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Introduction
Influenza virus infection may be associated with severe illness 

& significant complications in solid organ transplant (SOT) and 
hematopoietic stem cell transplant (HSCT) recipients [1,2]. Although 
influenza vaccination remains the primary preventive measure, 
vaccination may be less immunogenic in transplant recipients than 
healthy people, as assessed by either the humoral or cell-mediated 
immune responses [3,4]. Nevertheless, several studies conducted in 
SOT and HSCT recipients [5-9] have shown some degree of protection 
from influenza and its complications by vaccination. National 
guidelines recommend influenza vaccination for SOT and HSCT 
recipients [10,11].

Several factors impact vaccine responsiveness in this population; 
probably most importantly is the net state of immunosuppression; 
rather than particular immunosuppressive agents [12]. The 
prophylactic and therapeutic efficacy of antiviral agents in SOT and 
HSCT recipients with influenza has been shown in case series [13-15]. 

In addition, a randomized, double-blind, placebo-controlled, multi-
center study of seasonal prophylaxis with oseltamivir in SOT recipients 
showed a protective efficacy of 57% [16]. A treatment study comparing 
conventional and high dose oseltamivir in immunocompromised 
patients; including SOT and HSCT recipients is underway [17], 
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Abstract

Background: Influenza vaccination may be less immunogenic in transplant recipients than in healthy people. Influenza A 
(H1N1) and B circulating viruses during the 2007-2008 epidemic were different from those contained in that season’s vaccine. In that 
epidemic, influenza vaccine effectiveness against culture-confirmed influenza was 44%. 

Objective: To describe clinical, immunological, and virological characteristics of 18 transplant recipients who developed 
influenza during the 2007-08 epidemic despite influenza vaccination (tx-vac-flu), and compare them to 6 transplant recipients who 
developed influenza in the absence of influenza vaccination (tx-no vac-flu), 12 previously healthy people who developed influenza 
(healthy-flu), and 13 transplant recipients who received influenza vaccination and did not develop influenza (tx-vac-no flu).

Methods: Case ascertainment was through microbiology and electronic medical records. A case of influenza was defined by 
a clinical presentation of an influenza-like illness, plus a positive influenza A or B multiplex real time polymerase chain reaction 
(Prodesse, Inc. Waukesha, WI) on a nasopharyngeal swab.

Results: Of the 36 patients with influenza, 22 had influenza A, and 15 had influenza B (1 transplant recipient had both serotypes 
simultaneously). Types of transplant were lung (11), hematopoietic stem cell (8), heart (7), liver (3), kidney (3), kidney + pancreas 
(3), liver + kidney (1), and liver + pancreas (1). Patients in the tx-vac-flu group were significantly older than patients in the tx-no 
vac-flu group [median 61 vs. 50.5 year, (P=0.02), the healthy-flu group [median 49.5 years (P=0.04)], and the tx-vac-no flu group 
[median 53 years (P=0.02)]. Influenza occurred 1,410 (261-3,467) days {median [interquartile (IQR) range]} after transplant in the 
tx-vac-flu group, compared to 175 (40-1,064] days in the tx-no vac-flu group (P=0.18). Influenza occurred 114 days (median [IQR 
99-137]) after vaccination in the tx-vac-flu group. Immunoglobulin G levels and immune function assay levels were not significantly 
different between the 3 transplant groups. There were no statistically significant differences in the incidence of fever, headache, 
cough, rhinorrhea, sore throat, malaise, shortness of breath, exposure to contacts with similar symptoms, presence of infiltrates on 
chest roentgenograms, or the estimated influenza viral loads among the 3 groups who had influenza. Patients in the tx-vac-flu group 
were treated with oseltamivir significantly more frequently than the healthy-flu group [94% vs. 50% (P=0.0006)], but not the tx-no 
vac-flu group [100% (P=0.7)]. Duration of treatment with oseltamivir was not significantly different among the 3 groups who had 
influenza. Patients in the tx-vac-flu group had concomitant infections significantly more frequently than the healthy-flu group [44% 
vs. 8% (P=0.043)], but not the tx-no vac-flu group. Patients in the tx-vac-flu group developed pneumonia, and were hospitalized for 
management of influenza significantly more frequently than patients in the healthy-flu group (P=0.031 and P=0.00007; respectively). 
Only one patient (6%) in the tx-vac-flu group and none in the tx-no vac-flu or healthy-flu groups required admission to an intensive 
care unit and mechanical ventilation following influenza. No patients died as a result of influenza. 

