
Case report

Use of a novel virus detection assay to identify
coronavirus HKU1 in the lungs of a hematopoietic
stem cell transplant recipient with fatal pneumonia

C. Uhlenhaut1, J.I. Cohen2, S. Pavletic3,
G. Illei4, J.C. Gea-Banacloche3,
M. Abu-Asab5, T. Krogmann2, L. Gubareva6,
S. McClenahan1, P.R. Krause1

1Division of Viral Products, Center for Biologics, Evaluation
and Research, Food and Drug Administration, Bethesda,
Maryland, USA, 2Medical Virology Section, Laboratory of
Infectious Diseases, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda,
Maryland, USA, 3Experimental Transplantation and
Immunology Branch, National Cancer Institute, Bethesda,
Maryland, USA, 4Molecular Physiology and Therapeutics
Branch, National Institute of Dental and Craniofacial
Research and Office of the Clinical Director, National
Institute of Arthritis and Musculoskeletal and Skin Diseases,
Bethesda, Maryland, USA, 5Laboratory of Pathology, National
Cancer Institute, Bethesda, Maryland, USA, 6Virus
Surveillance and Diagnosis Branch, Influenza Division,
National Center for Immunization and Respiratory Diseases,
Centers for Disease Control and Prevention, Atlanta, Georgia,
USA

C. Uhlenhaut, J.I. Cohen, S. Pavletic, G. Illei, J.C. Gea-Banacloche,
M. Abu-Asab,T. Krogmann, L. Gubareva, S. McClenahan, P.R. Krause.
Use of a novel virus detection assay to identify coronavirus HKU1 in the
lungs of a hematopoietic stem cell transplant recipient with fatal
pneumonia.

Abstract: A 38-year-old female patient with systemic lupus
erythematosus presented with pulmonary in¢ltrates and hypoxemia
for several months following immunodepleting autologous
hematopoietic stem cell transplantation. She was treated for in£uenza,
which was isolated repeatedly from oropharynx and bronchoalveolar
lavage (BAL) £uids, and later empirically for lupus pneumonitis, but
died 6 months after transplant. Autopsy ¢ndings failed to show
in£uenza in the lungs or lupus pneumonitis. A novel generic
polymerase chain reaction (PCR)-based assay using degenerate
primers identi¢ed human coronavirus (CoV) HKU1 RNA in BAL £uid
at autopsy. CoVwas con¢rmed by virus-speci¢c PCRs of lung tissue at
autopsy. Electron microscopy showed viral particles consistent with
CoV HKU1 in lung tissue both at autopsy and from a previous biopsy.
Although human CoV HKU1 infection is not usually severe, in highly
immunocompromised patients, it can be associated with fatal
pneumonia.
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We report a 38-year-old woman who underwent an auto-
logous hematopoietic stem cell transplant (HSCT) for severe
systemic lupus erythematosus. She subsequently developed
fatal pneumonia of unknown origin. Here we describe
her clinical course, including development of oseltamivir-
resistant H3N2 in£uenza infection, and the use of a previ-
ously described (1) generic virus detection assay to detect
human coronavirus (CoV) HKU1 (CoV HKU1) in lung biopsy
tissue and in lung tissue obtained at autopsy from the patient.

Case report

The patient had a past history of di¡use proliferative lupus
nephritis (WorldHealthOrganization Class IV) that was resis-
tant to treatment with high-dose corticosteroids, cyclophosph-
amide, and mycophenolate mofetil. She was enrolled in
an approved study of autologous HSCT for patients with re-
fractory systemic lupus erythematosus (Clinicaltrials.gov
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Identi¢er NCT00076752). After receiving a conditioning regi-
men consisting of £udarabine, cyclophosphamide, and ri-
tuximab, she received aT-cell depleted autologous HSCT.
The patient was admitted to the Clinical Center at the Na-

tional Institutes of Health 11 weeks after transplant with
dyspnea and cough (see Fig. 1 for a summary of her clinical
course). A computed tomography (CT) scan showed no
pulmonary disease and she was discharged 6 days later
after improvement on bronchodilators.
The patient was readmitted to the National Institutes of

