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Summary Background: Novel respiratory viruses were discovered in the last years predomi-
nantly in children. Until now information on newly identified respiratory viruses in immunosup-
pressed adult patients is limited. Here we investigated immunocompromised adults with
suspected Pneumocystis jirovecii pneumonia (PCP) for new respiratory viruses.
Methods: Bronchoalveolar lavage (BAL) samples of 128 patients with atypical pneumonia (HIV-
infected n Z 50, hematological malignancy n Z 51, immunosuppressive treatment n Z 27)
were prospectively evaluated for P. jirovecii and retrospectively for new respiratory viruses
(HMPV, HBoV, HCoV-NL63/SARS/HKU1).
Results: P. jirovecii was detected in 26/128, bacteria in 10, fungi in four, Influenza A in two
patients. Novel respiratory viruses were found in only two/128 patients with hematological
malignancy, of those one patient with HBoV-infection and one with HMPV-infection, respec-
tively. No pathogens were detected in 82/128 patients. The one patient with detection of
hMPV and clinical diagnosis of atypical pneumonia died of pulmonary failure.
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Conclusion: Human bocavirus and human metapneumovirus are rarely involved in atypical
pneumonia in immunocompromised adult patients with suspected PCP, but may contribute
to severe respiratory failure.
ª 2009 The British Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

Besides the commonly known viruses that cause respiratory
tract infections like respiratory syncytial virus (RSV),
rhinoviruses, adenoviruses, and the human coronaviruses
(OC43 and 229E) an increasing number of ‘‘new’’ respira-
tory viruses were detected in the last years. These viruses
include the human metapneumovirus (hMPV) and the
human bocavirus (hBoV) first described in 2001 and
2005,1,2 as well as the human coronaviruses NL63 and
HKU1,3,4 respectively. Most epidemiological and clinical
studies have focused on children, where hMPV is associated
for up to 25% of viral respiratory tract infections.2,5 Unlike
hBoV, the relationship between hMPV and symptomatic re-
spiratory tract infection is undoubted. Since the first de-
scription of hBoV an increasing number of prevalence
studies were published but until now disease association
in children with acute respiratory tract infections remain
unclear. So far it was controversially discussed whether hu-
man bocavirus is indeed a pathogen rather than an innocent
bystander as it is frequently associated with coinfections
and Koch’s modified postulates cannot been fulfilled.6

Data for adults especially in immunocompromised patient
are limited for both viruses.7,8

We studied retrospectively bronchoalveolar lavage spec-
imens for human bocavirus and human metapneumovirus
from immunocompromised adult patients with different
underlying disease and atypical pneumonia who were
suspected for Pneumocystis jirovecii pneumonia (PCP).

Patients and methods

Bronchoalveolar lavages from 157 immunocompromised
patients with clinical and radiological confirmed atypical
pneumonia were sent to the Department of Infectious
Disease at the University of Cologne during a 2 year period
between January 2003 and December 2004. Samples were
aliquoted for preparing DNA/RNA, for light microscopy
and storing at �80 �C.

All BAL samples were prospective examined for Pneumo-
cystis jirovecii, Mycobacterium tuberculosis, Chlamydia
pneumoniae, Aspergillus sp., Candida sp., Cryptococcus
neoformans, cytomegalovirus, EbsteineBarr virus, Herpes
simplex and Varicella zoster, Influenza viruses A and B by
culture, antigen detection, light microscopy, PCR or RT
PCR, as appropriate.9

BAL specimens for examination of P. jirovecii by light mi-
croscopy were concentrated by a modified watereether sed-
imentation procedure. A part (20 ml) of the suspension was
used for preparing smears (about 15 mm2). Smears were
fixed in methanol and stained with Uvitex 2B (Fungiqual A,
R&R, Kandern, Germany), and examined at �400 as well as
�1000 magnification under Zeiss fluorescence microscope
(Oberkochen, Germany) as previously described.10
DNA and RNA extractions for PCR detection were pre-
pared from BAL by using a QIAmp Tissue Kit and the viral RNA
kit (Qiagen, Hilden, Germany), respectively, following the
manufacture’s instructions. PCR amplifications were done in
50 ml reaction mixtures under the following conditions:
25 pmol of each primer, 200 mM each of deoxynucleoside tri-
phosphate, 10 mM TriseHCL (pH 9.0), 50 mM KCL, 1.5 mM
MgCl2, and 2.5 U of Taq DNA polymerase (PerkineElmer,
Norwalk, CT, USA). Reactions were run in a PerkineElmer
thermocycler using a step cycle programme. After initial de-
naturation of DNA at 94 �C for 3 min, 35 cycles were run:
94 �C for 1 min, annealing temperature of 55 �C for 2 min,
and 72 �C for 3 min with a 10 min 72 �C extension after the
35 cycles.4e6 Primers pAZ102-H (50-GTG TAC GTT GCA AAG
TAC TC-30) and PAZ102-E 50-GAT GGC TGT TTC CAA GCC
CA-30 were used to amplify a 346 base-pair DNA fragment
of the mitochondrial LSU-rRNA gene of P. jirovecii.11