Conclusions: Influenza vaccination did not alter clinical presentation of influenza in transplant recipients, but these patients 
were hospitalized and developed pneumonia more frequently than healthy people. Transplant recipients who developed 
influenza despite influenza vaccination were not more immunosuppressed than transplant recipients who were vaccinated and 
did not develop influenza. Transplant recipients who developed influenza despite influenza vaccination were more likely to have 
concomitant infections than healthy people with influenza. 

Journal of Vaccines & VaccinationJo
ur

na
l o

f V
accines & Vaccination

ISSN: 2157-7560



Citation: Mossad SB, Yen-Lieberman B, Shrestha NK, Mossad DM, Mawhorter SD, et al. (2013) Characteristics of Transplant Recipients Who 
Developed Influenza in 2007-08 Despite Influenza Vaccination. J Vaccines Vaccin 4: 177. doi:10.4172/2157-7560.1000177

Page 2 of 8

Volume 4 • Issue 3 • 1000177
J Vaccines Vaccin
ISSN:2157-7560 JVV an open access journal

however changing patterns of antiviral resistance must be taken into 
account in terms of applicability to future influenza seasons. Treatment 
of influenza in SOT and HSCT recipients occasionally fails even if the 
viral strain is sensitive to the antiviral drug used [18]; due to underlying 
immunosuppression or altered bioavailability. Severe lymphopenia 
is associated with higher mortality in HSCT recipients with 
influenza pneumonia [2]. The 2009 influenza A/H1N1 influenza 
pandemic illustrated the significant morbidity, despite antiviral 
therapy, seen in SOT [19,20] and HSCT [21] recipients; serving as 
“sentinel chickens” [22]. 

Seasonal influenza A/H1N1 and B circulating viruses during the 
2007-2008 epidemics were different from the serotypes contained in 
that season’s vaccine [23]. Despite the suboptimal match between two 
of the three vaccine strains and the circulating influenza strains, overall 
vaccine effectiveness against culture-confirmed influenza was 44%, 
with higher estimates (54%) among healthy persons aged 5-49 years. 

The current study was conducted to describe the clinical and 
immunological characteristics of 18 transplant recipients who 
developed influenza during the 2007-08 epidemic despite influenza 
vaccination (tx-vac-flu), and compare them to 6 transplant recipients 
who developed influenza in the absence of influenza vaccination (tx-no 
vac-flu), 12 previously healthy people who developed influenza (healthy-
flu), and 13 transplant recipients who received influenza vaccination 
and did not develop influenza (tx-vac-no flu). To our knowledge, there 
were no other tx-vac-flu patients in our transplant program during the 
2007-2008 epidemics. Patients in the 3 other groups were randomly 
identified by the authors. The 4 groups were selected based on the above 
characteristics; they were not matched. 

Methods
After Institutional Review Board approval, cases of influenza 

were retrospectively ascertained through the microbiology laboratory 
records, and clinical information was collected from the electronic 
medical records (EMR). A case of influenza was defined by a clinical 
presentation of an influenza-like illness (ILI) consisting mainly of 
fever and cough, but including other symptoms, such as headache 

and rhinorrhea, plus a positive influenza A or B reverse-transcriptase 
polymerase chain reaction (RT-PCR) on a nasopharyngeal swab. 
Specimens were collected using sterile plastic application swabs and 
placed in 3 mL MicroTest™ M4® media (Remel; KS, USA). The one-
step multiplex RT-PCR ProFlu-plus assay (Prodesse; WI, USA) was 
performed according to a previously published protocol [24]. 

Estimates of influenza viral loads were inferred from cycle threshold 
(CT) for RT-PCR. Cycle threshold is the number of PCR cycles needed 
to turn positive for influenza A or B in each sample. The lower the CT 
number, the higher the viral load. Prespecified outcomes of interest 
included the development of pneumonia, hospitalization, admission to 
the intensive care unit, need for mechanical ventilation, and death. 

