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Abstract

Original Article

IntRoductIon

There are more than 80,000 hematopoietic stem cell 
transplantations done each year worldwide and over a thousand 
are performed each year in India.[1,2] Hematopoietic stem cell 
transplant (HSCT) recipients carry a high risk for severe disease 
due to respiratory syncytial virus (RSV) infection. RSV infection 
progresses from upper respiratory tract infection to lower 
respiratory tract infection in 30%–40% of HSCT recipients with 
consequent mortality close to 50% which is significantly higher 
than that caused by other respiratory viruses.[3,4] Indian data on 
morbidity and mortality due to RSV infection and disease among 
adult HSCT recipients are very limited. This study describes the 
incidence, clinical features, seasonality, subtype dominance, and 
outcomes of RSV infection among adults who received HSCT 
at a tertiary care center in Delhi, India.

Methods

This study was a prospective cohort study conducted at a 
tertiary care and transplant center between January 2017 and 

August 2021. It was approved by the institute ethics committee 
and all participants gave informed consent prior to their 
inclusion in the study.

Based on convenient sampling, 100 patients who were 18 years 
or older and underwent hematopoietic stem cell transplantation 
at the institute were consecutively recruited during the study. 
People whose age at the time of HSCT was <18 years and who 
received palivizumab were excluded from the study.

Clinical data including details about the underlying 
hematological/oncological disorder, type of graft and 
comorbidities were collected at the time of recruitment. 
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Subjects were followed up for new onset of any respiratory 
illness, starting from the day of HSCT to 18 months after 
transplant or death whichever was earlier. After discharge from 
hospital, patients were followed up by telephone every month 
and advised to visit the study center if any respiratory symptom 
appeared. Presenting symptoms, clinical signs, chest imaging 
reports, and relevant blood investigations were recorded on a 
self-designed pro forma for symptomatic patients at the time 
of presentation. Only symptomatic patients were subjected 
to laboratory testing to avoid detecting episodes of infection 
without disease.

Definitions used
The adapted-European center for disease prevention and 
control definition (based on the fourth European conference 
on infections in leukemia) for respiratory tract infectious 
disease (RTID) was used. The possible cases, that is, those 
fitting into clinical criteria (new onset of symptoms and at 
least one of the four respiratory symptoms: cough, sore throat, 
coryza, or shortness of breath along with clinician’s judgment 
that the illness is due to an infection) were subject to laboratory 
testing with real-time reverse transcriptase polymerase chain 
reaction (RT-PCR) for RSV.

Upper RTID (URTID) was defined as RSV detected in an upper 
respiratory tract specimen together with the presence of any of 
the symptoms such as sore throat, coryza or nasal congestion, 
and not fulfilling the criteria for lower RTID (LRTID) (see 
below).

LRTID was defined as detection of RSV in respiratory samples 
preferably from lower respiratory tract along with presence 
of any of the following: cough with sputum production, 
breathlessness, chest pain or discomfort, hypoxia or pulmonary 
infiltrates.

Sample collection and processing
Two samples-one each of nasal and throat swabs were collected 
from the acutely symptomatic patient using nylon swabs and 
transferred into 3 ml of reconstituted HiViralTM (HiMedia, 
India) viral transport medium. They were processed for RSV 
by real-time RT-PCR in a biosafety level-2 laboratory.

A descriptive analysis was performed on the obtained 
data. Categorical variables were expressed as numbers/
frequency (percentages). The continuous variables were 
expressed as mean and standard deviation (SD) (for normally 
distributed data) or median with minimum and maximum 
values (in case of skewed data). Age was arbitrarily categorized 
into < and ≥50 years. Platelet count was categorized into 
two groups < and ≥150,000/µl based on the definition for 
thrombocytopenia as below the 2.5th lower percentile of 
normal platelet count distribution. The absolute neutrophil 
count and absolute lymphocyte count were categorized 
into < and ≥500 cells/µl, and < and ≥200 cells//µl, respectively 
based on the severe neutropenia and lymphopenia being 
listed as risk factors for severe RSV disease in previous 
publications.[3]

Statistical analysis
All statistical analyses were done in StataCorp. 2019. Stata 
Statistical Software: Release 16. College Station, TX: 
StataCorp LLC. The various factors associated with RSV 
infection were analyzed using Chi-squire test (for larger 
numbers) or Fisher’s exact test (for numbers <5) for categorical 
variables, Mann–Whitney test for continuous variables with 
skewed distribution and t-test for continuous variables with 
normal distribution.

