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Abstract

Background: The Middle East respiratory syndrome coronavirus (MERS-Cov) continues to be a source of concern
due to intermittent outbreaks. Serial chest radiographic changes in MERS-Cov patients were analyzed for various
variables that could be compared to the patients’ final outcomes in a cluster of MERS-Cov patients and to identify a
predictor of mortality in the United Arab Emirates.

Results: A total of 44 MERS-Cov cases were reviewed. The mean age of the patients was 43.7 ± 14.7 years. The
chest radiograph was abnormal in 14/44 (31.8%). The commonest radiology features include ground-glass opacities
(seven of 14, 50%), ground-glass and consolidation (seven of 14, 50%), pleural effusion (eight of 14, 57.1%), and air
bronchogram (three of 14, 21.4%). The mortality rate was 13.6% (six of 44); the deceased group (6 of 44, 13.6%) was
associated with significantly higher incidence of mechanical ventilation (p < 0.001), pleural effusion (p < 0.001),
chest radiographic score (8.90 ± 6.31, p < 0.001), and type 4 radiographic progression of disease (p < 0.001). A
chest radiographic score at presentation was seen to be an independent and strong predictor of mortality (OR
[95% confidence interval] 3.20 [1.35, 7.61]). The Cohen κ coefficient for the interobserver agreement was k = 0.89
(p = 0.001).

Conclusion: The chest radiographic score, associated with a higher degree of disease progression (type 4),
particularly in patients with old age or with comorbidity, may indicate a poorer prognosis in MERS-Cov infection,
necessitating intensive care unit management or predicting impending death.
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Background
The Middle East respiratory syndrome coronavirus
(MERS-Cov) was first described as a zoonotic disease in
Saudi Arabia in 2012 and subsequently spread to coun-
tries in the Middle East and beyond the Arabian Penin-
sula [1]. Since 2012, UAE has reported 88 cases
(including the patient-reported above) of MERS-Cov in-
fection and 12 associated deaths [1]. From 2012 to July
2020, the total number of laboratory-confirmed MERS-

Cov-infected cases reported globally by the WHO was
2562, with 881 associated deaths [1–3]. Approximately
55% of patients with MERS-Cov require admission to
the intensive care unit due to respiratory failure, includ-
ing the development of adult respiratory distress syn-
drome (ARDS) [4, 5]. ARDS frequently leads to a
clinically significant reduction in health-related quality
of life and is also associated with various radiological
changes [6]. A recent study described chest radiograph
abnormalities associated with MERS-Cov and demon-
strated that sequential chest radiographic evaluation is a
valuable tool for the early diagnosis and monitoring of
disease progression [4].
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The purpose of this study was to determine the role of
various variables such as mechanical ventilation days, chest
radiographic score, disease progression on radiographic im-
aging, and pleural effusion in predicting mortality in clus-
ters of MERS-Cov patients in the United Arab Emirates.

Methods
The study was conducted on 44 patients with positive
MERS-Cov retrospectively from electronic medical re-
cords. The patient diagnosis was performed using RT-
PCR and was based on the World Health Organization
criteria [7]. All these 44 patients were recruited from the
United Arab Emirates. The available chest radiographs
were obtained between July 1, 2013, and September 2019.
The Institutional Review Board approved the study

protocol, and the requirement for informed consent was
waived due to the study’s retrospective nature. The in-
clusion criteria were as follows: admission to the hospital
with symptoms suggestive of MERS-Cov without a his-
tory of other lung infectious diseases and has laboratory-
confirmed MERS-Cov infection as determined by RT-
PCR in any specimen or saliva. The exclusion criteria
were the group of patients with flu-like symptoms with
negative RT-PCR test for MERS-Cov and those patients
without any initial chest radiographs. The study group
of 44 patients was divided into two subgroups on the
basis of the final outcome of recovery or death.

