
ORIGINAL ARTICLE

Severe Novel H1N1 Influenza A Infection in the
Immediate Postoperative Period of a Liver
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In 2009, the World Health Organization recognized the novel H1N1 influenza A virus as a pandemic infection. Since April
2009, thousands of cases of novel H1N1 influenza A infection have been reported worldwide, and they have resulted in
thousands of deaths. South American countries were affected by this infection during their winter season, and Chile pre-
sented one of the highest incidence rates. We have recently managed a liver transplant patient who presented with a
severe novel H1N1 influenza A infection in the early postoperative period and required prolonged mechanical ventilation.
The early suspicion of this infection during the current pandemic influenza in Chile made possible a timely treatment with
oseltamivir. We decided to report this case because no other cases of liver transplant patients affected by H1N1 influenza
A have been reported so far. We intend to alert clinicians about this potentially devastating viral infection in view of the cur-
rent pandemic scenario, and here we review some of the recommendations for its prevention, diagnosis, therapy, and possi-
ble complications. Liver Transpl 16:447-452, 2010. VC 2010 AASLD.
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Since the detection in mid-April 2009 of the first few
cases of human infection with novel H1N1 influenza A
virus in the United States and Mexico, the World
Health Organization has been notified of more than
375,000 cumulative cases of laboratory-confirmed
human cases and 4500 deaths in 170 countries (data
as of October 4, 2009).1

This new influenza virus (influenza A/2009/H1N1/
swl), carrying genetic material from swine, human,
and avian viruses, belongs to the influenza A species
and has unusual surface hemagglutinin and neur-
aminidase antigens of subtypes H1 and N1 that allow
human infection with nearly universal susceptibility.2

All respiratory secretions of H1N1 influenza A cases
should be considered potentially infectious. Its esti-
mated incubation period is unknown and could range
from 3 to 7 days. The definitive diagnosis of novel
H1N1 influenza A can be made only by nucleic acid

testing using influenza A and H1N1 influenza A/
2009/swl–specific primers and polymerase chain
reaction (PCR).

In response to the increasing number of people
infected worldwide, the World Health Organization
raised the world pandemic alert level to phase 6
by mid-June 2009. Most cases and deaths have
been reported from the Americas (146,016 cases and
3292 deaths).1 Countries in the southern part of
South America, including Chile, recorded a rapid
increase in cases of pandemic influenza early in the
winter season. Chile (with an estimated population of
15,805,000 people) has been considered among the
countries with the highest incidence rates of novel
H1N1 influenza A, with 12,252 PCR-confirmed cases
and 134 deaths reported as of October 6, 2009.3

Because of the advanced stage of the pandemic, the
Ministry of Health of Chile adopted during the
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outbreak (as many other countries did) the strategy of
considering the diagnosis of novel H1N1 influenza A
in any patient having the typical respiratory symp-
toms without any laboratory confirmation (syndromic
surveillance of influenza-like illness). With this defini-
tion, 367,041 cases of novel H1N1 influenza have
been reported in our country (as of October 6, 2009).3

Of the 12,252 confirmed cases, 1585 (12.9%) pre-
sented with a severe respiratory syndrome requiring
hospitalization (the mean age was 33 years, and 55%
were women), with 46% of them having underlying
medical conditions considered to be high-risk for com-
plications of seasonal influenza (chronic lung disease,
heart disease, kidney disease, immunosuppression,
and pregnancy).3,4 More recently, influenza activity
has clearly declined in our country as we have moved
away from winter.

We recently treated a patient who had undergone
liver transplantation (LT) and presented with a severe
novel H1N1 influenza A infection in the immediate
postoperative period. We decided to report this case
because no other cases of LT patients affected by
novel H1N1 influenza A have been reported so far,
and this clinical situation may soon become frequent
in LT programs across all countries. We intend to alert
clinicians about this potentially devastating viral
infection in view of the current pandemic, and we
review some of the recommendations for its prevention,
diagnosis, treatment, and potential complications.

