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Elevated IL-5 levels in pleural fluid of patients with paragonimiasis westermani
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SUMMARY

To investigate the pathogenic mechanisms of eosinophilic pleural effusion in patients with

paragonimiasis, we measured the levels of IL-5, granulocyte-macrophage colony-stimulating factor

(GM-CSF) and interferon-gamma (IFN-g ) in pleural effusions. Samples were obtained from 11 patients

with Paragonimus westermani infection. In addition, samples from 12 patients with pleural transudates,

16 with tuberculous pleurisy, seven with empyema and 20 with lung cancer were also examined.

Eosinophilia was remarkable in peripheral blood (range 4±34%, median 23´4%) and pleural fluid (range

0±95%, median 71%) of paragonimiasis patients. IL-5 concentrations in pleural effusions of

paragonimiasis were markedly higher than those in other groups. Although marked elevation of GM-

CSF and IFN-g levels was observed in pleural effusion of empyema and tuberculosis patients, it was

marginal in the pleural effusion of paragonimiasis patients. In paragonimiasis patients, IL-5 levels in the

pleural effusion correlated well with the percentage of eosinophils in peripheral blood and pleural fluid.

Such a correlation was not observed between GM-CSF levels in pleural effusion and percentages of

eosinophils in pleural fluid or peripheral blood. Our findings suggest that in paragonimiasis IL-5 in the

local inflammatory site is particularly important in mediating eosinophilia in peripheral blood and

pleural effusion.

Keywords paragonimiasis westermani pleural effusion IL-5

granulocyte-macrophage colony-stimulating factor interferon-gamma

INTRODUCTION

Eosinophilia is a characteristic feature of parasitic helminth

infections. Paragonimiasis westermani is a parasitic disease

typically associated with eosinophilia, and patients often have

eosinophilic pleural effusions [1,2]. Recently, several cytokines

(IL-5, IL-3 and granulocyte-macrophage colony-stimulating factor

(GM-CSF)) have been shown to stimulate eosinophilopoiesis in

vitro [3±5]. While GM-CSF and IL-3 promote growth and

differentiation of a broad range of bone marrow-derived cell types

in vitro, IL-5, a representative cytokine produced by Th2 cells,

appears to exert its effects primarily on the development and

maturation of eosinophils [6]. Human IL-5 can also stimulate the

function of mature eosinophils and acts as a potent and selective

chemoattractant for eosinophils [7]. In addition, selective induc-

tion of IL-5 is known to be responsible for the development of

eosinophilia in helminth-infected patients [8,9]. Thus, IL-5

appears to play a major role in parasite-induced eosinophilia,

but only few case reports have examined the relationship between

IL-5 and paragonimiasis [10±12]. In this study, to evaluate the

role of these cytokines in eosinophil recruitment in paragonimia-

sis, we measured the concentrations of IL-5 and GM-CSF, and

interferon-gamma (IFN-g ), a representative Th1 cytokine, in

pleural effusions of patients with paragonimiasis westermani and

some other diseases.

PATIENTS AND METHODS

Patients and diagnostic categories

Patients examined in this study were 11 cases of paragonimiasis

westermani, and other pleural diseases including 12 cases of

transudates, 16 tuberculous pleurisy, seven empyema, and 20 lung

cancer. There were no baseline differences among the diagnostic

groups with respect to age or sex. The clinical and laboratory data

of paragonimiasis cases are shown in Table 1. The patients

comprised one woman and 10 men, aged 51´4 ^ 13´3 years. They

were diagnosed as having paragonimiasis by immunodiagnosis

using a multiple-dot ELISA test for screening of parasite diseases.

The sensitivity and specificity of the test was . 95%. Binding

inhibition ELISA and/or Ouchterlony's method were used for

identification of the pathogen as Paragonimus westermani [13,14].

The percentage and absolute number of eosinophils in peripheral
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blood was 19´6 ^ 8´2% (range 4±34%, median 23´4%) and

1724´7 ^ 949´5/mm3 (range 288±3094/mm3, median 2430/mm3),

respectively (Table 1). All but one (case 11) patients were

effectively treated with praziquantel. Patient 11 required surgical

decortication [15].