Study protocol and data analysis
Digital radiography equipment (Mobilett Plus; Siemens, Er-
langen, Germany) was used to obtain portable anteropos-
terior (AP) projection radiographs as per the local protocol.
Two chest radiographs were routinely taken per day for
very sick patients in the ICU and once every other day dur-
ing the recovery stage. Two radiologists with more than 20
years of experience (KMD, JK) reviewed the chest radio-
graphs independently. Any of the discrepant reports was
assessed independently by an arbitrator (KG). All patients
were evaluated based on the risk factors like mechanical
ventilation days, chest radiographic score, pleural effusion,
and chest radiographic disease progression pattern [4, 8].
The lung parenchyma and airways were evaluated for con-
solidation, ground-glass opacity (GGO), pleural effusion,
cavitation, and pneumothorax [4, 8]. For the purpose of cal-
culating the lung score, each lung was divided into three
zones, and each zone was evaluated for disease process in-
volvement. The development of MERS-Cov lesions within
each lung zone was assigned a score ranging from 0 (nor-
mal) to 4 (complete involvement of one zone); a score of 24
indicated complete involvement of all six zones. The scores
for each of the six zones in each chest radiographic study
were added together to generate a cumulative chest radio-
graphic score ranging from 0 to 24 based on the degree of
lung parenchymal involvement. At the time of initial

presentation and at the peak of disease activity, scores were
taken. The disease progression pattern (types 1–4) was
identified from chest radiographs described by Wong et al.
[9]. Radiographic deterioration followed by complete im-
provement was used to define type 1 disease progression.
Type 2 disease progression was defined as stable radio-
graphic changes without discernible radiographic peaks or
a decrease in overall mean lung involvement of less than
25%. The progression of type 3 disease was defined as fluc-
tuating radiographic changes with at least two radiographic
peaks separated by a period of mild remission, with remis-
sion defined as a level of mean lung parenchyma involve-
ment that was more than 25% different from the peak level.
Progressive radiographic deterioration was defined as type
4 progression. Several of the above parameters, including
chest radiographic disease progression pattern (types 1–4),
were compared between those who recovered and those
who did not.

Statistical analyses
The categorical variables were described using absolute or
relative frequency distribution and quantitative variables
using central tendency or location measures, such as mean
(standard deviation) or median (interquartile range). The
association between qualitative independent variables was
assessed using the chi-square test or Fisher’s exact test as
appropriate. To compare quantitative variables between
the two groups (deceased and recovered), a t-test or Wil-
coxon rank-sum test was used as appropriate. A logistic
regression procedure was used to determine factors asso-
ciated with mortality; the results are presented in the form
of the odds ratio and corresponding 95% confidence inter-
val and p value. The discrimination performance of the lo-
gistic regression was evaluated using the area under the
curve (AUC). A p-value <0.05 (two tailed) was considered
to be statistically significant. Statistical software, STATA/
SE version 14.2 (Stata Corp LP, College Station, TX,
USA), was used for the analysis. Interobserver reliability is
calculated using Cohen’s kappa statistics (k) to see the
degree of agreement between the two reviewers.

Results
The present cohort includes 44 MERS-Cov patients with a
mean age of 43.7 ± 14.7 years, range, 11–71 years, with M:
F 28 males and 16 females. The demographic and clinical
characteristics of MERS-Cov cases by mortality status are
shown in Table 1. Forty-four patients of MERS-Cov were
divided into two groups, those who survived (n = 38) and
those who died (n = 6). Patients’ age in the deceased group
was significantly higher than that seen in the recovered
group (59.8 ± 14.2 vs. 41.16 ± 13.36 years, p = 0.008). The
most common symptoms at the time of the presentation
were fever (27%), cough (27%), dyspnea (9%), rhinitis (9%),
and myalgia (4.5%). Associated comorbidity was noted in
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24 of 44 (54.5%) of cases with hypertension (15 of 44,
34%), diabetes (ten of 44, 22.7%), heart disease (four of 44,
9%), obesity (three of 44, 7%), end-stage renal disease
(three of 44, 7%), smoker (two of 44, 4.5%), multiple mye-
loma (two of 44, 4.5%), and one each of asthma, COPD,
cirrhosis of the liver, lung fibrosis, and SLE. The deceased
patients required a significantly longer period of mechan-
ical ventilator (Table 2) support (10.17 ± 13.66 vs. 0.76 ±
3.18 days, p ≤ 0.001). One of the six deceased patients had
a secondary Klebsiella pneumonia infection.
The 44 patients underwent 182 chest radiographs dur-

