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Some cases of Middle East Respiratory Syndrome-Coronavirus (VIERS-CoV) infection
presented renal function impairment after the first MERS-CoV patient died of progressive
respiratory and renal failure. Thus, MERS-CoV may include kidney tropism. However,
reports about the natural courses of MERS-CoV infection in terms of renal complications
are scarce. We examined 30 MERS-CoV patients admitted to National Medical Center,
Korea. We conducted a retrospective analysis of the serum creatinine (SCr), estimated
glomerular filtration rate (eGFR), urine dipstick tests, urinary protein quantitation (ACR or
PCR), and other clinical parameters in all patients. Two consecutive results of more than
trace (or 1+) of albumin and blood on dipstick test occurred in 18 (60%) (12 [40%]) and 22
(73.3%) (19 [63.3%)]) patients, respectively. Fifteen (50.0%) patients showed a random
urine ACR or PCR more than 100 mg/g Cr. Eight (26.7%) patients showed acute kidney
injury (AKI), and the mean and median durations to the occurrence of AKI from symptom
onset were 18 and 16 days, respectively. Old age was associated with a higher occurrence
of AKl in the univariate analysis (HR [95% CI]: 1.069 [1.013-1.128], P= 0.016) and
remained a significant predictor of the occurrence of AKI after adjustment for
comorbidities and the application of a mechanical ventilator. Diabetes, AKI, and the
application of a continuous renal replacement therapy (CRRT) were risk factors for mortality

in the univariate analysis (HR [95% Cl]: diabetes; 10.133 [1.692-60.697], AKI; 12.744
[1.418-114.565], CRRT; 10.254 [1.626-64.666], respectively). Here, we report renal
complications and their prognosis in 30 Korean patients with MERS-CoV.
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INTRODUCTION

An outbreak of Middle East Respiratory Syndrome-Coronavirus
(MERS-CoV) swept through South Korea in 2015. A total of 186
MERS-CoV cases occurred from May 20 to Nov. 2, 2015, and 37
(19.9%) patients died of MERS-CoV infection-related complica-
tions (Korea Centers for Disease Control and Prevention, http:
//www.cdc.go.kr). MERS-CoV was isolated from a Saudi Arabi-
an man who died of progressive respiratory and renal failure in
2012 (1). Since then, several cases of MERS-CoV infection have
shown renal function impairment (2,3), and some of those cas-
es have required renal replacement therapy. In addition, a MERS-
CoV outbreak was reported in a hemodialysis unit in Saudi Ara-
bia (4). Therefore, MERS-CoV may include kidney tropism.
Dipeptidyl peptidase 4 (DPP 4) was identified as a functional
receptor for MERS-CoV (5). Messenger RNA and protein expres-
sion of DPP 4 is high in the kidneys, small intestine, and lungs
(6). DPP 4, which is present on the surfaces of human noncili-
ated bronchial epithelial cells, is considered a functional recep-
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tor for MERS-CoV (5,7). DPP 4 is one of the major brush border
membrane proteins in the kidneys (8) and is also present in glo-
merular podocytes and capillaries (9).

Reports about the natural courses of MERS-CoV infection in
terms of renal complications are scarce. Furthermore, there
was no previous research that examined the renal pathogenesis
of MERS-CoV based on the renal pathologic findings. Here, we
aimed to identify renal complications and their prognosis in
Korean patients with MERS-CoV in terms of acute kidney injury
(AKI), proteinuria, and hematuria.