Health Clinical Center 13 weeks after transplant with dry
cough and dyspnea on exertion, nasal congestion, rhinorrhea,
and postnasal drip. Her 9-year-old daughter and 5-year-old
son had had ‘a cold’ one after another in the previous week,
and cases of in£uenzawere reported at their school.
Physical examination showed amildly cushingoid young

woman with tachypnea and a constant cough. Her temper-
ature was 361C, blood pressure 105/55, respiratory rate 24/
min, pulse 82/min. Pulmonary examination showed dis-
seminated wheezing and rhonchi and the remainder of the
examination was unremarkable.The white blood cell count
was 6950/mLwith 75%neutrophils and 19% lymphocytes,
the hemoglobin was 11.1 gm/dL, and the platelet count was
107,000/mL. Creatinine was 1.4 mg/dL, total protein was
4.9 g/dL, and albumin was 3.1 g/dL. The arterial blood
gas on 35% oxygen showed hypoxemia, with a pO2 of
62 mm Hg, a pCO2 of 26 mm Hg, and a pH of 7.35. A CTscan
of the lungs performed at the time of this admission
showed bilateral pleural e¡usions and patchy areas of nod-
ular in¢ltration of the lungs, involving all of the lobes.
A nasopharyngeal wash grew in£uenza A H3N2 (later

shown to be oseltamivir sensitive), and was negative for in-
£uenza B, respiratory syncytial virus (RSV), parain£uenza
viruses 1-3, and adenovirus (AdV). Induced sputum
showed a few neutrophils and gram-positive cocci in pairs
and clusters and gram-negative rods. Fungal and myco-
bacterial cultures were negative.

Because the di¡erential diagnosis included in£uenza
infection and lupus pneumonitis, she was begun on oselta-
mivir 75 mg twice daily and her prednisone was increased
to 20 mg daily. A repeat CTscan after 8 days of treatment
showed no improvement. Bronchoalveolar lavage (BAL)
£uid grew in£uenza Avirus, and was negative for bacteria,
fungi, mycobacteria, Pneumocystis, mycoplasma, Chlamy-
dia, Legionella, cytomegalovirus, and herpes simplex virus.
A thoracentesis showed an exudate with 395 white blood

cells/mm3 with 26% neutrophils, 4% lymphocytes, 140 red
blood cells/mm3, and 70% other cells. The albumin was
1.9 g/dL (serum albumin 2.5 g/dL), lactic acid dehydrogen-
ase was 136 U/L (serum lactic acid dehydrogenase 242 U/
L), and glucose was 73 mg/dL. No organisms were identi-
¢ed by microscopy or by culture. Because of worsening
pulmonary in¢ltrates, open lung biopsies were performed
on day15 of the hospitalization.The right lung showed dif-
fuse alveolar damage with hyaline membranes (Fig. 2).
Stains for fungus, acid-fast bacilli, Pneumocystis, and
cytomegalovirus were negative. Cultures for viruses,
including in£uenza, were negative. Immunohistochemistry
of the lung tissue was negative for in£uenza and AdV.
Because of continued concerns about potential lupus pneu-

monitis, based on the non-speci¢c results of the lung biopsy,
the dose of steroids was increased to methylprednisolone
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Fig. 1. Hospital course. Critical events during the patient’s hospitalizations
are indicated, including use of antiviral and cytotoxic drugs. Cultures ob-
tained at lung biopsy, bronchoalveolar lavage (BAL), and nasopharyngeal
(NP) wash are denoted by circles. Closed circles represent positive cultures
for in£uenza Avirus, while open circles represent negative cultures. IVIG,
intravenous immune globulin.

Fig. 2. Lung biopsy. Hematoxylin and eosin staining of right lung
biopsy obtained at week 15 post transplant.
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60mg daily. Oseltamivir was discontinued after 21 days (16
weeks after transplant). Initially, her oxygenation improved
and the dose of methylprednisolone was decreased; however,
her hypoxemia subsequently worsened. As repeat nasopha-
ryngeal washes and BAL £uid continued to grow in£uenza,
oseltamivir was reinstituted at150mg twice dailyon hospital
day 29 (17 weeks after transplant). Intravenous immune glob-
ulin was administered and steroids were continued; because
an antiviral sensitivity test subsequently showed high level
(IC50 5770 nM, 14,000-fold increase) oseltamivir resistance,
oseltamivir was discontinued and inhaled zanamivir was be-
gun. ACD4 count obtained 20weeks after transplant was135
(normal range 385^1259).
The patient was discharged from the hospital on zanami-

