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Background.  The objective of this study was to evaluate the effect of ribavirin and recombinant interferon (RBV/rIFN) therapy 
on the outcomes of critically ill patients with Middle East respiratory syndrome (MERS), accounting for time-varying confounders.

Methods.  This is a retrospective cohort study of critically ill patients with laboratory-confirmed MERS from 14 hospitals in Saudi 
Arabia diagnosed between September 2012 and January 2018. We evaluated the association of RBV/rIFN with 90-day mortality and MERS 
coronavirus (MERS-CoV) RNA clearance using marginal structural modeling to account for baseline and time-varying confounders.

Results.  Of 349 MERS patients, 144 (41.3%) patients received RBV/rIFN (RBV and/or rIFN-α2a, rIFN-α2b, or rIFN-β1a; none 
received rIFN-β1b). RBV/rIFN was initiated at a median of 2 days (Q1, Q3: 1, 3 days) from intensive care unit admission. Crude 
90-day mortality was higher in patients with RBV/rIFN compared to no RBV/rIFN (106/144 [73.6%] vs 126/205 [61.5%]; P = .02]. 
After adjusting for baseline and time-varying confounders using a marginal structural model, RBV/rIFN was not associated with 
changes in 90-day mortality (adjusted odds ratio, 1.03 [95% confidence interval {CI}, .73–1.44]; P = .87) or with more rapid MERS-
CoV RNA clearance (adjusted hazard ratio, 0.65 [95% CI, .30–1.44]; P = .29).

Conclusions.  In this observational study, RBV/rIFN (RBV and/or rIFN-α2a, rIFN-α2b, or rIFN-β1a) therapy was commonly 
used in critically ill MERS patients but was not associated with reduction in 90-day mortality or in faster MERS-CoV RNA clearance.
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The Middle East respiratory syndrome (MERS) is a severe res-
piratory infection caused by a novel coronavirus (MERS-CoV) 
and is associated with high mortality [1]. To date, there is no 
specific therapy of proven effectiveness for MERS.

Based on prior experience with severe acute respiratory 
syndrome and on preclinical data, ribavirin and recombinant 
interferon (RBV/rIFN) therapy has been used in managing pa-
tients with MERS [2–4]. RBV is a guanosine analog that has 
antiviral activity against multiple RNA viruses [4]. Different 
preparations of recombinant rIFNs (rIFN-α2a, rIFN-α2b, 
rIFN-β1a, and rIFN-β1b) are active against MERS-CoV in 
vitro [5]. RBV and rIFN at relatively high concentrations in-
hibited MERS-CoV replication in Vero and LLC-MK2 cells, 
but when used in combination, lower concentrations achieved 
comparable endpoints [2]. High doses of RBV/rIFN-α2b ad-
ministered 8 hours after inoculation of rhesus macaques with 
MERS-CoV resulted in reduced viral loads and was partially 
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effective in preventing progression to pneumonia compared to 
animals that were untreated [3].

However, clinical data on RBV/rIFN in MERS have been lim-
ited to small single-center studies [6–9]. In one report, all 5 pa-
tients who received RBV/rIFN-α2b at a median of 19 days from 
admission died [7]. In a retrospective study (n = 32), patients 
who received RBV/IFN-α2a had a mortality rate of 85% com-
pared with 64% in those who received RBV/IFN-β1a (P = .24) 
[8]. Another study (n = 44) showed that RBV/rIFN-α2a therapy 
compared to control was associated with a significant reduction 
in 14-day mortality (30% vs 71%; P = .004) but not in 28-day 
mortality (70% vs 83%; P = .054). Recipients of RBV/rIFN-α2a 
had a significant reduction (>2 g) in hemoglobin level, raising 
concerns of a previously described complication of hemolysis 
[9]. Another study (n = 51) found that MERS therapy using dif-
ferent regimens of rIFN-β, rIFN-α, RBV, and mycophenolate 
mofetil was associated with lower mortality on univariable 
analysis but not on multivariable analysis [10].

