province in
southern Iran may limit the generalizability of the findings to
broader geographical contexts. The accuracy of vaccination sta-
tus relies on available records, and discrepancies in reporting may
exist. Furthermore, the absence of mortality in our study should
be interpreted with caution, as it may be influenced by factors
such as healthcare access and timely intervention.

Another limitation was the lack of data on the vaccination
status in some cases. This weakness limits the ability to assess
vaccination history comprehensively. In this regard, some mod-
elling patterns could be useful tools to combine information from
different data sources, helping to address some of the biases in the
surveillance data and providing more robust evidence[50].
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