vir and a tapering dose of steroids at week 21 after trans-
plant. The steroids were reinstituted when her in¢ltrates
worsened and her pulmonary e¡usions returned. After
improvement of her pulmonary status, steroids were again
tapered. Sequencing of the oseltamivir-resistant H3N2
in£uenza virus isolate A/Bethesda/956/2006 showed an
arginine to lysine mutation in the neuraminidase at amino
acid 292, a mutation previously shown to be associatedwith
oseltamivir resistance (2) and with diminished viral ¢tness
in animal experiments and instability in vitro (3).
The patient was readmitted 3 weeks later (24 weeks after

transplant) withworsening pulmonary in¢ltrates. Zanami-
vir was continued because nasopharyngeal washes contin-
ued to grow in£uenza virus, although BAL £uid culture
was negative for respiratory pathogens including in£u-
enza virus. Ribavirin was added in view of her increasing
pulmonary in¢ltrates and persistent shedding of in£uenza
virus from her nasopharynx (which was suggestive of
reduced sensitivity of the in£uenza virus to zanamivir).
Cyclophosphamide was added in the ¢nal week of life,
because of persistent concerns about lupus pneumonitis
and worsening of her pulmonary status on tapering doses
of corticosteroids. Empiric antibacterials and antifungals
were added. The patient died 27 weeks after transplant of
hypotension and cardiac arrest.
At autopsy, the lungs showed bronchopneumonia, orga-

nizing pneumonitis, and di¡use alveolar damage. BAL
£uid and lung tissue both obtained at autopsy were nega-
tive by culture for in£uenza, parain£uenza viruses 1-3,
AdV, RSV, bacteria, fungi, mycobacteria, and Nocardia.
Immunohistochemistry of lung tissue was negative for
in£uenza and AdV.

Methods

Because standard tests did not provide an explanation for
the progressive clinical course leading to death of this

HSCT recipient, we employed a degenerate oligonucleotide
primer (DOP) polymerase chain reaction (PCR) assay to de-
tect potential viruses in the lungs of this patient.The DOP-
PCR assay combines digesting cellular DNA in the sample,
enriching for virus nucleocapsids, and performing degen-
erate PCR and was previously used to identify human
metapneumovirus RNA in BAL £uid (4).
We obtained BAL £uid and lung tissue at autopsy and

performed DOP-PCR. To remove cellular DNA from the
sample, and purify viral DNA and RNA protected in
nucleocapsids, 400 mL of the BAL sample was treated with
DNase I (Sigma, St Louis, Missouri, USA) at a ¢nal concen-
tration of 80 U/mL DNase I. The DNase digestion was
stopped by adding EDTA to a ¢nal concentration of
41.5 mM.V|ral capsidswere further puri¢ed by ultracentrif-
ugation through 2 mL of a 1M NaCl, 10 mMTris/HCl pH 7.5
solution for 1.5 h, 41C at 64,000 g in a SW60 rotor (Beckman
Coulter Inc., Fullerton, California, USA). The pellet was
resuspended in RLT 1bu¡er (AllPrep DNA/RNA kit,
Qiagen, Valencia, California, USA) with 143 mM b-mer-
captoethanol. DNA and RNA were isolated according to
the manufacturer’s instructions. DNAwas eluted in 100 mL
elution bu¡er; RNAwas eluted in 50 mL of water. RNAwas
reverse transcribed into cDNA. The cDNA synthesis was
carried out using a ¢rst strand kit and random hexamer
primers (Invitrogen, Carlsbad, California, USA) according
to the manufacturer’s instructions.
Nucleic acids obtained from these preparations were then