CLINICAL CASE

A 49-year-old Chilean man who weighed 70 kg under-
went orthotopic liver transplantation (OLT) for end-
stage liver cirrhosis due to hepatitis C on July 13,
2009. The patient had moderate hepatopulmonary
syndrome (orthodeoxia, minimal dyspnea on exertion,
an increased alveolar-arterial oxygen gradient, a nor-
mal spirometry test, and confirmation of a right-to-left
shunt on a contrast transthoracic echocardiogram),
with arterial gases showing a resting partial pressure
of oxygen of 61 mm Hg. The donor was a 19-year-old
man weighing 80 kg who died of head trauma. The
piggyback technique was used with end-to-end portal
and arterial anastomosis. The cold ischemia time was
4 hours, and the warm ischemia time was 50
minutes. Induction immunosuppression included 1 g
of methylprednisolone, and this was followed by 50
mg of methylprednisolone every 6 hours during the
first postoperative day; the dose was tapered accord-
ing to protocol. In the intensive care unit (ICU), the
patient was extubated 12 hours after LT without inci-
dent. Oral immunosuppression was started with oral
cyclosporine (Neoral, Novartis, Chile; 4 mg/kg, 300
mg every 12 hours) and mycophenolic acid (Myfortic,
Novartis; 720 mg every 12 hours).

At the same time, the ICU had 2 other patients with
novel H1N1 influenza A on mechanical ventilation,

but our LT patient had always been in an isolated
room since admission. During this outbreak of influ-
enza, healthcare providers followed strict infection
prevention strategies, including handwashing or hand
hygiene (alcohol-based hand gels) before and after
patient care, the use of N95 masks during aspiration
of tracheal secretions during intubation, and the
mandatory use of masks during close contact with
any patient whether he was intubated or not. The
same strict measures were applied to relatives visiting
the patients.5 During this period, there were no certi-
fied cases of influenza between the healthcare
personnel.

On day 6 post-LT, the patient presented with a fever
of 38�C, which was accompanied by disorientation,
agitation, and oxygen desaturation. His oxygen
requirements rose to 100%. Orotracheal reintubation
and mechanical ventilation were needed. A chest radi-
ograph showed a lower left lobe consolidation. Intra-
venous vancomycin (500 mg every 6 hours) and piper-
acillin-tazobactam (4.5 g every 6 hours) were then
started empirically. Sputum cultures of the patient
were taken as well as indirect immunofluorescence
and PCR for H1N1 influenza A. On the 7th postopera-
tive day, oseltamivir (75 mg every 12 hours) was
added empirically because of the epidemiological sit-
uation in Chile (a severe outbreak of novel H1N1
influenza A) and in the ICU. Mycophenolic acid was
discontinued, and the cyclosporine dose was
decreased. On day 7, a chest computed tomography
scan showed bilateral pneumonia with multiple con-
densations (Fig. 1). Voriconazole (400 mg every 12
hours intravenously) was also added empirically. On
day 9, PCR positive for novel H1N1 influenza A was
confirmed. All other bacterial and fungal cultures
were negative. Antigen PP-65 for cytomegalovirus was
also negative.

After 48 hours of treatment with oseltamivir, the
patient defervesced (his temperature decreased from
39�C to 37�C), and this coincided with a slight
improvement in his respiratory condition. After 5 days
of treatment with oseltamivir (postoperative day 12),
an improvement of the respiratory status was noted,
and this made extubation and noninvasive mechani-
cal ventilation possible. We decided to maintain
oseltamivir for a total of 10 days because of the
recent transplant with immunosuppression and the
severity of the disease. He evolved with progressive
improvement of his respiratory status and decreas-
ing oxygen requirements. On day 23 post-LT, a
chest computed tomography scan showed a marked
reduction of the pulmonary condensations (Fig. 2).
Antibiotics were administered empirically for 14
days. On day 26 post-OLT, the patient was weaned
from mechanical ventilation. The patient persisted
after weaning, with a tendency to hypoxemia, and
required oxygen (O2: 30%-35% mask) to obtain
adequate oxygen saturation levels (>90%). A con-
trast echocardiogram confirmed the presence of a
significant right-to-left shunt with an intravenously
injected, agitated saline solution. A new computed

448 ZAPATA ET AL.

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



tomography scan of the thorax on day 35 showed a
marked improvement of the previous pulmonary
abnormalities (Fig. 3).