The tx-vac-flu group was always the comparator group. A two-tailed 
t-test was used for comparing means and range of continuous variables. 
A two-tailed Mann-Whitney U Test was used for comparing medians 
and interquartile range [IQR] of continuous variables when the data 
where skewed. A two-tailed Mid-P exact test was used for comparing 
categorical variables. P-value < 0.05 was considered significant. 

Results
Demographic data 

Lung transplant recipients comprised the biggest proportion of 
transplant patients (11), followed by HSCT (8), heart (7), liver (3), 
kidney (3), kidney + pancreas (3), liver + pancreas (1), and liver + 
kidney (1) recipients. In 2008, 168 kidney, 152 hematopoietic stem cell, 
147 liver, 60 heart, 57 lung, 31 pancreas, and 4 intestinal transplants 
were done at our institution. Patients in the tx-vac-flu group were 
significantly older than patients in the tx-no vac-flu group (P=0.02), 
the healthy-flu group (P=0.04), and the tx-vac-no flu group (P=0.02). 
There were no significant differences in gender. There was no significant 
difference between the tx-vac-flu group and the tx-no vac-flu group in 
the interval between transplantation and influenza (P=0.18). Median 
duration between influenza vaccination and development of influenza 
in the tx-vac-flu group was 114 [IQR 99-137] days. One patient, a nurse, 
in the healthy-flu group had received influenza vaccination earlier in 

Group
Tx-vac-flu

(n=18)
Tx-no vac-flu

(n=6)
Healthy-flu

(n=12)
Tx-vac-no flu

(n=13)
Type of Transplant

Liver
Heart

Kidney
Lung
HSCT

Kidney + pancreas
Liver + pancreas

Liver + kidney

1
5
2
7
2
1
0
0

2
1
0
0
3
0
0
0

N/A

0
1
1
4
3
2
1
1

Age (years) {median [IQR]} 61 [54 - 65] 50.5 [44 - 57]* 49.5 [34 - 60]† 53 [47 - 59]#

Gender
Female

Male
7
11

1
5

7
5

4
9

Duration between transplant
and influenza (days) {median [IQR]} 1,410 [261-3,467] 175 [40-1,064] ** N/A N/A

Tx-vac-flu=Transplant recipients who developed influenza despite influenza vaccination
Tx-no vac-flu=Transplant recipients who developed influenza in the absence of influenza vaccination 
Healthy-flu=Healthy people who developed influenza 
Tx-vac-no flu=Transplant recipients who received influenza vaccination and did not develop influenza 
HSCT=Hematopoietic stem cell transplant. IQR=Interquartile range. N/A=not applicable
*P=0.02, †P=0.04, #P=0.02, **P=0.18; all compared to the tx-vac-flu group.

Table 1: Demographic data.
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the season. However; none of the other patients in the healthy-flu group 
had documented influenza vaccination in the EMR, although some 

may have received it elsewhere. All cases of influenza were community-
acquired except one patient who had nosocomial influenza A in the tx-
vac-flu group while awaiting heart transplant in the hospital (Table 1). 

Clinical characteristics 

Fever and cough were the most common presenting symptoms. 
There were no significant differences between the tx-vac-flu, tx-no vac-
flu, and healthy-flu groups in the incidence of fever, cough, headache, 
rhinorrhea, sore throat, malaise, shortness of breath, other symptoms, 
or the presence of infiltrate on chest plain radiography. Seven patients 
(5 lung, 1 heart & 1 kidney pancreas recipients) in the tx-vac-flu 
group had pulmonary infiltrates. The incidence of symptoms of upper 
respiratory tract infection in contacts of patients in these groups was 
also not significantly different (Table 2). 

Virological characteristics 

One lung transplant recipient in the tx-vac-flu group had 1 episode 
of influenza A, and 1 episode of influenza B two months later, so was 
counted twice. One HSCT recipient in the tx-no vac-flu group had 
influenza A and B simultaneously. Influenza A was significantly more 
common in patients in the tx-vac-flu group than those in the healthy-
flu group (P 0.04), and the opposite was true for influenza B. Cases of 
influenza B occurred later in the season; mirroring epidemiology in the 
community (Figures 1 and 2). There were no significant differences in 
influenza PCR cycle threshold between the tx-vac-flu, tx-no vac-flu, 
and healthy-flu groups (Table 3 and Figure 3).