MATERIALS AND METHODS

Subjects

Study subjects were 30 MERS-CoV patients admitted to the Na-
tional Medical Center, Korea from May to July 2015. We followed
up with each patient until expiration or discharge from the hos-
pital. Patients were hospitalized in negative pressure isolation
wards and received medical care under standard, contact, and
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air-borne precautions. Patients were evaluated and managed
according to the general guidelines for MERS-CoV patients.
Blood pressure, temperature, respiration rate, and pulse rate
were monitored regularly after admission. We performed bac-
terial culture studies (blood, urine, sputum [ordinary bacteria,
and acid-fast bacteria stain and culture]) and virus polymerase
chain reactions (influenza, parainfluenza, rhinovirus, adenovi-
rus, and MERS-CoV) using upper and lower respiratory speci-
mens. Patients also underwent serial chest X-ray tests, and chest
computed tomography was performed when clinically indicat-
ed. Serial monitoring of laboratory tests was performed for each
patient according to the patient’s clinical progress. We prescrib-
ed antibiotics and anti-viral agents (interferon-alpha, ribavirin,
or lopinavir/ritonavir) as directed by a physician.

Measurements and definitions

We reviewed each patient’s medical records from the National
Medical Center and other hospitals where the patient was pre-
viously admitted. MERS-CoV polymerase chain reaction tests
were performed at the Korea National Institute of Health. MERS-
CoV infection was initially diagnosed according to the criteria
recommended by the WHO. All other tests were conducted at
the National Medical Center.

AKI was defined as 2 consecutive increases in IDMS trace-
able serum creatinine (SCr) greater than 0.3 mg/dL or 2 con-
secutive decreases in isotope dilution mass spectrometry-mod-
ification of diet in renal disease (IDMS-MDRD) estimated glo-
merular filtration rate (eGFR) that were less than 70% of the ini-
tial level during the observation period. Proteinuria and hema-
turia on dipstick tests were defined as 2 consecutive results of
more than trace or 1+ albumin or blood during the observation
period. Proteinuria on quantitative evaluation from randomly
collected urine was also defined as 2 consecutive microalbumin
to creatinine ratio (ACR) or protein to creatinine ratio (PCR) val-
ues more than 100 mg/g creatinine (Cr).

Statistical analysis

We conducted all statistical analyses using SPSS software (SPSS
version 19.0, Chicago, IL, USA). We used the Student #-test and
the Wilcoxon signed-rank test to determine means and SDs for
continuous variables, and the chi-square test for categorical vari-
ables. We used a mixed model to test the within- and between-
individual differences of repeatedly measured IDMS traceable
SCr and eGFR change. We used the Kaplan-Meier survival anal-
ysis to determine the cumulative survival probability, and the
log-rank test to test the survival difference. In addition, we used
standard and time-dependent multivariate Cox proportional-
hazards regression analyses based on the enter method. How-
ever, when we performed time-dependent multivariate Cox
proportional-hazards regression analysis, the application of a
mechanical ventilator, continuous renal replacement therapy
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(CRRT), and extracorporeal membrane oxygenator (ECMO)
did not show time interactions with the occurrence of AKI or
mortality. We considered P < 0.05 (2 sided) as statistically sig-
nificant.

Ethics statement

The protocol was approved by the institutional review board of
National Medical Center, Korea (H-1510-059-001). The informed
consent was waived. We conducted this study in compliance
with the principles of the Declaration of Helsinki.

RESULTS

Baseline characteristics

A total of 30 patients were analyzed. The mean and median fol-
low up durations from symptom onset were 31 and 27 (11-81)
days, respectively. The mean age was 54 yr, and 17 (56.7%) pa-
tients were men. These characteristics were not different from
those of the 185 MERS-CoV patients in South Korea (mean age
54 yr, men 58.9%, from WHO released data on 7 July, 2015). The
transmission status was as follows: first, 1 (3.3%) patient; sec-
ond, 6 (20%) patients; third, 12 (40%) patients; fourth, 10 (33.3%)
patients; unknown, 1 (3.3%) patient. The mean initial IDMS
traceable SCrlevel was 1.51 + 2.811 mg/dL, and the mean initial
eGFR was 65.4 + 37.82 mL/min/1.73 m®. The prevalence of dia-
betes, hypertension, and chronic kidney disease (CKD) was
13.3%, 13.3%, and 10%, respectively. Fourteen (46.7%) patients
received anti-viral treatment (Table 1).