Results

A total of 100 adult HSCT recipients were recruited between 
January 2017 and February 2020 and followed up for 
18 months from the day of transplant for any episode of acute 
respiratory illness.

The patients had a mean age ± SD of 41.8 ± 14.8 years. Males 
constituted 66% (66/100) and females 34% (34/100) of the 
study population.

The median (minimum, maximum) follow-up period was 
548 (8, 548) days. At the end of the study, 72 (72%) were alive 
and 28 (28%) had expired. Among these, 16 deaths occurred 
outside the study center and their terminal event could not be 
traced. Among the 12 deaths that occurred at the institute, none 
were related to RSV infection.

The total number of possible cases of RTID recorded in the 
study population was 318, i.e., a mean of 3 episodes per 
patient. Out of these, 158 episodes were subject to laboratory 
confirmation for the presence of RSV ribonucleic acid (RNA) 
in the respiratory samples. 135 among these were LRTID 
episodes and 23 were URTID episodes.

A total of 11 episodes tested positive for RSV by real-time 
RT-PCR. The incidence density of RSV-RTID among adults 
after hematopoietic stem cell transplantation calculated from 
our study is 0.82/100 patient months. The subtypes of RSV 
detected are described in Table 1.

Among the patients with RSV-RTID, eight were females and 3 
were male with a mean age ± SD of 46.4 ± 16.1 years. Female 
gender was predictive of RSV-RTID (time to event analysis, 
log rank P = 0.002) [Figure 1].

The association of RSV-RTID with age, gender, underlying 
hematological/oncological disorder, type of stem cell graft, 

Table 1: Respiratory syncytial virus subtypes and the 
clinical diagnosis at presentation among respiratory 
syncytial virus ‑ respiratory tract infectious disease 
episodes (n=11)

Type of infection Frequency (%)

URTID LRTID
RSV subtype A 2 (22.2) 7 (77.8)
RSV subtype B 0 (0) 2 (100)
RSV: Respiratory syncytial virus, URTID: Upper respiratory tract 
infectious disease, LRTID: Lower respiratory tract infectious disease
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time to onset of illness after HSCT, and various hematological 
parameters at presentation, are described in Table 2.

Six patients who developed RSV-RTID had preexisting 
comorbidities in addition to the hematological/oncological 
disorder. Diabetes mellitus was present in 1/11 (9.1%), 
hypertension in 3/11 (27.3%), hypothyroidism in 3/11 (27.3%), 
bronchial asthma in 1/11 (9.1%) and chronic kidney disease in 
1/11 (9.1%). The RTID cases showed clustering in winter season. 
9/11 (81.8%) of cases occurred in the months from October to 
February which coincides with winter in Delhi [Figure 2].

The presenting symptoms of RSV-RTID included nasal discharge 
(11/11, 100%), cough (10/11, 90.9%), sputum production (9/11, 
81.8%), headache (6/11, 54.5%), sore throat (5/11, 45.5%), fever 
(3/11, 27.3%), chills (3/11, 27.3%), excessive fatigue (2/11, 
18.2%), breathlessness (2/11, 18.2%), hemoptysis (1/11, 9.1%), 
vomiting (1/11, 9.1%), and diarrhea (1/11, 9.1%).

The findings on clinical examination were nonspecific. None of 
the presenting symptoms or signs was found to be associated 
with RSV detection in a statistically significant manner.

Radiological investigations including chest X-ray or computed 
tomography of chest revealed multifocal infiltrates in chest in 
3/11 (27.3%) of RSV-RTID patients.

All the RSV-RTID episodes recovered without any targeted 
treatment with ribavirin or intravenous immunoglobulin, with 
no mortality during the RSV-RTID episodes.

