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Recovery from severe novel coronavirus infection
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We describe the third confirmed case of novel coronavirus
infection in a resident of the Arabian Peninsula. Our
patient presented, as did 2 prior cases, with severe
pneumonia and renal dysfunction requiring intensive
care support including assisted ventilation. However,
unlike the earlier cases, and despite underlying chronic
disease and a single kidney, he survived his infection
and has been discharged home. The Ministry of Health
continues active surveillance for additional cases. As this
case report goes to press, 2 additional confirmed cases
have been identified in Riyadh, Saudi Arabia. Contact
investigations are in progress. Future work will focus
not only on the origin of the virus and mechanisms of
transmission, but also the host factors that influence
pathogenesis and prognosis.
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n 4 November 2012, the International Health

Regulations National Focal Point of the
Kingdom of Saudi Arabia (KSA) notified the World
Health Organization of a laboratory confirmed case
of novel coronavirus (nCoV) respiratory infection in
a 45-year-old man hospitalized in Riyadh, KSA. The
diagnosis was based on his clinical presentation with
severe pneumonia, plus successful and independent
detection of nCoV RNA in respiratory secretions by 2
facilities; one in Saudi Arabia, the Ministry of Health’s
Regional Laboratory located in Jeddah, KSA, and
the second Health Protection Agency’s (HPA) West
Midlands Public Health Laboratory, Birmingham,
United Kingdom (UK). Investigations to date have
not shown person-to-person transmission within the
patient’s household, nor among exposed healthcare
workers, to the extent that known contacts identified so
far remain asymptomatic. Our patient becomes the third
confirmed case of severe pneumonia linked to nCoV
reported by health authorities since September 20."* He
shares with both prior cases a lifelong residence in the
Arabian Peninsula, and a similar clinical presentation
of a rapidly progressive pneumonia requiring ventilator
support. He also required hemodialysis during his
intensive care unit (ICU) stay, however, the role his
infection played in the development of temporary
renal compromise is confounded by pre-existing kidney
disease. Twenty-two days after admission, he was

discharged home from the hospital.

Case Report. A 45-year-old gym teacher, and a
heavy smoker with a medical history of type 2 diabetes
mellitus controlled on oral medication, and a history
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of atrophied right kidney apparently since childhood,
cause unknown. He also has a history of ischemic
heart disease; he underwent percutaneous coronary
intervention in July 2011 with successful placement of
a stent, and an uneventful recovery. Three days prior to
the onset of illness, he had visited a local farm near his
home in Riyadh where he had a brief contact with farm
animals. His only other environmental exposure was an
evening spent in a garden one day before the respiratory
symptoms developed. He had no travel history outside
Riyadh, but had been in contact with one of his children
who had a mild cold.

He was in his usual state of health until October
9, when he presented to a local private clinic for the
first time with a complaint of fever of 38°C and a
cough that had become productive. A chest film was
unremarkable, and was discharged home. On October
10, he visited the hospital’s emergency room with
the same complaints; however, his oxygen saturation
on room air and chest film was normal (Figure 1A);
other vital signs were stable. He was again discharged
home, this time on oral cefuroxime. Two days later,
he returned to the emergency room with worsening
dyspnea and required continuous positive airway
pressure (CPAP) to maintain oxygenation. Chest film
revealed patchy infiltrates in his right lower lobe (Figure
1B). Treatment with parenteral antibiotics (ceftriaxone
and azithromycin) and oseltamivir were commenced
after specimens were collected for diagnostic testing.
He became progressively more hypoxic over the next
24 hours. An echocardiogram was carried out with
no significant changes compared with a baseline exam
one year ago. chest film revealed patchy infiltrates in
his right lower lobe (Figure 1B). Additional specimens
were collected for atypical pneumonia testing, and
after routine bacteriology, acid-fast bacillus smears, and
screening influenza exams were reported as negative.