Risk factors for influenza 

Proportions of patients who were transplanted within the preceding 
6 months (as opposed to > 6 months) were not significantly different 
among the tx-vac-flu, tx-no vac-flu, and tx-vac-no flu groups. Forced 
expiratory volume in 1 second (FEV1) was measured before the episode 
of influenza in 24 of 37 (65%) transplant recipients (11 lung, 8 HSCT, 
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Figure 1: Month during which influenza occurred by group T-v-f=Transplant 
recipients who developed influenza despite influenza vaccination T-nv-
f=Transplant recipients who developed influenza in the absence of influenza 
vaccination H-f=Healthy people who developed influenza. 
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Figure 2: Epidemic curve of influenza A and B.

Group
Tx-vac-flu

(n=18)
Tx-no vac-flu 

(n=6)
Healthy-flu

(n=12)
Tx-vac-no flu

(n=13)
Fever (n [%]) 14 [78%] 6 [100%] 11 [92%]

N/A

Cough (n [%]) 18 [100%] 4 [67%] 12 [100%]
Headache (n [%]) 5 [28%] 3 [50%] 5 [42%]
Rhinorrhea (n [%]) 10 [56%] 4 [67%] 7 [58%]
Sore throat (n [%]) 7 [39%] 4 [67%] 3 [25%]
Malaise (n [%]) 10 [56%] 6 [100%] 8 [67%]
Shortness of breath (n [%]) 10 [56%] 2 [33%] 5 [42%]
Other symptoms (n [%]) 13 [72%]* 4 [67%]† 4 [33%]#

Symptoms of URI in contacts (n [%]) 7 [39%] 3 [50%] 2 [17%]**

††Infiltrate on CXR (n [%]) 7 [39%] 0 [0%] 0 [0%]

Tx-vac-flu=Transplant recipients who developed influenza despite influenza vaccination
Tx-no vac-flu=Transplant recipients who developed influenza in the absence of influenza vaccination 
Healthy-flu=Healthy people who developed influenza 
Tx-vac-no flu=Transplant recipients who received influenza vaccination and did not develop influenza 
N/A=not applicable. URI=upper respiratory tract infection. CXR=Chest Plain Radiography. 
* Other symptoms in the tx-vac-flu group were diarrhea (4), wheezing (2), rash (1), chills (1), chest pain (1), anorexia (1), hoarseness (1), ear ache (1), and dysuria (1).  
†Other symptoms in the tx-no vac-flu group were anorexia (1), nausea (1), vomiting (1), and diarrhea (1). 
#other symptoms in the healthy-flu group were anorexia (1), wheezing (1), ear ache (1), and sweats (1). 
**Data available from 3 patients.   
††All patients in the tx-vac-flu group, 5 patients in the tx-no vac-flu group, and 5 patients in the healthy-flu group had CXR done 
P=not significant for all comparisons to the tx-vac-flu group in this table. 

Table 2: Clinical characteristics.
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2 liver, 2 heart, and 1 kidney + liver), but in none of the previously 
healthy patients. FEV1 was significantly shorter in patients in the tx-
vac-flu group than those in the tx-no vac-flu group (P=0.014), but not 
the tx-vac-no flu group (P=0.064). There was no significant difference 
between the tx-vac-flu, tx-no vac-flu, and tx-vac-no flu groups when 
comparing the proportion of patients with FEV1<2L. Immunoglobulin 
G (IgG) levels were measured in 35 of 37 (94%) transplant recipients, 
but in none of the previously healthy patients. IgG levels were not 
significantly different in the tx-vac-flu, tx-no vac-flu, and tx-vac-no 
groups. There was no significant difference between the tx-vac-fly, tx-
no vac-flu, and tx-vac-no flu groups when comparing the proportion 
of patients with IgG<600 mg/dL. Immune function assays (ATP levels) 
were measured in 26 of 37 (70%) transplant recipients, but in none 
of the previously healthy patients. ATP levels were not significantly 
different between the tx-vac-no flu, tx-no vac-flu, and tx-vac-no flu 
groups. There was no significant difference between the tx-vac-no flu, 
tx-no vac-flu, and tx-vac-no flu groups when comparing the proportion 
of patients with ATP level < 200 ng/mL. Proportion of patients who had 
rejection or graft-versus-host disease (GVHD) in the 30 days preceding 
the diagnosis of influenza was not significantly different between the 
tx-vac-flu and tx-no vac-flu groups. Patients in the tx-vac-flu group had 
concomitant infections significantly more frequently than the healthy-
flu group (P=0.043), but not the tx-no vac-flu group (P=0.050). Patients 
in the tx-vac-no flu group had other infections significantly more 
frequently than patients in the tx-vac-flu group (P=0.0009) (Table 4). 