Table 1. The characteristics of all the analyzed patients

Characteristics No. (%) of patients (n = 30)
Follow up duration (day) (mean [median]) 31 (27 [11-81))
Age (yn) 54 + 20.7
Male (%) 17 (56.7)
Healthcare worker 1(3.3
Transmission  First 1(3.3)
Second 6 (20)
Third 12 (40)
Fourth 10 (33.3)
Unknown 1(3.3
Initial IDMS traceable SCr (mg/dL) 1.51 £ 2.811
Initial eGFR (IDMS-MDRD) (mL/min/1.73 m? 65.4 + 37.82
Diabetes 4(13.3)
Hypertension 4(13.3)
Chronic kidney disease 3(10.0)
Chronic pulmonary disease 2(6.7)
Heart disease 4(13.3)
Anti-viral treatment 14 (46.7)
Ribavirin 1
IFN-o. + ribavirin 3
IFN-a + ribavirin + lopinavir/ritonavir 5
Ribavirin + lopinavir/ritonavir 5

eGFR, estimated GFR; IDMS, isotope dilution mass spectrometry; IFN-a, interferon-
alpha; MDRD, modification of diet in renal disease; SCr, serum creatinine.
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Proteinuria and hematuria the mean and median durations were 17 and 15 days, respec-
Two consecutive results of more than trace or 1+ of albumin on  tively. The progression of IDMS traceable SCr and eGFR in all
dipstick test occurred during the observation period in 18 (60%)  the analyzed patients is presented in Fig. 1C and D.

and 12 (40%) patients, respectively (trace in 6 patients, 1+ in 3 We compared the AKI (n = 8) and no AKI (n = 22) groups.
patients, 2+ in 6 patients, 3+ in 3 patients). Two consecutive re-  Patients in the AKI group were older than patients in the no AKI
sults of more than trace or 1+ of blood on dipstick test occurred  group (P < 0.001). Initial IDMS traceable SCr and eGFR was not
in 22 (73.3%) and 19 (63.3%) patients, respectively (trace in 3  different between the two groups (P = 0.91 and 0.87, respec-
patients, 1+ in 4 patients, 2+ in 2 patients, 3+ in 4 patients, 4+in  tively), and the progression of those values between the two
9 patients). When we performed protein quantitation fromran-  groups did not show a statistically significant time interaction
domly collected urine, 15 (50.0%) patients showed a random  during the observation period (Fig. 2A and B). The prevalence
urine ACR or PCR more than 100 mg/g Cr during the observa-  of diabetes, hypertension, and CKD was not different between
tion period. Two consecutive results of ACR and PCR values  the two groups. The durations to negative results of MERS-CoV
more than 100 mg/g Cr occurred in 11 (36.7%) and 13 (43.3%)  polymerase chain reaction from upper or lower respiratory spec-
patients, respectively. Two consecutive results of ACR or PCR  imens were 29 days in the AKI group and 21 days in the no AKI
values more than 300 mg/g Cr occurred in 11 (36.7%) and 11  group (P = 0.12). Random urine ACR more than 100 or 300 mg/
(36.7%), respectively. The progression of random urine ACR g Cr was more frequently observed in the AKI group than in the

and PCRin all the analyzed patients is presented in Fig. 1. no AKI group (P = 0.028). The characteristics between the two
groups are presented in Table 2.
Acute kidney injury (AKI) Diabetes, hypertension, and CKD did not show significant

During the observation period, 8 (26.7%) patients showed AKI  differences in the cumulative rate of AKI occurrence (log-rank
according to the criteria defined in this study. The mean and P =0.14, 0.15, and 0.06, respectively). The presence of any co-
median durations to the occurrence of AKI from symptom onset ~ morbidity showed marginal significance in the cumulative rate
were 18 and 16 days, respectively. Two consecutive increases of  of AKI occurrence (log-rank P = 0.05).