On the morning of October 13, he was tachypneic,
tachycardic, and required additional oxygen to maintain

saturation above 90%. An updated chest film showed
dense consolidation of his right lower lobe (Figure
1C). That afternoon, he underwent intubation for
mechanical ventilation and was transferred to the ICU
with an admitting diagnosis of severe pneumonia.
Intensive care unit course. Antibiotics were changed
to piperacillin-tazobactam plus linezolid; treatment
with corticosteroids was initiated. His respiratory status
stabilized. Immunofluorescent staining of respiratory
epithelial cells for influenza A, B, respiratory syncytial
virus  (RSV), parainfluenza 1-3, and adenovirus
were reported negative, and he was confirmed to be
seronegative for human immunodeficiency virus (HIV),
Mycoplasma pneumoniae, Q fever, and Brucella. On
October 14, he became hypotensive and required fluid
and inotropes to maintain his blood pressure. His renal
function also began to deteriorate, and on October 15,
he began continuous renal replacement for 2 days. This
was followed by 3 hemodialysis sessions concluding
on October 23. Between October 15 and 19, oxygen
requirements were moderated and he gradually
defervesced, although chest radiographs continued to
show infiltrates. He was taken off inotropic support
on October 17. Steroids were tapered; antibiotics and
oseltamivir were discontinued 2 days later. He remained
afebrile, and his oxygen requirements diminished. On
October 20, the process of weaning him from the
ventilator began. Three days later he was extubated.
By October 27, his right lung infiltrates had resolved,
and he could walk without feeling breathless. He was
discharged home on November 4. A summary of the
ICU ventilator and dialysis days, plus routine laboratory
test values, pre- and post-admission is shown in Table 1.
Coronavirus laboratory testing. Upper tract swabs in
viral transport media were forwarded to the Ministry
of Health regional laboratory for nCoV upE reverse
transcriptase polymerase chain reaction (RT-PCR). A
second set of specimens including tracheal aspirate,

Figure 1 - Chest radiographs obtained at: A) pre-admission on October 10; B) on admission (October 12); C) second day of
admission (October 13).
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Table 1 - Routine laboratory test values, pre- and post-admission intensive care unit ventilator days, and dialysis treatment days.

Days
Variables 100ct 120ct 130ct 140ct 150ct 16O0ct 190ct 21O0ct 230ct 250ct 27 Oct 4Nov 11 Nov
ER ER2 Day2 Day3 Day4 Day5 Day8 Dayl0 Dayl2 Dayl4 Dayl6 Day24 Day3l
ICU Home
Laboratory results (normal range)
White cells 13.8 6.9 5.5 5.4 6.2 6.6 9.8 8 7.8 9.2 7.9 8.7 ND
4.0-11.0 (10°/1)
Lymphocytes 0.9 0.7 0.7 0.8 0.9 1.7 1.7 1.2 1.9 1.3 1.9 3.2 ND
1.5-4.0 (10°/1)
Neutrophils 12.4 6 4.5 4.1 4.5 4.3 7.3 6.4 5.2 7.2 4.8 4.4 ND
1.8-7.5(10°/1)
Platelets 154 154 139 160 203 213 375 328 268 275 313 332 ND
150 - 450 (10°/1)
Hemoglobin 13.8 12.4 10.9 11.1 10.6 9.6 8.7 8 9.6* 9.2 9.4 12 ND
12.5 - 18.0 (g/dl)
NT-pro BNP ND 113 117 145 ND ND ND ND ND ND ND ND ND
>300 pg/mL
Troponin T ND 0.03 0.024 ND 0.046  0.045 ND ND ND ND ND ND ND
<0.1 ng/mL
Total bilirubin 8 4 4 4 ND 3 4 8 12 7 ND 5 5
0-17 (umol/L)
Albumin 25 23 19 20 24 30 23 31 34 31 35 32 44
38-51 (g/L)
Alanine transaminase 53 28 23 26 ND 30 91 76 58 39 ND 22 24
2 -40 (U/L)
Aspartate transaminase ~ ND 21 34 26 30 36 ND 20 19 ND 32 ND ND
2-37 (U/L)
Creatine kinase ND 30 40 34 100 390 ND 129 79 ND 99 ND ND
50 -190 (U/L)
Lactate dehydrogenase ~ ND 161 ND 223 369 227 ND 182 240 ND 257 ND ND
135 - 255 (U/L)
Sodium 125 129 134 138 142 144 147 149 144 ND 149 135 138
135 - 145 (mmol/L)
Potassium 3.8 4.1 4.5 4.9 5.4 5.1 3.9 3.5 3.1 ND 4.4 4.3 4.6
3.2 -5.0 (mmol/L)
Ventilator days yes yes yes yes