Treatment

None of the patients were on prophylactic anti-influenza drugs 
before the onset of symptoms of influenza. Oseltamivir was the only 
drug used for treatment in all patients. Patients in the tx-vac-flu group 
received treatment with oseltamivir significantly more frequently than 
the healthy-flu group (P=0.0006), but not the tx-no vac-flu group 
(P=0.75). Duration of treatment with oseltamivir was not significantly 
different in the tx-vac-flu, tx-no vac-flu, and healthy-flu groups. Dose 
of oseltamivir for all patients was 75 mg orally twice daily; except in 
1 patient in the tx-flu-vac group, whose dose was 150 mg orally twice 
daily. One patient in the tx-vac-flu group and 8 patients in the healthy-
flu group were not treated with oseltamivir or other drugs active against 
influenza (Table 5). 

Outcomes 

Patients in the tx-vac-flu group developed pneumonia following 
the diagnosis of influenza significantly more frequently than patients 
in the healthy-flu group (P = 0.031), but not the tx-no vac-flu group (P 
= 0.137). One of the 6 patients with pneumonia in the tx-vac-flu group 
had aspergillus pneumonia, and one had pseudomonas pneumonia. 
Patients in the tx-vac-flu group were hospitalized more frequently than 
patients in the healthy-flu group (P = 0.00007), but not the tx-no vac-
flu group (P = 0.963). Length of hospitalization was not significantly 
different between the tx-vac-flu and the tx-no vac-flu groups. One of 
18 patients (6%) in the tx-vac-flu group and none in the tx-no vac-flu 
and healthy-flu groups required admission to an intensive care unit and 
mechanical ventilation following influenza. No patients died as a result 
of influenza. FEV1 was measured at a median interval of 17 months 
after the episode of influenza in 18 of 24 (75 %) transplant recipients 
who had FEV1 measured before the episode of influenza (11 lung, 6 
HSCT, and 1 liver), but in none of the previously healthy patients. There 
were no significant differences in the degree of change in FEV1 between 
the tx-vac-flu, tx-no vac-flu, and tx-vac-no flu groups. Two patients in 
the tx-vac-flu group had mild acute rejection within 2 months after the 
diagnosis of influenza, and one had grade three skins GVHD. None of 
the patients in the tx-no vac-flu group had rejection or GHVD in that 
time frame (Table 6). 

Discussion
The current study showed that the presenting symptoms of 

influenza in transplant recipients who developed influenza despite 
receiving influenza vaccination might not be different than in 
transplant recipients who did not receive influenza vaccination, or in 
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Figure 3: Range of influenza PCR cycle threshold by group T-v-f=Transplant 
recipients who developed influenza despite influenza vaccination T-nv-
f=Transplant recipients who developed influenza in the absence of influenza 
vaccination H-f=Healthy people who developed influenza.

Group
Tx-vac-flu

(n=18)
Tx-no vac-flu 

(n=6)
Healthy-flu

(n=12)
Tx-vac-no flu

(n=13)

Type of influenza A
B

13 5 4*

N/A

5 2 8

Influenza PCR cycle threshold

Mean 23.3 26.6 24.5
Range 8.3 - 30.9 16.9 - 35.5 20.3 - 31.4
Median 25.3 26.7 † 24.3# 

Interquartile Range 20.6 - 27.5 23.5 - 29.9 20.8 - 26.2

Tx-vac-flu=Transplant recipients who developed influenza despite influenza vaccination
Tx-no vac-flu=Transplant recipients who developed influenza in the absence of influenza vaccination 
Healthy-flu=Healthy people who developed influenza 
Tx-vac-no flu=Transplant recipients who received influenza vaccination and did not develop influenza 
N/A=not applicable. 

