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Human metapneumovirus infection in hematopoietic

stem cell transplant recipients
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stem cell transplant recipients.
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Abstract : Human metapneumovirus (hMPV) was described in 2001 and
has been associated with hoth upper and lower respiratory tract infection
(URTI and LRTI, respectively), especially in children, the elderly, and in
immunocompromised patients. The objective of this study was to identify
hMPVas the etiological agent of acute respiratory infection in
hematopoietic stem cell transplant (HSCT) patients and to determine the
clinical features of h(MPV infection in these patients.

Methods. The study was performed retrospectively in 769 respiratory
samples obtained from immunocompromised patients submitted to
HSCTover a period of 6 years. RNA was extracted by the guanidinium
thiocyanate method, and reverse transcription polymerase chain reaction
assay was performed to amplify a 928pb fragment of the hMPV N gene.
Results. hIMPVwas present in 19 (25% ) samples. The mean age of infected
patients was 18.3 £ 10.8 (range, 3-41). Sixty-six percent of hMPV
mnfections occurred during autumn, winter, and spring months. Three
episodes showed co-infection with more than 1virus. Two patients (11.1%)
were infected a few days into the conditioning period and 9 (50%) in the
first 3 months after the transplant. The majority of patients (72.2%)
presented URTI alone with flu-like symptoms (cough, fever, headache,
wheezing), while 5 patients (27.8% ) had LRTI (pneumonia). No patient
died from complications associated with the hMPV infection.
Condusions. hMPV has been reported as a respiratory pathogen in HSCT
patients. We suggest that hMPV infection should be routinely investigated
in this population, mainly in children, to prevent nosocomial
transmission during transplant proceedings and to avoid the risk of
progressing to complications due to LRTL
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Worldwide, respiratory virus infections are related to acute
diseases that affect all age groups, with significant morbid-
ity and mortality (1, 2). Recipients of solid organ or hemato-
poietic stem cell transplant (HSCT) are at increased risk for
these infections (3).

Advances in molecular techniques enabled the discovery
of new human respiratory viruses (4). In 2001, van den
Hoogen et al. (5) described the human metapneumovirus
(hMPV), which has since been associated with both upper
respiratory tract infection (URTI) and lower respiratory
tract infection (LRTI), mainly in children, the elderly, and
in immunocompromised patients (6-9).

Previously, reports involving HSCT recipients show that
the incidence of h(MPV infection is about 5%, and 3% in al-
logeneic and autologous HSCT recipients, respectively (3,9,
10). The majority of hMPV-infected patients presented
URTT alone, but a significant proportion progressed to
LRTI(9). It has been suggested that hMPV may be the caus-
ative agent of some cases previously categorized as idio-
pathic pneumonia syndrome (11, 12), sometimes involving
fatal pneumonia (9, 12-15).

As previous studies reported, hMPV infection in HSCT
recipients is important and needs to be investigated.
Thus, the objective of this study was to identify hMPVas
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the etiological agent of acute respiratory infection in HSCT
patients and to determine the clinical features of thisinfec-
tion. These results would improve our understanding of the
epidemiology and advance the management of hMPV in-
fection among transplant recipients.

Material and methods

Samples

All immunocompromised patient submitted to HSCT from
Hospital de Clinicas of the Universidade Federal do Parana
(HC-UFPR), in Curitiba, Parand state, Brazil, with symp-
toms of URTT or LRTI, underwent collection of nasopha-
ryngeal aspirate or bronchoalveolar lavage to investigate
the presence of the most common viruses in our region.

After the collection, respiratory samples were main-
tained inviral transport medium (tryptose buffer enriched
with gelatin) and transported on ice to the virology labora-
tory. The samples were processed by indirect immunofluo-
rescence assay using commercially available monoclonal
antibodies (Chemicon International Inc., Temecula, Califor-
nia, USA) to detect the most common viral antigens, such
as respiratory syncytial virus (RSV), influenza virus A
(FLUA), influenza virus B (FLUB), adenovirus (AdV), and
parainfluenza virus (PIV) (16). Sample aliquots in trans-
port medium were stored at — 70°C for future detection of
hMPV by reverse transcription polymerase chain reaction
(RT-PCR) assay.

