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Elevation of liver transaminase levels is a frequent observation

during systemic infections. The aim of our study was to

investigate liver damage during pandemic 2009 influenza

A ⁄ H1N1 infection in comparison with seasonal influenza.

Serum levels of aspartate aminotransferase, alanine

aminotransferase, and gamma-glutamyl transpeptidase (GGT)

were significantly higher in patients with pandemic influenza

compared to seasonal influenza, which was strongly correlated

with hypoxia. Moreover, a positive correlation between

C-reactive protein and serum GGT, alkaline phosphatase, and

lactate dehydrogenase was noticed. Our findings support the

hypothesis that the pandemic 2009 influenza A ⁄ H1N1 is an

illness with a significant immune response to infection leading

to hepatocellular injury.
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Introduction

On June 11, 2009, the outbreak of a new strain of influenza

A virus subtype H1N1 was officially declared by the World

Health Organization to be the first influenza pandemic of

the 21st century.1 Reports of pandemic 2009 influenza

A ⁄ H1N1 described a virus that is more pathogenic than sea-

sonal influenza and that caused severe infection and compli-

cations in relatively young, otherwise healthy individuals.1,2

The occurrence of liver involvement during influenza

infection is intriguing owing to the virus characteristic of

only infecting the epithelial cells of the respiratory tract.3

Although the liver may not be the primary target organ of

viral infection, it can be collaterally damaged.3,4 Hepatic

changes may be a consequence of the immune response to

viral antigens with a close topographic association between

the presence of viral antigens and the associated inflamma-

tory infiltrates in liver.3,5

In the novel pandemic 2009 influenza A ⁄ H1N1, it is still

unclear how significant the liver damage is. The aim of our

study was to compare liver injury during influenza

A ⁄ H1N1 (2009) infection with seasonal influenza.

Patients and methods

A retrospective study that included cases of pandemic

influenza during the outbreak of pandemic 2009 influenza

A ⁄ H1N1 from June 1, 2009, until April 1, 2010, and sea-

sonal influenza during 2008 and 2009 seasonal epidemics,

was conducted at the University Hospital for Infectious

Diseases Zagreb. Patient records were extracted and used

for collection of clinical and laboratory data. Only cases

with positive RT-PCR and ⁄ or direct immunoflorescence of

sputum or nasal swab were included in study.

Of the 294 cases reviewed, we excluded a total of 110

patients: 72 who were under 15 years of age, 11 with

underlying liver or bile duct diseases, eight with medical

conditions that could influence liver function tests (e.g.,

chemotherapy and hepatotoxic drugs), and 19 patients with

positive blood cultures. The patients were classified into

two groups: pandemic and seasonal.

We analyzed the clinical data and the results of routine

biochemical and liver function tests performed on the first

day of hospitalization before commencing antiviral therapy

(oseltamivir).
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Statistical analysis was performed using Prism (version

5.0) statistical software (GraphPad Software, San Diego, CA,

USA). The demographic, clinical, and laboratory data were

evaluated and presented descriptively. Fisher’s exact test and

Mann–Whitney U test were used to compare the two

groups, as appropriate. Pearson’s correlation coefficient was

applied to measure the degree of association between the

parametric variables, and Spearman’s rho for nonparametric

variables. P < 0Æ05 values were considered significant.

Results

Patients’ characteristic
The pandemic group consisted of 97 patients: 54 (56Æ25%)

men and 43 (43Æ75%) women, mean age

46Æ79 ± 15Æ69 years. The seasonal group included 86

patients: 52 (60Æ45%) men and 34 (39Æ55%) women, mean

age 47Æ06 ± 22Æ55 years. In the seasonal group, all patients

had influenza A, but only some of the strains were subtyped

(of those 68Æ60% had A ⁄ H1N1 and 31Æ40% H3N2 subtype).

There was no significant difference in sex and age between

the two groups (P = 0Æ5504 and P = 0Æ9377, respectively).

In the pandemic group, levels of liver enzymes were

more often above normal range than in the seasonal group:

aspartate aminotransferase (AST) (35Æ78% versus 18Æ60%,

P = 0Æ01245), alanine aminotransferase (ALT) (26Æ31% ver-

sus 7Æ36%, P = 0Æ0016), gamma-glutamyl transpeptidase

(GGT) (36Æ84% versus 16Æ47%, P = 0Æ0025), and lactate

dehydrogenase (LDH) (50Æ00% versus 33Æ33%, P = 0Æ0387,

Fisher’s exact test). Most of the patients had mild hepatic

lesions, representing a pattern of hepatocellular injury. In

patients with liver enzyme abnormalities, the transaminase

level was elevated 2Æ5-fold and normalized rapidly over sev-

eral days (Table 1).

