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Background—There are few data on the epidemiology and outcomes of influenza infection in
recipients of solid-organ transplants. We aimed to establish the outcomes of pandemic influenza A
H1N1 and factors leading to severe disease in a cohort of patients who had received transplants.

Methods—We did a multicentre cohort study of adults and children who had received organ
transplants with microbiological confirmation of influenza A infection from April to December,
2009. Centres were identified through the American Society of Transplantation Influenza
Collaborative Study Group. Demographics, clinical presentation, treatment, and outcomes were
assessed. Severity of disease was measured by admission to hospital and intensive care units
(ICUs). The data were analysed with descriptive statistics. Proportions were compared by use of
χ2 tests. We used univariate analysis to identify factors leading to pneumonia, admission to
hospital, and admission to an ICU. Multivariate analysis was done by use of a stepwise logistic
regression model. We analysed deaths with Kaplan-Meier survival analysis.

Findings—We assessed 237 cases of medically attended influenza A H1N1 reported from 26
transplant centres during the study period. Transplant types included kidney, liver, heart, lung, and
others. Both adults (154 patients; median age 47 years) and children (83; 9 years) were assessed.
Median time from transplant was 3.6 years. 167 (71%) of 237 patients were admitted to hospital.
Data on complications were available for 230 patients; 73 (32%) had pneumonia, 37 (16%) were
admitted to ICUs, and ten (4%) died. Antiviral treatment was used in 223 (94%) patients
(primarily oseltamivir monotherapy). Seven (8%) patients given antiviral drugs within 48 h of
symptom onset were admitted to an ICU compared with 28 (22.4%) given antivirals later
(p=0.007). Children who received transplants were less likely to present with pneumonia than
adults, but rates of admission to hospital and ICU were similar.

Interpretation—Influenza A H1N1 caused substantial morbidity in recipients of solid-organ
transplants during the 2009–10 pandemic. Starting antiviral therapy early is associated with
clinical benefit as measured by need for ICU admission and mechanical ventilation.

Introduction
A new strain of influenza A H1N1 was first recognised in early 2009 and resulted in a
worldwide pandemic.1 Severe disease has been noted in children, pregnant women, and
people with comorbid disorders including chronic lung or heart disease and diabetes.2,3
Pandemic H1N1 has been characterised as a reassortant virus with genes from swine, avian,
and human influenza viruses.4

Recipients of solid-organ transplants are thought to be at greater risk for complications from
seasonal influenza than are the general population. So annual trivalent inactivated vaccine is
recommended for patients after transplantation by the guidelines of the American Society of
Transplantation.5 Influenza is estimated to cause lower respiratory tract disease in up to 17%
of transplant recipients.6 Additionally, respiratory viruses have been associated with acute
rejection and the development of bronchiolitis obliterans syndrome in recipients of lung
transplants.7 Compared with the immunocompetent population, patients who had received
transplants might have a greater viral burden and shed virus for longer.8

Pandemic H1N1, as with influenza in general, may be more likely to cause severe disease in
patients who have received organ transplants than in the general population. However, large,
multicentre epidemiological studies assessing influenza, including pandemic H1N1, have
not been done in transplant recipients. Neuraminidase inhibitors, such as oseltamivir, remain
the mainstay of therapy. High doses and long duration of antiviral treatment have been
suggested for patients who have received transplants and are immunocompromised.9 Data
from immunocompetent people suggest that antiviral drugs reduce the duration of symptoms
when started within 48 h of symptom onset.10 However, several major transplant societies
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(American Society of Transplantation, Canadian Society of Transplantation, and The
Transplantation Society) recommended that recipients of organ transplants with pandemic
H1N1 should be started on treatment irrespective of symptom duration.9

Although the initial H1N1 pandemic has abated, another wave of infection might happen
during the next influenza season. For this reason, pandemic influenza A H1N1 was
recommended by WHO for inclusion in the 2010 trivalent influenza vaccine. However, the
response to this vaccine might be suboptimum in transplant recipients, a population that
might remain uniquely susceptible to further outbreaks of this disease. We did a multicentre
epidemiological study of pandemic influenza A H1N1 among recipients of solid-organ
transplants to further characterise the illness and establish factors leading to admission to
hospital and intensive care unit and other complications.