This study was performed retrospectively in 769 respira-
tory samples obtained from immunocompromised patients
over a period of 6 vears (2000-2002 and 2006-2008).

This study was approved by Ethical Committee for Human
Beings from UFPR (process number: 0035.0.208.000-06).

Detection of N gene of h(MPV

Samples containing 1mL of viral transport medium were
kept at — 70°C until they were used for RNA extraction. To-
tal RNA was extracted using guanidinium thiocyanate as
previously described (17). Five hundred copies of pseudo ra-
bies virus (PRV) was added to the extraction buffer as inter-
nal control. Complementary DNA (cDNA) was produced
using the Superscript II RT enzyme (Invitrogen, Life
Technologies, Carlsbad, California, USA) and the specific
N1 primer (5'-ATGGGGACAAGTGAAAATGTC-3') by in-
cubation for 60 min at 42°C. Amplification was performed
to detect a 928 bp conserved region of the nucleoprotein (N)
gene (positions 112-1040 nt, based on GenBank AY297749
sequence). Two microliters of cDNA were used for a 25 uL re-
action containing the following: 2.5 uL. 10x PCR buffer minus
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Mg (Invitrogen, Life Technologies), 0.75 uL. of 50 mM MgCla
(Invitrogen, Life Technologies), 5ul of 25mM dNTPs
10pmol of PRVI- (5"-ATGACGCCGATGTACTTCTTCTT-
3"), 10pmol of PRV1 + (5'-CGCGTGGTCTACGGGGACAC
GGA-3"), 5pmol of N2 (5'-GAGTCTCAGTACACAATAA-
3"),6 pmol of N3 (5" -GCATTTCCGAGAACAACAC-3') prim-
ers (18), 1.25 U of Taq Polymerase (Invitrogen, Life Technolo-
gies), and completed with RNase-free distilled water: Cyeling
conditions were as follows: an initial denaturation step at
94°C for 3min was followed by 50 cycles at 94°C for 455,
50°C for 30s, and 72°C for 1 min, and a final extension step
at 72°C for 10 min. PCR products were analyzed by electro-
phoresis on a1% agarose gel stained with ethidium bromide.
PCR reactions included water as negative control and a pos-
itive control generated in our laboratory as described by
Debur et al. (19). RT-PCR was performed in duplicate and
samples were considered positive if they were positive in
both reactions.

URTI and LRTI definitions

URTIwas defined as new onset of nasal, pharyngeal, or la-
ryngealirritation. LRTT was defined as cough, rales, and jor
wheezing in conjunction with a new pulmonary infiltrate
identified by chest radiograph. Progression of URTI to
LRTI was defined as the development of pneumonia in
patients with prior or concurrent URTL

Results

RT-PCR assay for detection of the htMPV N gene was per-
formed in all 769 respiratory samples enrolled in our study.
In 189 patients, 19 (25%) positive samples to hMPV infec-
tion were observed. One patient was found positive in 2
different months of the same year (May and June 2002).
The incidence of hMPV infection in immunocompromised
patients submitted to HSCTat HC-UFPR was 3.7%.