subjected to non-speci¢c DOP-PCR. DOP-PCR was carried
out using 2.5 U low DNA Taq (Applied Biosystems, Foster
City, California, USA) with the PCR bu¡er provided by the
manufacturer, 0.01%Brij-35, 200 mMdNTP, and 2.4 mM DOP
primer (5 0 -CCGACTCGAGINNNNNNTGTGG-3 0 with N
representing an equimolar distribution of all 4 dNTPs, I rep-
resents inosine).The following cycling conditions were used:
initial denaturation for 5 min at 951C, followed by 5 cycles of
1min at 941C, 5 min at 251C ramping at 0.11C/s to 301C, 4 min
at 301C, ramping at 0.11C/s to 371C, 3 min at 371C, ramping at
0.11C/s to 421C, 2 min at 421C, ramping at 0.11C/s to 551C,
1min at 551C and 2min at 721C; and 35 cycles of 1min at
941C, 1min at 551C, and 2min extension at 721C, with the ad-
dition of 14 s per cycle to each extension step; and a ¢nal ex-
tension step of 10 min at 721C. These conditions were
modi¢ed from those previously published (1, 4), because ad-
ditional validation studies demonstrated that they provided
increased sensitivity for non-speci¢c ampli¢cation of virus-
sized genomes (data not shown).
Samples were prepared for electron microscopy (EM) by

removing lung tissue from para⁄n blocks by incubation
overnight in xylene, rehydration in PBS, post-¢xation in
osmium tetroxide (0.5%), dehydration, and embedding into
Maraglas epoxy resin. Ultrathin sections (90 nm) were pre-
pared and double-stained with uranyl acetate and lead
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citrate, and viewed by EM with a Philips CM10 transmis-
sion electron microscope (Amsterdam,The Netherlands) .
V|ral respiratory cultures for in£uenza, parain£uenza

viruses 1-3, AdV, and RSV were performed using the shell
vial method with A549 cells and Madin-Darby Canine
Kidney cells (R-Mix Toot, Diagnostic Hybrids, Athens,
Ohio, USA) and the D3 Ultra Respiratory Staining Kit
(Diagnostic Hybrids).

Results

DOP-PCR products obtained from cDNA and DNA ex-
tracted from BAL £uid at autopsy were analyzed and puri-
¢ed by gel electrophoresis. All visible bands (Fig. 3) were
puri¢ed and cloned. A total of 63 sequence reads were ob-
tained from DOP-PCR. Sequences from the clones obtained
were compared with the non-redundant database in Gen-
Bank using TBLASTX (National Center for Biotechnology
Information, Bethesda, Maryland, USA). Of these 63 se-
quences, 53 represented human sequences, 8 represented
bacterial or yeast sequences, and 1 showed greatest homo-
logy to an insect sequence. The bacterial and fungal
sequences detected in DOP-PCR were judged likely to
be unrelated to her illness, because bacterial and fungal
cultures at autopsy were negative. The 63rd sequence

matched human CoV HKU1 genotypeAwith 410 of 412 iden-
tical nucleotides, overlapping the M and N genes. There
were 2 nucleotide changes (G28236A; A28384G) from the
reference sequence (accession number DQ415914). All CoV
HKU1 genotype A sequences available in GenBank have
the same sequence in this genome region; none has the nu-
cleotide changes found in the CoV from the HSCT recipient.
The results obtained with generic DOP-PCR were con-

¢rmed in both BAL £uid and autopsy samples with 3 inde-
pendent CoV PCRs using primers published elsewhere
(Fig. 4) (5). The quality of RNA, as assessed by attempted
PCR ampli¢cation of a cellular housekeeping gene (porpho-
bilinogen deaminase) was insu⁄cient to con¢rm the pres-
ence of CoV HKU1 by reverse transcription (RT)-PCR of
RNA extracted from the lung biopsy obtained during life.
EM at autopsy showed virus-like particles with a diame-

ter of approximately 80 nm (Fig. 5B). Examination of the
previously obtained biopsy material also con¢rmed pres-
ence of these particles (Fig. 5A). The diameter of the parti-
cles was consistent with CoV, although at the low end of the
typical range of 80^160 nm (6).