Four among the 11 patients who underwent pulmonary function 
test after 1-year of RSV-RTID showed mild-to-moderate 
decrease in diffusing capacity of lungs for carbon monoxide 
(DLCO). No obstructive or restrictive patterns were seen on 
spirometry.

dIscussIon

RSV is an enveloped virus with a nonsegmented, single stranded, 
negative sense RNA genome, of the genus Pneumovirus under 

the family Paramyxoviridae. There are two heterotypic strains 
of RSV that are antigenically distinct, classified as subtypes 
A and B based on the antigenic properties of the structural 
components of the virus.[5] Laboratory testing of respiratory 
secretions is required for confirmation of RSV infection because 
its clinical features and seasonality overlap considerably with 
those of other community-acquired respiratory viruses.

We found that the incidence of RSV-RTID in post-HSCT adult 
patients is 0.82/100 patient months, or in other words, an attack 
rate of 11%. This is higher than that seen among adults in the 
general population.[6,7] Rates varying from 4% to 12% have 
been reported previously among HSCT recipients.[8-13]

Although engraftment occurs early after HSCT, full immune 
reconstitution occurs gradually over 12–18 months during 
which period the risk of infection remains high. The timeline 
of RSV infection observed in various studies ranges from 
immediately after transplant up to 2 years later.[14] A study 
by Srinivasan et al. found increased number of infections 
with RSV (15/622, 2%) in the period between 101 days and 
2 years after allogeneic stem cell transplantation compared 
to 0–30 days (7/759, 1%) or 31–100 days (10/735, 1.3%) 
after transplantation.[15] In our study, we found that overall, 
6/11 (54.5%) RSV-RTID occurred in the period from 101 days 
post-HSCT till end of follow-up, 3/11 (27.3%) occurred in the 
0–30 days’ interval after HSCT and 2/11 (18.2%) occurred in 
the 31–100 days’ interval.

RSV outbreaks in the community or healthcare setting may have 
either subtype A or subtype B dominating over the other. Subtype 
dominance can vary between and within yearly outbreaks.[16-23] 
Few studies have suggested that RSV A is more virulent leading 
to a more severe disease.[24-26] This pathogenic outcome may 
be in part due to the capacity of group A viruses to replicate 
better than the group B viruses and higher antigenicity.[27] In our 
study, 9/11 (81.8%) infections were caused by RSV-A whereas 
2/11 (18.2%) were caused by RSV-B [Table 1].

Many studies have found that RSV infection becomes clinically 
significant more frequently in allogeneic stem cell transplant 
recipients compared to autologous stem cell recipients due to 

Figure 1: Kaplan–Meier plot showing RSV RTID‑free survival estimates 
among men (blue) and women (red). Log rank P = 0.002, RSV: 
Respiratory syncytial virus, RTID: Respiratory tract infectious disease

Figure 2: Seasonality of RSV respiratory tract infectious disease episodes, 
RSV: Respiratory syncytial virus
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Table 2: Association of different variables with respiratory 
syncytial virus‑associated respiratory tract infectious 
disease

Variable RSV detected, frequency (%) P

Yes No
Age (years)

<50 6 (54.5) 60 (67.4) 0.479
≥50 5 (45.5) 29 (32.6)

Gender
Male 3 (27.3) 63 (70.8) 0.004
Female 8 (72.7) 26 (29.2)

Type of graft
Autologous 10 (90.9) 68 (76.4) 0.273
Allogenic 1 (9.1) 21 (23.6)

Underlying disorder
Lymphoma 3 (27.3) 25 (28.1) 0.311
Leukemia 1 (9.1) 20 (22.5)
Plasma cell disorder 6 (54.5) 36 (40.4)
Solid tumor 0 2 (2.2)
Myelofibrosis 0 1 (1.1)
Aplastic anemia 0 5 (5.6)
Amyloidosis 1 (9.1) 0

Clinical diagnosis at 
presentation

URTID 2 (18.2) 27 (30.3) 0.402
LRTID 9 (81.8) 62 (69.7)

Absolute neutrophil 
count (/µl)

<500 2 (18.2) 32 (36) 0.327
≥500 9 (81.8) 57 (64)

Absolute lymphocyte 
count (/µl)

<200 2 (18.2) 31 (34.8) 0.562
≥200 9 (81.8) 58 (65.2)

Platelet count (/µl)
<150,000 10 (90.9) 62 (69.7) 0.139
≥150,000 1 (9.1) 27 (30.3)