Table 1 shows hMPYV incidence in immunocompromised
patients per year. In the majority of the hMPV detected
samples (16/19 — 84.2% ), this virus was the only pathogen
found. Co-infection with other viruses was observed in 3
samples. Two patients were co-infected with PIV/hMPV
and 1 patient with hMPV/RSV /FLUA. Two of these pa-
tients(2/3-66.7%) had LRTI (pneumonia). Others viruses,
such as RSV, PIV, FLUA, FLUB, and AdV have also been de-
tected in the period of the study, and probably were the eti-
ologic agent of 21.7% of respiratory infections, as showed
in Table 1. Inthe majority of the analyzed samples (580,769
~ 754%) no virus was detected. Among 11 positive cases
of hMPV in the first 3 vears of the study (2000-2002), 9
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Results of human metap irus (hMPV) detection in i p d patients itted to h topoietic stem cell transplant (HSCT)
from Curitiba, Parana State, Brazil
HSCT patients
Virus,year, no. 2000 (n=110) 2001(n=143) 2002(n1=160) 2006(n=119) 2007(n=127) 2008(n=110) Totalin =769)
hMPY i 4 4 4 3 0 16
(0.9%) (2.8%) (2.5%) (3.4%) (2.4%) (0.0%) (2.1%)
Codnfection’ 17 0 e 0 0 4= 3
(0.9%) (0.0%) (0.6%) (0.0%) (0.0%) (0.9%) (0.4%)
Other viuses® 31 34 25 21 30 26 167
(28.2%) (23.8%) (15.6%) (17.6%) (23.6%) (23.6%) (21.7%)
Negative 77 103 129 94 a4 83 580
(Tb.O%J (72.0%) (8D.6%) (79.0%) (74.0%) (75.4%) (754%)
Co-infection was determined using results of immunofluorescence (IF) assay.
“hMPV/PIV.
ShMPV/RSV/FLUA.

Hnfections by other viruses were determined using IF assay, which was used to investigated the most commonviral antigens in our region. The viruses
detected were: respiratory syncytial virus (RSV), influenza virus A (FLUA), influenza virus B, adenavirus, and parainfluenza virus (PIV).

Tablel

(81.8% ) were observed in 2 consecutive vears (2001/2002),
and for the 8 positive cases detected with hMPV between
the years 2006-2008, 7 (87.5%) were also observed in 2 con-
secutive years (2006/2007).

Figure 1 shows the distribution of hMPV-positive
samples from 2000 to 2002 and from 2006 to 2008. Al
though hMPV circulated throughout the year, we found
positive samples mainly in autumn and spring for the
years 2000-2002 and winter and spring for the years
2006-2008.

The mean age of the immunocompromised patients in-
fected with hMPV was 183 4+ 10.8 (range, 3-41); there was
no difference in distribution between genders. Among the
hMPV-infected patients, 6 (6/18 — 33.3% ) had the infection
before HSCTand 12 (12/18 — 667 % ) after HSCT.

Table 2 describes some of the characteristics of the
immunocompromised patients infected with hMPV before
the transplant. Six patients (6/18 — 33.33% ) had hMPV in-
fection before the transplant and one of them (number 5 -
Table 2), who was under steroid treatment,/regimen (pred-
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Fig. 1. Seasonal distribution of human metapneumovirus (hMPV) in the period of the study. The graph shows the results of virus detection in the sam-
ples analyzed in the 2 periods of the study (2000-2002 and 2006-2008) White blocks refer to h(MPV detection, which includes the cases of co-infections
with other viruses. Light gray blocks refer to other viruses detected in the period of the study by immuncfluorescence assay, which were respiratory

syncytial virus, influenza virus A, influenza virus B, adenovirus, and parainfluenza virus, Dark gray blocks represent samples with no virus detection

(negative samples).
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Characteristics of immunocompromised patients infected with human metapneumovirus (hMIPV) before hematopoietic stem cell transplant (HSCT)

Characteristics
Detection of hMPV infection
Patients® Age (vears) Gender Underlying disease Period relative to HSCT (days)? Season/year
1 13 M ALD =0 Autumn/2000
2 19 F SAA — 13 Winter/2001
3 17 M SAA —100 Autumn/2001
4 4 M SAA —57 Winter/2001
5 37 M PNH 2 Autumn/2002
6 9 M ALL — 14 Spring/2006

!Each patient infected with hMPV was sequentially numbered according to the year of detection.