Discussion

We detected sequences of human CoV HKU1 in lung tissue
and in BAL £uid at autopsy from this HSCT recipient who
had a previously treated in£uenza virus infection resistant
to oseltamivir, and died with pneumonia. In addition, viral
particles consistent with CoV HKU1were detected by EM
in biopsy and autopsy lung tissue. The patient was also
intermittently suspected to have lupus pneumonitis. This
case illustrates the di⁄culty of making a diagnosis in an
HSCTpatient with multiple possible etiologies for lung dis-
ease, and shows the value of an unbiased virus detection
technique in expanding the di¡erential diagnosis and iden-
tifying a pathogen in this individual.
Our patient had CoV HKU1 genotype A virus and se-

quences in the lungs. HKU1 (7 ) is a group 2 CoV, most close-
ly related to human CoVOC43 (8), and is distinguished from
group 1 CoVs 229E and NL63 (9) and from SARS CoV,
which is distantly related to group 2 CoVs (10, 11). There
are 3 known genotypes of CoV HKU1 (A, B, and C). Geno-
types A and B were more prevalent than C in studies in
Australia (12) and Italy (13), while a retrospective study of
respiratory specimens in the US described similar preva-
lence rates (14). Other studies suggest that this virus is dis-
tributed worldwide, although the reported number of cases
remains very limited (10).
Four lower respiratory syndromes potentially caused by

human CoVs have been described: community-acquired

DNA cDNA RT- M NTC

2072
X

600

100

Fig. 3. Degenerate oligonucleotide primer (DOP)-polymerase chain re-
action (PCR) results. Results of DOP-PCR on lung biopsy and lung tissue
at autopsy are shown. Arrowheads indicate bands that were excised and
cloned.The ‘X’marks the location of the band that yielded human corona-
virus HKU1 sequence. RT� is the DOP-PCR reaction performed without
a prior reverse transcriptase reaction. M, molecular weight marker; NTC,
no template control.

Uhlenhaut et al: Novel assay for coronavirus HKU1 detection

82 Transplant Infectious Disease 2012: : 79–85 14



pneumonia, acute tracheobronchitis, acute exacerbations
of chronic obstructive pulmonary disease, and acute asth-
ma exacerbation (6). CoV HKU1 usually causes relatively
mild community-acquired infections in children, character-
ized by rhinorrhea, cough, and fever (12^18); infection can
result in bronchiolitis and pneumonia; occasionally, hypox-
ia and abnormal chest x-rays are described (12, 14). CoV
HKU1 has also been related to a high incidence of febrile
seizures (15). Another study implies that CoV HKU1 could
be associated with enteric symptoms (5). Pneumonia re-
lated to CoV HKU1 infection occurs mostly in older people
with underlying diseases, in particular severe respiratory
and cardiovascular diseases, and in transplant recipients,
although the virus was not identi¢ed in lung tissue in these
prior studies (16). Two fatal cases of CoV HKU1-associated
community-acquired pneumonia were reported, in which
virus was detected in nasopharyngeal aspirates by RT-
PCR (16). Both patients had lymphopenia and were su¡er-
ing from diabetes mellitus; 1 patient was 66 years old and
had gastric lymphoma, while the other was 72 years old
and had prostate carcinoma. Our patient received a
lymphodepleting conditioning regimen for autologous
HSCT, which results in prolonged T and B cell lympho-
penia, and she was severely immunocompromised from
both her HSCTand from the immunosuppressive therapy
used to treat possible lupus pneumonitis.
Although in£uenza was suspected as a cause of the

patient’s pneumonitis and was repeatedly isolated from
nasopharyngeal washes and BAL £uids, immunohisto-
chemistry of lung tissue obtained at biopsy and at autopsy

failed to show in£uenza virus. While inhaled zanamivir
may have reduced the sensitivity of culture, immunohisto-
chemistry would be expected to show evidence of in£uenza
infection if the virus were a signi¢cant cause of disease in
this patient (19) Although in£uenza virus infection may
have been a contributor to the patient’s symptoms early
after HSCT, the continued progression of bronchopneumo-
nia while on antivirals for in£uenza, along with failure
to identify in£uenza in the lower respiratory tract in any
clinical sample after the initial positive BALs at weeks 14
and 17 after transplantation, or at autopsy, strongly sug-
gested that in£uenza was not the cause of her fatal illness.
Highly immunocompromised patients are known to shed
in£uenza in the upper respiratory tract for months (20)
and the in£uenza virus in the BAL £uids may have been
due to shedding of virus from the upper respiratory tract.
Another possible diagnosis in our patient was idiopathic