ing hospitalization; these were abnormal in 14 patients
(31.8%) and normal in 30 patients (68.1%). Lung opacifi-
cation was primarily located in the right mid and lower
zone (nine of 14, 64.2%), followed by the left lower zone
(three of 14, 21.4%) and left mid-zone (two of 14,
14.2%). The characteristics of the radiology features
(Table 3) were GGO in the peripheral location (seven of
14, 50%), GGO and consolidation (seven of 14, 50%)
(Figs. 1 and 2), pleural effusion (eight of 14, 57.1%), and

Table 1 Demographic and clinical characteristics of MERS-Cov
cases by final outcome (n = 44)

Characteristics Disease outcome p value*

Deceased (%) Recovered (%)

Frequency 6 (13.6) 38 (86.3)

Age

Mean (SD) 59.8 (14.02) 41.16 (13.36)

Median (IQR) 64.5 (26) 41 (21) 0.008

Gender, M:F ratio 5:01 23:15 0.65

Mechanical ventilation duration

Mean (SD) 10.17 (13.66) 0.76 (3.18)

Median (IQR) 4.5 (2) 0 (0) <0.001

Hospitalization days

Mean (SD) 40.33 (83.14) 4.76 (4.60)

Median (IQR) 6.5 (5) 3 (3) 0.0123

*The Fisher exact test for categorical variables and the Mann-Whitney U test
for continuous variables were used for association/comparison between
the groups

Table 2 Distribution of predictors in 44 MERS-Cov patients by final outcome

Characteristics Disease outcome p-value*

Total lesions Deceased Recovered

n (%) n (%) n (%)

Frequency 44 (100) 6 (13.64) 38 (86.36)

Chest radiograph

Normal 30 (68.1) 0 (00.00) 30 (78.95) <0.001

Abnormal 14 (31.8) 6(100.00) 8 (21.05)

Disease progression

Normal 0 (00.00) 30 (78.95)

T1 0 (00.00) 7 (18.42) <0.001

T2 0 (00.00) 1 (02.63)

T3 1 (16.67) 0 (00.00)

T4 5 (83.33) 0 (00.00) <0.001

Lung score

At initial presentation

Mean (SD) 0.47 (0.99) 1.82 (1.34) 0.25 (0.75)

Median (IQR) 0 (0.6) 1.48 (2.13) 0 (0) <0.001

Peak of the disease

Mean (SD) 1.39 (3.78) 8.90 (6.31) 0.20 (0.79)

Median (IQR) 0 (0) 5.09 (9.60) 0 (0) <0.001

Pleural effusion

None 36 (81.82) 0 (00.00) 36 (94.74) <0.001

Unilateral 3 (6.82) 3 (50.00) 0 (00.00)

Bilateral 5 (11.36) 3 (50.00) 2 (05.26)

Mechanical ventilation day

Mean (SD) 10.17 (13.66) 0.76 (3.18)