Dialysis days

yes
CCRT _CCRT

HD HD HD

*after transfusion with packed red blood cells; ER - emergengency room; ICU - intensive care unit; ND - not done; CCRT - continuous renal
replacement treatment; HD - hemodialysis; NT-pro BNP - N-terminal prohormone of brain natriuretic peptide

plasma, serum, and stool were collected on October
23 and sent to the HPA’s West Midlands Public Health
Laboratory, Birmingham UK, to evaluate the patient
further for influenza A subtypes, RSV, adenovirus,
metapneumovirus, and rhinovirus, in addition to
nCoV upE gene and other coronavirus nucleic acid
targets. All specimens were confirmed negative for
minor coronaviruses. Novel coronavirus upE gene was
detected in all respiratory specimens: swabs tested in
Jeddah, and tracheal aspirates tested in Birmingham. In
addition, the HPA Respiratory Virus Unit, Colindale,
UK, confirmed detection of ORF 1B and N genes in the
tracheal aspirates. None of his other specimens (stool,
plasma, or serum) were positive for nCoV RNA targets.
Testing for other respiratory agents was also negative.
Sequencing of the ORF 1B and E gene fragments.
Evaluating genetic diversity of this new agent awaits
further studies, however, we undertook limited Sanger
sequencing of a small portion of the E gene and the

ORF 1B gene (amplified in a PCR using published
transcript primers)® for Saudi Arabia case one and our
patient, Saudi Arabia case 3. Both samples produced
identical reads and are aligned with the published
sequences of human beta coronavirus 2¢ EMC/2012
(JX869059.2)* in Figure 2. Similar alignments were also
conducted with the same gene fragments and case 2,
the Qatar/London patient, the genomic sequence of
which was recently published (http://www.hpa.org.uk/
webc/HPAwebFile/HPAweb_C/1317136950605). The
sequences are identical for all 3 cases. These sequence
fragments were also compiled with the published
sequences’ of other closely related coronaviruses and
alignments made to construct a simple phylogeny.
Figure 3 shows the phylogenetic context of the ORF 1B
fragment with other related coronaviruses.

Discussion. On 20 September 2012, ProMed Mail'
reported novel coronavirus infections in 2 patients who
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Figure 2 - Maximum likelihood phylogenetic tree compiled from
alignments made from a 311 nt sequence length of Orfl1B
[nts18105-18414 2cEMC/2012 (JX869059.2)], rooted with
Bat SARS CoV. Tree Alignments were made with Clustal W
and phylogenetic placements reconstructed using TREE-
PUZZLE.

were lifelong residents of the Arabian Peninsula (Figure
4). Both presented with severe pneumonia; the first in
early June 2012, a 60-year-old Saudi businessman who
died of his infection; and the second in early September,
a 49-year-old Qatari businessman later transferred to
London where he remains hospitalized. Both men also
experienced renal compromise of uncertain etiology in
the course of their illness. We report here a third patient
with a similar syndrome, this time a gym-teacher from
Riyadh with acute onset of respiratory distress requiring
ventilation and an ICU admission. Although he has
underlying cardiovascular disease, diabetes, and a single
kidney, he survived his illness.

