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a b s t r a c t

Background: Human parvovirus B19 infection generally displays a self-limiting course followed by viral
clearance; although, in some cases, persistent infection may occur. Few cases of severe pulmonary dis-
ease following primary infection in both immunocompetent and immunocompromised patients were
reported.
Objectives: To investigate the prevalence and clinical impact of parvovirus B19 in the lower respiratory
tract.
Study design: The prevalence of parvovirus B19-DNA was evaluated by Real-Time PCR in 264 bronchoalveo-
lar lavages (BAL) from 189 adult patients over a full-year period and related to demographic characteristics,
underlying pathologies, immune status, admission to intensive care unit, mortality within 28 days, and
discharge diagnosis.
Results: Parvovirus B19-DNA was detected in 7/189 (3.7%) patients, without significant association to
demographic characteristics, immune status, transplant versus non-transplant status, admission to inten-
sive care unit, presence of haematological conditions. In two lung transplant recipients surveillance
specimens were positive to B19. Four of the remaining five patients presented respiratory insufficiency.

A significant association to mortality was found, as 3/7 (42.9%) positive patients died within 28 days. No
patient presented serological evidence of recent or acute infection and viremia.
Conclusions: Parvovirus B19 may be detected at low frequency in BAL specimens from patients with
different pathological backgrounds. This finding could be due to chronic infection with virus persistence
in the lower respiratory tract, also in the absence of symptoms unequivocally attributable to B19. The high
rate of mortality warrants the need for further studies to evaluate the opportunity to consider parvovirus

k-up
B19 in the diagnostic wor

. Background

Human parvovirus B19 is a worldwide distributed single-
tranded DNA virus usually infecting rapidly dividing cell lines,
uch as bone marrow erythroid progenitor cells.1 Most persons
re infected by 15 years of age and about 80% of the population
s seropositive by the age of 50 years. Infection is most common in

ate winter or early spring2 and occurs through exposure to infected
espiratory droplets or blood products or vertically from mother to
etus. Most persons with B19 infection are asymptomatic or present

ild, aspecific, cold-like symptoms. Other clinical conditions asso-

Abbreviations: BAL, bronchoalveolar lavage; GEq, genome equivalents.
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ciated to parvovirus B19 infection include erythema infectiosum,
arthropathy, and hydrops fetalis in immunocompetent individu-
als; haematologic diseases, including aplastic crisis, chronic red
cell aplasia, and idiopathic thrombocytopenic purpura, in immuno-
compromised patients. A link to parvovirus B19 infection has
been hypothesized for various skin eruptions, neurologic diseases,
rheumatologic diseases, vasculitic and myocarditic syndromes, and
autoimmune hepatitis.3,4 Few cases of severe pulmonary disease in
both immunocompetent and immunocompromised patients have
been reported in literature5–13; however, at our knowledge, no
study has systematically investigated the presence of parvovirus
B19 in lower respiratory tract specimens.
2. Objectives

The aim of this study was to evaluate the prevalence and clinical
impact of parvovirus B19 in bronchoalveolar lavage (BAL) speci-
mens from hospitalized adult patients.

http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:cristina.costa@unito.it
dx.doi.org/10.1016/j.jcv.2009.06.026
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. Study design

All the 264 consecutive BAL samples collected over a period
f 12 months at the Virology Unit of the Azienda Ospedaliero-
niversitaria San Giovanni Battista in Turin and obtained from
89 patients (men/women, 121/78; mean age ± standard deviation,
7.8 ± 15.9 years; range, 16–84) were studied. Multiple BAL pro-
edures (mean, 3.2; range, 2–6) were performed on 30 patients.
amples from the same patient that were collected less than

weeks apart were excluded; each sample and episode was
valuated independently. Bronchoalveolar lavage procedure was
erformed for investigating the cause of unexplained fever and/or
espiratory symtpoms (including dyspnea, cough, haemoptysis)
nd/or new infiltrates on chest X-ray or in the absence of the above-
entioned conditions for cheking up a previous positivity or as

outine follow-up in lung transplant recipients at month 1 post-
ransplantation and subsequently at 3-month intervals. In lung
ransplant recipients histopathological evaluation (periodic acid-
chiff, Masson’s trichrome, and haematoxylin and eosin stains)
n transbronchial lung biopsy was routinely performed. The BAL
rocedure was carried out as previously described14 and samples
ere thawed and liquefied with 1:1 N-acetylcisteine. Based on the