The patient was discharged home on day 40 with
2 L of oxygen for the management of hepatopulmonary

Figure 1. Postoperative day 7: perihilar bilateral con-
densations and small cylindrical bronchiectasis of left
predominance, a small right basal pleural effusion with basal
atelectasis, and some foci of alveolar filling.

Figure 2. Postoperative day 23: regression of con-
densations, small foci of bilateral perihilar alveolar filling
(predominantly left), and the same bronchiectasis already
described in the previous images. The pattern is consistent
with atypical pneumonia.
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syndrome, which was improving. The patient was in
good clinical condition with normal liver enzymes while
on triple immunosuppression (prednisone, cyclospo-
rine, and mycophenolic acid).

DISCUSSION

The clinical spectrum of 2009 pandemic novel H1N1
influenza A virus infections is broad; it ranges from
mild upper respiratory symptoms with or without
fever and occasional gastrointestinal symptoms to
severe complications such as pneumonia resulting in
respiratory failure (as in our patient), acute respira-
tory distress syndrome, and eventually multiorgan
failure and death.2

Recipients of solid-organ transplants have a higher
risk for severe infections because of their lifelong
immunosuppression. Despite emerging evidence that
vaccinations are safe and relatively effective in LT
patients, most vaccines are still underused.5 Recom-
mended vaccination in LT patients should include
influenza, tetanus-diphtheria, hepatitis A and B, anti-
pneumococcal, and Haemophilus influenzae type b
vaccines.4,6 Both the 23-valent pneumococcal poly-
saccharide vaccine (PPSV23) and H. influenzae vacci-
nation may thus prevent secondary pneumonia dur-
ing the current outbreak of novel H1N1 influenza A.
Our patient did not receive the seasonal influenza or
pneumococcal vaccine because the national vaccina-
tion program considers only individuals over 60 years
of age or those with a chronic disease (chronic liver
diseases are not clearly considered in the program,
although they probably should be). During the influ-
enza pandemic, vaccination strategies should also
include the vaccination of household contacts and
healthcare workers at transplant centers, unless this
is contraindicated. The composition of the influenza
vaccine changes each year on the basis of new virus
features.

Data for adult LT recipients are controversial, but
overall, they suggest that the postvaccination anti-
body titers for influenza are lower than those in
healthy controls.7–9 Also, recipients of solid-organ
transplants are known to be at higher risk of develop-
ing a severe infection from influenza in comparison
with the general population because of a poor
immune response to infections.8 Thus, they are con-
sidered a vulnerable group and at higher risk for
severe influenza. On May 1, 2009, the Organ Procure-
ment and Transplantation Network (OPTN) posted the
following statement on the United Network for Organ
Sharing/OPTN Web site: ‘‘The OPTN shares the world-
wide concern over the public health risk posed by the
newly discovered H1N1 influenza strain. At this point,
we are not aware that this flu strain has affected any
transplant candidates or recipients. However, we urge
all transplant professionals, as well as transplant
candidates, recipients and family members, to take
prudent precautions to minimize the risk of infection
and transmission.’’

As we know, the seasonal influenza vaccine did
not protect against this new H1N1 influenza A
virus. However, a new vaccine against novel H1N1
influenza A has been recently introduced. The Food
and Drug Administration has licensed 4 new mono-
valent vaccines for the prevention of respiratory

Figure 3. Postoperative day 35: marked regression of the
perihilar and pulmonary infiltrates.
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illness caused by the novel H1N1 influenza A vi-
rus.10 The novel H1N1 influenza A vaccine is not
intended to replace the seasonal influenza vaccine. It
is intended to be used alongside the seasonal influ-
enza vaccine.