Median (IQR) 4.5 (2) 0 (0) <0.001
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air bronchogram (three of 14, 21.4%). There was an al-
most perfect interobserver agreement between two re-
viewers for detecting abnormalities on chest radiographs
(K = 0.89, p = 0.001).
The chest radiographic score at presentation was seen

to be an independent and strong predictor of mortality
(OR [95% confidence interval] 3.20 [1.35, 7.61]). The AUC
was 0.92 at the chest radiographic score cutoff point of
0.48 at presentation and was seen to discriminate mortal-
ity with a sensitivity and specificity of 100% and 84.21%,
respectively (Fig. 3). Furthermore, the deceased group had
a chest radiographic score of 8.90 ± 6.31, showing the

need for intensive treatment as well as close monitoring
and follow-up examination. The T4 and T3 disease pro-
gression was noted in five of the 6 (83.33%) and one of the
6 (16.67%) patients with fatal outcome (Table 2).
Patients in the deceased group (6 of 44, 13.6%) were

associated with significantly higher incidence of (p ≤
0.02), mechanical ventilation days (p < 0.001), pleural ef-
fusion (p < 0.001), chest radiographic score (8.90 ± 6.31,
p < 0.001), and type 3 and 4 radiographic progression of
disease (p < 0.001) (Table 2).

Discussion
MERS-Cov is still circulating and causing human disease
in the Middle East, with isolated cases, population clus-
ters, and nosocomial outbreaks, and there is a high risk
of global spread. The current retrospective study in-
cluded 44 confirmed MERS-Cov patients with a 13.6%
mortality rate to establish a correlation between the
mortality rate and the severity of MERS-Cov disease.
The deceased group was associated with significantly
higher incidence of mechanical ventilation (p < 0.001),
pleural effusion (p < 0.001), chest radiographic score
(8.90 ± 6.31, p < 0.001), and type 4 radiographic progres-
sion of disease (p < 0.001). The findings of the present
cohort also indicated that for MERS-Cov patients, a
chest radiographic score cutoff point of 0.48 at presenta-
tion suggests patient mortality, with a sensitivity and
specificity of 100% and 84.21%, respectively. Addition-
ally, a chest radiographic score of 8.90 ± 6.31 during the
course of the disease necessitated aggressive therapy, as
well as close surveillance and follow-up evaluation.
Because the chest radiograph is widely available, the

ability to integrate chest radiographic results with clin-
ical data collected routinely during ED admission is

Table 3 Chest radiographic findings and disease progression of
MERS-Cov cases by final outcome

Characteristics Total
lesions

Final outcome status

Disease outcome p-value*

Deceased Recovered

n (%) n (%) n (%)

Frequency 44 (100) 6 (13.64) 38 (86.36)

Type of lung opacity

Ground-glass opacity 9 (20.45) 6 (100) 3 (7.89) <0.001

Consolidation 9 (20.45) 6 (100) 3 (7.89) <0.001

Patchy consolidation 3 (6.82) 2 (33.33) 1 (2.63) 0.045

Confluent
consolidation

5 (11.36) 4 (66.67) 1 (2.63) 0.001

Nodular 1 (2.27) 0 1 (2.63) >0.999

Reticular 1 (2.27) 0 1 (2.63) >0.999

Opacity central 1 (2.27) 1 (16.67) 0 0.136

Opacity peripheral 10
(22.73)

5 (83.33) 5 (13.16) 0.001

Pleural effusion 8 (18.2%) 6 (100) 2 (05.26) <0.001

Fig. 1 A 65-year-old man with Middle East respiratory syndrome coronavirus. Serial chest radiographs show a type 4 pattern of progression. A A frontal
radiograph shows an ill-defined ground-glass opacity occupying the right upper and mid-zone in the peripheral location. B A follow-up radiograph after 3
days shows the bilateral ground-glass type of opacities with a further increase of the right opacity. C A follow-up radiograph after 5 days shows a further
extension of the bilateral opacities with the development of consolidation in the left side along with effusion. The patient died on day 8 in the ICU
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beneficial for ensuring rapid stratification of pulmonary
parenchymal involvement. The chest radiographic score
observed in the present cohort has a close relationship
with the key clinical criteria used to identify patients
who require hospitalization. The chest radiographic
scoring system is simple to use, repeatable, and indica-
tive of the severity of lung parenchyma involvement. It is
critical to identify the most cost-effective procedures to
include in ED workflow while minimizing interaction be-
tween healthcare staff and patients as well as between
patients themselves.
The majority of MERS-Cov imaging research has con-

