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First described in 2012, infection with Middle East 
respiratory syndrome coronavirus (MERS-CoV) 

has been reported worldwide. More than 2,200 cases 
have been reported to the World Health Organization, 
and more than one third have resulted in death (1).

Certain underlying conditions, including diabe-
tes mellitus (DM), hypertension, chronic cardiac dis-
ease, and chronic renal disease, are recognized risk 
factors for illness and death caused by infection with 
MERS-CoV (2,3). We further explored this relation-
ship among MERS patients admitted to a referral 
hospital in Riyadh, Saudi Arabia, during August 1, 
2015–August 31, 2016. Enrollment criteria and data 
collection methods have been described (4).

We considered persons with a medical history of 
DM as having documented DM and persons with mul-
tiple recorded periods of hyperglycemia during hos-
pitalization as having possible DM (4). We similarly 
identified patients with hypertension or chronic kidney 
disease (CKD) by using documentation in the medi-
cal chart. We defined cardiovascular disease as having 
documentation of coronary artery disease or a history of 
heart failure or stroke. We considered patients with car-
diovascular disease or CKD to have chronic organ dam-

Diabetes mellitus and hypertension are recognized risk 
factors for severe clinical outcomes, including death, as-
sociated with Middle East respiratory syndrome corona-
virus infection. Among 32 virus-infected patients in Saudi 
Arabia, severity of illness and frequency of death cor-
responded closely with presence of multiple and more 
severe underlying conditions.
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age (COD). We performed statistical analysis by using 
SAS version 9.4 (https://www.sas.com) and Microsoft 
Excel (https://www.microsoft.com).

Of 33 enrolled patients, medical history was 
available for 32 through medical charts. Underlying 
disease status among the 32 patients were no DM, hy-
pertension, or COD (n = 11); DM without hyperten-
sion or COD (n = 5); DM and hypertension without 
COD (n = 5); and DM or hypertension with COD (n = 
11). Of the 21 patients who had DM, 19 had DM docu-
mented in the medical chart, and 2 had possible DM, 
with random glucose readings >350 mg/dL during 
hospitalization. All 15 patients with hypertension had 
concomitant DM (Figure; Appendix Table, https://
wwwnc.cdc.gov/EID/article/26/1/19-0952-App1.
pdf). Of the 11 patients who had COD, 8 had cardio-
vascular disease, 1 had CKD, and 2 had cardiovas-
cular disease and CKD. Of the 10 patients who had 
cardiovascular disease, 5 had a history of coronary 
disease, 3 had a history of heart failure, and 4 had a 
history of stroke; of the 3 patients with a history of 
heart failure, 1 also had coronary disease and 1 had a 
history of stroke.

Age was associated with presence of DM (mean 
59 years vs. 30 years; p<0.0001, by t-test), hyperten-
sion (mean 64 years vs. 36 years; p<0.0001 by t-test), 
and cardiovascular disease (median 66 years vs. 41 
years; p<0.0001 by t-test). Sex was not significantly 
associated with DM (68% of patients with DM were 
male vs. 45% of patients without DM; p = 0.2159 by χ2 
test), hypertension (67% of patients with hypertension  

were male vs. 59% of patients without hypertension; 
p = 0.6474 by χ2 test, or cardiovascular disease (60% 
of patients with cardiovascular disease were male vs. 
64% of patients without cardiovascular disease; p = 
0.8439 by χ2 test).

Of the 32 patients, 21 survived until discharge, 
including 8 who required supplemental oxygen 
during hospitalization. Eleven died in the hospital, 
all of whom required ventilatory support. Case-
patients with multiple and more severe underly-
ing conditions generally had worse clinical course 
and outcomes than those without these conditions 
(Figure; Appendix Table). Of the 11 case-patients 
with no DM or hypertension, 100% survived, as did 
all patients with DM but without hypertension or 
COD. In comparison, 2 (40%) of 5 with DM and hy-
pertension but without COD died, and 9 (82%) of 
11 with DM or hypertension and with COD died 
(Appendix Table).

