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ABSTRACT: Airway inflammation during infection is associated with increased
transudation of serum proteins and increased production of protein by the airway
epithelium. We therefore, assessed whether Haemophilus influenzae infections in
patients with chronic bronchitis are associated with increased levels of transferrin
and lactoferrin in the sputum compared to uninfected patients.

Sputum sol phase and serum samples from 14 infected and 13 uninfected patients
with chronic bronchitis and from 12 bronchial asthma patients were included in
the study.

The median Q-values (the concentration in sputum sol phase/the concentration
in serum) × 103 of transferrin appeared increased in chronic bronchitis patients
with an H. influenzae infection (26.0, n=13) compared to uninfected controls (9.5,
n=11) and bronchial asthma patients (4.5, n=6). The ratio of the Q(transfer-
rin)/Q(albumin) was >1 in infected chronic bronchitis patients, indicating local
production of transferrin. Growth of H. influenzae was stimulated more in spu-
tum from infected and uninfected patients with chronic bronchitis than in sputum
from patients with bronchial asthma. The concentrations of lactoferrin were not
significantly different in infected (n=14) and uninfected (n=13) chronic bronchitis
patients and bronchial asthma patients (n=12) (median 137.4, 84.6, 87.1 mg·L-1,
respectively).

We conclude that in patients with chronic bronchitis with Haemophilus influen-
zae infections, the levels of transferrin are increased and the levels of lactoferrin
are not associated with infections.
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Nonencapsulated Haemophilus influenzae causes per-
sistent infections in the lower respiratory tract of
patients with chronic bronchitis [1, 2], despite the pres-
ence of polymorphonuclear leucocytes, specific anti-
bodies [3] and complement. Since H. influenzae does
not persist in the lower respiratory tract of patients with
bronchial asthma and healthy individuals, the local con-
ditions in the bronchial lumen of patients with chronic
bronchitis during infection may be beneficial for the
survival and growth of H. influenzae. Proteins and other
factors in the bronchial lumen originate from the tissue
fluids by transudation through the epithelial layer, or
are produced by the respiratory epithelium or the in-
flammatory cells in the respiratory tract [4]. Local in-
flammation of the lower respiratory tract, one of the
characteristics of chronic bronchitis, is stimulated by
bacterial components, and mediators from inflammatory
cells. Moreover, it is associated with increased transu-
dation of serum proteins [4–8] and increased produc-
tion of proteins by the airway epithelium [2]. Among
these proteins are the iron-binding proteins transferrin
and lactoferrin. Since H. influenzae has an absolute
requirement for haem and iron, and the concentrations
of free iron in body fluids are low [9], H. influenzae

needs other sources of iron, such as transferrin and
lactoferrin [9–11]. Transferrin is mainly a serum pro-
tein and lactoferrin is produced locally within the lung
by the serous cells of the bronchial epithelium [12], but
also by neutrophilic granulocytes [13].

The aim of this study was to determine whether the
amounts of the iron-binding proteins, transferrin and lac-
toferrin, in the sputum sol phase are increased in chronic
bronchitis patients with an H. influenzae infection com-
pared to uninfected chronic bronchitis patients and those
with bronchial asthma. To determine whether transfer-
rin originates only from transudation from the blood in
these patients, the levels of transferrin were compared
with the levels of serum albumin, having a similar mol-
ecular weight and thereby a similar transudation [4].
The local production of lactoferrin was compared with
that of secretory immunoglobulin A (sIgA), which is
also locally produced by epithelial cells [14–16].

We show that increased amounts of transferrin, but
not lactoferrin, were found in the sputum sol phase of
chronic bronchitis patients with an H. influenzae infec-
tion compared to uninfected patients with chronic bron-
chitis and patients with bronchial asthma. Transferrin
was shown to originate partly from transudation but also



from local production or active transport. In addition,
H. influenzae grew better in the sputum sol phase of
patients with chronic bronchitis than in the sputum sol
phase of patients with bronchial asthma.