These studies have not provided clear evidence upon 
which to base treatment recommendations because of their 
nonrandomized design, inconsistent results, small sample sizes 
with limited power, and the lack of adjustment for unbalanced 
covariates. In addition, because of therapy initiation was not 
standardized, such studies are prone to 2 sources of bias: im-
mortal time bias and indication bias. Immortal time bias may 
occur because patients in the therapy group have survived for 
a period of time before receiving the therapy. Because the out-
come (death) could not possibly have occurred during this 
period in this group, this type of bias systematically underesti-
mates adverse outcomes (eg, death) [11, 12]. Indication bias 
occurs when the association of the therapy and outcome is 
caused by the indication for which the therapy was used and 
not to the therapy itself. If physicians typically prescribe cer-
tain therapy, such as RBV/rIFN, only when the clinical condi-
tion is not improving or is worsening, standard multivariable 
analyses may overestimate the association with poor outcome. 
Addressing both immortal time and indication bias in observa-
tional studies requires accounting for baseline and time-varying 
confounding associated with the decision to initiate treatment.

The objective of this study was to examine the effect of RBV/
rIFN therapy in a large cohort of critically ill patients with 
MERS on the 90-day mortality and MERS-CoV RNA clear-
ance by accounting for baseline and time-varying confounders. 
Some of these findings have been previously presented in an 
abstract form [13].

METHODS

Study Setting

This retrospective analysis was conducted on a multicenter da-
tabase of all critically ill patients with MERS admitted to the 
intensive care units (ICUs) of 14 hospitals in 5 cities in Saudi 

Arabia between September 2012 and January 2018 [14]. Details 
of the cohort have been reported previously [14]. Some of the 
patients in the current analysis may have been included in pre-
vious single-center studies [8–10]. Patient-level informed con-
sent was not required. The institutional review boards (IRBs) of 
all participating centers approved the study.

Patients

Participating centers followed the Saudi Arabian Ministry 
of Health guidelines for MERS diagnostic testing. Patients 
were defined to have MERS if they had a positive MERS-
CoV real-time reverse transcription polymerase chain re-
action result (rRT-PCR) targeting amplifications of the 
upstream E protein (upE gene) and open reading frame 1a. 
Specimens were obtained from nasopharyngeal swabs or 
sputum in nonintubated patients and from tracheal aspir-
ates or bronchoalveolar lavage in intubated patients [15]. 
For patients who tested positive for MERS-CoV, follow-up 
respiratory samples were collected at the discretion of the 
treating teams approximately 1–2 times per week for infec-
tion control purposes. In the current analysis, we excluded 
patients who were enrolled in a randomized controlled trial 
(RCT) for MERS antiviral therapy that started enrolling pa-
tients in November 2017 (MERS-CoV Infection Treated With 
a Combination of Lopinavir/Ritonavir and Interferon β-1b 
[MIRACLE] trial) [16].

RBV/IFN Therapy

The main exposure was RBV/rIFN therapy, defined as the use 
of RBV/rIFN combination, RBV alone, or rIFN alone. The 
comparator group was the use of neither RBV nor rIFN. Three 
different types of rIFNs were used in the current cohort: rIFN-
α2a (Pegasys, Hoffmann-La Roche, c/o Genentech, South San 
Francisco, California); rIFN-α2b (PEG-Intron, Merck Sharp 
& Dohme, Whitehouse Station, New Jersey); and rIFN-β1a 
(Rebif, Serono, Rockland, Massachusetts). Commonly used 
dosing protocols for RBV/rIFN for patients with MERS in the 
participating hospitals are shown in Supplementary Table 1.

Data Collection

Using standardized case report forms, we documented dem-
ographics, clinical presentation, underlying comorbidities, 
and final outcomes [17]. We collected Sequential Organ 
Failure Assessment (SOFA) score and physiologic and lab-
oratory parameters on ICU days 1, 3, 7, 14, and 28 [17, 18]. 
We documented therapeutic interventions, including cor-
ticosteroids, mechanical ventilation, oxygen rescue therapies 
(nitric oxide, prone ventilation, high frequency oscillatory 
ventilation or extracorporeal membrane oxygenation), 
packed red blood cell transfusion, vasopressor therapy, and 
renal replacement therapy. The primary outcome was 90-day 
mortality.
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We also assessed time to MERS-CoV RNA clearance in 
respiratory samples in patients who had at least 1 follow-up 
rRT-PCR performed after the diagnostic test. Clearance was 
defined as the time from ICU admission until the test was neg-
ative on 2 occasions, without a positive test afterward. To assess 
RBV/rIFN safety profile, we evaluated serial levels of hemo-
globin, white blood cell (WBC) count, platelet count, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), bil-
irubin, international normalized ratio (INR), lactic acid, and 
creatinine. Other secondary outcomes were ICU and hospital 
mortality, and ICU and hospital length of stay.