Relationship between peripheral oxygen saturation
(SpO2), CRP, and liver injury
Hypoxemia (oxygen saturation <95%), measured by pulse

oxymeter at the time of patient admission to hospital, was

observed in 47Æ25% (43 ⁄ 91) of pandemic, but only in

18Æ6% (16 ⁄ 70) of the seasonal group (P < 0Æ0001, Fisher’s

exact test). Peripheral oxygen saturation range was 84–

100%. Sixteen patients had oxygen saturation £90%

(17Æ58%) in the pandemic and 6 (8Æ57%) in the seasonal

group. To identify the relationship between liver enzymes

levels, C-reactive protein (CRP), and LDH with SpO2, cor-

relation–regression analysis was performed (Figure 1A, B).

It revealed that AST, ALT, GGT, and LDH were nega-

tively correlated with SpO2 in the pandemic group. Simi-

larly, a negative correlation was observed in the seasonal

group between AST, alkaline phosphatase (ALP), and bili-

rubin with SpO2.

Our study demonstrates a positive correlation between

CRP and serum GGT, ALP, and LDH in seasonal and

serum bilirubin and ALP in the pandemic group, as pre-

sented in Figure 1C, D.

Table 1. Hematological and biochemical parameters

Laboratory

reference

Pandemic 2009

A influenza (H1N1)

Mean (IQR)

Seasonal influenza

(2007–2009)

Mean (IQR) P-value*

C-reactive protein (mg ⁄ l) <5 76Æ18 (22Æ20–98Æ95) 56 (12Æ53–81Æ58) 0Æ0122

Leukocytes (·109 ⁄ l) 3Æ4–9Æ7 8Æ1 (5Æ275–9Æ825) 8Æ24 (5Æ3–10Æ03) 0Æ5911

Thrombocytes (·109 ⁄ l) 158–424 184Æ09 (143–217) 197 (148Æ5–227Æ0) 0Æ0884

Fibrinogen (g ⁄ l) 1Æ8–3Æ5 6Æ00 (4Æ79–7Æ11) 5Æ31 (3Æ25–6Æ08) 0Æ0876

D-dimer (mg ⁄ l) <0Æ35 0Æ58 (0Æ185–0Æ365) 0Æ38 (0Æ155–1Æ203) 0Æ7436

Total bilirubin (lmol ⁄ l) 3–20 18Æ04 (6Æ9–16Æ70) 12Æ54 (6Æ30–14Æ75) 0Æ1780

AST (U ⁄ l) 8–38 48Æ66 (20–59) 31Æ91 (20Æ75–35Æ25) 0Æ0172

ALT (U ⁄ l) 10–48 45Æ89 (18–47) 27Æ33 (16–31) 0Æ0017

GGT (U ⁄ l) Men: 11–55

Women: 9–35

71Æ79 (19–67) 34Æ52 (15Æ50–38) 0Æ0055

ALP (U ⁄ l) Men: 60–142

Women: 50–153

84Æ23 (55–90Æ25) 77Æ08 (52–85Æ75) 0Æ4314

LDH (U ⁄ l) <241 316Æ82 (202–360) 250Æ22 (177Æ5–265Æ5) 0Æ0096

IQR, interquartile range; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline

phosphatase; LDH, lactate dehydrogenase.

*Mann–Whitney U test. P < 0.05 values are significant

Liver involvement during influenza infection

ª 2011 Blackwell Publishing Ltd e3



Correlation between duration of hospitalization
and liver involvement
In the pandemic group, duration of hospitalization was

strongly correlated with age (r = 0Æ4292, P < 0Æ0001), CRP

(r = 0Æ2840, P = 0Æ0064), bilirubin (r = 0Æ2421, P = 0Æ0208),

GGT (r = 0Æ3133, P = 0Æ0025), ALP (r = 0Æ3924, P = 0Æ0009),

and LDH (r = 0Æ2825, P = 0Æ0067) levels. In the seasonal

group, duration of hospitalization was strongly correlated

with age (r = 0Æ3220, P = 0Æ0025), CRP (r = 0Æ3235,

P = 0Æ0024), bilirubin (r = 0Æ2767, P = 0Æ0108), and AST

(r = 0Æ3730, P = 0Æ0004), ALT (r = 0Æ2604, P = 0Æ0154),

GGT (r = 0Æ2745, P = 0Æ0110), and ALP (r = 0Æ2617,

P = 0Æ0190) levels.