Retrospectively, RSV, hMPV, coronaviruses NL63, HKU1,
OC43, and 229E, and the human bocavirus (hBoV) were
detected PCR or RT PCR, as previously described.12 Sensi-
tivities for RT-PCR reactions for RSV, NL63, and HMPV
were 1 � 103e5 � 103 genome equivalents per ml (as deter-
mined with infected cell culture supernatants) and 103e104

genome equivalents per ml clinical samples for human bo-
cavirus as determined with plasmid DNA.

A 10 ml aliquot from each reaction was run on a 3% Nu-
Sieve 3:1 electrophoresis-grade agarose gel (FMC Bioprod-
ucts, Rockland, Maine, USA) in 1� TAE buffer (0.04 mol/l
Tris acetate, 0.001 mol/l EDTA) with ethidium bromide
(0.5 g/ml) to visualize the amplified PCR products under
UV-illumination.

Procedures for avoiding contamination were strictly
followed. DNA/RNA isolation, preparation of reaction mix-
tures, and amplification and analysis were physically
separated and performed in three different rooms. Positive
displacement tips were used for all manipulation and
negative controls containing reaction mixtures without
DNA were always done.

Results

BAL samples from 157 immunocompromised patients were
examined for detection of P. jirovecii. Because of insuffi-
cient amounts of BAL samples 29 of these patients were ex-
cluded from retrospective laboratory analysis for new or
emerging viruses.

Of 128 patients included in the analysis 50 (39.1%)
patients were HIV-infected, 51 (39.8%) suffered from
hematological malignancy (e.g. leukemia, lymphoma) and
27 (21.1%) were treated with immunosuppressive medica-
tion because of solid organ transplantation (e.g. kidney,
heart) or other multisystemic diseases.

Overall P. jirovecii was detected in 26 of 128 (20.3%) pa-
tients included in the retrospective analysis: 17 of 50 (34%)
HIV-infected patients, five of 51 (9.8%) patients with
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hematological malignancy and four of 27 (14.8) patients
with immunosuppressive treatment due to other causes
(Table 1). Several bacteria were cultured in 10 of 128
(7.8%) patients and fungi were found in five of 128 (3.9%)
patients.

Viruses were detected in five of 128 (3.9%) patients; CMV
in one patient with hematological malignancy, Influenza A
in two patients (one HIV-infected patient and one with
immunosuppressive medication). RSV, Influenza B and
coronavirus were not detected in any BAL specimens.

HMPV was detected in a BAL specimen of a male patient
with chronic myeloid leukemia and allogenic bone marrow
transplantation. He was admitted with severe dyspnea,
cough and fever and atypical pneumonia were diagnosed by
chest X-ray and computed tomography. Bronchoscopy
showed hyperemia of the tracheal mucosa suggesting
inflammation and histological analysis of lung biopsies
resulted in infiltrates with lymphocytes and plasma cells
and the additional diagnosis of an adenocarcinoma of the
lung. The patient did not show the ‘‘sepsis-like’’ syndrome
or pulmonary hemorrhage previously described by Englund
and coworkers.7 Unfortunately the patient died due to a se-
vere aggravation of the atypical pneumonia and fatal pul-
monary failure 10 days after admission.

Human bocavirus was detected in a BAL specimen of
a female patient with lymphoma and induced immunosup-
pression due to chemotherapy. She developed a fever of
unknown origin and was treated with antibiotics, antimy-
cotic treatment and with ganciclovir because of suspected
CMV infection. The patient reported ongoing pneumonia-
like symptoms and atypical pneumonia was diagnosed. A
BAL specimen was taken and the only positive result was
hBoV. Within a few days the symptoms improved continu-
ally and the patient was discharged from hospital.
Table 1 Patient characteristics and detection results.