Materials and methods

Patients

All patients were selected from the out-patient clinic
of the Dept of Pulmonology of the Academic Medical
Center of the University of Amsterdam. Fourteen chronic
bronchitis patients with an infection caused by non-
encapsulated H. influenzae (mean age 56 yrs, range 21–
82 yrs), 13 chronic bronchitis patients without an infec-
tion (mean age 59 yrs, range 39–77 yrs) and 12 patients
with bronchial asthma (mean age 48 yrs, range 28–66
yrs) were included in the study. Patients were diagnosed
as having chronic bronchitis according to the defini-
tion of the Medical Research Council (MRC) [17] or
bronchial asthma according to the American Thoracic
Society (ATS) criteria [18]. Four of the chronic bron-
chitis patients with an H. influenzae infection, four of
the uninfected chronic bronchitis patients and four of
the patients with bronchial asthma were smokers. The
patients were not treated with antibiotics for at least 2
weeks before sampling or inhaled or systemic corticos-
teroids at least 6 weeks before sampling. All patients
with chronic bronchitis had a history of H. influenzae
infections. The presence of H. influenzae was assessed
by culturing a sputum sample on chocolate agar and by
immunochemical staining of a smear of sputum with
specific monoclonal antibody 8BD9 [19].

Serum and sputum samples

Sputum samples and venous blood samples from each
patient were collected on the same day. Sputum sam-
ples were partly used for bacteriological culture. The
remainder was centrifuged for 90 min at 50,000×g and
the supernatant was stored as the sputum sol phase.
Sputum sol phase and serum were stored at -20°C.

Determination of the concentrations of various proteins
in serum and sputum samples

The concentrations of transferrin in paired serum and
sputum sol phase samples were quantified immuno-
chemically on a Behring Nephelometer Analyser (Behring
Werke AG, Marburg, Germany) using standards and
specific antiserum from Behring. This method appeared
valid for measuring concentrations of transferrin in spu-
tum sol phase since the mean (SD) recovery of protein
standard serum added to sputum sol phase samples con-
taining transferrin in the relevant range 25–250 mg·L-1

was 95.7±4.26% (n=5).
The concentration of albumin in the serum and spu-

tum sol phase samples was determined by immunotur-
bidimetry with the use of a Cobas Bio Analyser [20].
Antialbumin, code A001, was obtained from DAKO
(Glostrup, Denmark). A standard serum for nephelome-
try (Behring 07, Behring Werke AG) and a serum with
a known concentration of albumin were included for
reference.

The concentrations of lactoferrin in sputum sol phase
were determined with an enzyme-linked immunosorbent
assay (ELISA) as described by VAN DE GRAAF et al.
[14]. Microtitre plates were coated with antibodies to
lactoferrin from DAKO (A186) and bound lactoferrin
was determined with peroxidase-conjugated rabbit-anti-
human lactoferrin. The concentrations of sIgA in spu-
tum sol phase samples were determined with an ELISA
performed as described by HAAIJMAN et al. [21]. In short,
microtitre plates were coated with goat-anti-mouse poly-
clonal immunoglobulins (GM17-03-D02) from the Cen-
tral Laboratory of the Red Cross Blood Transfusion
Service (Amsterdam, The Netherlands), and subsequently
coated with mouse antibodies to the secretory compo-
nent of IgA. After incubation with dilutions of the spu-
tum sol phase samples, sIgA was detected by horse
radish peroxidase-conjugated anti-IgA (DAKO P216).
With the methods used for quantifying the concen-
trations of lactoferrin and sIgA, the intra- and inter-assay
coefficients of variation are low and the recovery of exo-
genously added lactoferrin and sIgA in sputum samples
is high [22].

Calculation to determine whether transferrin is transu-
dated or locally produced

The relationship between the concentrations of trans-
ferrin (79,550 M) and albumin (68,000 M) in serum and
sputum sol phase was expressed by the ratio Q which
is (the concentration in sputum sol phase/ the concen-
tration in serum) × 103 [4, 23], following the principle
described by FELGENHAUER [24]. Subsequently, the rel-
ative coefficient of excretion (RCE) of transferrin rela-
tive to albumin was calculated as the ratio Q transferrin/Q
albumin to determine whether transferrin was produced
locally. Since both proteins have similar molecular weight
and albumin is only released by transudation, this RCE
is approximately 1 when transferrin is derived from
transudation. Higher ratios indicate local production or
active transport of transferrin [4,  16]. This RCE-value
is independent of the variable dilution of proteins in the
sputum sol phase of the individual samples.