Continuous variables
Hemoglobin (mean±SD) 9.41±1.3 10.2±1.9 0.177
Hematocrit (mean±SD) 29.7±4.6 31.7±5.4 0.254
Median total white 
blood cell count 
(minimum-maximum)

5730 (10-10,040) 3290 (20-131,800) 0.285

Median time interval 
in days between HSCT 
and onset of RTID 
(minimum-maximum)

161 (4-419) 79 (0-522) 0.366

URTID: Upper respiratory tract infectious disease, LRTID: Lower 
respiratory tract infectious disease, HSCT: Hematopoietic stem cell 
transplantation, RSV: Respiratory syncytial virus, RTID: Respiratory tract 
infectious disease, SD: Standard deviation

an interplay of various factors such as transplantation modality, 
use of total body irradiation, presence of graft versus host 
disease (GVHD), and GVHD prophylaxis.[15,28] In our study, 
78% of subjects had autologous stem cell transplant and 
only 22% had allogeneic transplant, and only one allogeneic 
transplant recipient had a laboratory-confirmed RSV-RTID. 

This is probably one of the reasons for good outcomes of 
RSV-RTID seen in this study.

Co-pathogens identified together with RSV during the RTID 
episodes included parainfluenza virus (PIV)-1, PIV-3, and 
PIV-4 in three RSV-infected patients with LRTID. One patient 
developed pneumonia and acute respiratory distress syndrome 
due to influenza A (H3N2) 3 months after he recovered from 
RSV-LRTID, and succumbed at a local hospital.

A gender predisposition to RSV respiratory tract infection 
or disease has not been reported previously. However, in our 
study, we found that females were more prone to have RSV 
infection, which has to be confirmed and explored further in 
larger studies. None of the female patients was pregnant during 
the RSV-RTID episodes.

The immunodeficiency scoring index developed from the 
MD Anderson Cancer center has been validated to predict 
progression to LRTID and helps to decide regarding use of 
ribavirin in the URTID stage.[29] However, the prognostic value 
of this scoring system for mortality has not been consistent 
across studies.[30] This tool was not very useful in our study 
population as majority of them (9/11, 81.8%) already had 
LRTID at presentation.

Pulmonary sequelae of HSCT such as bronchiolitis obliterans, 
bronchiolitis obliterans with organizing pneumonia, and 
idiopathic pneumonia syndrome are seen predominantly after 
allogeneic HSCT and have been linked to various factors 
including previous infections, pretransplant conditioning 
regimen and type of graft.[31] For the patients with RSV-RTID 
in whom decreased DLCO was seen a year after the episode in 
our study, invasive procedures such as bronchoscopy or lung 
biopsy were not performed as the patients remained clinically 
stable and asymptomatic. Sequelae like asthma has been linked 
to RSV infection in infancy, but their prevalence falls with age 
and such a sequel is not seen with infection in adulthood.[32]

Our study had some limitations. It was a single-center study. 
As only 22% of the study subjects were residents of the state 
where the study center is located, many possible RTID episodes 
recorded during follow-up could not be subject to laboratory 
testing. Larger studies involving multiple transplant centers in 
India may resolve these limitations in future studies.

conclusIon

RSV is a significant cause of morbidity among adult 
hematopoietic stem cell transplant recipients in India. 
Prophylaxis and treatment measures need to be instituted 
after a proper risk-benefit assessment. Longitudinal studies 
with larger sample sizes are needed to confirm these results.

Research quality and ethics statement
This study was approved by the Institutional Ethics Committee 
(Institute Ethics Committee for Post Graduate Research, All 
India Institute of Medical Sciences, Ansari Nagar, New Delhi 
IECPG-713/January 19, 2017/, OT-3/2017, OT-6/June 



Samad, et al.: RSV infection among adult HSCT recipients

Journal of Global Infectious Diseases ¦ Volume 14 ¦ Issue 3 ¦ July-September 2022116

28, 2018). The authors followed the EQUATOR Network 
guidelines for cohort studies during the conduct of this research 
project.

Acknowledgments
We would like to thank Dr. Animesh Ray for his guidance and 
support throughout the conduct of this research. We also thank 
all the patients who participated in the study.