IDMS traceable SCr greater than 0.3 mg/dL occurred in 7 (23.3%) Old age was associated with a higher occurrence of AKI in
patients and the mean and median durations were 19 and 16  the univariate analysis (HR [95% CI]: 1.07 [1.01-1.13], P = 0.016).
days, respectively. Two consecutive decreases of eGFR thatwere ~ Other factors including sex, diabetes, CKD, and the application
less than 70% of initial levels occurred in 7 (23.3%) patients, and  of a mechanical ventilator were not significant risk factors of
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Fig. 1. The progression of random urine albumin to creatinine ratio, protein to creatinine ratio, serum creatinine, and estimated GFR. (A) Mean random urine albumin to creati-
nine ratio. (B) Mean random urine protein to creatinine ratio. (C) Mean IDMS traceable serum creatinine. (D) Mean estimated glomerular filtration rate (eGFR) calculated by ID-
MS-MDRD equation throughout the observation period. Each point stands for the mean (least square) and standard error (error bar). Gray dot line indicates day 52 from symp-
tom onset and data after that day are from one patient.
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Fig. 2. The comparison of IDMS traceable serum creatinine and estimated GFR according to the occurrence of AKI and mortality. (A, B) Mean IDMS traceable serum creatinine
(SCr) and IDMS-MDRD estimated glomerular filtration rate (€GFR) between the AKI and no AKI group. (C, D) Mean IDMS traceable SCr and IDMS-MDRD eGFR according to the
application of CRRT. (E, F) Mean IDMS traceable SCr and IDMS-MDRD eGFR between dead and alive patients. (G, H) Mean IDMS traceable SCr and IDMS-MDRD eGFR between
dead and alive patients in the AKI group.

AKI. Old age remained a significant predictor of the occurrence ~ Organ replacement therapies
of AKI after adjustment for comorbidities and the application of A mechanical ventilator was applied to 12 (40.0%) patients, and
amechanical ventilator (Table 3). 3(10.0%) patients underwent CRRT. An ECMO was applied to 5
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Table 2. The comparison of characteristics between the acute kidney injury (AKI) and
the no AKI groups

Characteristics AKI(n=8) noAKI(n=22) Pvalue
Age (yr) 734+109 47 +£192  <0.001
Male (%) 5 (62.5) 12 (54.5) 1.0

MERS-CoV polymerase chain reaction 29 + 14.3 21+72 0.13

Negative conversion duration (day)
Initial IDMS traceable SCr (mg/dL)
Initial eGFR (IDMS-MDRD)

(mL/min/1.73 m?)

1.60 £ 2.087 1.47 £ 3.074 0.92
63.5 = 34.96 66.1 + 39.57 0.87

Diabetes (%) 2 (25) 2(9.1) 0.28
Hypertension (%) 4 (50) 4(18.2) 0.10
CKD (%) 2 (25) 1(4.5) 0.17
Any morbidity (%) 5(62.5) 5(22.7) 0.06
Anti-viral treatment 4 (50.0) 10 (45.5) 1.0
Random urine protein quantitation
ACR or PCR > 100 mg/g Cr 6 (75.0) 9(70.9) 0.22
ACR > 100 mg/g Cr 6 (75.0) 5(22.7) 0.028
ACR > 300 mg/g Cr 6 (75.0) 5(22.7) 0.028
PCR > 100 mg/g Cr 5 (62.5) 8 (36.4) 0.24
PCR > 300 mg/g Cr 5 (62.5) 6(27.3) 0.10

ACR, albumin to creatinine ratio; CKD, chronic kidney disease; eGFR, estimated GFR;
IDMS, isotope dilution mass spectrometry; MDRD, modification of diet in renal dis-
ease; PCR, protein to creatinine ratio; SCr, serum creatinine.