linical chart review, the following features were recorded: demo-
raphic characteristics; microbiological/virological (including a
olecular panel able to detect 16 respiratory viruses [i.e. human

ytomegalovirus, human herpesvirus-6 and -7, Epstein–Barr virus,
erpes simplex virus, human enteroviruses, human rhinoviruses,
uman bocavirus, human coronaviruses, influenza A and B viruses,
arainfluenza viruses 1–3, respiratory syncytial virus, aden-
viruses], as previously described)15 results on BAL specimen;
nderlying pathologies: in particular, transplantation, haemato-

ogical conditions, immune status (immunosuppression due to
nti-rejection treatment in transplant recipients, chemotherapy,
IV infection or long-term use of corticosteroids); admission to

ntensive care unit; mortality within 28 days from admission
nd/or sampling; year period of BAL sampling; and discharge
iagnosis (made according to the International Classification of
iseases—Italian version 2002, based on the 9th revision Clini-
al Modification [ICD9CM], codes 480.XX–486.XX for pneumonia;
60.XX–466.XX for acute respiratory insufficiency or other acute
espiratory conditions; 490.XX–519.XX for other pneumopathies;
91.21 for acute exacerbations of chronic obstructive pulmonary
isease; 996.8 for transplant complications; 33.22 for bron-
hoscopy).

Nucleid acid extraction was performed using the auto-
ated NucliSens easyMAG platform system (bioMeriéux, Marcy

’Etoile, France), according to the manufacturer’s instruction.
eal-Time PCR assays were performed with the 7300 Real-
ime PCR System (Applied Biosystems, Monza, Italy), by using
aqMan platform. Primers for parvovirus B19-DNA detection
ere designed within the VP1 and VP2 genes (accession num-

er AY768535; primer F 5′-ACATGCACACCTATTTTCCCAATAA-3′,
rimer R 5′-TGTTCCATACAGAACCCACCATT-3′; probe (TAMRA)
′-AGCAATATACAGATCAAATTGAGCGCCCCC-3′) using the Primer
xpress 3.0 Software (Applied Biosystems). The assay was car-
ied out in 25 �l volume containing 5 �l of extracted specimen or
lasmid dilution, 1× Master Mix (Platinum qPCR supermix—UDG
ith ROX, Invitrogen), 250 nM of each primer, 125 nM of probe.
racil-DNA glycosylase was used to eliminate PCR ‘carry over’
ontaminations from previous PCR reactions.16 The PCR cycling
rotocol was as follows: 50 ◦C for 2 min, initial denaturation

tep at 95 ◦C for 10 min, followed by 45 cycles at 95 ◦C for 15 s
denaturation) and 60 ◦C for 1 min (annealing and extension).
tandard curves for the quantification of DNA were construct-
ng by plotting the threshold cycle against the logarithm of serial
0-fold dilutions of the corresponding plasmid. Amplifications
Fig. 1. Dynamic range of Real-Time PCR for parvovirus B19. Ct, threshold cycle;
regression line and 95% confidence intervals for dilutions from 101 to 1010

copies/reaction are reported.

data were analyzed by the Sequence Detection System Software
(Applied Biosystem). Specimens were subjected to simultane-
ous TaqMan PCR detection of the housekeeping gene human
Glycerin-aldehyde-3-phosphate-dehydrogenase (GAPDH) as inter-
nal control, as previously described.17 Results were considered
acceptable only in the presence of GAPDH with a threshold cycle (Ct)
lower than 39. The assay had a detection limit of 10 copies/reaction,
thus giving, based on the analytic procedure, a value of 125 genome
equivalents (GEq)/ml of BAL. Dynamic range of Real-Time PCR for
parvovirus B19 is shown in Fig. 1. A “nucleotide–nucleotide blast”
search for short nucleotide sequences performed at the National
Centre of Biotechnology Information and the National Library of
Medicine web site (available at: http://www.ncbi.nlm.nih.gov) con-
firmed that the primers used should not amplify other viruses
pathogenic to humans. As a confirmatory test, a nested PCR that
amplifies the VP1 region of parvovirus B19 was also performed, as
previously described.18

Serology for parvovirus B19 was obtained from clinical charts
or, in the available serum samples, was measured by commer-
cial enzyme immunoassay (NovaLisa parvovirus B19 IgM and IgG,
NovaTec Immundiagnostica, Dietzenbach, Germany).

For descriptive statistics, raw data, percentages, mean and
median were used. For statistical analysis, chi square test and
Student’s t-test were used, as appropriate. A p-value < 0.05 was
considered statistically significant.