Statistical Analysis

We compared baseline characteristics, interventions, and out-
comes of patients who received RBV/rIFN to those who did not, 
using χ 2 test or Fisher exact test for categorical variables and 
Student t test or Mann-Whitney U test for continuous variables. 
For serial measurements, we tested differences between the 2 
groups over time using repeated-measures analysis of variance 
with Bonferroni correction for multiple comparisons and with 
no imputation for missing values.

We constructed 3 models to assess the association of RBV/
rIFN therapy with 90-day mortality adjusting for baseline char-
acteristics and time-varying confounders. These analytical 
models were detailed in a previous study [19]. First, we created 
a logistic regression model adjusting for the following a priori 
baseline variables of clinical interest and all significant variables 
at the univariable level (P ≤  .2). These variables included dia-
betes, liver disease, renal disease, malignancy, SOFA score on 
the first day of ICU admission, source of infection, and year 
(before July 2014 and after) by applying the PROC GENMOD 
procedure (SAS software).

Second, we created a Cox proportional hazards model 
adjusting for the same covariates and accounting for the RBV/
rIFN therapy as a time-varying covariate.

Third, we created a marginal structural model analysis with 
inverse probability of treatment weighting to account for time-
varying confounders that are likely to influence the decision to 
initiate RBV/rIFN therapy and at the same time may be associ-
ated with mortality [20–23]. We calculated stabilized weights 
for the probability that each subject received the treatment, cen-
sored on the day of therapy, ICU discharge, or 28-day mortality, 
whichever came first. We included in this model selected base-
line characteristics as well as time-dependent variables (SOFA 
on the index day of RBV/rIFN initiation and the previous day, 
ventilation status on the index day and on the previous day [0: 
not ventilated, 1: noninvasive ventilation, 2: invasive mechan-
ical ventilation, 3: oxygen rescue therapy], hemoglobin, WBC 
count, AST and creatinine on the index day, and corticosteroid 
therapy on the index day). We included corticosteroid therapy 
as a time-varying covariate, as we have shown previously that 
corticosteroid therapy in critically ill MERS patients might 

prolong MERS-CoV RNA clearance although it was not asso-
ciated with difference in mortality [19]. Because these values 
were recorded on days 1, 3, 7, 14, and 28, we imputed missing 
values for the remaining days (Supplementary Methods). We 
used a weight-trimming approach to deal with extreme weights; 
weights <5th percentile value were fixed at the 5th percentile 
value and weights >95th percentile value were fixed at the 
95th percentile value. This process continued until the average 
weight reached approximately 1. Then, we used a weighted re-
gression model using these weights taking in consideration the 
repeated-measures nature of the data to estimate the association 
of RBV/rIFN with 90-day mortality.

We carried out sensitivity analyses examining the association 
of RBV therapy alone compared to no RBV and rIFN therapy 
alone compared to no rIFN. To account for the possible varia-
tion by site, we carried out a sensitivity analysis using a logistic 
regression model adjusting for clustering by centers in addi-
tion to the previously mentioned baseline variables. We further 
evaluated the association of different types of rIFN (rIFN-α2a, 
rIFN-α2b, and rIFN-β1a) on 90-day mortality using a similar 
logistic regression model and adjusting for clustering by center.

We also created 2 models to assess the association of RBV/
rIFN therapy with MERS-CoV RNA clearance adjusting for 
baseline characteristics and time-varying confounders. First, 
we carried a Cox proportional hazards model adjusting for the 
same baseline covariates mentioned earlier and accounting for 
the RBV/rIFN therapy as a time-varying covariate. We cen-
sored patients if they never cleared MERS-CoV RNA or at 
the time of last rRT-PCR test. Second, we created a marginal 
structural Cox proportional hazards model incorporating the 
stabilized weights to estimate the effect of RBV/rIFN therapy on 
MERS-CoV RNA clearance in a similar approach to the mar-
ginal structural model used for 90-day mortality. Analyses were 
conducted using SAS version 9.4 software (SAS Institute, Cary, 
North Carolina).

Ethical Considerations

The study was approved by the National Guard Health Affairs 
IRB and by the IRBs of all participating sites. Informed consent 
was waived by the IRB because of the retrospective nature of 
the study.