Growth of H. influenzae in sputum sol phase

H. influenzae strain d1, being streptomycin resistant,
was grown on chocolate agar plates supplemented with
nicotinamide adenine dinucleotide (NAD) (10 mg·L-1,
Sigma N7381, Zwijndrecht, the Netherlands) and hae-
min (10 mg·L-1, Sigma H2250) at 37°C in a humid
atmosphere containing 5% CO2, subsequently inoculated
in Brain Heart Infusion Broth (BHI: Difco Laboratories,
Detroit, MI, USA) containing 100 µM ethylenediamine
di-ortho-phenylacetic acid (EDDA, Sigma E4135) and
protoporphyrin IX (2 µg.mL-1, Sigma P5889) and cul-
tured in this iron-deficient medium at 37°C, 5% CO2
for at least 2 h under shaking. Ten microlitres of the
bacterial suspension and 10 µL of  distilled water was
added to 80 µL of sputum sol phase in microtitre plates.
All cultures were performed in triplicate for 16 h. Growth
was measured at 540 nm with an ELISA-reader (Anthos
Labtec Instruments, Salzburg, Austria). As a control
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for the depletion of free iron in the medium, the lack
of bacterial growth in iron-limited medium after 16 h
was determined. The iron limitation could be reversed
by the addition of FeCl3 (120 µM).

Determination of the total iron content of sputum sol
phase

The total iron content of sputum sol phase was deter-
mined with atomic absorption spectrometry with a graphite
furnace using an atomic absorption spectrophotometer
(model 2100; Perkin Elmer, Foster City, CA, USA).

Statistical analysis

The results were expressed as medians. For statisti-
cal analysis of the differences between protein concen-
trations in sputum sol phase, the Qprotein, the RCE of
transferrin of the three groups of patients, the growth
stimulation of H. influenzae in sputum sol phase and
the total iron content of sputum sol phase, the non-
parametric Wilcoxon rank sum test was used since the
data had a wide range and were not normally distrib-
uted [25]. To determine the significance of the local
production of transferrin the Student's t-test was used.
The correlation between the concentrations of lactofer-
rin and sIgA was assessed with the Spearman rank test
[25]. A p-value of less than 0.05 was considered sta-
tistically significant.

Results

Transudation and local production of transferrin

The concentrations of transferrin in the sputum sol
phase of chronic bronchitis patients with an H. influen-
zae infection (median 60.0 mg·L-1, n=13) were increased
compared to those in the sputum sol phase of unin-
fected patients with chronic bronchitis (median 23.2
mg·L-1, n=11, p=0.026) or bronchial asthma (median
10.8 mg·L-1, n=6, p=0.002) (fig. 1). The concentrations
of transferrin in the sputum sol phase of uninfected pa-
tients with chronic bronchitis or bronchial asthma were
not significantly different (p=0.079).

The Qtransferrin, expressing the ratio of the concen-
tration of transferrin in sputum sol phase over the con-
centration of transferrin in serum, was increased for the
chronic bronchitis patient group with an H. influenzae
infection (median 26.0, n=13) compared to the chronic
bronchitis patient group without an infection (median
9.5, n=11, p=0.02) and the bronchial asthma patient group
(median 4.5, n=6, p=0.001) (fig. 2a). The Qtransferrin val-
ues of uninfected patients with chronic bronchitis or
bronchial asthma were not different.

To determine whether transferrin in sputum originates
only from transudation, the Qtransferrin was compared
with the Qalbumin, since albumin is a serum protein that
is supposed to reach the mucosa by transudation. The
Qalbumin was also significantly increased in the chron-
ic bronchitis patient group with an H. influenzae infec-
tion (median 13.1, n=14) in comparison with the chronic
bronchitis patient group without an infection (median
5.5, n=13, p=0.02) and the bronchial asthma patient