pneumonia syndrome (IPS), which presents as di¡use lung
injury without evidence of infection. Our patient was in the
intermediate period after transplant (days 30^100), which
is the median time for onset of IPS (between 21 and 87 days
post transplant) (21). IPS is typically described after allo-
geneic HSCT in which the level of immunosuppression is
usually more profound than after standard autologous
HSCT. The reported frequency of IPS ranges between 2%
and 17%, averaging about 10% (21). CoVand other respira-
tory viruses may be responsible for some cases of IPS, if re-
liable means of detection are not employed. An increasing
arsenal of diagnostic tools for detection of respiratory
viruses is developing, including rapid antigen detection,

RT-cDNA M

A

708

2072

600

100

B

RT-cDNA M

781

2072

600

100

C

RT-cDNA M

442

2072

600

100

Orf1ab HE S orf4 E M N N2
D

Fig. 4. Coronavirus (CoV) HKU1 polymerase chain reaction (PCR). Results of PCR on lung tissue obtained at autopsy to detect RNA sequences in
the human CoV HKU1 ORF1ab gene (A), spike gene (B), or nucleocapsid gene (C), including reverse transcriptase-negative (RT� ) controls, are shown.
(D) Genome organization and localization of PCR products. Locations relative to the human CoV HKU1 genome of DOP-PCR product (solid line) and of
con¢rmatory PCR products (arrows) are shown. ORF1ab, open reading frame 1a and1b; HE, hemagglutinin-esterase; S, spike; E, envelope; M, membrane;
N, nucleocapsid proteins of CoV HKU1; DOP, degenerate oligonucleotide primer.
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monoclonal antibody testing, cell culture, and various
nucleic acid ampli¢cation techniques. However, detection
of some respiratory viruses including CoVs remains a
challenge.
The DOP-PCR protocol, used to identify CoV HKU1

in this case, has several signi¢cant advantages over
other methods.This universal virus detection tool can pro-
vide sequence information of the pathogen present in a gi-
ven sample without any prior information about the
genome. DOP-PCR is unbiased and has a detection limit
that is close to that of nucleic acid testing techniques that
use virus-speci¢c primers (1). Subtractive techniques that
might be used in order to identify a pathogen require an un-
infected but otherwise genetically identical control, which
may be di⁄cult to obtain for clinical samples. We previ-
ously showed that the detection limit of the DOP-PCR is
several orders of magnitude more sensitive than that of
other generic detection techniques (1). Isolation of nucleic
acids from puri¢ed nucleocapsids in the DOP-PCR protocol
is more likely to detect intact infectious particles than
PCR of the whole sample, which has large amounts of

contaminating cellular nucleic acids. DOP-PCR, in which
viral nucleic acid sequences are highly enriched before
PCR is performed, may be especially useful for ¢nding
pathogens that cannot be readily identi¢ed by standard
methods. Nonetheless, results from non-speci¢c screening
techniques like the DOP-PCR must be independently veri-
¢ed, as exempli¢ed by the detection by DOP-PCR of non-vi-
ral sequences in the autopsy specimen.

Conclusion

This is the ¢rst report, to our knowledge, of CoV HKU1 de-
tected directly in lung tissue from an individual with fatal
pneumonia. Although there may have been other co-fac-
tors, CoV HKU1 infection likely contributed to this patient’s
fatal outcome. The patient shed in£uenza virus from the
respiratory tract for several months, and this virus was
thought to be a cause of pneumonia during much of her
hospital course after transplantation. When in£uenza in-
fection was considered less likely, and lupus pneumonitis
was considered a possibility, she received immunosuppres-
sive therapy that may have exacerbated her CoV HKU1
infection. While we cannot rule out the possibility that
the transient improvements observed after increases in
immunosuppressive therapy were due to reduction in the
in£ammatory response to CoV HKU1 infection, this case
illustrates the importance of obtaining appropriate speci-
mens from patients with unexplained pneumonitis and
the value of unbiased approaches such as the universal
virus detection assay employed here to identify other
causes of pulmonary in¢ltrates and hypoxemia.
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