*P=0.04, †P=0.3, #P=0.9; compared to the tx-vac-flu group. 
Table 3: Virological characteristics.
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previously healthy people. Older age and shorter FEV1 were associated 
with influenza vaccine failure in transplant recipients. These are 
logical findings, since older patients, and those with underlying lung 
disease are at higher risk of influenza-related complications. Although 
influenza occurred after a longer interval from transplantation in 
transplant recipients who developed influenza despite receiving 
influenza vaccination than transplant recipients who developed 
influenza without antecedent influenza vaccination, there was slightly 

higher incidence of pneumonia in transplant recipients who developed 
influenza despite receiving influenza vaccination. Factors not assessed 
such interval from onset of symptoms, degree of lymphopenia and type 
of immunosuppression may account for this difference. Surprisingly, 
the degree of immunosuppression using IgG and ATP levels as 
surrogate markers was not a risk factor for influenza vaccine failure. As 
expected, transplant patients who developed influenza despite receiving 
influenza vaccination were treated with oseltamivir more frequently 

Group
Tx-vac-flu

(n=18)
Tx-no vac-flu

(n=6)
Healthy-flu

(n=12)
Tx-vac-no flu

(n=13)
Transplant within the preceding 6 months (n [%]) 2 [11%] 3 [50%]

N/A

5 [38%]

*FEV1 (L) {median [IQR]} 1.59
[0.99 - 2.51]

3.61†

[3 - 4.61]
2.79

[2.14 - 3.39]
*FEV1 < 2L (n [%] 5 [50%] 1 [20%] 2 [22%]

#IgG (mg/dL) {median [IQR]} 761
[484 - 947]

580
[527 - 654]

641
[586 - 876]

#IgG < 600 mg/dL (n [%]) 6 [33%] 3 [50%] 6 [50%]

**ATP (ng/mL) immune function assay {median [IQR]} 212
[154 - 384]

199
[140 - 258]

425
[268 - 446]

**ATP immune function assay < 200 ng/mL (n [%]) 7 [47%] 1 [50%] 1 [11%]
Rejection or GVHD in the 30 days preceding

diagnosis of influenza (n [%]) 1 [6%] 1 [17%] N/A

Concomitant infections (n [%]) ††8 [44] 0 [0%] ##1 [8%]   13 [100%]∆

Tx-vac-flu=Transplant recipients who developed influenza despite influenza vaccination
Tx-no vac-flu=Transplant recipients who developed influenza in the absence of influenza vaccination 
Healthy-flu=Healthy people who developed influenza 
Tx-vac-no flu=Transplant recipients who received influenza vaccination and did not develop influenza 
N/A=not applicable. FEV1=Forced expiratory volume in 1 second. IQR=interquartile range. IgG=Immunoglobulin G level. ATP=Adenosine triphosphate. GVHD=graft-
versus-host disease
*10 patients in the tx-vac-flu group, 5 in the tx-no vac-flu group, none in the healthy-flu group, and 9 in the tx-vac-no flu group had FEV1 measured.  
†P=0.014 compared to the tx-vac-flu group
#17 patients in the tx-vac-flu group, 5 in the tx-no vac-flu group, none in the healthy-flu group, and 13 in the tx-vac-no flu group had IgG level measured. 
Normal range for IgG level=717 - 1411 mg/dL.
**15 patients in the tx-vac-flu group, 2 in the tx-no vac-flu group, none in the healthy-flu group, and 9 in the tx-vac-no flu group had ATP level measured.  
Normal range for ATP level=225 - 525 ng/mL
††Concomitant infections in the tx-vac-flu group were cytomegalovirus viremia (CMV) (2), Epstein-Barr virus (EBV) related posttransplant lymphoproliferative disease (2), 
aspergillus fumigatus pneumonia (1), methicillin-susceptible staphylococcus aureus pneumonia (1), rotavirus enteritis (1), respiratory syncytial virus upper respiratory 
tract infection (1), urinary tract infection (UTI) with proteus vulgaris and klebsiella pneumoniae (1), skin infection with mycobacterium cheloniae-abscessus (1), 
pseudomonas aeruginosa pneumonia (1), and EBV viremia (1).
##1 patient in the healthy-flu group had concomitant sinusitis
 P=0.043 compared to the tx-vac-flu group
  Patients in the tx-vac-no flu group did not have influenza, but had CMV viremia (5), peritonitis (2), UTI (2), bacteremia (2), aspergillosis (1), sinusitis (1), EBV viremia (1), 
cryptococcosis (1), bacterial pneumonia (1), hepatic candidiasis (1), and clostridium-difficile-associated diarrhea (1).
∆P=0.0009 compared to the tx-vac-flu group  
P=not significant for all other comparisons to the tx-vac-flu group in this table.