(16.7%) patients. Five patients received only mechanical venti-
lator therapy, 2 received mechanical ventilator and CRRT ther-
apies, and 4 received mechanical ventilator and ECMO thera-
pies. One patient received mechanical ventilator, CRRT, and
ECMO therapies. Baseline characteristics of the 3 patients who
underwent CRRT were as follows: #1, 71-yr old male who had
diabetes, hypertension, CKD, and heart disease; #2, 76-yr old
male who had CKD, chronic pulmonary disease, and chronic
liver disease; #3, 86-yr old male who had diabetes, hyperten-
sion, and heart disease. The progression of IDMS traceable SCr
and eGFR according to the application of CRRT did not show a
statistically significant time interaction during the observation
period (Fig. 2C and D).

Mortality

Five patients died of septic shock progression and multiple or-
gan failure and the median duration to death from symptom
onset was 15 (11-16). Among these 5 patients, 2 received me-
chanical ventilator and CRRT therapies, 1 received mechanical
ventilator and ECMO therapies, and 1 patient received all of
mechanical ventilator, CRRT, and ECMO therapies. One patient
refused all life extension therapies. Two (40.0%) patients received
anti-viral treatment, whereas 12 (48.0%) of the surviving patients
received anti-viral treatment (P = 1.0).

The progression of IDMS traceable SCr and eGFR between
the dead and alive patients did not show a statistically signifi-
cant time interaction (Fig. 2E and F). Those values between
dead and alive patients in the AKI group were not statistically
significant during the observation period, either (Fig. 2G and
H). The occurrence of AKI showed marginal significance in the

http://dx.doi.org/10.3346/jkms.2015.30.12.1807

Table 3. Cox proportional-hazard analysis of the occurrence of acute kidney injury

Variables HR (95% Cl) Pvalue HR (95% Cl) Pvalue

Age (y) 1.14 (1.00-1.29) 0.048  1.12(1.01-1.24) 0.032

Sex (female)  81.21 (1.67-3,938) 0.026 11.734 (0.93-148.42) 0.06

CKD 17.48 (0.88-345.46)  0.06

Diabetes 1.00 (0.11-9.21) 0.99

Hypertension 2.46 (0.25-24.36) 0.44

Comorbidity 1.84 (0.40-8.50) 0.43

eGFR (IDMS- 1.06 (1.00-1.12) 0.041 1.03 (0.99-1.06) 0.13
MDRD)

Mechanical 14.93 (0.66-336.73)  0.09 9.47 (0.76-117.85)  0.08
ventilator

Cl, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular fil-
tration rate; HR, hazard ratio; IDMS, isotope dilution mass spectrometry; MDRD,
modification of diet in renal disease.

cumulative rate of mortality analysis (log-rank P = 0.06). Diabe-
tes, the occurrence of AKI, and the application of CRRT were
risk factors for mortality when we performed the univariate
analysis (HR [95% CI]: diabetes; 10.13 [1.69-60.70], AKT; 12.74
[1.42-114.57], CRRT; 10.25 [1.63-64.67], respectively). However,
these risk factors were not statistically significant after adjust-
ment for age, sex, CKD, and the application of a mechanical
ventilator and ECMO.

DISCUSSION

Among the 30 patients analyzed in the present study, 60% and
73.3% showed positive results of albumin and blood on dipstick
tests; 50% of patients showed a random urine ACR or PCR more
than 100 mg/g Cr. Moreover, 26.7% of patients showed AKI, and
the mean and median durations from symptom onset were 18
and 16 days, respectively. Old age was a predictor of the occur-
rence of AKI even after adjustment for comorbidities and the
application of a mechanical ventilator. Mechanical ventilator,
CRRT, and ECMO therapies were applied to 12 (40%), 3 (10%),
and 5 (16.7%) patients, respectively. A total of 5 patients died of
septic shock progression and multiple organ failure. Diabetes,
the occurrence of AKI, and the application of CRRT were risk
factors predicting mortality in the univariate analysis.