“The day of HSCT was considered day 0.
3This patient was not submitted to HSCT at that time.

M, male; ALD, adrenoleukodystrophy; F,female; SAA, severe aplastic anemia; PNH, paroxysmal nocturnal hemoglobinuria; ALL, acute lymphoblastic leukemia.

Table 2

nisone), had LRTI (pneumonia). Two other patients (2/18 —
11.11%) had the infection a few days before the initiation of
the conditioning period, but they had no respiratory com-
plication because of this infection.

Table 3 describes some of the characteristics of the HSCT
patients infected with hMPV after the transplant. The
mean age of these patients was 12.5 £ 98 (range, 3-30).
Among the 12 hMPV-infected patients after the transplant,
9(9/12— 75.0%) were infected in the first 100 days of HSCT
and the majority were younger than 12 years old (6/9 —
75% ). Although the present study included samples of
HSCT patients submitted to autologous and allogeneic
transplant, hMPV infection was detected only in allogeneic
transplanted patients. Eight patients (812 — 66.7%) re-
ceived transplants from a related donor while 4 @/12 —
33.3%) had unrelated donors. Nine patients (9/12 — 75.0%)
had the infection in the first 3 months after the transplant
and in 1 of them (Patient 5 inTable 3) the virus continued to
be detected for 16 days. Among these patients, Patients 4, 5,
10, and 12 (Table 3) had LRTI (pneumonia). Three patients
(312 — 25.0%) had hMPV infection 8 months after the
transplant.

The clinical symptoms of hMPV infection are described
inTable 4. Patients who had hMPV infection 8 months after
the transplant were excluded from this data set because
they were only mildly symptomatic. Symptoms more fre-
quently reported were wheeze (93.3%), cough (93.3%), fe-
ver (53.3%), and headache (33.3%).

The majority of patients (13/18 - 72.2%) presented URTI
alone. Five patients (5/18 — 27.8%) had lower respiratory
complication with interstitial infiltrates as observed ina ra-
diologic evaluation. Two of them were younger than age 5

176 Transplant hfectious Disease 2010: 12: 173-179

years. Seventy-five percent of these patients (34 — 75%)
were transplanted from unrelated donors.

Patients who had hMPV infection in the period after the
fransplant received symptomatic treatment at home. The pa-
tients with LRTI (pneumonia) were hospitalized fora median
of 2 days (range 1-35 days) and were treated with supplemen-
tal oxygen, steroids, antibiotics, and bronchodilators. One pa-
tient required mechanical ventilation. The patient follow-up
was done in the out patient clinic. No patient died.

Discussion

hMPV is an emerging respiratory virus commonly re-
ported worldwide (20). In our study, all patients who had
hMPV infection after the transplant were infected after
discharged from the HSCT isolation unit. These patients
stay close to the hospital until day -+ 100 after transplant
and they usually come to the hospital daily to receive
drugs. Only 3 patients were infected in the first 30 days af-
ter HSCT, a period when the patient undergoes the most in-
tense immunosuppression and thus is more prone to
infection. Six other patients were infected between day 30
and day 90 after HSCT. It is possible that these infections
were dueto contact with infected patients in the hospital, to
other infected people in their communities, or because they
were more exposed to circulating viral agents (21).

In the majority of hAMPV infections detected in our study,
this virus was the only pathogen found (Table 1), which
suggests that it was responsible for the respiratory illness
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Characteristics of human metapneumovirus (hMPV) infected patients after hematopoietic stem cell transplant (HSCT)

Characteristics
Detection of hMPV infection
HSCT type donor
Age Underlying (allogeneic transplant/ Pre-transplant conditioning Period relative

Patients® {years) Gender disease stem cell source) (C)and GVHD prophylaxis (P) to HSCT (days)® Season/year