In a previous study (5), DM, chronic lung dis-
ease, heart disease, and smoking were identified as 
underlying health conditions and behaviors associ-
ated with primary infection with MERS-CoV. Alqa-
htani et al. reported that DM, hypertension, cardiac 
disease, renal disease, and bronchial asthma were 
frequent underlying conditions associated with death 
of MERS-CoV–infected patients and also found that 
the risk for death increased for patients with multiple 
comorbidities (3). We found that DM, hypertension, 
and COD co-occurred frequently in MERS-CoV–in-
fected patients, and severity of illness and frequency 

Figure. Characteristics of 32 case-patients infected with Middle East respiratory syndrome coronavirus, by underlying condition and 
survival status, Saudi Arabia. 1, DM defined as hyperglycemia recorded during hospitalization (n = 2). 2a, chronic lung disease in 1 
patient with no DM or HTN who survived, 1 patient with DM and HTN but no COD who died, and 1 patient with CVD and not CKD who 
died. 2b, epilepsy in 1 patient with CVD and CKD who died. 2c, uterine cancer in 1 patient with CVD and not CKD who died. COD, 
chronic organ damage; CKD, chronic kidney disease; CVD, cardiovascular disease; DM, diabetes mellitus; HTN, hypertension.



of death were higher for patients with multiple and 
more severe underlying conditions. Further studies 
are necessary to better clarify the mechanisms that 
lead to severe outcomes among these patients.

For case-patients infected with MERS-CoV, the 
presence and compounding of underlying condi-
tions, including DM, hypertension, and, ultimately, 
COD, corresponded with an increasingly complicated 
clinical course and death. These findings indicate that 
increased clinical vigilance is warranted for patients 
with multiple and severe underlying conditions who 
are suspected of being infected with MERS-CoV.
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Influenza D virus (IDV) can potentially cause respiratory 
diseases in livestock. We isolated a new IDV strain from 
diseased cattle in Japan; this strain is phylogenetically 
and antigenically distinguished from the previously de-
scribed IDVs.
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Influenza D virus (IDV; family Orthomyxoviridae) is 
one of the possible bovine respiratory disease com-

plex (BRDC) causative agents. IDVs are detected in and 
isolated from cattle in many countries in North Amer-
ica, Asia, Europe, and Africa (1–4). In addition, both 
IDV RNAs and specific antibodies have been detected 
in many animal species (1,5,6). To date, IDVs have 
been phylogenetically classified into 3 lineages: D/OK, 
D/660, and Japanese lineages. We isolated a new IDV 
strain from cattle in Japan with respiratory disease, 
whose hemagglutinin-esterase-fusion (HEF) gene did 
not belong to the known phylogenetical lineages.

At a herd in Yamagata Prefecture in northern Ja-
pan, 15 Holsteins (37.5% of bred cattle in the herd) 
had respiratory signs develop during January 6–10, 
2019 (Appendix Table 1, http://wwwnc.cdc.gov/
EID/article/26/1/19-1092-App1.pdf). We collected 
nasal swab samples from 9 of 15 cows on January 7 
and 10. All samples subjected to IDV-specific real-
time reverse transcription PCR (RT-PCR) (7) were 
found positive. We also subjected these samples to 
RT-PCR analyses specific for bovine viral diarrhea 
virus 1 and 2, infectious bovine rhinotracheitis vi-
rus, bovine parainfluenza virus 3, bovine respiratory 
syncytial virus, bovine coronavirus, bovine rhinitis A 
virus, Mycobacterium bovis, Mycoplasma bovigenitalium, 
Mycoplasma dispar, Ureaplasma diversum, and Myco-
plasma bovirhinis. All samples were found negative for 
these pathogens except for the sample from cow no. 5, 
which was positive for M. dispar. Despite these cows 
receiving antimicrobial drug treatment, we isolated 
Mannheimia haemolytica from 7 of them (nos. 1–5, 7, 
8); cow no. 5 died on January 7. Taken together, these 
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Appendix Table. Underlying conditions and severity of outcome for 32 patients hospitalized with MERS-CoV infection, Saudi Arabia* 

Characteristic 
No DM, HTN, or 

COC 
DM, no HTN or 

COD 
DM and HTN, no 

COD DM, HTN, and COD Total 

No. patients 11 5 5 11 32 
No O2 req., discharged 10 (77) 1 (8) 1 (8) 1 (8) 13 
O2 req., discharged 1 (13) 4 (50) 2 (25) 1 (13) 8 
O2 req., died 0 0 2 (18) 9 (82) 11 
*Values are number or no. (%). COD, chronic organ disease; DM, diabetes mellitus; HTN, hypertension; MERS-CoV, Middle East respiratory 
syndrome coronavirus; O2 req., supplemental oxygen requirement. 
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