Table 4: Risk factors for influenza.

Group
Tx-vac-flu

(n=18)
Tx-no vac-flu

(n=6)
Healthy-flu

(n=12)
Tx-vac-no flu

(n=13)
Number of patients treated with oseltamivir (%) 17 (94%) 6 (100%) 4 (33%)*

N/A
Duration of treatment with oseltamivir (days) {median [IQR]} 5 [5-7] 7.5 [5-10] 5 [5]

Tx-vac-flu=Transplant recipients who developed influenza despite influenza vaccination
Tx-no vac-flu=Transplant recipients who developed influenza in the absence of influenza vaccination 
Healthy-flu=Healthy people who developed influenza 
Tx-vac-no flu=Transplant recipients who received influenza vaccination and did not develop influenza 
N/A=not applicable. IQR=interquartile range
*P=0.0006 compared to the tx-vac-flu group
P=not significant for all other comparisons to the tx-vac-flu group in this table.

Table 5: Treatment.
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than previously healthy people, but the duration of therapy was not 
longer. Other expected findings included that transplant patients 
who developed influenza despite receiving influenza vaccination were 
hospitalized, developed pneumonia, and had concomitant infections 
more frequently than previously healthy patients. 

Limitations of this study include its retrospective nature, with the 
associated gaps in data collected; particularly in previously healthy 
patients, and uncontrolled interventions. For example, some, but not 
all transplant recipients, and none of the healthy patients had FEV1 
measured before and after transplantation. The type and intensity of 
exposure to influenza virus in each group, and whether they utilized 
personal protective behaviors are not known. Although the comparator 
groups were randomly identified, selection bias cannot be excluded. 
The groups were not matched, so other risk factors may have impacted 
the outcomes. The number of patients was small in some comparisons, 
so other significant differences may have been detected with larger 
numbers. Assays to assess influenza-specific immunity were not done, 
thus influenza vaccine failure cannot be claimed as causative for any of 
the outcomes. Data on influenza immunizations prior to the 2007-08 
seasons were not available, so “archiving immunity” cannot be assessed. 

Although clinical findings may identify patients with ILI, they 
cannot confirm or exclude the diagnosis of influenza [25]; particularly 
in hospitalized patients [26]. Accurate and rapid diagnosis of influenza 
is not only important for timely prescribing of specific antiviral therapy, 
but also to prevent nosocomial [27] and household [28] transmission, 
and reducing unnecessary antibacterial therapy [29]. 

Effectiveness of influenza vaccine depends on the degree of 
antigenic match to circulating influenza viruses [30]. Historically, a 
serum hemagglutination-inhibiting antibody (HIA) titer > 1:40 in 
response to vaccination in healthy individuals have been considered 
protective against infection [31]. However, this HIA titer may not be 
protective in elderly or immunocompromised individuals. A higher 
dose of influenza vaccine has been shown to be more immunogenic in 
elderly persons, but is associated with a significant increase in injection 
site reactions [32]. Increasing the influenza vaccine dosage has also 
been shown to induce increasing levels of cross-reacting antibodies to 
subsequent, antigenically different influenza variants, including some 

appearing > 10 years after vaccination [33]. In adults > 60 years of age, 
intradermal influenza vaccination was shown to be more immunogenic 
than intramuscular administration, but whether that results in 
enhanced protection in this vulnerable population is not known [34]. 