Methods
Identification of patients

Participating transplant centres were identified through the American Society of
Transplantation Infectious Diseases Community of Practice. This is a multicentre
collaborative network of transplant infectious diseases and organ transplant experts. Patients
were included in the study if they were recipients of solid-organ transplants actively
receiving at least one immunosuppressive drug and had a diagnosis of microbiologically
confirmed, community acquired, influenza A infection between April and December, 2009.
During the peak of the pandemic (October–December, 2009), microbiological confirmation
of influenza A was required but specific confirmation of pandemic H1N1 was not. Both
adult and child (age <18 years) inpatient and outpatient groups were included. Patients were
excluded if influenza was nosocomially acquired, or if the patient developed influenza while
receiving oseltamivir or zanamivir prophylaxis, to allow for analysis of risk factors for
outcomes such as admission to hospital and intensive care units (ICUs). A new radiographic
abnormality was required for diagnosis of pneumonia (on chest radiograph or CT scan).

Data collection and analysis
A standard data collection form was used for each site. Site investigators were primarily
transplant infectious diseases physicians closely involved with the organ transplant
programme at their centre. They were asked to submit all cases that had been noted in their
transplant population irrespective of severity, need for hospital admission, and intensive care
stay or outcome. Data were securely transmitted and stored at a central site (University of
Alberta, AB, Canada). Demographic details, type of transplant, immunosuppression,
symptoms, diagnosis, and treatment of influenza were collected by chart review. Data were
analysed with descriptive statistics. Proportions were compared by use of χ2 test. We used
univariate analysis to identify factors leading to pneumonia, admission to hospital, and
admission to an intensive care unit. Multivariate analysis was done by use of a stepwise
logistic regression model. We analysed deaths with Kaplan-Meier survival analysis. All data
were analysed by use of SPSS Statistics 18 (IBM SPSS, Chicago, IL). Institutional review
board approval was obtained at each participating site.

Role of the funding source
There was no funding source for this study. The corresponding author had full access to all
the data in the study and had final responsibility for the decision to submit for publication.

Kumar et al. Page 3

Lancet Infect Dis. Author manuscript; available in PMC 2011 February 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
We assessed 242 adults and children who received solidorgan transplants in 26 transplant
centres (21 from the USA, four from Canada, and one from the Netherlands). Five patients
did not meet study entry criteria and were excluded from analysis (four had nosocomially
acquired infection and one had received antiviral prophylaxis), leaving 237 patients in the
study. The figure shows the date of symptom onset, with a peak during the first week of
November, 2009. The median time of symptom onset after transplant was 3.6 years (range
14 days–21.9 years). Table 1 shows demographic data including type of transplant and
immunosuppression. The most common transplant types were kidney and liver.
Immunosuppressive treatment varied but included a calcineurin inhibitor (tacrolimus or
ciclosporin) in most patients.

The most common presenting symptoms were cough in 199 (91%) of 218 patients, then
fever in 193 (85%) of 226, myalgias in 91 (51%) of 178, rhinorrhoea in 82 (43%) of 193,
sore throat in 80 (43%) of 185, and headache in 59 (32%) of 186. Children were not always
able to report certain symptoms. In a comparison of presenting symptoms in adult versus
paediatric transplant recipients, children were substantially more likely to present with fever,
rhinorrhoea, sore throat, and headache than were adult patients (table 2). 62 (31%) of 201
patients had ill household contacts.

