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Abstract

Over the past decade, reported incidence of human metapneumovirus (hMPV) has increased 

owing to the use of molecular assays for diagnosis of respiratory viral infections in cancer patients. 

The seasonality of these infections, differences in sampling strategies across institutions, and small 

sample size of published studies make it difficult to appreciate the true incidence and impact of 

hMPV infections. In this systematic review, we summarized the published data on hMPV 

infections in hematopoietic cell transplant recipients and patients with hematologic malignancy, 

focusing on incidence, hMPV-associated lower respiratory tract infection (LRTI), mortality, 

prevention, and management with ribavirin and/or intravenous immunoglobulins. Although the 

incidence of hMPV infections and hMPV-associated LRTI in this patient population is similar to 

respiratory syncytial virus or parainfluenza virus and despite lack of directed antiviral therapy, the 

mortality rate remains low unless patients develop LRTI. In the absence of vaccine to prevent 

hMPV, infection control measures are recommended to reduce its burden in cancer patients.
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 1. Introduction

Use of sensitive polymerase chain reaction (PCR) assay has led to increased awareness and 

identification of human metapneumovirus (hMPV) as a common cause of respiratory viral 
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infection in hematopoietic cell transplant (HCT) recipients and hematologic malignancy 

(HM) patients.

A recently discovered negative-sense RNA paramyxovirus, hMPV is genetically similar to 

respiratory syncytial virus (RSV) and it reportedly infects approximately 5%–9% of HCT 

recipients.[1, 2] Progression of upper respiratory tract infection (URTI) to the lower 

respiratory tract infection (LRTI) occurs in 21% to 40% of cases,[3] with reported fatality 

rates of up to 80% in HCT recipients if bronchoalveolar lavage is positive for hMPV.[4] Its 

presentation is clinically indistinguishable from that of other respiratory viruses, and its 

growth is unreliable on culture; thus, this viral infection is best diagnosed using PCR-based 

assays or direct antigen detection. The only drug that has been found to be active against this 

virus in vitro is ribavirin;[5, 6] however, there is a dearth of knowledge about this virus and 

its treatment.

Scattered case reports are available that describe the clinical disease spectrum, management, 

and overall outcomes of hMPV in cancer patients. Hence, we conducted a systematic review 

of all published data to summarize the incidence, risk factors, management, long-term 

outcomes, and associated mortality rates of hMPV infections with a focus on HM patients 

and HCT recipients. Advances in diagnostic methods, available or new investigational drugs, 

and vaccines are also discussed. Given the increase in the diagnosis of hMPV infections and 

the scarcity of available data, this review aims to help clinicians to better understand the 

implications of this infection in this specific patient population.

 2. Materials and Methods

 2.1 Search strategy and selection criteria

We conducted an electronic literature search using Medline via the Ovid, Embase, Web of 

Science, and Cochrane library databases in July 2015. The following Medical Subject 

Heading terms were used: human metapneumovirus, hematopoietic stem cell 
transplantation, bone marrow transplantation, leukemia, lymphoma, myeloma, hematologic 
malignancy and hematologic neoplasms. The references in all of the selected studies were 

also reviewed to identify additional articles that did not appear in the initial search. The full 

texts of the selected articles were reviewed by all the authors. Inclusion and exclusion 

criteria were defined a priori. The following inclusion criteria were used for selecting the 

articles:

1. HM patients and HCT recipients of any age and had been infected with hMPV,

2. Retrospective or prospective observational studies and randomized controlled 

trials

3. No time restriction for the study period.

4. Articles in English.

Exclusion criteria were as follows:

1. Review papers or meta-analyses,

2. Studies with duplicate data or incomplete information, and
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Case reports and meeting abstracts were included due to limited literature on this topic. We 

also searched the Clinical Trials registry (U.S. National Institutes of Health, 

www.clinicaltrials.gov) to identify any registered clinical trials for hMPV infections.

 a. Definitions—Infection episodes and subsequent outcomes were determined by the 

authors of the original articles using various definitions; however, below are the summarized 

versions of these definitions used for the current review.

hMPV case: patients with a positive nasal wash, nasopharyngeal swab, or 

bronchoalveolar lavage for hMPV by viral diagnostic test were included in this 

review.

hMPV-LRTI: was defined as the onset of respiratory symptoms with new or 

changing pulmonary infiltrates, as seen on chest x-ray or CT scan of chest and/or 

virus isolated from lower respiratory samples (e.g., endotracheal tube aspirate, 

sputum, or bronchoalveolar lavage fluid)

hMPV-mortality: Death was attributed to hMPV if a persistent or progressive 

infection with respiratory failure was identified at the time of death.