All (%)
n Z 128
(100)

Group 1 (%)
HIV-infected
patients n Z
(39.1)

Age years
Median 49.5 41.5
Range 18e86 18e67

Sex male (%) 97 (75.8) 43 (86.0)

Pathogen (%)
Pneumocystis jirovecii 26 (20.3) 17 (34.0)
RSV 0 (0.0) 0 (0.0)
HBoV 1 (0.8) 0 (0.0)
HMPV 1 (0.8) 0 (0.0)
Influenza A 2 (1.3) 1 (2.0)
Influenza B 0 (0.0) 0 (0.0)
Coronavirus 0 (0.0) 0 (0.0)
CMV 1 (0.8) 0 (0.0)
Bacteria 10 (7.8) 4 (8.0)
Fungi 5 (3.9) 0 (0.0)
Copathogen 1 (0.8) 1 (2.0)
No pathogen 82 (64.1) 29 (58.0)
Discussion

Pneumocystis pneumonia is one of the leading causes of dis-
ease and frequently the first severe AIDS defining illness in
HIV-infected patients. Since the introduction of PCP pro-
phylaxis and the initiation of high active antiviral therapy
(HAART) the incidence of PCP declined from approximately
90e30 per 1.000 person years in HIV-infected patients. De-
spite this improvement, until now PCP is still the most com-
mon AIDS defining opportunistic infection in Northern
America and Europe. PCP is also recognized in patients
with malignancy, after solid organ transplantation and im-
munosuppressive treatment.13

In our high risk immunocompromised patients who
underwent diagnostic procedure including BAL because
of atypical pneumonia 20% had a diagnosis of PCP most of
these patients were HIV-infected (group 1). However, in
more than 60% of the examined patients no pathogen was
detected and several other pathogens were found in only
20%. Newly described respiratory viruses were only de-
tected in two patients consistent to previously published
studies. Englund et al. evaluated retrospectively BAL
specimens of adult patients after hematopoietic stem
cell transplantation for the presence hMPV and detected
in five of 163 (3%).7 Of these five patients, four died of re-
spiratory complications like our patient at a median of
16 days. In contrast none of the eight adult patients
with pneumonia, sole detection of hMPV and several un-
derlying diseases died in a recently published study by
Johnestone et al. but immunocompromised patients
were excluded from the analysis.14 Immunocompromised
patients seem to be apparently more severely affected
than non-immunocompromised patients like it is observed
for several other viruses. Barenfanger et al. tested 161
50

Group 2 (%)
hematological
malignancy n Z 51
(39.8)

Group 3 (%)
immunosuppressive
treatment n Z 27
(21.1)

55.0 57.0
20e86 25e81

33 (64.7) 21 (77.7)

5 (9.8) 4 (14.8)
0 (0.0) 0 (0.0)
1 (2.0) 0 (0.0)
1 (2.0) 0 (0.0)
0 (0.0) 1 (3.7)
0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0)
1 (2) 0 (0.0)
5 (9.8) 1 (3.7)
4 (7.8) 1 (3.7)
0 (0.0) 0 (0.0)

32 (62.7) 21 (77.7)
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patients older that 20 years and 230 patients younger than
20 years and detected hMPV in 3.1% vs 2.6%. Notable was
also that only one of the children but all of the adults
were hospitalized.15 Kamboj and coworkers most recently
found that HMPV-infections in cancer patients caused
a number of unspecific respiratory symptoms but observed
no fatal cases of respiratory HMPV-infections16 in their co-
hort. Thus, the cases described here and by Englund et al.
may have suffered from additional predisposing condi-
tions that have not been identified so far. However, two
further studies described that infection by HMPV was
5.8e9% in hematopoietic cell transplant recipients, thus
there my be indeed more severe but so far neglected
cases in such cohorts.17,18

The clinical relevance of hBoV is uncertain in contrast
to hMPV. The proportion of respiratory specimens from
symptomatic hospitalized children that contains hBoV
DNA ranged between 1.5% and 19%,6,8,19e31 and as re-
cently reviewed by our group.6 The high rate of co-infec-
tions with other viral pathogens suggests that the virus is
a possible passenger. In an unpublished prospective
matched-pair analysis our working group have shown
that in hospitalized children hBoV-infection appears to
be as serious as RSV-infection and these data demon-
strated that human bocavirus is an independent and se-
vere pathogen (Schildgen et al., submitted). For adult
patients the importance of hBoV as a respiratory pathogen
is unclear. Recently, Longtin et al. detected hBoV in only
one of 126 (0.8%) symptomatic adults with bronchitis or
pneumonia.8 However, we have recently described a clini-
cal case of a severe pneumonia most likely associated to
hBoV in an adult patient that was also confirmed by radio-
logical findings.32 hBoV in immunocompromised pediatric
patients were described after organ transplantation and
in HIV-infected children.33,34 Occurrence of hBoV in adult
immunocompromised patients as described in the pre-
sented study seems to be rare but prospective studies
are lacking.