RESULTS

Patient Characteristics

Of the 355 patients with MERS in the cohort, 6 patients were 
excluded because they were enrolled in the MIRACLE trial. The 
remaining cohort included 349 patients, of whom 144 (41.3%) 
received RBV/rIFN therapy (Table 1). Patients in the 2 groups 
were similar in age, sex, body mass index, and source of admis-
sion (Table 1). Comorbidities were common in both those who 
received RBV/rIFN and those who did not (84.0% vs 78.0%; 
P = .17). Patients who received RBV/rIFN were more likely to 
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have diabetes (58.3% vs 42.0%; P = .003) and chronic renal di-
sease (36.8% vs 27.3%; P = .06), but less likely to have chronic 
liver disease (2.1% vs 7.8%; P = .02). Of note, the RBV/rIFN re-
cipients had lower SOFA scores than those not treated (median, 
8 [Q1, Q3: 5, 11] vs 10 [Q1, Q3: 6, 13]; P = .01; Table 1).

RBV/IFN THERAPY

RBV/rIFN therapy was initiated at a median of 2  days (Q1, 
Q3: 1, 3) from ICU admission, which corresponded to 5.0 days 
(Q1, Q3: 2.0, 9.0) from hospital admission and 9.0 (Q1, Q3: 6.0, 
12.0) from onset of symptoms (Table 2 and Figure 1). Of these 

patients, 117 (81.3%) patients received RBV/rIFN combination, 
18 (12.5%) RBV alone, and 9 (6.3%) rIFN alone. A total of 73 
(57.9%) received rIFN-α2a, 22 (17.5%) received rIFN α-2b, 31 
(24.6%) received rIFN-β1a, and none received rIFN-β1b (Table 
2). The use of RBV/rIFN therapy and the type of rIFN varied by 
site (Supplementary Figures 1 and 2).

Cointerventions

During ICU stay, the provision of mechanical ventilation, ox-
ygen rescue therapies, renal replacement therapy, and vaso-
pressor therapy was similar in the 2 groups (Table 3). During 
the ICU stay, patients who received RBV/rIFN therapy were 

Table 1.  Baseline Characteristics and Physiological Parameters Among Patients With Middle East Respiratory Syndrome Coronavirus Who Received 
Ribavirin/Recombinant Interferon and Those Who Did Not on Day 1 of Admission to the Intensive Care Unit

Variable RBV/rIFN (n = 144) No RBV/rIFN (n = 205) P Value

Age, y, median (Q1, Q3) 57.5 (47.0, 70.0) 58.0 (41.0, 70.0) .98

BMI, kg/m2, median (Q1, Q3) 28.3 (24.2, 32.9) 28.5 (24.2, 33.5) .85

Male sex 101 (70.1) 140 (68.3) .71

Source of infection    

  Community-acquired 68 (47.2) 117 (57.1) .15

  Healthcare worker, hospital-acquired 13 (9.0) 19 (9.3)  

  Non–healthcare worker, hospital-acquired 63 (43.8) 69 (33.7)  

Days from onset of symptoms to hospital presentation, median (Q1, Q3) 5 (3.0, 8.0) 4 (2.0, 7.0) .004

Days from onset of symptoms to ICU admission, median (Q1, Q3) 8 (5.0, 11.0) 7 (4.0, 11.0) .13

Days from onset of symptoms to intubation, median (Q1, Q3) 8.5 (5.0, 12.0) 7.5 (5.0, 12.5) .36

Comorbidities    

  Any comorbidities 121 (84.0) 160 (78.0) .17

  Diabetes with chronic complications 84 (58.3) 86 (42.0) .003

  Asthma/chronic pulmonary disease 17 (11.8) 29 (14.1) .52

  Moderate to severe liver disease 3 (2.1) 16 (7.8) .02

  Chronic renal disease 53 (36.8) 56 (27.3) .06

  Chronic cardiac disease 60 (41.7) 77 (37.6) .44

  Chronic neurological disease 15 (10.4) 23 (11.2) .81

  Obesity 18 (12.5) 20 (9.8) .42

  Rheumatological disease 3 (2.1) 4 (2.0) >.99a

  Any malignancy including leukemia or lymphoma 9 (6.3) 25 (12.2) .07

Physiologic parameters on day 1    

  SOFA score, median (Q1, Q3) 8 (5.0, 11.0) 10 (6.0, 13.0) .01

  Tidal volume, mL, median (Q1, Q3) 400 (350.0, 450.0) 400 (350.0, 438.0) .54

  PEEP, cm H2O, median (Q1, Q3) 11 (8.0, 14.0) 12 (10.0, 14.0) .46

  Plateau pressure, cm H2O, median (Q1, Q3) 30.0 (26.0, 32.0) 27 (21.5, 30.0) .01

  PaO2/FiO2 ratio, median (Q1, Q3) 89.6 (63.0, 151.9) 115.4 (73.0, 162.0) .07

  Mean arterial pressure, mm Hg, median (Q1, Q3) 72.5 (63.5, 85.5) 68 (59.0, 78.0) .001