Imaging (chest radiograph or CT) data were available for 230 (97%) of 237 patients.
Imaging was normal or unchanged in 157 (68%) patients. The remaining 73 (32%) patients
had imaging findings consistent with pneumonia. The types of imaging abnormalities varied
but were predominantly reported as either air space consolidation or interstitial infiltrate.
Bacterial pathogens were identified from sputum or bronchoalveolar lavage fluid in 13 (6%)
of 237 patients and included five patients with Staphylococcus aureus, five with
Pseudomonas aeruginosa, and three with other organisms. Two patients also had fungal
infections. Respiratory virus co-infections were rare and included respiratory syncytial virus
(two patients) and rhinovirus (two patients). Concomitant cytomegalovirus viraemia was
detected in eight (3%) of 237 patients. Other complications included four cases of otitis
media, two of sinusitis, and one of encephalitis. 116 (61%) of 190 patients had lymphopenia
(lymphocyte count <1000 cells per μL) at diagnosis. Serum IgG concentration before onset
of illness was available for 40 patients: 19 (48%) had hypogammaglobulinaemia (IgG <7 g/
L). Before symptom onset, 55 (40%) of 139 patients had received the 2009–10 seasonal
influenza vaccination and 20 (11%) of 177 patients had been immunised with pandemic
H1N1 vaccine. Vaccination status in the remaining patients was unknown.

To be included in the study all patients were required to have confirmed influenza A.
Influenza A was subtyped as pandemic H1N1 in 162 (68%) of 237 patients. The primary
method of microbiological sampling was nasopharyngeal swab in 191 (89%) of 214 patients.
Influenza PCR was the main method of diagnosis in 142 (70%) of 204 patients. Other
methods of diagnosis used were culture in 25 of (12%) 204 patients, direct fluorescent
antibody in 29 (14%), and rapid antigen in eight (4%).

223 (94%) of 237 patients received antiviral treatment—221 (99%) were given oseltamivir.
One patient was given inhaled zanamivir alone and six were given zanamivir with
oseltamivir. One patient received intravenous peramivir. The 14 patients who did not receive
antiviral therapy had mild illness and symptoms resolved before diagnosis. The time from
symptom onset to the start of antiviral treatment was within 48 h of symptom onset in 90
(42%) of 215 patients, between 48 h and 96 h in 63 (29%), and greater than 96 h in 62
(29%). 97 (76%) of 127 adult patients received oseltamivir at the equivalent of 75 mg twice
daily adjusted for renal function. 25 (20%) adult patients received the equivalent of 150 mg
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twice daily adjusted for renal function. 49 (96%) of 51 children received standard
oseltamivir dosing according to weight. Median duration of treatment was 5 days (range 1–
60). Adjunctive therapy included a reduction in immunosuppression in 52 (22%) of 232
patients. 20 (56%) of 36 patients admitted to ICU had immunosuppression reduced
compared with 32 (16.3%) of 196 not admitted to ICU (p<0.001).

167 (70%) of 237 patients were admitted to hospital at a median of 2 days after symptom
onset (range 1–17). The incidence of admission to the ICU was 16% (37 of 237) at a median
of 5 days after symptom onset (range 1–37). Of these patients, 21 needed mechanical
ventilation for a median duration of 12 days (range 2–42). Two adults and one child
received extracorporeal membrane oxygenation. Table 3 shows a univariate analysis of
factors associated with admission to the ICU. Early antiviral treatment was associated with a
lower likelihood of ICU admission (ICU admission in seven [8%] of 90 patients treated
within 48 h vs 28 [22%] of 125 patients treated after 48 h; p=0.007). Early treatment with
antiviral drugs was also associated with a lower incidence of admission to hospital (p=0.049;
data not shown) and need for mechanical ventilation (p=0.019; data not shown).

The multivariate analysis model for ICU admission consisted of early versus late antiviral
treatment, use of antilymphocyte globulin, diabetes, and children versus adults. This model
included 214 of 237 patients because 14 patients were not treated with antiviral drugs and
nine patients had missing data. In this model, delayed antiviral treatment was independently
associated with increased risk of admission to ICU (odds ratio [OR] 3.03, 95% CI 1.24–
7.39, p=0.015). The presence of diabetes was also associated with an increased risk of ICU
admission (OR 2.18, 95% CI 1.03–4.64, p=0.043).