 2.3 Data abstraction

Two authors (D.P.S. and P.K.S.) independently screened the abstracts using the predefined 

inclusion and exclusion criteria. Four authors (D.P.S., P.K.S., J.M.A., and F.E.C.) used 

standardized coding rules to abstract important variables from the final list of articles 

independently and discrepancies were resolved by discussion. Primary variables of interest 

for this study were incidence of hMPV infection, progression of hMPV-URTI to hMPV-

LRTI and hMPV-associated mortality. Antiviral therapy included ribavirin (aerosolized, 

intravenous, or oral) alone or in combination with intravenous immunoglobulins (IVIGs). 

Effect of antiviral therapy was measured by comparing incidence rates of these outcomes in 

treated and untreated patients. Outcome data from selected full-text articles were validated 

by R.F.C. For studies reporting outcomes in HM patients and HCT recipients, the data 

abstraction was split into two parts to capture the characteristics and outcomes of each 

group, respectively.

 2.4 Statistical analysis

Agreement between the two independent authors in the first and second phase of the full-text 

selection process was checked by calculating Cohen's Kappa. Outcomes (i.e., LRTI and 

death) were descriptively summarized as percentages. We compared treated and untreated 

patient outcomes using Chi-squared or Fisher exact tests, as appropriate. Odds ratios (ORs) 

were calculated with 95% confidence intervals (95% CIs). All statistical analyses were 

performed using STATA software version 13 (STATA Corp., College Station, TX, USA). A p 

value of 0.05 was considered significant.

 3. Results

Of 111 abstracts retrieved for hMPV review (105 by electronic search and 6 by manual 

search), 93 were specific to hMPV infection in the defined population, hence screened 
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further. Of these, 31 were review studies of respiratory viruses and 12 had overlapping data 

with an included study or had incomplete information; these were excluded from further 

review, leaving 50 full-text articles and abstracts (hMPV incidence [17], case reports and 

data on outcomes [19], diagnostic methods [11], and other studies [3]). Study screening 

flowchart is shown in Figure 1. The agreement between the two authors during the selection 

of abstracts and the selection of full-texts, as measured by Cohen's Kappa, was 0.942 [95% 

CI: 0.829 – 0.999] and 0.98 [0.94 – 0.984], respectively which is regarded as substantial to 

excellent.

 3.1 Clinical Presentation and Diagnosis

The clinical presentation of hMPV infection is similar to that of other respiratory infections, 

such as RSV and PIV, ranging from mild URTI to LRTI to progressive respiratory failure 

and death. Some of the common presenting symptoms of hMPV are fever, cough, nasal 

congestion, rhinorrhea, headache, sore throat, and dyspnea, along with other prodromal 

symptoms.[4, 7–16] Diagnosing hMPV infections is particularly dependent on the 

availability of RT-PCR because the viral culture yield is extremely low as a result of the 

delayed cytopathic effect of hMPV and masking by other concurrent viral infections.[12] 

Some earlier studies that used direct fluorescence antigen assay or culture reported an almost 

doubled yield with a better sensitive test such as RT-PCR.[2, 17]. A recent study found that 

RT-PCR detected high viral loads in bronchoalveolar lavage samples from 7 HCT recipients 

with hMPV-LRTI (median: 3.9 × 107 copies/ml) and viral RNA from serum samples of 

patients with pneumonia which may be indicative of severe disease.[18] Reported 

radiological findings of hMPV-LRTI include diffuse alveolar and interstitial infiltrates, bi-

basilar tree-in-bud nodularity, ground glass opacities, scattered small nodules, basal 

shadowing, extensive air space consolidation, and pleural effusion.[4, 7, 9, 10, 13–15, 19]

 3.2 Incidence of hMPV infections

The incidence of hMPV infections from 17 studies is shown in Table 1. Overall, 204 hMPV 

infections were identified of 4028 patients evaluated (studies examining HM patients, HCT 

recipients and combination of both); giving an incidence of 5% (reported range of 0% to 

40%). The incidence of hMPV infections in HM patients (7% [18 of 272]) was not different 

from that observed for HCT recipients (7% [103 of 1504]). Furthermore, the hMPV 

infection rate in adult patients (7% [92 of 1346]) was slightly higher than that observed for 

children (4% [26 of 624). No specific risk factors for hMPV infection were reported in any 

of these studies.