group (median 7.7, n=12, p=0.03) (fig. 2b). The Q-val-
ues of albumin for the chronic bronchitis patient group
without an infection and for the bronchial asthma pa-
tient group were not different (fig. 2b). The RCE for
transferrin relative to albumin, was calculated as the
ratio Qtransferrin/Qalbumin. The RCE for transferrin had a
median value of 1.0 both in the chronic bronchitis pa-
tient group without an infection (n=11) and in the bron-
chial asthma patient group (n=6) (fig. 3). These results
indicate that transferrin arrived in the sputum sol phase
of these patients by transudation in a way similar to al-
bumin. In contrast, the RCE for transferrin in chronic
bronchitis patients with an H. influenzae infection had
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Fig. 1.  –  Concentrations of transferrin in the sputum sol phase of
chronic bronchitis patients with (CB+; ●) and without (CB-; ❍) a
Haemophilus influenzae infection and patients with bronchial asthma
(BA; ). The median value is indicated for each group.❏
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Fig. 2.  –  Individual Q-values for: a) transferrin; and b) albumin in
chronic bronchitis patients with (CB+; ●) and without (CB-; ❍) a
Haemophilus influenzae infection and patients with bronchial asthma
(BA; ). The median value is indicated for each group.❏
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a median value of 1.4 (n=13; 95% confidence interval
1.13–3.34) (fig. 3). This value is significantly higher than
calculated for chronic bronchitis patients without an
infection (p=0.03) and patients with bronchial asthma
(p=0.01) and also significantly higher than 1 (p<0.01).
Therefore, transferrin transudates and is produced loc-
ally during infections with H. influenzae.

To exclude the possibility that the results were influ-
enced by degradation of transferrin or albumin in the
sputum and serum samples, the effect of overnight in-
cubation of two sputum and two serum samples at 37°C
on the levels of transferrin and albumin was measured.
In sputum samples, the recovery after overnight incuba-
tion of transferrin was 105.5±18.0% and of albumin
104.1±0.2%. In serum samples, the recovery of trans-
ferrin was 96.2±4.9% and of albumin 108.0±3.5%.

Growth stimulation of  H. influenzae in sputum sol phase

To evaluate the relevance of the high levels of trans-
ferrin in the sputum sol phase of chronic bronchitis
patients with an H. influenzae infection, H. influenzae
was grown in sputum sol phase samples of infected
(n=5) and uninfected (n=4) chronic bronchitis patients
and in the sputum sol phase samples of patients with
bronchial asthma (n=5). The optical density (OD) at 540
nm measured after 16 h of growth is shown in figure
4. H. influenzae grew significantly better in the sput-
um sol phase of chronic bronchitis patients with an H.
influenzae infection (p=0.014) and in the sputum sol phase
of uninfected chronic bronchitis patients (p=0.043) than
in the sputum sol phase of patients with bronchial asth-
ma. The growth stimulation in sputum sol phase of in-
fected and uninfected patients with chronic bronchitis
was not significantly different.

To promote bacterial growth, the increased levels of
transferrin have to increase the potential iron supply.
Therefore, the total iron content of sputum sol phase
from six patients with chronic bronchitis and 12 pa-
tients with bronchial asthma was determined. The total
iron content of sputum sol phase of patients with chronic
bronchitis (median 36.8 µg·L-1) was significantly higher
(p<0.001) than the total iron content of sputum sol
phase of patients with bronchial asthma (median 14.7
µg·L-1).

Local production of lactoferrin and sIgA

The concentrations of lactoferrin in the sputum sol
phase of individual patients and the median values are
shown in figure 5. The concentrations of lactoferrin in
the sputum sol phase of chronic bronchitis patients with
(n=14) and without an H. influenzae infection (n=13)
and of patients with bronchial asthma (n=12) (median
137.4, 84.6, 87.1 mg·L-1, respectively) were not signif-
icantly different, although the median in the first group
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Fig. 3.  –  Individual relative coefficients of excretion (RCEs) for
transferrin in chronic bronchitis patients with (CB+; ●) and without
(CB-; ❍) a Haemophilus influenzae infection and patients with bronchial
asthma (BA; ). The median value is indicated for each group.

Fig. 4.  –  Growth of Haemophilus influenzae in sputum sol phase of
infected (CB+; ●, n=5) and uninfected (CB-; ❍, n=4) patients with
chronic bronchitis and in sputum sol phase of patients with bronchial
asthma (BA; ■, n=5). Growth was determined by optical density mea-
surements (OD) at 540 nm after 16 h. Values are mean±SD.