Disease entities of non-parasitic diseases were as follows:

patients with transudates were associated with congestive heart

failure, nephrotic syndrome, and liver cirrhosis and were defined

as those having pleural effusions with (i) pleural fluid protein to

serum total protein ratio , 0´5, and (ii) pleural lactate dehydro-

genase (LDH) to serum LDH ratio , 0´6. Patients with

tuberculous pleural effusions were defined as those with (i)

growth of Mycobacterium tuberculosis in cultures from pleural

fluid or biopsy specimens, (ii) growth of M. tuberculosis from

sputum, or (iii) recent conversion of tuberculin skin reactivity,

granulomas on pleural biopsy specimens, or response to anti-

tuberculosis therapy. Empyema patients were defined as having a

neutrophilic effusion associated with (i) growth of bacteria on

microbiological culture of pleural fluid, or (ii) organisms seen on

Gram staining of pleural fluid. Patients having neoplastic

effusions were defined as those having exudates associated with

a diagnosis of lung cancer based on cytologic examination of

pleural fluid or lung tissue.

Pleural fluid samples obtained from each patient by thor-

acocentesis were centrifuged at 500 g for 10 min and the

supernatants stored at 2208C until analysis [16]. The degree of

eosinophilia, levels of total protein and LDH in pleural effusions

of these patients including paragonimiasis are summarized in

Table 2. Malignant and transudative pleural samples were free

from bacteria, mycobacteria, or fungi tested by cultures.

Measurement of cytokines

IL-5 was measured using a sandwich ELISA. Briefly, 50 m l/well

MoAb to human IL-5 (TRFK5; PharMingen, San Diego, CA)

(4 mg/ml NaHCO3, pH 8´2) was bound to microtitre plates by

incubating at 48C overnight. The wells were washed twice with

PBS containing 0´05% Tween 20. After blocking with 200 m l

PBS/10% fetal calf serum (FCS) at room temperature for 2 h,

100 m l of pleural effusion or serum and recombinant human IL-5

(PharMingen) were added to each well and incubated at 48C
overnight. After washing twice with 0´05% Tween±PBS, 100 m l

of secondary antibody (biotinylated anti-human IL-5 MoAb

(TRFK4; PharMingen)) (4 mg/ml) were added to each well and

incubated at room temperature for 1 h, followed by a further 1 h

incubation with 100 m l of peroxidase-conjugated streptavidin

(� 1000 diluted in PBS containing 10% FCS). Wells were

subsequently washed five times with 0´05% Tween±PBS and

incubated with 100 m l of 0´11 m sodium acetate buffer pH 5´5

containing tetramethylbenzidine at room temperature for 15 min

or until a suitable colour developed. The reaction was stopped by

adding 100 m l 1´8 m H2SO4 to each well. Absorbance of the

plates was read at 450 nm in an ELISA reader. The average value

from duplicate assays was obtained. IL-5 concentration in samples

was calculated from the standard curve. The detection limit was

20´0 pg/ml. Concentrations below the lower limit of detection

were assumed to be zero for the purpose of statistical analysis.

GM-CSF and IFN-g levels were measured using commercial

ELISA kits (R&D systems, Minneapolis, MN) and the measure-

ment followed to the manufacturer's instructions. The detection

limits were 3 pg/ml and 0´03 U/ml for GM-CSF and IFN-g ,

respectively.

Table 1. Clinical and laboratory data of patients with paragonimiasis

No. Age/sex Eating custom Symptoms

Radiological

findings

Peripheral blood

Leucocytes

(mm3)

Eosinophils

IgE

(U/ml)

Pleural

effusions,

eosinophils (%)% mm3

1 55/M Flesh of wild boars Chest pain Rt pleural effusion 5900 13 767 NT 75

2 73/M Flesh of wild boars Chest pain, fever Rt pleural effusion 6100 12´3 750´3 NT 60

3 67/M Flesh of wild boars General fatigue Bilateral pleural effusion 10 340 23´5 2429´90 30 090 67

4 64/F Unknown Cough Lt pleural effusion 6100 24 1464 550 95

5 37/M Flesh of wild boars and freshwater crabs Haemoptysis Lt pleural effusion 11 000 23´4 2574 2707 NT

6 41/M Flesh of wild boars Cough, sputum Lt pleural effusion 6800 17´4 1183´20 365 50

7 48/M Flesh of wild boars and freshwater crabs Exertional dyspnoea Rt pleural effusion 9800 26´5 2597 NT 83

8 49/M Flesh of wild boars Cough, chest pain Lt pleural effusion and

pneumothorax

12 000 21´2 2544 813 43´1

9 30/M Unknown (±) Bilateral pleural effusion 9100 34 3094 3725 95

10 44/M Flesh of wild boars Chest pain, dyspnoea Rt pleural effusion 8000 16 1280 2919 81

11 57/M Flesh of wild boars (±) Lt pleural effusion 7200 4 288 192 0

NT, Not tested.