 3.3 hMPV-LRTI

The incidence of hMPV-LRTI in HM patients and HCT recipients with hMPV infections 

was reported by 9 studies and is displayed in Table 1. Twenty seven hMPV-LRTI cases of 80 

hMPV infections were observed, giving an incidence of 34%. The reported range for hMPV-

LRTI was 0% to 100%. Stratified hMPV-LRTI rates for HM patients were not available and 

a comparison with HCT recipients was not possible. Risk factors for hMPV-LRTI have not 

been studied in detail; hence it is difficult to identify high-risk patients. We identified two 

studies which examined relatively large-scale, single-institution, retrospective data on hMPV 

infections in cancer patients.[20, 21] The first study examined 118 HCT recipients with 
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hMPV infections and found significant association between steroid use at ≥1mg/kg within 2 

weeks prior to diagnosis (HR 5.10; p=0.004), low lymphocyte count (HR 3.43; p=0.011), 

and early onset of HMPV infection after HCT (before day 30 after HCT; HR 3.54; p=0.013) 

and progression to LRTI (adjusted hazards ratio = 4.1, P value = 0.04) based on bivariable 

Cox regression analysis.[20] Higher hMPV viral load in nasal wash at diagnosis was not 

identified as a significant predictor of LRTI progression in this study.[20] The second study 

examined 135 cancer patients including patients with HM (n=46), solid tumors (n=21), and 

HCT recipients (n=68) with hMPV infections. The overall incidence of LRTI was 44% and 

independent predictors of LRTI were nosocomial infection and hypoxia at presentation.[21]

 3.4 hMPV-Mortality

As reported by the 9 studies that examined patients with hMPV infections (URTI and LRTI), 

7 out of 119 patients died; giving a mortality rate of 6% (range: 0% to 17%). However, the 

mortality rate was significantly higher in patients who developed hMPV-LRTI (27%, 6 of 

22) (OR: 5.9, 95% CI: 1.4, 23.3; P value = 0.0015). This finding remained same after 

including the five studies that only examined patients with hMPV-LRTI,[4, 22–25] with a 

mortality rate of 26% (14 deaths of 54 hMPV-LRTI cases). Similar findings were observed 

with overall low all-cause mortality (3%) and hMPV associated mortality (2%) at 30 days of 

follow-up after diagnosis of hMPV infections in 135 cancer patients; while no difference in 

30-day all-cause mortality rate was identified between HM patients (4%) and HCT 

recipients (3%). [21] Statistical analysis to identify association of hMPV-mortality rates with 

different types of underlying HM was not possible due to insufficient data. To our 

knowledge, risk factors for hMPV mortality have not been reported in the current literature 

except in one study which reported that corticosteroids, oxygen requirement > 2L or 

mechanical ventilation and bone marrow as cell source were significant risk factors for 

respiratory virus-related mortality (not specific to hMPV-related mortality) in HCT 

recipients.[26]Characteristics, management, and outcomes of 47 hMPV infection cases 

published as case reports are displayed in supplemental table 1. Of these 47 patients with 

hMPV infections, 13 died and the mortality rate following hMPV-LRTI was 28%.

 3.5 Antiviral therapy

In few case reports, ribavirin-based therapy has been found (anecdotally) to be effective at 

preventing death from hMPV in immunocompromised patients.[10, 13–15, 19] However, 

most of these reports had no control group. Available data from case reports on the use of 

antiviral therapy and outcomes in 47 patients with hMPV infections is shown in 

supplemental table 1. Four out of 13 patients who died had received antiviral therapy (2 AR, 

1 IVIG, and 1 AR + IVIG). Of the 34 patients who survived, 19 patients had not received 

any antiviral therapy (supplemental table 1). Bivariable regression analysis using data from 

Table 2 showed that the ribavirin therapy did not have a significant protective effect against 

hMPV-mortality (0.58 [0.18 – 1.85]; P = 0.337). A recent study compared the mortality rate 

in 23 HCT recipients with hMPV-LRTI who were treated or not with aerosolized ribavirin 

and intravenous polyclonal immunoglobulins and the results were discouraging, with similar 

mortality rates as in the untreated group but higher hypoxemia rates.[26] In addition, a 

recent case series that included 31 children with cancer (14 with leukemia) reported that all 

children recovered from their illness with no antiviral-directed therapy; only one patient had 
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prolonged respiratory symptoms.[27] In the cohort of 135 cancer patients with hMPV 

infections (21), 3 patients with hMPV-LRTI (2 HCT and 1 HM) and 1 patient with hMPV-

URI (1 HCT) were treated with AR; one patient with HM and LRTI died at day 22.