The first case of MERS-CoV infection had progressive impair-
ment of renal function. This was similar to what had been de-
scribed in some patients with severe acute respiratory syndrome
(SARS-CoV) and suggested direct infection of renal tissue by the
virus (1). Some patients with MERS-CoV infection who present-
ed with severe pneumonia and acute respiratory distress syn-
drome have had AKI thereafter (2-4,10-12).

Kidney involvement of human coronavirus was noticed when
the SARS-CoV epidemic occurred in early 2000. A report that
analyzed 536 patients with SARS-CoV showed 6.7% of acute re-
nal impairment and 84.6% of proteinuria by dipstick tests (13).
Acute respiratory distress syndrome and age were significant
risk factors for acute renal impairment, and acute renal impair-
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ment was an independent risk factor predicting mortality. How-
ever, kidney specimens from autopsy cases showed no viral in-
clusions or electron dense deposits. Even in situ hybridization
failed to demonstrate SARS-CoV. This suggested that renal in-
sult occurred in the context of multiple organ failure. Another
report also stated that the decrease in glomerular filtration rate
was secondary to hypotension, vasoconstriction, and sepsis
(14). However, another study detected SARS-CoV in distal con-
voluted renal tubules (15).

SARS-CoV patients developed AKI at a median duration of
20 days from the onset of viral infection, i.e., the late viremic or
the hyperimmune response phase of the infection (16). The de-
tection of polymerase chain reaction fragments of coronavirus
in urine from 21%-50% of SARS patients between the second
and third week of the viral infection implied a possibility of kid-
ney tropism of the coronavirus (14). Unfortunately, MERS-CoV
polymerase chain reaction from urine was performed in only
one patient 6 weeks after symptom onset in this cohort to en-
sure the virus absence from various specimens, and it was neg-
ative. We can conclude that the renal pathological changes as-
sociated with human coronavirus may be caused directly by
the cytopathic effect mediated by virus replication, as well as
indirectly by a systemic toxic reaction resulting from respiratory
failure or a harmful immune response and cytokine reaction
induced by viral infection.

Organ tropism of human coronavirus is primarily determined
by the ability of the receptor binding protein, such as spike en-
try protein (MERS-CoV), to a cell surface receptor (5). Angioten-
tin converting enzyme 2 is a functional receptor for SARS-CoV
(17), and it is expressed in human kidneys (18). DPP 4 was iden-
tified as a functional receptor for MERS-CoV (5). DPP 4 is a wide-
ly expressed serine peptidase that exists on the surface of vari-
ous cell types, and the expression of messenger RNA and pro-
tein is high in the kidneys (6,19). DPP 4 is one of the major brush
border membrane proteins of the kidney (8), but it is also pres-
ent in the glomerular podocytes and capillaries (9). DPP 4, which
is present on the surfaces of human bronchial epithelial cells,
was previously co-stained with MERS-CoV (20) and a MERS-
CoV infected human kidney cell line (21). We performed kid-
ney biopsy in one patient to evaluate persistent proteinuria 8
weeks after symptom onset, which failed to reveal virus parti-
cles that were co-stained with DPP 4 in compatible ultrastruc-
tures. However, the interpretation for these results was limited
by autolysis of the tissues and a direct involvement of the kid-
neys by the MERS-CoV could not be ruled out.