12 27 F CML Related/bone marrow C:BUS +CY + 349 Spring/2000
P: CsA + MTX

2 30 M CML Unrelated /bone marrow C:CY +TBI + 348 Winter/2001
P: CsA + MTX

3 30 b SAA Related/bone marrow C:BUS +CY +253 Autumn/2002
P: CsA + MTX

44 i F ALL Related/bone marrow C:CY +TBI +66 Autumn/2002
P: CsA + MTX

5 18 M ALL Unrelated /bone marrow C:CY +TBI +25 Autumn/2002
P: CsA + MTX

B 10 e AML Related/bone marrow C:BUS +CY +30 Summer/2006
P: CsA + MTX

T 14 5 ALL Related/bone marrow C:EY + TBl +61 Spring/2006
P: CeA + MTX

8 11 M ALL Related/bone marrow €: CY +TBI +49 Spring/2006
P: CsA + MTX

9 26 F NHL Related/peripheral blood C: CY + Flu +69 Winter/2007
P: CsA + MTX

10 a3 M WAS Urrelated /cord blood C:BUS+ LY +79 Winter/2007
P: CsA + MTX

11 9 F ALL Related/bone marrow C:CY +TBI +19 Spring/2007
P: CsA + MTX

127 10 E ALL Unrelated/bone marrow C:CY+TBI + 56 Spring/2008
P: CsA 4+ MTX

1Fach patient infected with hMPY was seguentially numbered according to the year of detection.

The day of HSCT was considered day 0.
3Patient co-infected with parainfluenza virus/hMPV.
4patient co-infected with hMPV frespiratory syncytical virus/influenza A.

GVHD, graft-versus-host disease; F, female; CML, chronic myelogenous leukemia; BUS, busulfan; CY, cyclophosphamide; CsA, cyclosporine; M, male; MTX,
methotrexate; TBI, total body irradiation; SAA, severe aplastic anemia; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; NHL, non-Hodgkin

lymphoma; Flu, fludarabine phosphate; WAS, Wiskott-Aldrich syndrome.

Table3

by itself. Generally, secondary infections by bacteria or vi-
rus are relatively common after viral URTI or LRTI, al-
though there is a debate about frue primary and
secondary infection (22). Co-infections usually lead to
LRTI (23). Significantly, we found co-infections of hMPV
with PIV, RSV, FLUA, and FLUB, which can lead to pneu-
monia (9). Tsuchiya et al. (24), in a study with the same
HSCT patients during the period of 20002003, found that
RSV and PIV were the more frequent viruses circulated
between these patients. Therefore, such co-infections could
be explained because these viruses circulate in the same
period of the year.

The patients in our study had different underlying dis-
eases and degrees of immunosuppression, which suggests

that severe immune compromise is not a necessary risk fac-
tor for hMPV infections (9), but the condition of immuno-
suppression per se is arisk factor torespiratory disease (25)
and so is hMPV infection.

In the present study, the majority of hMPV-infected pa-
tients presented URTTI alone, with cough and wheeze as ini-
tial symptoms, as previously reported (12, 26). These
symptoms af this stage are usually resolved only by symp-
tomatic treatment. However, a total of 27.8% of the patients
progressed to LRTL. Among the patients who progressed to
LRTI only due to the hMPV infection, 1 of them had the in-
fection near the conditioning period (recent use of high
dose of corticosteroids) and another in the first 100 days
after the transplant.

Transplant Infectious Disease 2010:12: 173-179 177
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Clinical symptoms of patients with human metapneumovirus (hMPV)
infection

Clinical manifestation® Patients number (%),n =15

Cough 14 (93.3%)
Wheeze 14 (93.3%)
Fever 8(53.3%)
Headache 5(33.3%)
Dyspnea 3(20%)
Otalgia 3(20%)
Vomiting 1 (6.7%)
Myalgia 1(6.7%)
Hyporexia 1 (6.7%)
Preumonia 5(33.3%)

patients had more than one symptom.