4. Results

Overall, parvovirus B19-DNA was detected in 7/264 (2.6%) spec-
imens from 7/189 (3.7%) patients by Real-Time PCR assay and
confirmed by the nested PCR. Main features of patients with and
without parvovirus B19 in BAL samples are reported in Table 1.
The prevalence of parvovirus B19 positivity did not significantly
differ in relation to demographic characteristics, immune status,
transplant versus non-transplant status, admission to intensive
care unit, presence of haematological conditions. In the two lung
transplant recipients positive to B19 in surveillance BAL specimens,
histopathological evaluation disclosed no finding suggestive of viral
infection. Parvovirus B19 was significantly associated to mortality
within 28 days, as 3/7 (42.9%) positive patients required mechani-
cal ventilation for respiratory insufficiency and died within 28 days.
As regards seasonality, all the specimens positive to parvovirus
B19 were collected in autumn or winter. Overall, serology for par-
vovirus B19 was available for 106 patients: 77 (72.6%, including

six of the seven positive to parvovirus B19-DNA on BAL specimen)
with evidence of past infection (IgG positive, IgM negative) and
none with evidence of acute or recent infection. Parvovirus B19
load ranged from 125 to 12943 GEq/ml BAL (median, 125) and did
not significantly differ in relation to the above-mentioned patient

http://www.ncbi.nlm.nih.gov/
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Table 1
Main features of patients with and without parvovirus B19 in bronchoalveolar lavage specimens.

Characteristics Total Parvovirus B19

N (%) N+ (%) N− (%) P-value

Patient
Total 189 7 (3.7%) 182 (96.25%) –
Male 121 (64.0%) 4 (57.1%) 117 (64.3%) NS
Female 68 (36.0%) 3 (42.9%) 65 (35.7%)

Mean age 57.8 ± 15.9 (16–84) 62.0 ± 14.9 (38–78) 57.8 ± 16.2 (16–84) NS

Immune status
Competent 65 (34.4%) 3 (42.9%) 62 (34.1%) NS
Compromised 124 (65.6%) 4 (57.1%) 120 (65.9%)

Transplant 63 2 (28.6.2%) 61 (33.6%)
SOT 54 2 (3.7%; lung) 52 (96.3%) NS
BMT 9 0 9 (100%)
Non-transplant 126 5 (71.4%) 121 (66.4%)

Admission to ICU 24 (15.0%) 3 (12.5%) 21 (87.5%) NS

Mortality within 28 days 21 (13.1%) 3 (14.3%) 18 (85.7%) <0.05

Haematological condition 40 (21.2%) 2 (5.0%) 38 (95.0%) NS

Seasonality 264 specimens
Spring + summer 81 0 81 (100%) NS
Autumn + winter 183 7 (4.1%) 139 (95.9%)

SOT, solid organ transplant; BMT, bone marrow transplant; ICU, intensive care unit.

Table 2
Main features of patients positive to parvovirus B19-DNA in bronchoalveolar lavage.

Sex/age Underlying condition Immune status Clinical diagnosis Mortality Viral load (GEq/ml) Other pathogens

F/59 Haematological malignancy
on chemotherapy

Compromised Respiratory insufficiency No 705 Human herpesvirus-6,
human rhinovirus

M/59 Haematological malignancy
on chemotherapy

Compromised Pneumonia, sepsis Yes (at 3 days) <125 Epstein–Barr virus, bacteria

F/78 Acute respiratory condition Competent Respiratory insufficiency Yes (at 26 days) <125 No
M/38 Lung transplantation Compromised Follow-up bronchoscopy No 370 Human cytomegalovirus
M/60 Acute respiratory condition Competent Respiratory insufficiency Yes (at 1 day) <125 Human rhinovirus
M/78 Acute respiratory condition Competent Respiratory insufficiency No <125 Human herpesvirus-7,

human rhinovirus
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Eq, genome equivalents.

haracteristics. Main features of parvovirus B19-positive patients
re reported in Table 2. Real-Time PCR assay for parvovirus B19
esulted negative in all the available six serum specimens from the
atients positive on BAL samples.