Influenza vaccination of transplant candidates is vital to their 
protection in the early post transplant period [10]. Certainly, better 
measures to prevent and treat influenza in transplant recipients are 
needed. While some studies have shown up to 80% vaccine efficacy [9] in 
HSCT recipients, others have shown poor serological responses within 
the first 2 years after transplant [35]. A booster dose of influenza vaccine 
did not enhance seroprotection or seroresponse in renal transplant 
recipients [5]. Similarly, a two-dose regimen of influenza vaccine in 
HSCT recipients only marginally enhanced immunological response 
[36], as did granulocyte-macrophage colony-stimulating factor; 
administered as an immunomodulating agent with influenza vaccine 
[37]. While HIA titer has been traditionally used to measure protective 
response to influenza vaccination [31] assessment of cell-mediated 
immune response [38] should also be considered in transplant recipients. 
Intradermal administration of influenza vaccine using a microinjection 
system [39] may be specifically appealing in thrombocytopenic HSCT 
recipients, and coagulopathic liver transplant recipients. Although an 
intradermal boosting strategy for influenza vaccination using 3 µg of 
hemagglutinin antigen per influenza strain in lung transplant recipients 
did not significantly improve vaccine immunogenicity [40] intradermal 
influenza vaccination using 15 µg of hemagglutinin antigen per 
influenza strain was immunogenic in renal transplant recipients who 
had previously not responded to subcutaneous influenza vaccination 
[41]. An adjuvanted 2009 pandemic influenza A/H1N1 vaccine was less 
immunogenic in SOT recipients than healthy controls [42]. Influenza 
vaccination of health care providers [43] and household contacts [44] 
of transplant candidate and recipients is imperative to create a “circle of 
protection” around this vulnerable population. A recent study showed 
that influenza vaccination of children and adolescents with inactivated 
influenza vaccine significantly protected even unimmunized residents 
of rural communities [45].

Nonpharmacological interventions, including facemasks and 

Group
Tx-vac-flu

(n=8)
Tx-no vac-flu 

(n=6)
Healthy-flu

(n=12)
Tx-vac-no flu

(n=13)
Pneumonia (n [%]) 6 [33%] 0 [0%] 0 [0%]*

N/A

Hospitalization (n [%]) 15 [83%] 5 [83%] 1 [8%]†

Length of hospitalization in days 
	 Median
	 Mean
	 Range

7.2
4

2-30

3.4#

3
3-4

N/A

Admission to an ICU (n [%]) 1 [6%] 0 [0%] 0 [0%]
Need for mechanical ventilation (n [%]) 1 [6%] 0 [0%] 0 [0%]
**FEV1 (L) change (median ) at a later date + 0.035 - 0.73 N/A - 0.22

Tx-vac-flu=Transplant recipients who developed influenza despite influenza vaccination
Tx-no vac-flu=Transplant recipients who developed influenza in the absence of influenza vaccination 
Healthy-flu=Healthy people who developed influenza 
Tx-vac-no flu=Transplant recipients who received influenza vaccination and did not develop influenza 
N/A=not applicable. ICU=intensive care unit. FEV1=Forced expiratory volume in 1 second.
** 8 patients in the tx-vac-flu group, 4 in the tx-no vac-flu group, none in the healthy-flu group, and 6 in the tx-vac-no flu group had FEV1 measured after a median of 17 
months.  
*P=0.031, †P=0.00007, #P=0.19, compared to the tx-vac-flu group 
P=not significant for all other comparisons to the tx-vac-flu group in this table.

Table 6: Outcomes.
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hand hygiene [46] play an important role in preventing influenza 
transmission. 

While some studies have shown the effectiveness of oseltamivir 
for treatment of influenza in transplant recipients [14,15], and some 
support its use for seasonal prophylaxis [16] rational use of antiviral 
agents is necessary, since monotherapy may predispose to mutational 
pressure and selection of antiviral-resistant strains [47]. New antiviral 
agents for influenza treatment for the general population and specifically 
for transplant recipients are awaited [48]. The 2009 influenza A/
H1N1 pandemic has increased awareness and improved guidance for 
management of influenza in transplant recipients [49].
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