Ten (4%) of 237 patients died at a median of 15 days after symptom onset (range 4–88).
Eight (6%) of 125 patients in the group that received delayed antiviral treatment died
compared with one (1%) of 90 in the group that received antiviral drugs early (p=0.059 by
Kaplan-Meier analysis and log-rank statistic). The single death in this group was due to an
unrelated procedural complication after the patient had recovered from influenza. Other
factors associated with adverse outcome included diabetes mellitus (again associated with
ICU admission and mechanical ventilation). Except for the recent use of antilymphocyte
globulin, no other specific immunosuppressive drug or regimen was associated with poor
outcomes.

The specific type of transplant did not seem to affect the outcomes. The 33 recipients of lung
transplants, generally thought to be prone to more severe influenza, had rates of
complications similar to those in receipt of other transplant types. In patients for whom
information was available, seasonal influenza vaccination for 2008–09 did not have any
protective effect in terms of adverse outcome: ten (14%) of 72 vaccinated patients and four
(13%) of 31 unvaccinated patients were admitted to ICUs (p=1.000).

60 (40%) of 149 adults had pneumonia compared with 13 (16.0%) of 81 children (p<0.001).
No other risk factor for pneumonia was identified. 47 (61.0%) of 77 children and 43 (31.2%)
of 138 adults (p<0.001) received early antiviral treatment. No deaths were reported among
the children.

Discussion
Pandemic influenza A H1N1 resulted in a spectrum of illness ranging from mild and self-
limiting to severe disease in recipients of solid-organ transplants. Morbidity and mortality in
this cohort of patients were substantial (admission to hospital in 71%, admission to ICU in
16%, and death in 4%). Almost a third of patients had pneumonia (either bacterial or
presumed viral). The most important finding was that starting antiviral treatment within 48 h
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of symptom onset was associated with a decrease in admission to hospital and ICU, need for
mechanical ventilation, and death. This finding was consistent across many related outcome
measures and reinforces the importance of early treatment with antiviral drugs in this
susceptible population.

Although the importance of influenza infection in organ transplantation, including diagnosis,
prevention, and treatment recommendations, is well recognised in a number of guidelines,
data on the clinical epidemiology of this infection are lacking. Previous studies of influenza
infection in recipients of solid-organ transplants were either single-centre case series or
assessed infection with multiple respiratory viruses.6,7,11–14 Conflicting outcomes have
been reported. Ljungman and colleagues13 reported 12 renal transplant patients with
influenza A infection. Only one was characterised as having severe illness with viral
pneumonitis. By contrast, Vilchez and colleagues6 described 22 organ transplant patients
with influenza A infection and eight with influenza B infection. Secondary bacterial
pneumonia was noted in five (17%) of 30 patients (22 with influenza A and eight with
influenza B) and concurrent allograft rejection was prominent in the subset of patients who
had received a lung transplant. Allograft dysfunction (either acute or chronic) seems to be
most commonly reported in recipients of lung transplants, with several studies showing an
epidemiological link between respiratory virus infections and the development of
bronchiolitis obliterans syndrome. Our study included 33 patients that received lung
transplants. The incidence of complications including pneumonia, ICU admission, and death
were not higher in the lung transplant population compared with the other transplant
recipients. We did not look at allograft rejection after influenza infection because of
difficulties in interpretation of rejection rates without a control population.

There are few data on the use of antiviral treatment in recipients of organ transplants. In a
review of nine patients who received lung transplants and were treated with oseltamivir for
influenza,14 antiviral treatment was well tolerated and overall outcomes were good. Data
from patients receiving haemopoietic stem-cell transplants also suggest a benefit for
neuraminidase inhibitors. In a study of influenza in patients that received haemopoietic
stem-cell transplants, six (18%) of 34 untreated patients progressed from upper-tract to
lower-tract infection compared with none of nine patients treated with oseltamivir.8 In our
study, several patients received higher doses of oseltamivir (150 mg twice a day) or
prolonged treatment with antiviral drugs beyond the standard 5-day course. This finding is
consistent with recent transplant guidelines suggesting that critically ill patients receive
twice the standard dose of oseltamivir. We did not note a difference in outcomes in those
who received higher doses. However, on the basis of our study design, the relative efficacy
of different doses or durations of treatment cannot be established. Very few patients
received zanamivir, although it is a suggested alternative. There are fewer safety and
efficacy data for zanamivir in the organ-transplant population and the lack of systemic
exposure of the inhaled formulation of the drug might be a disadvantage. No patient was
given intravenous zanamivir, and only one received intravenous peramivir, although both
drugs were available through special access during the peak of the pandemic. The guidelines
of the American Society of Transplantation suggest starting antiviral treatment irrespective
of symptom duration. However, some patients in our cohort were not treated with antiviral
drugs. In general, these were patients in whom symptoms resolved before diagnosis was
confirmed.