The pandemic novel H1N1 influenza A strain is typi-
cally susceptible to oseltamivir and resistant to aman-
tadine, unlike the 2008-2009 seasonal H1N1 influ-
enza A. Different international societies have also
recommended the immediate use of neuraminidase
inhibitors (oseltamivir or zanamivir) as the antiviral
agents of choice for this viral infection, especially for
patients with risk factors for severe disease, including
older individuals (>65 years old), pregnant women,
patients with chronic diseases or immunosuppres-
sion, and young children.

Immunosuppressed patients with influenza virus
infections have been shown to shed the virus for pro-
longed periods of time, and this increases the possibil-
ity of developing drug resistance.11–13 In August 2009,
the Centers for Disease Control and Prevention
reported the first 2 cases of resistance to oseltamivir
in severely immunosuppressed patients (leukemia
patients) infected with the novel H1N1 influenza A vi-
rus.14 In both patients, the virus was initially suscepti-
ble to oseltamivir, and resistance developed subse-
quently (because of mutation H275Y) while the
patients were being treated with the drug. Undoubt-
edly, this recent report from the Centers for Disease
Control and Prevention highlights the importance of
close monitoring for antiviral drug resistance in this
subset of patients receiving antiviral treatment. More
recently, up to 21 such virus isolates carrying the
H2275Y mutation have been described around the
world, with resistance conferred to oseltamivir but not
to zanamivir.1 Of these 21 cases, 12 have been associ-
ated with postexposure prophylaxis, and 4 have been
associated with long-term oseltamivir therapy in
immunosuppressed patients.

In the clinical case that we have described here,
concurrently with the presence of 2 H1N1 influenza A
cases in the same ICU and despite the isolation meas-
ures implemented, our LT patient acquired the infec-
tion very early after surgery. Whether the patient
acquired the infection before or after OLT cannot be
clearly defined because of the incubation period (3-7
days). During the current pandemic with the peak
incidence of contagious respiratory diseases, our
patient, who had recently undergone LT and was pre-
senting with fever (>37.5�C) and acute respiratory
symptoms, immediately raised the suspicion of novel
H1N1 influenza A infection. In this setting, concur-
rently with the search for other infectious etiologies,
we initiated an empirical antiviral treatment with osel-
tamivir (while waiting for confirmation). Once the di-
agnosis of H1N1 influenza A was confirmed, the anti-
viral treatment was administered for 10 days because
of the immunosuppression of our patient. The optimal
duration of therapy for influenza in this setting has
not been well established, and courses longer than
the currently approved 5 days may be needed and

individualized as they are in immunosuppressed
patients.5

Chemoprophylaxis with oseltamivir can be a valid
measure in immunocompromised individuals (eg,
transplant recipients), especially during an outbreak
of influenza, because immunization will provide only
limited protection. A recent randomized controlled
trial using oseltamivir versus placebo in 477 trans-
plant patients exposed to community influenza (solid-
organ transplant recipients or allogeneic hematopoi-
etic stem cell transplant recipients)15,16 showed that
oseltamivir prophylaxis significantly reduced the inci-
dence of seasonal influenza infection in this setting; it
had a protective efficacy of 75% and was well toler-
ated, and there were no cases of resistance. Consider-
ing this information, in the next 2 LT patients in our
unit and after the case reported here, we decided to
use 75 mg of oseltamivir daily (10 days) because of
the possibility of new nosocomial infections in
recently transplanted patients in the middle of the
epidemic outbreak in Chile. This strategy has been
changed more recently because we are in springtime
and away from the outbreak, and only a few isolated
cases have been reported during the last few weeks.
As we know, there might be another outbreak during
the following few months, as occurred in Mexico.

To the best of our knowledge, this is the first
reported case of novel H1N1 influenza during the
postoperative period after LT, and this may soon
become all too familiar to transplant programs with
the widespread transmission of novel H1N1 influenza
A. This article should alert clinicians about the pre-
vention, diagnosis, and treatment of this potentially
devastating infection during the current influenza
pandemic.
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