More than 25% of the patients in the present study showed
AKI, which is higher than the AKI incidence of SARS-CoV infec-
tion (13). One explanation for the difference in AKI incidence
may be the different criteria used to define AKI. In that study,
AKI was defined as a SCr elevation at least 30% of the baseline
value on admission (3 consecutive blood samplings) or above
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1.8 mg/dL. When we adopted the same definition in the pres-
ent cohort, AKI occurred in 7 patients (23.3%), which is still high-
er than the AKI incidence of SARS-CoV infection. Another ex-
planation may be the older age of MERS-CoV patients in the
present study. The mean age was 54 yr in the present cohort
and approximately 39 yr in the SARS-CoV cohort. Because age
was an independent risk factor for AKI in both studies, the older
age of MERS-CoV patients might explain the higher incidence
of AKI in the present study. In a previous study, a patient whose
viral RNA was not detected in whole blood or urine samples had
a more favorable outcome than a patient who showed dissemi-
nated viral infection (22). The investigators in that study con-
cluded that a type-1 interferon mediated response triggered by
MERS-CoV might limit the viral disease to the lung and prevent
systemic dissemination and viremia. A decreased immune re-
sponse in older patients may play a role in the higher occur-
rence of AKI through viremia and urinary viral excretion, though
we did not assess serial viral RNA in blood and urine. In addi-
tion, this cohort was from central MERS-CoV designated hospi-
tal and we cannot rule out that patients in this cohort had more
underlying diseases than other MERS-CoV patients in Korea and
that the incidence of AKI occurrence might be overestimated.

On the contrary, 58% of MERS-CoV patients underwent CRRT
therapy in a previous cohort (10). In this cohort, CRRT therapy
was applied to only 10% of patients. The difference in the inci-
dence of patients who required renal replacement therapy can
be explained by two reasons. Previous cohort was ICU admit-
ted patients, and baseline characteristics between two cohorts
were quite different. The prevalence of diabetes, hypertension,
and renal disease were 67%, 50%, and 42%, respectively. It is
much higher than that of our cohort.

The mean and median durations of AKI occurrence were ap-
proximately 3 weeks from symptom onset, consistent with the
values reported for SARS-CoV (13,16). One report showed that
MERS-CoV PCR was positive after 3 weeks in the blood of 1 pa-
tient (22). We speculate that the duration between symptom
onset and AKI occurrence coincides with the late viremic or hy-
perimmune response phase of the infection, as was the case for
SARS-CoV did. However, we did not assess serial viremia and
cytokines.

A considerable prevalence of proteinuria is also consistent
with the results of a previous SARS-CoV study (13), though a
quantitative assessment of urinary protein excretion was not
performed in that study. The highest mean levels of random
urine were 1,986 mg/g Cr for ACR, which occurred 4 days after
symptom onset, and 6,105 mg/g Cr for PCR, which occurred 27
days after symptom onset. Early phase high albumin excretion
may be related to fever and systemic inflammatory status, and
high-level proteinuria approximately 3 weeks after symptom
onset may be associated with viremia or urinary virus excre-
tion, which was similar to the occurrence of AKI (16). However,
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we did not assess serial viremic status, and a blood sample 6
weeks after symptom onset was negative for MERS-CoV poly-
merase chain reaction. The detection rates of SARS-CoV in blood
samples were only 21%-50% between the second and third
weeks after viral infection (14). A direct involvement of the kid-
neys by the MERS-CoV could not be ruled out, because we per-
formed the blood assay 6 weeks after symptom onset.

This study has several limitations. First, there was some loss
of data and evaluations of renal complications were not consis-
tent between our institute and hospitals where patients were
previously admitted. Second, we received only a positive status
for MERS-CoV polymerase chain reaction tests, except for Ct
values. Therefore, we could not assess correlations between vi-
ral load and the renal complications. Third, we did not have
compatible renal pathology data. Therefore, we cannot draw a
conclusion about the direct effect of the virus on renal compli-
cations.

In conclusion, half of the patients in the present study showed
proteinuria, and more than one-fourth of the patients devel-
oped AKI. The incidence of AKI was not uncommon, and AKI
can be affected by factors including the virus itself, associated
systemic inflammation, and hypotension. Meticulous evalua-
tion and management of kidney damage such as quantitative
assessment of proteinuria and frequent monitoring of eGFR is
earnestly needed. Old age is an independent risk factor for the
occurrence of AKI; diabetes, AKI, and the application of CRRT
are negative prognostic indicators for survival with MERS-CoV.
Further studies are needed to reveal the direct effects of MERS-
CoV on renal complications.
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