Comorbid illness and pregnancy have been recognised as risk factors for severe H1N1
disease in the recent pandemic. In one study,3 pregnancy was associated with a 3.4 relative
risk of admission to the ICU. In a US study of 272 patients admitted to hospital,15
underlying medical disorders were common including asthma, diabetes, and heart, lung, and
neurological disease. Data from that study suggested the use of antiviral drugs was
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beneficial in patients admitted to hospital especially when given early.15 The most common
comorbidity in our cohort was diabetes (31.9%), which was associated with an increase in
ICU admission and death. Diabetes is common among patients that have received
transplants, either as a cause of end-stage organ disease necessitating transplant or as a
complication of transplant immunosuppressive therapy (steroids, calcineurin inhibitors).
Lymphopenia is also common in transplant patients, usually as a result of
immunosuppressive drugs or antimicrobial prophylaxis (valganciclovir, co-trimoxazole).
Viral infection might have led to further lymphopenia. A large proportion of our population
was lymphopenic at the onset of illness.

Our study had several limitations. Although all cases were confirmed influenza A, not all
were subtyped as pandemic H1N1 especially during the peak phase of the pandemic. Some
cases might have been seasonal influenza A; however, surveillance data show that more than
99% of circulating influenza in the USA during the peak of the epidemic was pandemic
H1N1.16 For example, data from the US Centers for Disease Control and Prevention show
that only five (0.02%) of 20 409 specimens that tested positive for influenza A from Oct 14
to Nov 17, 2009, were subtyped as seasonal H3 or H1.16 Although the number of admissions
to hospital and ICU, and death was high in our study, this might reflect reporting bias since
patients that are likely to come to medical attention are those with more severe illness.
Patients with milder illness might not have contacted their transplant centre or could have
been cared for by their local physicians. Similarly, case ascertainment and data capture was
probably more difficult for outpatients. The measures we took to collect data from
outpatients included frequent reminders to participating sites that we were enrolling both
inpatients and outpatients. Additionally, we recommended methods specifically aimed at
collecting data from outpatients; these included liaison with outpatient transplant
coordinators and the outpatient laboratory.

Although our study was primarily of North America, we believe the criteria for ICU
admission are similar to those used elsewhere. For example, only very ill people are
admitted to ICU, such as those in need of mechanical ventilation or inotropic support. This
is particularly true at tertiary-care centres such as those in our study. Of the 37 patients
admitted to ICU in this study, 21 needed mechanical ventilation. Additionally, we believe
the results can be generalised to organ transplant populations outside North America
because immunosuppression strategies are similar, with calcineurin-inhibitor-based
immunosuppression being the most common along with prednisone. Transplant programmes
in Asia also use calcineurin-based immunosuppression. Mycophenolate mofetil is
commonly used as adjunctive immunosuppression in both North America and Europe. Our
analyses considered children and adults as one cohort of patients that had received solid-
organ transplants. This was done because both groups were similar with respect to several
factors including recent use of antilymphocyte globulin, maintenance immunosuppressive
regimens (calcineurin-inhibitor-based regimen most common), and time after transplant.