This study shows that not only young infants can be
affected from infections with ‘‘new’’ respiratory viruses,
e.g. hMPV or hBoV. These viral pathogens should be
carefully included in routine testing in adult patients
with atypical pneumonia but further studies are neces-
sary to prove the clinical relevance in adults especially
for hBoV.

Conflict of interest

None of the authors have any conflict of interest.

Acknowledgement

This work was supported by a grant from the European
Commission (LSHM-CT-2006-037276).
Appendix A. Supplemental material

Supplementary information for this manuscript can be
downloaded at doi: 10.1016/j.jinf.2009.01.004.
References

1. Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-
Lindell A, Andersson B. Cloning of a human parvovirus by mo-
lecular screening of respiratory tract samples. Proc Natl Acad
Sci U S A 2005 Sep 6;102(36):12891e6.

2. van den Hoogen BG, de Jong JC, Groen J, Kuiken T, de Groot R,
Fouchier RA, et al. A newly discovered human pneumovirus iso-
lated from young children with respiratory tract disease. Nat
Med 2001 Jun;7(6):719e24.

3. van der Hoek L, Pyrc K, Jebbink MF, Vermeulen-Oost W,
Berkhout RJ, Wolthers KC, et al. Identification of a new human
coronavirus. Nat Med 2004 Apr;10(4):368e73.

4. Woo PC, Lau SK, Chu CM, Chan KH, Tsoi HW, Huang Y, et al.
Characterization and complete genome sequence of a novel
coronavirus, coronavirus HKU1, from patients with pneumonia.
J Virol 2005 Jan;79(2):884e95.

5. Williams JV, Harris PA, Tollefson SJ, Halburnt-Rush LL,
Pingsterhaus JM, Edwards KM, et al. Human metapneumovirus
and lower respiratory tract disease in otherwise healthy infants
and children. N Engl J Med 2004 Jan 29;350(5):443e50.

6. Schildgen O, Muller A, Allander T, Mackay IM, Volz S, Kupfer B,
et al. Human bocavirus: passenger or pathogen in acute respi-
ratory tract infections? Clin Microbiol Rev 2008 Apr;21(2):
291e304. table of contents.

7. Englund JA, Boeckh M, Kuypers J, Nichols WG, Hackman RC,
Morrow RA, et al. Brief communication: fatal human meta-
pneumovirus infection in stem-cell transplant recipients. Ann
Intern Med 2006 Mar 7;144(5):344e9.

8. Longtin J, Bastien M, Gilca R, Leblanc E, de Serres G,
Bergeron MG, et al. Human bocavirus infections in hospitalized
children and adults. Emerg Infect Dis 2008 Feb;14(2):217e21.

9. Schildgen O, Glatzel T, Geikowski T, Scheibner B, Matz B,
Bindl L, et al. Human metapneumovirus RNA in encephalitis pa-
tient. Emerg Infect Dis 2005 Mar;11(3):467e70.

10. Muller A, Stellermann K, Hartmann P, Schrappe M,
Fatkenheuer G, Salzberger B, et al. A powerful DNA extraction
method and PCR for detection of microsporidia in clinical stool
specimens. Clin Diagn Lab Immunol 1999 Mar;6(2):243e6.

11. Wakefield AE, Pixley FJ, Banerji S, Sinclair K, Miller RF,
Moxon ER, et al. Detection of Pneumocystis carinii with DNA
amplification. Lancet 1990 Aug 25;336(8713):451e3.

12. Volz S, Schildgen O, Klinkenberg D, Ditt V, Muller A,
Tillmann RL, et al. Prospective study of human bocavirus
(HBoV) infection in a pediatric university hospital in Germany
2005/2006. J Clin Virol 2007 Nov;40(3):229e35.

13. Morris A, Lundgren JD, Masur H, Walzer PD, Hanson DL,
Frederick T, et al. Current epidemiology of Pneumocystis pneu-
monia. Emerg Infect Dis 2004 Oct;10(10):1713e20.

14. Johnstone J, Majumdar SR, Fox JD, Marrie TJ. Human meta-
pneumovirus pneumonia in adults: results of a prospective
study. Clin Infect Dis 2008 Feb 15;46(4):571e4.

15. Barenfanger J, Mueller T, O’Brien J, Drake C, Lawhorn J. Prev-
alence of human metapneumovirus in central Illinois in pa-
tients thought to have respiratory viral infection. J Clin
Microbiol 2008 Apr;46(4):1489e90.