Financial support and sponsorship
Indian Council of Medical Research (ICMR) provided financial 
support for the position of Ms. Jyoti Jethani.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Niederwieser D, Baldomero H, Bazuaye N, Bupp C, Chaudhri N, 

Corbacioglu S, et al. One and a half million hematopoietic stem cell 
transplants: Continuous and differential improvement in worldwide 
access with the use of non-identical family donors. Haematologica 
2022;107:1045-53.

2. Raj R, Aboobacker FN, Yadav SP, Uppuluri R, Bhat S, Choudhry D, 
et al. Multicenter outcome of hematopoietic stem cell transplantation 
for primary immune deficiency disorders in India. Front Immunol 
2020;11:606930.

3. Hirsch HH, Martino R, Ward KN, Boeckh M, Einsele H, Ljungman P. 
Fourth European conference on infections in leukaemia (ECIL-4): 
Guidelines for diagnosis and treatment of human respiratory syncytial 
virus, parainfluenza virus, metapneumovirus, rhinovirus, and 
coronavirus. Clin Infect Dis 2013;56:258-66.

4. Whimbey E, Champlin RE, Couch RB, Englund JA, Goodrich JM, 
Raad I, et al. Community respiratory virus infections among hospitalized 
adult bone marrow transplant recipients. Clin Infect Dis 1996;22:778-82.

5. Norrby E, Mufson MA, Sheshberadaran H. Structural differences 
between subtype A and B strains of respiratory syncytial virus. J Gen 
Virol 1986;67:2721-9.

6. McClure DL, Kieke BA, Sundaram ME, Simpson MD, Meece JK, 
Sifakis F, et al. Seasonal incidence of medically attended respiratory 
syncytial virus infection in a community cohort of adults≥50 years old. 
PLoS One 2014;9:e102586.

7. Falsey AR, Hennessey PA, Formica MA, Cox C, Walsh EE. Respiratory 
syncytial virus infection in elderly and high-risk adults. N Engl J Med 
2005;352:1749-59.

8. Nichols WG, Gooley T, Boeckh M. Community-acquired respiratory 
syncytial virus and parainfluenza virus infections after hematopoietic 
stem cell transplantation: The fred hutchinson cancer research center 
experience. Biol Blood Marrow Transplant 2001;7 (Suppl):11S-5S.

9. Martino R, Porras RP, Rabella N, Williams JV, Rámila E, Margall N, 
et al. Prospective study of the incidence, clinical features, and outcome 
of symptomatic upper and lower respiratory tract infections by respiratory 
viruses in adult recipients of hematopoietic stem cell transplants for 
hematologic malignancies. Biol Blood Marrow Transplant 2005;11:781-96.

10. Avetisyan G, Mattsson J, Sparrelid E, Ljungman P. Respiratory syncytial 
virus infection in recipients of allogeneic stem-cell transplantation: 
A retrospective study of the incidence, clinical features, and outcome. 
Transplantation 2009;88:1222-6.

11. Hassan IA, Chopra R, Swindell R, Mutton KJ. Respiratory viral 
infections after bone marrow/peripheral stem-cell transplantation: The 
christie hospital experience. Bone Marrow Transplant 2003;32:73-7.

12. McCarthy AJ, Kingman HM, Kelly C, Taylor GS, Caul EO, Grier D, 
et al. The outcome of 26 patients with respiratory syncytial virus 
infection following allogeneic stem cell transplantation. Bone Marrow 
Transplant 1999;24:1315-22.

13. 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 parainfluenza virus infection. 

Blood 2007;110:1681-8.
14. Ogonek J, Kralj Juric M, Ghimire S, Varanasi PR, Holler E, Greinix H, 

et al. Immune reconstitution after allogeneic hematopoietic stem cell 
transplantation. Front Immunol 2016;7:507.

15. Srinivasan A, Wang C, Srivastava DK, Burnette K, Shenep JL, Leung W, 
et al. Timeline, epidemiology, and risk factors for bacterial, fungal, and 
viral infections in children and adolescents after allogeneic hematopoietic 
stem cell transplantation. Biol Blood Marrow Transplant 2013;19:94-101.

16. Zhang ZY, Du LN, Chen X, Zhao Y, Liu EM, Yang XQ, et al. 
Genetic variability of respiratory syncytial viruses (RSV) prevalent in 
Southwestern China from 2006 to 2009: Emergence of subgroup B and 
A RSV as dominant strains. J Clin Microbiol 2010;48:1201-7.