. Discussion

Parvovirus B19 is a common cause of infection worldwide and
efinitive diagnosis is made by the detection of IgM or viral DNA

n serum samples, as well as B19-DNA may be detectable in res-
iratory secretions. Generally, B19 infection of immunocompetent

ndividuals displays a self-limiting course followed by clearance
f the virus from the host; although, in some cases, persistent

nfection may occur despite the presence of IgG antibodies. Beside
lood and bone marrow, the persistence of parvovirus B19-DNA
as been shown in skin, synovial, tonsils, liver, myocardial tissue,
nd kidney.19–25 Although parvovirus B19 infection and persistence
ave been associated with a wide range of diseases, the finding of
iral DNA in different tissue specimens argued against its possible
athogenic role in some clinical contexts,22,24 suggesting that the

etection of B19-DNA is not sufficient to postulate a relationship
etween the virus and specific diseases. In the present study we

nvestigated the presence and clinical impact of parvovirus B19 in
AL specimens. Few reports on parvovirus B19-associated pneumo-
ia in immunocompromised and immunocompetent patients as a
opy No 12943 Human cytomegalovirus,
human herpesvirus-7

result of primary infection have been described in literature, while
no study has investigated the presence of parvovirus B19-DNA in
lower respiratory tract specimens from a large group of hospital-
ized adult patients. Based on our results, parvovirus B19-DNA was
found in a small percentage of patients with different pathological
backgrounds, without evidencing any significant prevalence in a
specific subgroup of patients. As regards the potential relationship
with a particular clinical pattern, although five of the seven posi-
tive patients presented an acute respiratory condition, in the two
lung transplant recipients B19-DNA was found also in surveillance
BAL. This seems to argue against a possible pathogenic role of par-
vovirus B19 and the virus could represent an innocent bystander,
the replication of which has been favoured by the impaired pul-
monary background. The chronicity of parvovirus B19 infection
in cryptic sites, in the absence of viremia, because of delayed (or
no) clearance from these areas has been suggested for the cere-
brospinal fluid. This has been evidenced because cerebrospinal fluid
is routinely taken as part of routine investigation in new cases of
leukemia, the pathogenesis of which has been hypothesized to be
related to parvovirus B19, and is supported by the fact that B19 is

known to cause encephalitis.26 Similarly, based on our results, it is
likely that another cryptic site of viral persistence is represented
by the lower respiratory tract. Moreover, it is to note that viral load
was moderate-low in both symptomatic and surveillance cases and
that all the specimens, but one, presented at least a coinfection
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ith another virus, mainly herpesviruses or rhinovirus. However,
t may be likely that also herpesvirus DNA finding is attributable
o latency in lung, as previously described.17 On the other hand,
he presence of respiratory insufficiency in four of seven patients
ith B19 positivity in BAL specimen and frequent association with
ortality within 28 days (42.9% of the cases) suggests the need for

urther investigation of the presence of parvovirus B19 in BAL and
ung biopsy specimens and of its role in different clinical settings,
uch as intensive care unit.

In conclusion, our results suggest that parvovirus B19-DNA may
e detected at low frequency in BAL specimens obtained from hos-
italized adult patients with different pathological backgrounds.
his finding could be due to chronic infection with virus persis-
ence in the lower respiratory tract, also in the absence of symptoms
nequivocally attributable to B19; nevertheless, the high rate of
ortality in the few positive cases warrant the need for further

tudies to evaluate the opportunity to consider parvovirus B19 in
he diagnostic work-up of lower respiratory tract infections.

onflict of interest

None.

cknowledgement

None.

eferences

1. Young NS, Brown KE. Parvovirus B19. N Engl J Med 2004;350:586–97.
2. American Academy of Pediatrics. Parvovirus B19 (erythema infectiosum, fifth

disease). In: Red book 2006: report of the Committee on Infectious Disease. Wash-
ington, DC: American Academy of Pediatrics; 2006. p. 484–7.

3. Servey JT, Reamy BV, Hodge J. Clinical presentations of Parvovirus B19 infection.
Am Fam Physician 2007;75:373–6.

4. Florea AV, Ionescu DN, Melhem MF. Parvovirus B19 infection in the immuno-
compromised host. Arch Pathol Lab Med 2007;131:799–804.

5. Janner D, Bork J, Baum M, Chinnock R. Severe pneumonia after heart trans-
plantation as a result of human parvovirus B19. J Heart Lung Transplant
1994;13:336–8.

6. Nikkari S, Lappalainen H, Saario R, Lammintausta K, Kotilainen P. Detection

of parvovirus B19 in skin biopsy, serum, and bone marrow of a patient with
fever, rash, and polyarthritis followed by pneumonia, pericardial effusion, and
hepatitis. Eur J Clin Microbiol Infect Dis 1996;15:954–7.