  Lactate, mmol/L, median (Q1, Q3) 1.6 (1.1, 2.2) 2 (1.1, 3.1) .10

  INR, median (Q1, Q3) 1.1 (1.0, 1.3) 1.2 (1.0, 1.4) .002

  Creatinine, µmol/L, median (Q1, Q3) 114.9 (74.0, 314.0) 132.6 (74.0, 247.0) .96

  Bilirubin level, µmol/L, median (Q1, Q3) 10.8 (6.8, 19.7) 14 (8.6, 27.0) .005

  Platelet count, ×109/L, median (Q1, Q3) 180.5 (119.5, 250.5) 159.0 (101.0, 231.0) .09

  No. of quadrants with infiltrates on chest radiograph, median (Q1, Q3) 3 (2.0,4.0) 2 (2.0, 4.0) .17

  Mechanical ventilation 84 (58.3) 130 (63.4) .34

  Vasopressors 59 (41.0) 101 (49.3) .13

Data are presented as no. (%) unless otherwise indicated. For continuous variables, Mann-Whitney U test was used to calculate the P value. For categorical variables, χ 2 test was used to 
calculate the P value.

Abbreviations: BMI, body mass index; FiO2, fraction of inspired oxygen; ICU, intensive care unit; INR, international normalized ratio; PaO2, partial pressure of oxygen in arterial blood; PEEP, 
positive end-expiratory pressure; RBV/rIFN, ribavirin/recombinant interferon; SOFA, Sequential Organ Failure Assessment.
aFisher exact test.
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more likely to receive corticosteroid therapy compared with 
those who did not receive RBV/rIFN (59.7% vs 44.9%; P = .006; 
Table 3).

Mortality

Crude 90-day mortality was higher in patients who received 
RBV/rIFN therapy compared to those who did not (106/144 
[73.6%] vs 126/205 [61.5%]; P = .02; Table 3). Multivariable lo-
gistic regression showed that RBV/rIFN therapy was associated 
with increased 90-day mortality (adjusted odds ratio [aOR], 
2.27 [95% confidence interval {CI}, 1.20–4.32]; P =  .01; Table 
4). Using Cox proportional hazards analysis accounting for 
time-varying exposure, RBV/rIFN therapy was also associated 
with increased 90-day mortality (adjusted hazard ratio [aHR], 
1.52 [95% CI, 1.13–2.06]; P =  .006). However, using marginal 
structural model RBV/rIFN therapy was not associated with a 
significant difference in 90-day mortality (aOR, 1.03 [95% CI, 
.73–1.44]; P = .87).

MERS-CoV RNA Clearance

Crude analysis showed that MERS-CoV RNA clearance was 
not different between the 2 groups (median, 28 days [Q1, Q3: 
17, 38] vs 22 days [Q1, Q3: 18, 27]; P = .82; Table 3). Using a Cox 
proportional hazards regression model adjusting for baseline 
covariates and accounting for the RBV/rIFN therapy as a time-
varying covariate, there was no significant association of RBV/
rIFN with faster MERS-CoV RNA clearance (aHR, 1.09 [95% 
CI, .58–2.04]; P = .80). A marginal structural Cox proportional 

Table 2.  Ribavirin/Recombinant Interferon Therapy in Critically Ill 
Patients With Middle East Respiratory Syndrome

Variable No. (%) or Median (Q1, Q3)

RBV and/or rIFN 144 (100)

Combination of RBV and rIFN 117 (81.3)

RBV alone 18 (12.5)

rIFN alone 9 (6.3)

rIFN type (n = 126)  

  rIFN α-2a 73 (57.9)

  rIFN α-2b 22 (17.5)

  rIFN-β1a 31 (24.6)

Duration between hospital presentation  
and RBV/rIFN initiation, d

5.0 (2.0, 9.0)

Duration between ICU admission  
and RBV/rIFN initiation, d

2.0 (1.0, 3.0)

Duration between onset of ventilation  
and RBV/rIFN initiation, d

2.0 (1.0, 3.0)

Duration between onset of symptoms  
and RBV/rIFN initiation, d

9.0 (6.0, 12.0)

Duration of treatment, d 8 (5, 12)

Duration of treatment among survivors, d 9.5 (7.5, 15.0)

Abbreviations: ICU, intensive care unit; RBV, ribavirin; rIFN, recombinant interferon.