16. Kamboj M, Gerbin M, Huang CK, Brennan C, Stiles J, Balashov S,
et al. Clinical characterization of human metapneumovirus in-
fection among patients with cancer. J Infect 2008 Dec;57(6):
464e71.

17. Peck AJ, Englund JA, Kuypers J, Guthrie KA, Corey L, Morrow R,
et al. Respiratory virus infection among hematopoietic cell
transplant recipients: evidence for asymptomatic parain-
fluenza virus infection. Blood 2007 Sep 1;110(5):1681e8.

18. Williams JV, Martino R, Rabella N, Otegui M, Parody R,
Heck JM, et al. A prospective study comparing human meta-
pneumovirus with other respiratory viruses in adults with

http://dx.doi.org/doi:10.1016/j.jinf.2009.01.004


Low prevalence of human metapneumovirus and human bocavirus 231
hematologic malignancies and respiratory tract infections.
J Infect Dis 2005 Sep 15;192(6):1061e5.

19. Gagliardi TB, Iwamoto MA, Paula FE, Proenca-Modena JL,
Saranzo AM, Criado MF, et al. Human bocavirus respiratory in-
fections in children. Epidemiol Infect; 2009 Jan 12:1e5.

20. Chieochansin T, Thongmee C, Vimolket L, Theamboonlers A,
Poovorawan Y. Human bocavirus infection in children with
acute gastroenteritis and healthy controls. Jpn J Infect Dis
2008 Nov;61(6):479e81.

21. Tan BH, Lim EA, Seah SG, Loo LH, Tee NW, Lin RT, et al. The
incidence of human bocavirus infection among children admit-
ted to hospital in Singapore. J Med Virol 2009 Jan;81(1):82e9.

22. Zhang LL, Tang LY, Xie ZD, Tan XJ, Li CS, Cui AL, et al. Human
bocavirus in children suffering from acute lower respiratory
tract infection in Beijing Children’s Hospital. Chin Med J
(Engl) 2008 Sep 5;121(17):1607e10.

23. Garcia ML, Calvo C, Pozo F, Perez-Brena P, Vazquez MC,
Casas I. Detection of human bocavirus in ill and healthy Spanish
children. A 2-year study. Arch Dis Child; 2008 Aug 1.

24. Calvo C, Garcia-Garcia ML, Blanco C, Santos MJ, Pozo F, Perez-
Brena P, et al. Human bocavirus infection in a neonatal inten-
sive care unit. J Infect 2008 Sep;57(3):269e71.

25. Esposito S, Bosis S, Niesters HG, Tremolati E, Sabatini C,
Porta A, et al. Impact of human bocavirus on children and their
families. J Clin Microbiol 2008 Apr;46(4):1337e42.
26. Maggi F, Andreoli E, Pifferi M, Meschi S, Rocchi J, Bendinelli M.
Human bocavirus in Italian patients with respiratory diseases.
J Clin Virol 2007 Apr;38(4):321e5.

27. Chung JY, Han TH, Kim CK, Kim SW. Bocavirus infection in hos-
pitalized children, South Korea. Emerg Infect Dis 2006 Aug;
12(8):1254e6.

28. Foulongne V, Olejnik Y, Perez V, Elaerts S, Rodiere M,
Segondy M. Human bocavirus in French children. Emerg Infect
Dis 2006 Aug;12(8):1251e3.

29. Foulongne V, Rodiere M, Segondy M. Human bocavirus in chil-
dren. Emerg Infect Dis 2006 May;12(5):862e3.

30. Bastien N, Brandt K, Dust K, Ward D, Li Y. Human bocavirus in-
fection, Canada. Emerg Infect Dis 2006 May;12(5):848e50.

31. Sloots TP, McErlean P, Speicher DJ, Arden KE, Nissen MD,
Mackay IM. Evidence of human coronavirus HKU1 and human
bocavirus in Australian children. J Clin Virol 2006 Jan;35(1):
99e102.

32. Kupfer B, Vehreschild J, Cornely O, Kaiser R, Plum G, Viazov S,
et al. Severe pneumonia and human bocavirus in adult. Emerg
Infect Dis 2006 Oct;12(10):1614e6.

33. Arnold JC, Singh KK, Spector SA, Sawyer MH. Human bocavirus:
prevalence and clinical spectrum at a children’s hospital. Clin
Infect Dis 2006 Aug 1;43(3):283e8.

34. Smuts H, Hardie D. Human bocavirus in hospitalized children,
South Africa. Emerg Infect Dis 2006 Sep;12(9):1457e8.