Table 2. Eosinophilia (%), total protein, and lactate dehydrogenase

(LDH) levels in pleural effusions of various diseases

Eosinophils (%) Total protein (g/dl) LDH (U/l)

Transudates 0´4 ^ 0´8 2´9 ^ 1´6 185´6 ^ 61´2

Paragonimiasis 64´9 ^ 28´8 6´5 ^ 1´0 2794´5 ^ 2206´2

Tuberculosis 1´3 ^ 2´1 4´8 ^ 0´7 1368´8 ^ 2197´1

Empyema 0´7 ^ 1´6 4´3 ^ 0´7 3584´0 ^ 4565´2

Neoplastic 4´5 ^ 11´7 4´3 ^ 1´0 947´8 ^ 592´7

IL-5 in pleural effusion in paragonimiasis 95
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Statistical analysis

All data are expressed as mean ^ s.d. Statistical comparisons were

performed by the Mann±Whitney U-test to examine differences

between the means of unpaired samples. The Spearman's rank

correlation was used to examine the relationship between various

parameters. Significance was defined as P , 0´05.

RESULTS

Patients with paragonimiasis exhibited eosinophilia in peripheral

blood and pleural effusion (Table 1). Eosinophilia in pleural

effusion was observed only in paragonimiasis patients (Table 2).

Although the degree of eosinophilia in pleural effusions of

paragonimiasis patients was proportional to that in peripheral

blood (r � 0´74, P , 0´05), it was about three-fold higher in

pleural fluid (Table 1).

IL-5 concentrations in the pleural effusions of paragonimiasis

patients (2902 ^ 1987 pg/ml) were markedly higher than those in

other disease groups (Fig. 1). IL-5 levels in the serum of

paragonimiasis patients were measured in three cases; 38´8 pg/ml

in one case and below the detection limit in two cases. In contrast to

elevated IL-5 levels in pleural effusions of the paragonimiasis

group, GM-CSF levels in pleural effusions were significantly

higher in the empyema group (153 ^ 216 pg/ml) and IFN-g levels

in pleural effusions were significantly higher in the tuberculosis

group (25´4 ^ 24´4 U/ml) compared with other diseases (Figs 2

and 3). Although slight increases in GM-CSF and IFN-g levels

were observed in paragonimiasis pleural effusions, their degree was

almost comparable to those in transudates (Figs 2 and 3).

In paragonimiasis patients, IL-5 concentrations in pleural

effusions significantly correlated with the percentage of eosino-

phils in peripheral blood (r � 0´83, P � 0´005, Fig. 4a) as well as

that in pleural fluid (r � 0´79, P � 0´01, Fig. 4b). On the other

hand, the level of GM-CSF in pleural effusion was not correlated

with the degree of eosinophilia in pleural effusions (r � 0´33,

P � 0´38) or peripheral blood (r � 0´50, P � 0´14) (data not

shown as a figure).

DISCUSSION

The major finding of the present study was the presence of high

percentages of eosinophils and high concentrations of IL-5 in

pleural effusions of patients with P. westermani infection,

compared with the pleural effusions of other diseases. IL-5 levels

in pleural effusions of paragonimiasis patients correlated
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Fig. 2. Individual granulocyte-macrophage colony-stimulating factor

(GM-CSF) levels in pleural fluid in various diseases. PW, Paragonimiasis

westermani. GM-CSF concentrations in empyema were significantly

higher than those in transdates, tuberculous, neoplastic (P , 0´01), or in

the PW group (P , 0´05). Means are indicated by horizontal bars.

Detection limit of GM-CSF is represented as a horizontal dotted line

(, 3 pg/ml).
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Fig. 3. Individual IFN-g levels in pleural fluid in various diseases. Means

are indicated by horizontal bars. PW, Paragonimiasis westermani. IFN-g
concentrations in the tuberculous group were significantly higher than

those in transdates (P , 0´001), empyema (P , 0´05), neoplastic

(P , 0´0001), or in PW (P , 0´001) groups. Detection limit of IFN-g
is represented by the horizontal dotted line (, 0´03 U/ml).
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Fig. 1. Individual IL-5 levels in pleural fluid in various diseases. PW,

Paragonimiasis westermani. IL-5 concentrations in PW were significantly

higher than those in other disease groups (P , 0´0001). Means are

indicated by horizontal bars. Detection limit of IL-5 is represented as a

horizontal dotted line (, 20 pg/ml).
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significantly with the percentage of eosinophils in both pleural

effusions and peripheral blood, though the degree of eosinophilia

was higher in the pleural effusions.