Fig. 5.  –  Concentrations of: a) lactoferrin; and b) secretory immuno-
globulin A (sIgA) in the sputum sol phase of chronic bronchitis
patients with (CB+; ●) and without (CB-; ❍) a Haemophilus influen-
zae infection and patients with bronchial asthma (BA; ). The medi-
an value is indicated for each group.
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was much higher. The lack of significant differences
was due to a wide spread in the individual levels of
lactoferrin, especially in the chronic bronchitis patient
group with an H. influenzae infection. The sIgA con-
centrations are shown in figure 5b. In patients with
chronic bronchitis who had an H. influenzae infection,
the concentrations of sIgA in sputum sol phase samples
(median 117.5 mg·L-1, n=12) were significantly in-
creased compared to patients with bronchial asthma (med-
ian 41.7 mg·L-1, n=12, p=0.01). The concentrations of
sIgA in sputum sol phase samples of patients with
bronchial asthma were similar to the concentration of
sIgA in sputum sol phase samples of chronic bronchi-
tis patients without an infection (median 66.7 mg·L-1,
n=13).

No significant correlation was found between the con-
centrations of sIgA and lactoferrin in the sputum sol
phase in chronic bronchitis patients with (r=0.19) or with-
out (r=0.55) an H. influenzae infection. In patients with
bronchial asthma, this correlation was significant (r=
0.67, p=0.02) (fig. 6).

Discussion

The concentrations of transferrin in the sputum sol
phase and the Q-values of transferrin as well as of albu-
min were increased in chronic bronchitis patients with
an H. influenzae infection compared to those without
an infection and those with bronchial asthma, indicat-
ing that the increased transudation of these serum pro-
teins in the infected patients is due to the infection (figs.
1 and 2). A higher transudation of albumin in infected
patients with chronic bronchitis compared to uninfect-
ed patients has also been described by STOCKLEY et al.
[4] and BURNETT and STOCKLEY [26]. Some evidence has
been presented that albumin is locally produced and
actively transported [27, 28] but it is uncertain whether
this also applies for humans. If so, Q-values >1 are even
more remarkable. A wide range of Q-values was observed
for transferrin and albumin in each group of patients.
This wide range in individual values is in agreement
with the data of WIGGINS et al. [29] and SCHOONBROOD

et al. [30] on the Q-values for albumin in sputum sol
phase of patients with various pulmonary diseases. Part
of the large spread may be caused by dilutional errors,
since sputum may contain saliva [4].

The observation that the median RCE for transferrin
in the infected patients is higher than 1.0 (fig. 3) in-
dicates that transferrin reaches the bronchial lumen not
only by passive diffusion but also by local production or
active transport through the epithelial layer. Human
peripheral blood lymphocytes may contribute to the local
production of transferrin since they synthesize and se-
crete transferrin [31]. Moreover, it has been shown that
T-lymphocyte infiltration is amplified in patients with
chronic bronchitis [32, 33] and the T-lymphocytes are
also attracted during infection.

The concentrations of lactoferrin in sputum sol phase
samples from chronic bronchitis patients with and with-
out an H. influenzae infection and patients with bron-
chial asthma were not different. This was a remarkable
result since the concentration of sIgA was higher in the
sputum sol phase of chronic bronchitis patients with an
H. influenzae infection compared to chronic bronchitis
patients without an infection and patients with bron-
chial asthma (fig. 4). BROGAN et al. [34] found similar
concentrations of lactoferrin in the sputum of patients
with bronchitis and patients with asthma both with an
exacerbation, but the infection state of these patients
was not described. STOCKLEY and BURNETT [15] found
elevated concentrations of sIgA in sputum samples of
infected patients with chronic bronchitis compared to
sputum samples of uninfected patients with chronic
bronchitis, but they also did not identify the infecting
micro-organisms. So, the lack of correlation between
the concentrations of sIgA and lactoferrin in the patients
with chronic bronchitis (fig. 5) and the separate data on
sIgA and lactoferrin concentrations reported in the lit-
erature indicate that the production of lactoferrin and
sIgA is not stimulated proportionally. The production
of sIgA by the bronchial epithelium may be stimulated
by the specific immune response, whereas the produc-
tion of lactoferrin by the bronchial epithelium [12]
may be less stimulated than that of sIgA during infec-
tion. The production of lactoferrin by the bronchial epi-
thelium [12] and by neutrophilic granulocytes [13] may
be compensated by binding of lactoferrin to H. influen-
zae [11], resulting in similar concentrations of lacto-
ferrin in the sputum of chronic bronchitis patients with
or without an infection and in patients with bronchial
asthma.