Table

Sinceitsdescription in 2001, hMPV has been found inall
age groups with worldwide circulation and universal im-
munity by age 5 (18, 27-29). Reinfection with hMPVoccurs
throughout adult life and has been diagnosed in 1-9% of
adults each year by RT-PCR or serology (28). The mean
age of the patients of our study was 18.3 (range 3-41).
Among the patients who had LRTI, 2 were <5 years old.
The risk of pneumonia in young HSCT patients might be a
result of the primary infection or immature immunologic
response. Among the adults, HSCT patients were probahly
infected in the first 30 days after HSCT because immuno-
suppression facilitates respiratory infection. Alternatively,
patients could be infected by another subgroup of hMPV
for which they do not yet have antibodies (11, 26). It is im-
portant to point out that among the 4 patients who had
LRTI, 3 (75%) had unrelated donors. Only 1 patient with
LRTI was not lymphocytopenic (data not shown), which is
in agreement with the hypothesis that lymphocytopenia is
a significant variable predisposing to LRTI by respiratory
viruses, such as hMPV (10).

The incidence of hMPV in immunocompromised pa-
tients submitted to HSCT at HC-UFPR was 3.7% and it
was detected only in allogeneic transplant patients. Inci-
dence estimates of h(MPV infection in HSCT patients vary
widely over the transplantation regimen and the type of
surveillance adopted (3). Martino and collaborators (10) re-
ported an incidence of 5.2% and 2.9% in allogeneic and
autologous HSCT patients. Oliveira and collaborators (15),
in a study of 3 consecutive years, found an incidence of
59% and 1.3% in allogeneic and autologous HSCT pa-
tients, respectively. Furthermore, the authors describe the
death of 1 patient with allogeneic HSCT co-infected with
FLUB. Williams and collaborators (9) conducted a 4-year

178 Transpiant Infectious Disease 2010: 12: 173-179

3L2

study and hMPV was detected in 3.6% and 28% of the
samples from allogeneic and autologous HSCT patients, re-
spectively. Thus, respiratory infections, mainly in al-
logeneic HSCT patients, must be investigated to avoid prog-
ress to LRTL

The hMPVeirculated during autumn, winter, and spring
months, and it was correlated with lower temperatures
(mean 15°C/59°F, 12.8°C/55°F, 15°C/69°F, respectively). This
seasonal relationship was already described in a previous
study by the same group (19). In the current study, h(MPV
was mainly detected in 2 consecutive years as observed in
Fig. 1 (2000-2001 and 2006-2007). Similar data were de-
scribed by Martino et al. (10), who studied respiratory vi-
ruses during 4 years (1999-2003) and found a Z-year
incidence of hAMPV infection.

Exact comparisons between the incidence of hMPV and
other viruses in this study are difficult to make because
hMPV was detected by a sensitive molecular technique,
whereas other viruses were detected by indirect immuno-
fluorescence assay (30). We believe that the detection of co-
infections and incidence of others viruses could be under-
estimated.

It is interesting to point out thatin19 (2.5%) patients, pre-
viously virus-negative respiratory infection in immuno-
compromised patients were attributable to hMPV. Three
patients had pneumonia, probably due to this virus infec-
tion because it was the only pathogen found. Although this
is a brief report and only reported 12 cases of hMPV infec-
tion after HSCT, it is noteworthy that this virus was de-
tected in immunocompromised pafients in different bone
marrow transplant procedures of all age groups, although
50% of these patients were children <14 years of age.
These infections were diagnosed retrospectively, so no
hMPV-specific therapeutic intervention was used. In this
study; there were no deaths. More prospective studies are
necessary to address this issue.

Our results suggest that the introduction of nucleic acid-
based techniques to identify emerging respiratory viruses
such as hMPV, particularly in immunocompromised pa-
tients, should be routinely performed to prevent no-
socomial transmission during transplant proceedings and
to avoid the risk of progression to complications due to
LRTL
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