Paragonimiasis westermani is a common parasitic zoonosis in

Asia. The southern part of Kyusyu district, Japan, has long been

known as one of the major endemic areas of this disease [13, 14].

The infection is acquired from the traditional custom of eating

freshwater crabs, Eriocheir japonicus, a second intermediate host,

or the flesh of wild boars, Susscrofa leukomystax, a proven

paratenic host [17,18]. Paragonimiasis is a disease typically

associated with eosinophilia and a high incidence of eosinophilic

pleural effusion [1,2].

It is now well known that in helminth-infected patients, an

expansion of a Th2-like population results in increased production

of IL-5 in vitro [7,8]. In addition, anti-IL-5 antibody treatment

greatly reduces the development of eosinophilia in parasitic

helminth-infected mice [7,9]. IL-5 thus appears to play a major

role in mediation of eosinophilia in paragonimiasis like other

helminth infections. However, there are only few case reports that

have examined the relationship between IL-5 and paragonimiasis

[10±12]. Kan et al. [10] reported a case with extraordinarily high

peripheral eosinophilia and elevated serum IL-5 associated with P.

westermani infection. In the present study, IL-5 levels were

extraordinarily high in pleural effusions of paragonimiasis

patients, while serum IL-5 levels were low. Based on this finding,

we postulate that IL-5 produced in the local inflammatory site

may play a key role in inducing eosinophilia in paragonimiasis. In

fact, the degree of eosinophilia in pleural effusions was higher

than that in peripheral blood. Related to this, Hatano and

colleagues [11] demonstrated that peripheral blood mononuclear

cells (PBMC) freshly isolated from a cutaneous paragonimiasis

patient expressed high levels of IL-4, IL-5, IL-10 and IL-13

mRNAs. Matsumoto et al. [12] also demonstrated that PBMC

from a paragonimiasis patient incubated with mitogen released IL-

5. PBMC may also contribute to eosinophilia in paragonimiasis in

a manner different from those in the local inflammatory site.

GM-CSF is also known to stimulate eosinophilopoiesis in

vitro [5]. In the present study, however, GM-CSF levels were not

significantly elevated in pleural effusions of paragonimiasis

(Fig. 2). This finding is consistent with the previous results of

Limaye et al. [8] that although IL-3 and GM-CSF production upon

mitogen stimulation of PBMC were comparable between normal

individuals and eosinophilic patients with filarial helminth

infections, IL-5 production was far greater in eosinophilic

patients. These findings also support our notion that IL-5 is a

crucial cytokine involved in induction of eosinophilia in parasitic

infections. The effect of GM-CSF on bone marrow cell growth

and differentiation extends to cells of the neutrophil lineage in

addition to eosinophils, and in concordance with this, GM-CSF

levels in pleural effusions were significantly increased in

empyema (Fig. 2). Although IL-8 and G-CSF are known to be

important cytokines in empyema [16,19], GM-CSF may also play

an important role in this neutrophilic inflammation.

In the present study, we also evaluated the levels of IFN-g , a

representative cytokine produced by Th1 cells, in pleural effusion

of various diseases. IFN-g levels were not elevated in para-

gonimiasis (Fig. 3), suggesting that Th1 cells are probably not

mainly involved in P. westermani infection. In contrast,

extraordinarily high IFN-g levels were noted in tuberculous

pleurisy (Fig. 3), a finding consistent with previous reports [20±

22]. According to Ogawa et al. [21], IFN-g levels in pleural

effusions of . 5 U/ml is a useful diagnostic tool for tuberculous

pleurisy. In the present study, IFN-g levels in 12 of 16

tuberculosis patients (75%) were . 5 U/ml, while only two

(4´2%) of the remaining 48 effusion samples of various diseases

had IFN-g levels of . 5 U/ml. The latter two samples were from

the patients with empyema.

In conclusion, the present study demonstrates that IL-5

produced in the local inflammatory site may play an important

role in mediating eosinophilia in paragonimiasis. Measurement of

Th1/Th2 cytokines in pleural effusions may have some diagnostic

value for patients with pleurisy.
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