The virus responsible for all 3 cases was first isolated
sometime in early June from case one at the Soliman
Fakeeh Hospital in Jeddah, KSA. It has since been
identified as a new human coronavirus (nCoV),’
related to known bat coronaviruses, and to severe acute
respiratory syndrome (SARS) coronavirus, which is
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Sequence of E - Gene fr -onavirus

2c EMC/2012 (gb JX869059.2)

(Case 3 = Case 1) ali; with bet:

Strand=Plus/Plus

Case 1&3 1 ATACACACCAAACCATTATTTATT. CTTCGATCAGCGTTGCAGCTGTTCTCGTTCT 60
(NN RN RN RN R RN RN RN RN RN RN AN

EGene nt27278 ATACACACCAAACCATTATTTATTAGAAACTTCGATCAGCGTTGCAGCTGTTCTCGTTCT 27337

Case 143 61 TTTTATTTGCACTCTTCCACT TGCACTTATATT CGTTTTAGTAAGATT 120
FELTEEE TR e e e e e e e e e e e

EGene nt27338 TTTTATTTGCACTCTTCCACTTATATAGAGTGCACTTATATTAGCCGTTTTAGTAAGATT 27397

Case 1&3 121 AGCCTAGTTTCTGTAACTGACTTCTCCTTAAACGGCAATGTTTCCACTGTTTTCGTGCCT 180
HHIHJHIHHHHHHIHHIIHHIHHHIHIHJHHHIHIH
EGene nt27398 CCTAGTTTCTGTAACTGACTTCTCCTTAAACGGCAATGTTTCCACTGTTTTCGTGCCT 27457
Case 1&3 181 GCAACGCGCGATTCAGTTCCTCTTCACATAATCGCCCCGAGCTCGCTTATCGTTTAAGCA 240
FEETELEEET L e e e e e e e e e
EGene nt27458 GCAACGCGCGATTCAGTTCCTCTTCACATAATCGCCCCGAGCTCGCTTATCGTTTAAGCA 27517

Case 1&3 241 GCTCTGCGCTACTATGGGTCCCGTGTAGAGGCTAATCCATTAGTCTCTCTTTGGACATAT 300

FELTELEEET T e e e e e e e
EGene nt27518 GCTCTGCGCTACTATGGGTCCCGTGTAGAGGCTAATCCATTAGTCTCTCTTTGGACATAT 27577

Case 1&3 301 GGAARACGAACTATGTTACCCTTTGTCCAAGAACGAATAGGGTTGTTCATAGTAARACTIT 360
FEEEEEET R e e e e e e e e e e e e e e e
EGene nt27578 GGAARACGAACTATGTTACCCTTTGTCCAAGAACGAATAGGGTTGTTCATAGTARACTIT 27637

Case 143 361 TTCA CGTAGTATGTGCTATAACACTCTTGGTGTGTATGGCTT 409
\I\\I\\H\IHH\II\H\II\H\IIHHII\HHIHIHH
EGene nt27638 TTCATTTTTACCGTAGTATGTGCTATAACACTCTTGGTGTGTATGGCTT 27686

Seq of ORF 1B fr: (Case 3 = Case 1) ali
2c EMC/2012 (gb JX869059.2)

with Human betacoronavirus

Strand=Plus/Plus
Case 1&3 CGAGTGATGAGCTTTGCGTGAATCTTAATTTACCCGCARATGTCCCATACTCTCGTGTTA 61
FECTELEEET T e e e e e e e e e e

OrflB nt18105 CGAGTGATGAGCTTTGCGTGAATCTTAATTTACCCGCAAATGTCCCATACTCTCGTGTTIA 18164
Case 1&3 TTTCCAGGATGGGCTTTARACTCGATGCAACAGTTCCTGGATATCCTAAGCTTTTCATTA 121
RN NNy