17. Zlateva KT, Vijgen L, Dekeersmaeker N, Naranjo C, Van Ranst M. 
Subgroup prevalence and genotype circulation patterns of human 
respiratory syncytial virus in Belgium during ten successive epidemic 
seasons. J Clin Microbiol 2007;45:3022-30.

18. Tsutsumi H, Onuma M, Suga K, Honjo T, Chiba Y, Chiba S, et al. 
Occurrence of respiratory syncytial virus subgroup A and B strains in 
Japan, 1980 to 1987. J Clin Microbiol 1988;26:1171-4.

19. Mufson MA, Belshe RB, Orvell C, Norrby E. Respiratory syncytial 
virus epidemics: Variable dominance of subgroups A and B strains 
among children, 1981-1986. J Infect Dis 1988;157:143-8.

20. Hendry RM, Pierik LT, McIntosh K. Prevalence of respiratory syncytial 
virus subgroups over six consecutive outbreaks: 1981-1987. J Infect Dis 
1989;160:185-90.

21. Morgan LA, Routledge EG, Willcocks MM, Samson AC, Scott R, 
Toms GL. Strain variation of respiratory syncytial virus. J Gen Virol 
1987;68:2781-8.

22. Russi JC, Delfraro A, Arbiza JR, Chiparelli H, Orvell C, Grandien M, 
et al. Antigenic characterization of respiratory syncytial virus associated 
with acute respiratory infections in Uruguayan children from 1985 to 
1987. J Clin Microbiol 1989;27:1464-6.

23. Cane PA, Matthews DA, Pringle CR. Analysis of respiratory syncytial 
virus strain variation in successive epidemics in one City. J Clin 
Microbiol 1994;32:1-4.

24. Gilca R, De Serres G, Tremblay M, Vachon ML, Leblanc E, 
Bergeron MG, et al. Distribution and clinical impact of human 
respiratory syncytial virus genotypes in hospitalized children over 2 
winter seasons. J Infect Dis 2006;193:54-8.

25. Papadopoulos NG, Gourgiotis D, Javadyan A, Bossios A, Kallergi K, 
Psarras S, et al. Does respiratory syncytial virus subtype influences 
the severity of acute bronchiolitis in hospitalized infants? Respir Med 
2004;98:879-82.

26. Jafri HS, Wu X, Makari D, Henrickson KJ. Distribution of respiratory 
syncytial virus subtypes A and B among infants presenting to the 
emergency department with lower respiratory tract infection or apnea. 
Pediatr Infect Dis J 2013;32:335-40.

27. Hierholzer JC, Tannock GA, Hierholzer CM, Coombs RA, Kennett ML, 
Phillips PA, et al. Subgrouping of respiratory syncytial virus strains 
from Australia and Papua New Guinea by biological and antigenic 
characteristics. Arch Virol 1994;136:133-47.

28. Ljungman P, Ward KN, Crooks BN, Parker A, Martino R, Shaw PJ, 
et al. Respiratory virus infections after stem cell transplantation: 
A prospective study from the Infectious Diseases Working Party of the 
European Group for blood and marrow transplantation. Bone Marrow 
Transplant 2001;28:479-84.

29. Shah DP, Ghantoji SS, Ariza-Heredia EJ, Shah JN, El Taoum KK, 
Shah PK, et al. Immunodeficiency scoring index to predict poor 
outcomes in hematopoietic cell transplant recipients with RSV 
infections. Blood 2014;123:3263-8.

30. Houist AL, Bondeelle L, Salmona M, LeGoff J, de Latour RP, Rivière F, 
et al. Evaluation of prognostic scores for respiratory syncytial virus infection 
in a French multicentre cohort of allogeneic haematopoietic stem cell 
transplantation recipients. Bone Marrow Transplant 2021;56:3032-41.

31. Afessa B, Litzow MR, Tefferi A. Bronchiolitis obliterans and other late 
onset non-infectious pulmonary complications in hematopoietic stem 
cell transplantation. Bone Marrow Transplant 2001;28:425-34.

32. Régnier SA, Huels J. Association between respiratory syncytial virus 
hospitalizations in infants and respiratory sequelae: Systematic review 
and meta-analysis. Pediatr Infect Dis J 2013;32:820-6.