7. Bousvaros A, Sundel R, Thorne GM, McIntosh K, Cohen M, Erdman DD, et al. Par-
vovirus B19-associated interstitial lung disease, hepatitis, and myositis. Pediatr
Pulmonol 1998;26:365–9.
irology 46 (2009) 150–153 153

8. Wardeh A, Marik P. Acute lung injury due to parvovirus pneumonia. J Intern
Med 1998;244:257–60.

9. Ghinoi A, Mascia MT, Giuggioli D, Magistro R, Barbolini G, Magro CM, et al.
Coexistence of non-specific and usual interstitial pneumonia in a patient with
severe cystic scleroderma lung involvement and parvovirus B19 infection. Clin
Exp Rheumatol 2005;23:431–3.

10. Lipsker D, Boeckler P. Acute urticaria and dry cough with interstitial pneu-
monia: a clue for the diagnosis of primary parvovirus B19 infection. Clin Exp
Dermatol 2006;31:473–4.

11. Steinfort DP, Dixon B. Parvovirus encephalitis and pneumonia in an immuno-
competent adult. Intern Med J 2006;36:209–10.

12. Beske F, Modrow S, Sörensen J, Schmidt H, Kriener S, Allwin R, et al. Parvovirus
B19 pneumonia in a child undergoing allogeneic hematopoietic stem cell trans-
plantation. Bone Marrow Transplant 2007;40:89–91.

13. Contini C, Segala D, Cultrera R, Crapanzano Minichello VM. Detection of
Parvovirus B19 and Chlamydophila pneumoniae in a patient with atypical sar-
coidosis. Infection 2007;37:52–5.

14. Zedtwitz-Liebenstein K, Jaksch P, Bauer C, Popow T, Klepetko W, Hofmann H,
et al. Association of cytomegalovirus DNA concentration in epithelial lining
fluid and symptomatic cytomegalovirus infection in lung transplant recipients.
Transplantation 2004;77:1897–9.

15. Costa C, Bergallo M, Sidoti F, Terlizzi ME, Astegiano S, Botto S, et al. What
role for human rhinoviruses in the lower respiratory tract? New Microbiol
2009;32:115–7.

16. Tetzner R, Dietrich D, Distler J. Control of carry-over contamination for PCR-
based DNA methylation quantification using bisulfite treated DNA. Nucleic Acid
Res 2007;35:e4.

17. Costa C, Elia M, Astegiano S, Sidoti F, Terlizzi ME, Solidoro P, et al. Quantitative
detection of Epstein–Barr virus in bronchoalveolar lavage from transplant and
non-transplant patients. Transplantation 2008;86:1389–94.

18. Cavallo R, Merlino C, Re D, Bollero C, Bergallo M, Lembo D, et al. B19 virus
infection in renal transplant recipients. J Clin Virol 2003;26:361–8.

19. Cassinotti P, Burtonboy G, Fopp M, Siegl G. Evidence for persistence of human
parvovirus B19 DNA in bone marrow. J Med Virol 1997;53:229–32.

20. Soderlund-Venermo M, Hokynar K, Nieminen J, Rautakorpi H, Hedman K.
Persistence of human parvovirus B19 in human tissues. Pathol Biol (Paris)
2002;50:307–16.

21. Norja P, Hokynar K, Aaltonen LM, Chen R, Ranki A, Partio EK, et al. Bioportfolio:
lifelong persistence of variant and prototypic erythrovirus DNA genomes in
human tissue. Proc Natl Acad Sci USA 2006;103:7450–3.

22. Bergallo M, Costa C, Sidoti F, Novelli M, Ponti R, Castagnoli C, et al. Variants of
parvovirus B19: bioinformatical evaluation of nested PCR assays. Intervirology
2008;51:75–80.

23. Barzon L, Murer L, Pacenti M, Biasolo MA, Della Vella M, Benetti M, Zanon GF,
Palù G. Investigation of intrarenal viral infections in kidney transplant recipients
unveils an association between parvovirus B19 and chronic allograft injury. J
Infect Dis 2009;199:372–80.

24. Schenk T, Enders M, Pollak S, Hahn R, Huzly D. High prevalence of human
parvovirus B19 DNA in myocardial autopsy samples from subjects without
25. Brown KE. Detection and quantitation of parvovirus B19. J Clin Virol
2004;31:1–4.

26. Kerr JR, Barah F, Cunniffe VS, Smith J, Vallely PJ, Will AM, et al. Association
of acute parvovirus B19 infection with new onset of acute lymphoblastic and
myeloblastic leukemia. J Clin Pathol 2003;56:873–5.