OrflB nt18165 TTTCCAGGATGGGCTTTAAACTCGATGCAACAGTTCCTGGATATCCTAAGCTTTTCATTA 18224
Case 1&3 CTCGTGAAGAGGCTGTAAGGCAAGTTCGAAGCTGGATAGGCTTCGATGTTGAGGGTGCIC 181
(R R RN RR RN RN

OrflB nt18225 CTCGTGAAGAGGCTGTAAGGCAAGTTCGAAGCTGGATAGGCTTCGATGTTGAGGGTGCTIC 18284
Case 1&3 ATGCTTCCCGTAATGCATGTGGCACCAATGTGCCTCTACAATTAGGATTTTCAACTGGTG 241
(RN RN RN RN

Orf1B nt18285 ATGCTTCCCGTAATGCATGTGGCACCAATGTGCCTCTACAATTAGGATTTTCAACTGGIG 18344

Case 1&3 TGAACTTTGTTGTTCAGCCAGTTGGTGTT C T ACATGTTAACGG 301
PELEELE R R e e e e e e e e

OrflB nt18345 TGAACTTTGTTGTTCAGCCAGTTGGTGTTGTAGACACTGAGTGGGGTAACATGTTAACGG 18404

Case 1&3 GCATTGCTGC 311

[EERRNRRNY
OrflB nt18405 GCATTGCTGC 18414

Figure 3 - Casc one and 3 nucleotide fragment sequences of E and ORF
1 B aligned to the reference sequence (JX869059.2) showing
100% identity with corresponding nucleotides.

memorable for a 2003 outbreak that killed 916 people
in more than 25 countries.® Despite the similarities,
there is little evidence so far that nCoV transmits readily
between humans. The ability to identify exposed cases
will allow better understanding of nCoV epidemiology
and the disease spectrum. Development of diagnostic
tests should improve case identification; however, it is
worth remembering that fewer than half of the SARS
seroconversions were accompanied by positive RT-PCR
tests.”” This case is also a reminder that virus isolation
methods cannot be replaced entirely by molecular
detection tests, particularly where novel viruses are an
issue.

Contact investigations are in progress; however,
without a validated serologic test from international
health authorities, these investigations will remain
preliminary. Still to be identified is the agent responsible
for 11 cases of severe respiratory disease at an ICU in
Zarqa, Jordan. The report by the Jordanian Minister
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Figure 4 - Arabian Peninsula showing location of case one in Bisha, case
2 in Doha, Qatar, and case 3 in Riyadh.

of Health on April 17, 2012, noted that 8 cases were
members of the healthcare staff.!’

In conclusion, severe respiratory infections are
commonly encountered in clinical practice. Many,
perhaps a majority are never diagnosed. With the
discovery of a new coronavirus, and rapid availability
of molecular tests for diagnosis, other cases will be
identified in the very near future. Our understanding of
this virus will grow exponentially.

A few common denominators have emerged. All
cases have been middle-aged male residents of the
Arabian Peninsula; all have required intensive care
admissions and mechanical ventilation, and all had
experienced varying degrees of renal impairment while
hospitalized. Both prior cases had been previously
healthy, but suffered severe disease; one died. The
current case survived despite underlying illness and
a single kidney. The question of human-to-human
transmission remains. None of the 3 cases have been
associated with transmission of symptomatic disease
to family members or care-givers, however serostatus
evaluations of close contacts is pending the availability
of a validated serology. Although SARS coronavirus
was unquestionably virulent and transmitted readily
in many circumstances, it did not cause disease in
all whom it was able to infect. Is novel coronavirus a
zoonotic disease? Exposure to farm animals has been
identified as a risk factor for illness in case one, however
exposures appear an insignificant risk factor for cases
2 and 3. However, all cases would have been exposed
to recurring dust storms through an arid summer, and
possibly aerosolized virus as well. Investigations of
potential animal reservoirs are currently in progress.

Addendum. As this report goes to press, the Ministry of Health
has identified 2 confirmed cases in Riyadh; one patient has died of
the infection. Medical and epidemiology investigations are in progress.
Active surveillance continues.
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