Discussion

Liver damage does not typically occur in seasonal influenza.

To the best of our knowledge, this is the first report com-

paring liver involvement in seasonal influenza A (H1N1

and H3N2) and pandemic 2009 influenza A ⁄ H1N1.

Elevation of liver transaminase levels is a frequent obser-

vation during systemic infections.3,4,6 However, the inci-

dence of liver injury in influenza has not been established

and the pathogenesis of liver involvement is still not well

understood. Liver damage has been shown in animal mod-

els, revealing that virus replication is not needed to pro-

duce hepatocellular injury.7 Production of cytokines (e.g.,

TNF-alpha, IL-6, IL-8, IL-10, and interferon alpha, inter-

feron beta, and interferon gamma) is responsible for the

hepatic oxidative stress leading to the hepatocyte injury.7,8

Polakos et al.5 introduced a so called collateral damage

model and revealed that liver lesions occur because of the

systemic immune response (SIRS) where, in the absence of

viral antigens, the hepatocytes are damaged by viral-specific

CD8+ T cells.

Our study offers some interesting findings of liver

involvement during influenza infection. First, liver damage

was more intensive with pandemic 2009 A ⁄ H1N1 than

during recent seasonal influenza A. According to our study,

serum levels of AST, ALT, and GGT were significantly

higher in the pandemic group.

Second, abnormalities in serum liver enzymes are strongly

correlated with hypoxemia. Because hypoxemia (especially

when severe) was more frequent in the pandemic group, the

greater liver damage is presumably related to hypoxemia.

However, no characteristic findings of ischemic hepatitis

A B

C D

Figure 1. (A, B) Correlation between liver enzymes and peripheral oxygen saturation in pandemic 2009 influenza A ⁄ H1N1 and seasonal influenza,

respectively. (C, D) Correlation between C-reactive protein and liver enzymes in pandemic 2009 influenza A (H1N1) and seasonal influenza,

respectively. Pearson’s r value and P-value were presented. P < 0Æ05 is considered significant. AST, Aspartate aminotransferase; ALT, alanine

aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; BIL, total bilirubin; CRP, C-reactive

protein; SpO2, pulse oximeter oxygen saturation.
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were found in any of our patients. All of the patients had

mild, transient hepatic lesions.

Third, a positive correlation between CRP and serum

liver enzymes was noted. Previous studies have found asso-

ciations between GGT and ALP with CRP or other inflam-

matory parameters (e.g., leukocytes and fibrinogen).9–11

CRP is a nonspecific biomarker of acute inflammation and

is produced primarily in the liver. Our study revealed sig-

nificantly higher levels of CRP in the pandemic group.

Considering new increasing evidence9–11 showing that liver

enzymes are associated with oxidative stress and inflamma-

tion, we can presume that pandemic influenza promotes a

more intense SIRS than seasonal influenza. SIRS finally

produces perfusion disturbances of the tissue which con-

tributes to hepatocellular damage and hypertransamin-

emia.6,12 Bermejo-Martin et al.12 observed higher levels of

pro-inflammatory cytokines in pandemic 2009 influenza

A ⁄ H1N1, and some of these can cause liver injury.8 Expo-

sure to influenza strains that circulated 50–60 years ago

might provide cross-protection against the influenza

A ⁄ H1N1 (2009) virus.13 Because the mean age of our study

population is under 50 years, the possible role of the low

preexisting immunity against pandemic 2009 influenza

A ⁄ H1N1, which may affect the strength of the immunolog-

ical response, cannot be excluded.

Although duration of hospitalization was limited owing

to hospital capacities during the influenza outbreak, there

was still evident a relationship between the duration of

hospitalization and the results of the liver enzyme tests.

There are limited data of liver abnormalities during

chronic conditions associated with both hypoxia and

inflammation. Liver damage was connected to chronic

obstructive pulmonary disease, which is strengthening our

presumption of hypoxia and SIRS as the causative

agents.14,15 Whether liver enzymes provide clinical informa-

tion additional to CRP requires further studies.

The main limitation of this study is the retrospective

nature of the collected data. In hospitalized patients, clini-

cal attention is on the acute infection of the respiratory

tract, so the clinical importance of liver involvement

remained unclear. As previously mentioned, this is the first

report comparing liver involvement in seasonal and pan-

demic influenza.

These findings support the concept of the pandemic

influenza A ⁄ H1N1 (2009) as an illness with significant

immune response that in combination with moderate

hypoxia caused by influenza respiratory illness may lead to

hepatocellular injury and finally result in different clinical

and laboratory features than in previous seasonal epidemics.
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