THOMPSON et al. [35] found that lactoferrin levels in
bronchoalveolar lavage fluid were elevated in patients
with chronic bronchitis compared to healthy controls.
Our results from analyses of sputum samples from
patients with chronic bronchitis and from patients with
bronchial asthma combined with the data of THOMPSON

et al. [35] indicate that the concentrations of lactofer-
rin are elevated in airway secretions in patients with
chronic bronchitis and patients with bronchial asthma,
compared to healthy controls.

Transferrin and lactoferrin are high-affinity iron-
binding proteins. Lactoferrin has antibacterial activity
[36, 37] and anti-inflammatory properties [38]. A num-
ber of successful pathogens, including H. influenzae, are
able to use these iron-binding proteins for their supply
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Fig. 6.  –  The individual concentrations of surface immunoglobulin
A (sIgA) in relation to the concentrations of lactoferrin in the spu-
tum sol phase of chronic bronchitis patients with (CB+; ●) and with-
out (CB-; ❍) a Haemophilus influenzae infection and patients with
bronchial asthma (BA; ). 
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of iron, an essential growth factor [9, 10], thereby cir-
cumventing the antibacterial properties of lactoferrin.
Based on our finding that the concentration of trans-
ferrin is higher during than in the absence of an infection,
we hypothesize that after stimulation of the inflamma-
tory response, transferrin provides H. influenzae with
iron for growth. The degree of iron saturation of trans-
ferrin present in the respiratory tract is not known.
However, serum transferrin is 30% iron saturated [9],
and since the transferrin is mainly serum derived, the
degree of iron saturation is probably 30%. In addition,
the total amount of iron present in the sputum sol phase
of patients with chronic bronchitis was sufficient to pro-
vide at least 50% iron saturation of the transferrin. During
inflammation, the lactoferrin available in patients with
chronic bronchitis may become important, when the pH
drops due to the metabolic activity of invading micro-
organisms or metabolically stimulated leucocytes [37].
Lactoferrin retains a high affinity for iron at pH values
<4.5, unlike transferrin, which loses its affinity for iron
at pH <5.0. At a low pH, lactoferrin may even obtain
iron by exchange from transferrin [39]. Since in spu-
tum the concentrations of lactoferrin are similar as those
of transferrin (figs. 1 and 4), the iron exchange between
transferrin and lactoferrin may result in considerable
iron saturation of lactoferrin. All H. influenzae strains
tested have been shown to express transferrin receptors
[11] which allow these bacteria to grow in the absence
of free iron [10, 40]. In another study, we observed that
H. influenzae also binds human lactoferrin specifically
and that the iron from lactoferrin is used for growth of
H. influenzae [41]. The results from that study also indi-
cate that the concentrations of transferrin and lactofer-
rin as measured in the sputum samples from patients
with chronic bronchitis are sufficient for growth stim-
ulation of H. influenzae.

The increased growth stimulation of H. influenzae in
the sputum sol phase of infected and uninfected patients
with chronic bronchitis compared to growth stimulation
in the sputum sol phase of patients with bronchial asthma
indicates that the sputum sol phase of chronic bronchi-
tis patients contains factors promoting bacterial growth.
The increased levels of transferrin in the sputum sol
phase of chronic bronchitis patients may be this factor
during an H. influenzae infection. Growth in sputum
suggests that the conditions in the respiratory tract of
these patients are favourable for bacterial infection.

We conclude that the concentrations of transferrin are
increased in the sputum of patients with chronic bron-
chitis during an infection with Haemophilus influenzae
compared to the sputum of patients with chronic bron-
chitis without an infection and patients with bronchial
asthma. The concentrations of lactoferrin in the sputum
of chronic bronchitis patients and in the sputum of patients
with bronchial asthma are not different but are increased
compared to healthy controls.
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