centrated on CT [5, 10, 11]. Even though chest radio-
graph is typically the first examination for patients
entering the ED with suspected MERS-Cov infection, it
is also characterized by simpler logistics and use; only a
small number of studies have looked into its function [4,
12, 13]. The chest radiographic score is a critical

parameter associated with imaging findings that have
been found to be beneficial in assessing the severity of
SARS, MERS-Cov, and SARS-CoV-2 infection [13]. In-
creased chest radiographic scores may be used as fatal
prognostic markers in patients with advanced age and
comorbid lung disease infected with SARS-CoV [14].
The results in the present cohort were consistent with
previous research that found a higher prevalence of
chest radiographic scores, pleural effusion, and pneumo-
thorax to be linked to a poor prognosis and short-term
mortality in MERS-Cov infection [15]. Although the im-
aging characteristics that aid in determining the progno-
sis of SARS-CoV-2 infection are unknown, advanced age
and progressive consolidation on imaging may indicate a
poor prognosis [13]. The global mortality of MERS-Cov
ranges between 32 and 67% [2, 4, 16]. The mortality rate
of the current MERS-Cov cohort was 13.6%. The re-
gional variation of death rate from previously conducted

Fig. 2 A 68-year-old man with Middle East respiratory syndrome coronavirus. Serial chest radiographs show a type 3 pattern of progression. A A frontal
chest radiograph shows ground-glass opacity in the right lower zone with consolidation areas in the left mid and lower zone with GGO in the left upper
zone. B On day 6, a follow-up frontal chest radiograph shows a marginal improvement of the left lung opacity with an increase of GGO in the right side. C
A follow-up frontal chest radiograph on day 9 shows a considerable improvement of both lung opacities. D A follow-up frontal chest radiograph on day
12 shows a considerable improvement of both lung opacities. The patient died on the 13th day
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studies may be skewed due to the severity of disease and
smaller sample sizes than have been investigated previ-
ously. Ahmadzadeh et al. [16] affirm that the mortality
example of the MERS-Cov in Saudi Arabia is not the
same as that noticed in other nations in the Middle East.
The differences in the virus and the genetic background
of the population affected can play a role [16]. Different
reasons can include a difference in the availability or
ability to implement patient isolation procedures and
differences in overall medical technology among in-
volved countries [16].
The study has some inherent limitations. First, during

the disease outbreak, it was most prevalent in Dubai,
Abu Dhabi, and Sharjah. The number of cases seen in
the remote province of the United Arab Emirates
(present cohort) was limited. Second, the relatively small
cohort size limited statistical analysis, which may not re-
veal the actual projection. Third, the visual estimation of
the lung involvement was performed in one view, and
this may not reflect the actual volume of the pathology
in the involved lung. Finally, autopsies were not per-
formed on any of the deceased patients.

Conclusion
In conclusion, GGO and consolidation with a peripheral
predominance on imaging are characteristic of MERS-
Cov infection, and these lesions eventually spread to in-
volve both lungs as the disease progresses. The extent of
parenchymal abnormalities as determined by the radio-
graphic lung score, the degree of radiographic progres-
sion, the presence of pleural effusion, and the number of
days spent on mechanical ventilation all contribute to

the clinical outcome or prognosis of coronavirus infec-
tion. The greater the extents of the chest radiographic
score associated with a higher degree of disease progres-
sion (type 4), particularly in elderly or comorbid pa-
tients, may indicate a poorer prognosis in MERS-Cov
infection, necessitating intensive care unit management
or precluding death.
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