 4. Discussion

In this systematic review, we attempted to summarize all published data on hMPV infections 

in HM patients and HCT recipients to generate meaningful conclusions about their 

incidence, LRTI and mortality rates, management including antiviral therapy, and prevention 

measures, including vaccines

We identified high rates of hMPV infections in HM patients and HCT recipients, similar to 

that observed for other respiratory viruses such as RSV and PIV. The incidence varied 

widely, which could be attributed to factors such as patient sampling methods (symptomatic 

versus asymptomatic), patient age, transplant and underlying malignancy type, season and 

study period, publication bias, and diagnostic method used (i.e., RT-PCR vs. direct 

fluorescence antigen assay vs. culture). Rates of hMPV infections were similar for HCT 

recipients as well as HM patients. Furthermore, high morbidity rates were reported with 

approximately one-third of hMPV infections developing LRTI (34%). Despite lack of a 

directed antiviral therapy, the virus-associated mortality rates remained low for hMPV 

infections (6%). However, patients who progressed to LRTI stage experienced higher 

mortality rates (27%). Thus, it is important to prevent LRTI in patients with hMPV 

infections. No hMPV-specific risk factors for increased mortality have been identified. A 

recent small study comparing mortality rates in 23 RSV-LRTI versus 23 hMPV-LRTI in 

HCT recipients identified that steroid therapy, oxygen requirement >2 L or mechanical 

ventilation, and bone marrow as cell source were significant risk factors for overall and 

virus-related mortality; however, these risk factors were not specific to RSV or hMPV.[26]

Ribavirin’s role in treating hMPV infections in HCT recipients and HM patients is still not 

known. Few studies report successful treatment of hMPV infections with ribavirin, with and 

without intravenous polyclonal immunoglobulins; [10, 13–15, 19] however; the data are 

limited to small case series or case reports. Ribavirin has been hypothesized to have a dual 

mode of action against hMPV: it has a direct antiviral effect on hMPV, and it may awaken 

the hypo-responsive immune system after prolonged viremia.[28] We did not observe a 

significant protective effect of ribavirin in preventing hMPV mortality; however, the sample 

size was small and adjustment for other confounding factors was not possible (supplemental 

table 1). Thus, efficacy of ribavirin in preventing LRTI and mortality from these infections 

needs to be further investigated in the absence of investigational agents for this infection 

using a large retrospective cohort, multi-institutional preferably, or a randomized clinical 

trial that could be very difficult to conduct in a timely fashion. Standard IVIG administration 

can inhibit hMPV replication in vitro [5] but its potential benefit in HCT recipients could not 

be determined from current published studies. We concur with the guidelines from the 

Fourth European Conference on Infections in Leukemia (ECIL-4) that treatment 

recommendations are currently not possible for hMPV infections in cancer patients.[29] 

Advances have been reported in the generation of polyfunctional hMPV specific Tcells 

producing multiple cytokines (IFN, TNF, GM-CSF) and effector molecules (Granzyme B) 
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upon stimulation with cognate antigen.[30] These T-cells were specific for F, N, M2-1 and P 

antigens in HCT recipient who cleared hMPV infection; thus a potential adoptive T-Cell 

therapy to prevent and/or treat hMPV infections in immunocompromised patients is 

promising.[30]

Our search of the clinical trials registry and the published articles did not identify reports of 

any new investigational drug being developed for the treatment of hMPV infections. 