In conclusion, this study shows the overall potential for severe illness from pandemic H1N1
in transplant patients. Starting treatment with antiviral drugs early is important for reduction
of morbidity and mortality in this highly susceptible population. For example, during
periods of transmission, transplant patients presenting with signs or symptoms that are
compatible with influenza should probably start empirical treatment with antiviral drugs
before it is confirmed. Additionally, almost a third of the patients in our cohort reported
contact with an ill household member before their own illness. In this setting, postexposure
chemoprophylaxis might be an option. Alternatively, a prescription could be given and
treatment started immediately with the onset of symptoms.9 Vaccination of both transplant
patients and their household contacts is probably an important preventive measure since
vaccine responses might be suboptimum after transplantation.
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Figure.
Date of symptom onset during pandemic
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Table 1

Demographics of recipients of solid-organ transplants with influenza A

Findings (n=237)*

Median (range) age

 All patients 32 years (range 1–95)

 Children 9 years (range 1–17)

 Adults 47 years (range 18–95)

Sex 129 men and boys

108 women and girls

Time from transplant Mean 5·0 years (SD 4·9)

Median 3·6 years (range 14 days–21·9 years)

Type of transplant

 Kidney 87 (37%)

 Liver 47 (20%)

 Lung 33 (14%)

 Heart 45 (19%)

 Intestinal 5 (2%)

 Other combinations 20 (8%)

Immunosuppression

 Prednisone 140 (59%)

 Mycophenolate mofetil 134 (57%)

 Calcineurin inhibitor 202 (85%)

 Sirolimus 44 (19%)

 Azathioprine 17 (7%)

Biopsy proven rejection in preceding 3 months 23/234 (10%)

Antilymphocyte globulin in preceding 6 months 18/237 (8%)

Interleukin-2 receptor antagonists in preceding 6 months 11 (5%)

Monoclonal antibody (rituximab or alemtuzumab) in preceding 6 months 10 (4%)

Comorbidity

 Diabetes 75/236 (32%)

 Obesity (body mass index >40) 21/233 (9%)

 Chronic renal failure 34 (14%)

 Chronic lung disease 14/219 (6%)

 Smoking 2/229 (1%)

Seasonal influenza vaccination in 2008–09 72/103 (70%)

*
Data not available for all patients; unless otherwise stated denominator is 237.
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Table 2

Clinical presentation and complications of influenza A in adult and paediatric recipients of solid-organ
transplants

Adults Children p value*

Fever >38°C 115/144 (80%) 78/82 (95%) 0·003

Cough 132/145 (91%) 67/73 (92%) 1·000

Sore throat 50/134 (37%) 30/51 (59%) 0·013

Rhinorrhoea 40/134 (30%) 42/59 (71%) <0·001

Headache 33/136 (24%) 26/50 (52%) 0·001

Myalgias 70/135 (52%) 21/43 (49%) 0·866

Gastrointestinal symptoms 66/154 (43%) 39/83 (47%) 0·636

Pneumonia on chest radiograph or CT scan 60/149 (40%) 13/81 (16%) <0·001

Admission to hospital 112/154 (73%) 55/83 (66%) 0·373

Admission to the intensive care unit 27/154 (17·5%) 10/83 (12·0%) 0·357

Mechanical ventilation 18/153 (12%) 3/83 (4%) 0·063

Antiviral treatment within 48 h 43/138 (31%) 47/77 (61%) <0·001

Antiviral treatment after 48 h 95/138 (69%) 30/77 (39%) <0·001

Death 10/154 (7%) 0/83 (0%) 0·016

*
Statistical differences are by χ2 test.
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Table 3

Univariate analysis of factors associated with admission to the intensive care unit (ICU)

Not admitted to the ICU Admitted to the ICU p value*

Early antiviral therapy (within 48 h) 83/180 (46%) 7/35 (20%) 0·007

Delayed antiviral therapy (after 48 h) 97/180 (54%) 28/35 (80%) 0·007

Diabetes mellitus 56/199 (28%) 19/37 (52%) 0·01

Antilymphocyte globulin use in the previous 6 months 12/200 (6%) 6/37 (16%) 0·043

Abnormal chest imaging at presentation 46/193 (24%) 27/37 (73%) <0·001

Lymphopenia at time of presentation 94/162 (58%) 22/28 (79%) 0·064

*
Statistical differences are by χ2 test.
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