Figure 1.  Number of days from intensive care unit (ICU) admission to ribavirin/recombinant interferon (RBV/rIFN) therapy initiation.
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hazards model similarly showed no significant association 
(aHR, 0.65 [95% CI, .30–1.44]; P = .29).

Subgroup and Sensitivity Analyses

Analyses of RBV therapy vs no RBV and rIFN vs no rIFN 
were consistent with results to the primary analysis, with no 
significant association with 90-day mortality or MERS-CoV 
RNA clearance using marginal structural modeling (Table 
4). When the logistic regression model was adjusted for clus-
tering by centers in addition to the previously mentioned 
baseline variables, there remained no association of RBV/
rIFN with 90-day mortality. Examining different types of 
rIFN on 90-day mortality using a similar logistic regression 
model and adjusting for clustering by center showed similar 
results (Supplementary Table 2).

Safety Endpoints

There were no differences between the 2 groups group over 
time in hemoglobin, WBC count, platelet count, AST, ALT, bili-
rubin, INR, lactic acid, or creatinine (Supplementary Figure 3). 
However, patients treated with RBV/rIFN received more blood 
transfusions compared with those who were not treated with 
RBV/rIFN (58/144 [40.3%] vs 58/205 [28.3%]; P = .02; Table 3).

DISCUSSION

While benefit of RBV/rIFN was suggested by preclinical 
studies, our observational study that accounted for baseline and 
time-varying differences among 349 critically ill patients with 
MERS treated with RBV/rIFN, or not, demonstrates that RBV/
rIFN was not associated with decreased mortality or with faster 
MERS-CoV RNA clearance.

What are the possible explanations for lack of clinical and 
virological benefit? First, it has been shown that the RBV 
concentrations required to inhibit MERS-CoV replication 
are much higher than clinically achievable concentrations 
with oral dosing [5]. Second, the lack of rIFN effectiveness 
may be related to the type used. One study examined the in 
vitro MERS-CoV susceptibility to different rIFN preparations 
(rIFN-α2b, rIFN-γ, rIFN-universal, rIFN-α2a, rIFN-β) and 
found that rIFN-β had the strongest MERS-CoV inhibition, 
at 41 times lower than the previously reported 50% inhibitory 
concentration (56.08 U/mL) of rIFN-α2b [5]. Another in vitro 
study found that serum concentrations achievable at thera-
peutic doses of rIFN-β-1b were 3–4 times higher than the in 
vitro inhibitory concentrations of MERS-CoV, whereas those 
of other rIFN preparations and RBV were lower than inhib-
itory levels [24]. Of note, none of the patients in the current 

Table 3.  Cointerventions and Outcomes Among Critically Ill Patients With Middle East Respiratory Syndrome Treated With Ribavirin/Recombinant 
Interferon