However, few monoclonal antibodies (moAb) are being developed for prevention and 

treatment of hMPV infection. MoAb 338 that targets hMPV fusion protein has showed 

potential usefulness for hMPV prevention and promising results in vitro and in vivo where it 

reduced pulmonary viral titers, limited bronchial hyperactivity and prevented severe acute 

manifestations.[31, 32] Furthermore, Human Fab DS7 (human moAb fragment) showed 

prophylactic and therapeutic benefits for severe hMPV infections in vitro and in mouse 

models.[33, 34] In addition, a phase 1, double-blind, placebo-controlled, study is ongoing to 

determine the safety and immunogenicity of a recombinant, live, attenuated rHMPV-Pa 

vaccine delivered intranasally in healthy adults (aged 18 to 49 yrs) and hMPV-seropositive 

and sero-negative children (NCT01255410). Although live, attenuated virus vaccine may be 

promising in young children and in healthy adults, its use in immunocompromised cancer 

patients may not be recommended. Finally, a specific class of viral subunit vaccine, virus-

like particles (VLPs) that mimic the overall viral structure and antigenic conformation of F 

and G proteins induced significant cross-protective immunity in mice. These VLPs offer a 

distinct advantage of safe, specific, and sustained immune response against hMPV infections 

and may be a viable candidate for further trials in cancer patients.[35]

In the absence of an effective drug or vaccine, infection control measures play a key role in 

decreasing the incidence of hMPV infections, preventing nosocomial outbreaks, and 

subsequent morbidity and mortality in immunocompromised patients. However, hMPV 

infections in HCT recipients may be subclinical,[36] making it difficult to halt transmission 

of this virus. In addition, prolonged viral shedding of up to 90 days in immunocompromised 

hosts has been reported.[37] Thus, including hMPV testing in the routine surveillance of 

symptomatic HCT recipients and HM patients would be beneficial for early identification, 

allowing patients to be placed on contact isolation when needed.

One of the limitations of this systematic review is the exclusion of non-English language 

publications, especially from developing nations. In addition, our reliance on secondary data 

may be subject to interpretation errors; we tried to minimize this by having two different 

investigators (D.P.S. and P.K.S.) validate the data; and outcomes were reconfirmed by R.F.C. 

Most of the studies were retrospective and non-randomized in nature; hence, the results of 

this systematic review should be interpreted with caution. We attempted to decrease the 

publication bias by including almost all the published studies with minimal exclusion 

criteria. Another limitation of these studies was the lack of standardized definition for 

hMPV-LRTI. Since this review included a heterogeneous study population, we could not 

conduct meta-regression analyses to identify the independent effects of various host risk 

factors on the progression to LRTI. Finally, due to inconsistent reporting, the role of co-

infections and antibiotics usage in preventing progression to hMPV-LRTI could not be 

systematically evaluated.
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In summary, to our knowledge, this is the first comprehensive review on hMPV infections in 

HM patients and HCT recipients attempting to determine the actual incidence of these 

infections and subsequent LRTI and mortality in this patient population. Based on this 

review, we identified that there is high morbidity with low mortality associated with hMPV 

infections, unless the infection progresses to LRTI stage. Further studies focusing on hMPV 

infections in cancer patients are needed to determine the risk factors associated with LRTI 

and mortality and the role of existing antiviral drugs in preventing severe disease outcomes.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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 Abbreviations

ALL acute lymphoblastic leukemia

Allo-HCT allogeneic HCT

AML acute myeloid leukemia

auto-HCT autologous HCT

CI confidence interval

CLL chronic lymphocytic leukemia

CML chronic myelogenous leukemia

DFA Direct fluorescent antibody

HCT hematopoietic cell transplant

HM hematologic malignancy

hMPV human metapneumovirus

IF immunofluorescence

LRTI lower respiratory tract infection

MDS myelodysplastic syndrome

MM multiple myeloma
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MMF mycophenolate mofetil

MMRD mismatched related donor

MoAb monoclonal antibody

MRD matched related donor

MUD matched unrelated donor

OR Odds ratio

PCR polymerase chain reaction

RSV respiratory syncytial virus

RT-PCR reverse transcriptase polymerase chain reaction

SCID severe combined immunodeficiency

URTI upper respiratory tract infection

VLP virus-like particle
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Highlights

• First systematic review on hMPV infections in HM patients and HCT 

recipients

• hMPV incidence, risk factors, morbidity, and mortality reviewed from all 

published studies

• Data on antiviral therapy, ongoing clinical trials and vaccine trials are also 

examined
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Figure 1. 
Flow diagram of study selection of hMPV infections in HM patients and HCT recipients
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