Variable RBV/rIFN (n = 144) No RBV/rIFN (n = 205) P Value

Medications    

  Corticosteroids 86 (59.7) 92 (44.9) .006

  Oseltamivir 67 (46.5) 129 (62.9) .002

Other interventions    

  ECMO 11 (7.6) 11 (5.4) .39

  Nitric oxide 20 (13.9) 24 (11.7) .55

  Prone positioning 12 (8.3) 21 (10.2) .55

  Renal replacement therapy 74 (51.4) 100 (48.8) .63

  Vasopressors 111 (77.1) 165 (80.5) .44

  Blood transfusion 58 (40.3) 58 (28.3) .02

  Noninvasive positive pressure ventilation 50 (34.7) 56 (27.3) .14

  Invasive ventilation 126 (87.5) 171 (83.4) .29

  Neuromuscular blockade 46 (31.9) 87 (42.4) .047

  High-frequency oscillation ventilation 13 (9.0) 13 (6.3) .35

Outcome    

  Hospital mortality 107 (74.3) 130 (63.4) .03

  90-d mortality 106 (73.6) 126 (61.5) .02

  28-d mortality 97 (67.4) 119 (58.0) .08

MERS-CoV RNA clearance, d, median (Q1, Q3)a 28 (17.0, 38.0) 22 (18.0, 27.0) .82

Duration of invasive MV, d, median (Q1, Q3) 10 (5, 17) 9 (4, 16) .18

ICU LOS, d, median (Q1, Q3) 11 (6.5, 20.0) 8 (5.0, 17.5) .02

Hospital LOS, d, median (Q1, Q3) 17 (10, 28) 20 (10, 36) .48

Data are presented as no. (%) unless otherwise indicated. The cointerventions were recorded throughout the ICU stay irrespective to the timing of RBV/rIFN. For categorical variables, χ 2 
test was used to calculate the P value. For continuous variables, Mann-Whitney U test was used to calculate the P value.

Abbreviations: ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; LOS, length of stay; MERS-CoV, Middle East respiratory syndrome coronavirus; MV, mechanical 
ventilation; RBV/rIFN, ribavirin/recombinant interferon.
aBased on survival analysis. Log-rank test was used to calculate P value. Patients were censored if they never cleared MERS-CoV RNA or at the time of last real-time reverse-transcription 
polymerase chain reaction test.
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cohort received rIFN-β-1b. An RCT (MIRACLE) is currently 
recruiting patients examining the effect of a combination of 
lopinavir/ritonavir and rIFN-β-1b on mortality of hospital-
ized patients with MERS [16]. Third, the positive, but modest, 
effect observed in previous rhesus macaque experiments oc-
curred after very early treatment (8 hours after inoculation of 
with MERS-CoV) and with the administration of high doses 
of RBV/rIFN-α2b. In contrast, it took a median of 5 days for 
patients in our cohort to present to the hospital and another 
4 days to start therapy.

To assess safety profile of RBV/rIFN, we compared the levels 
of hemoglobin, WBC count, platelet count, AST, ALT, bilirubin, 
INR, lactate, and creatinine and we found no difference between 
the 2 groups over the ICU stay. However, these data should be 
interpreted in the context of the potential for time-varying con-
founding. Of note, we found that patients who were treated with 
RBV/rIFN received more blood transfusions than patients who 
were not treated with RBV/rIFN, which is consistent with the 
findings of a previous study [9]. These changes may be related 
to hemolysis induced by RBV therapy.

Our study demonstrates that not accounting for time-varying 
confounding can substantially influence the results of observa-
tional studies. Our study found an association of RBV/rIFN 
with higher crude mortality on crude analysis, with adjust-
ment for baseline characteristics alone (by logistic regression) 
and with adjustment for baseline characteristics including the 
time to initiation of RBV/rIFN (by Cox proportional hazards 
analysis). Ultimately, we did not find evidence that RBV/rIFN 
therapy was associated with reduced MERS mortality when 
adjusting for baseline and time-dependent covariates using 
a marginal structural model. This finding suggests that much 
of the observed increased mortality may have been related to 
confounding due to indication bias, and calls for caution when 
interpreting observational studies that do not account for time-
varying confounders.

Our study examined RBV/rIFN therapy in a large 
multicenter cohort of critically ill patients with MERS. 
Limitations include its retrospective nature and lack of 
randomization (and therefore inevitable initial imbalance 
in potential confounders). Although marginal structural 
models adjust for time-varying confounding, unmeasured 
confounders cannot be entirely excluded. Quantitative data 
on viral loads were not available. Because practices for re-
peating MERS-CoV rRT-PCR varied among centers and be-
cause of competing risk of mortality, sufficient data to assess 
MERS-CoV RNA clearance were available for only about 50% 
of the patients. RCTs remain the best approach to derive the 
most unbiased estimates of treatment effect. Most patients 
included in this study were diagnosed with MERS prior to 
the launch of the first therapeutic RCT mentioned earlier 
(MIRACLE). Since then, efforts have focused on considering 
eligible patients in this trial.Ta
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In conclusion, RBV/rIFN therapy (RBV and/or rIFN-α2a, 
rIFN-α2b, or rIFN-β1a) is not associated with reduction in 
90-day mortality or with faster MERS-CoV RNA clearance. 
Future studies should test the antiviral and clinical effectiveness 
of newer antiviral interventions that show more promising re-
sults in relevant animal models [25, 26].
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