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Increased Pro-inflammatory Cytokines (TNF-a and IL-6) and
Anti-inflammatory Compounds (sTNFRp55 and sTNFRp75)
in Brazilian Patients during Exanthematic Dengue Fever
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Pro-inflammatory cytokines, tumor necrosis factor (Ta)-interleukin-6 (IL-6) and interleukinfl
(IL-1b) as well as anti-inflammatory compounds, soluble TNF-Receptor p55 (STNFRp55), STNFRp75
and IL-1 receptor antagonist (slL-1Ra), were investigated in 34 Brazilian cases of dengue fever (DF)
originated from a study of exanthematic virosis. The presence of pro-inflammatory cytokines was de-
tected in sera from these patients by ELISA. ENdrd IL-6 levels were significantly higher than con-
trol subjects in 32% and 52% patients, respectively. To our knowledge this was the first time a receptor
antagonist and soluble receptors for cytokines were detected in sera obtained during exanthematic DF
without hemorrhagic manifestations. Both sSTNFRp55 and sTNFRp75 were consistently elevated in 42%
and 84% patients, respectively. Most patients haddlletels not different from those of normal sub-
jects, except for one case. Only 16% patients had altered levels of IL-1Ra. Previous studies in dengue
hemorrhagic fever patients demonstrated production of these soluble factors; here we observed that
they are found in absence of hemorrhagic manifestations. The possible role of these anti-inflammatory
compounds in immune cell activation and in regulating cytokine-mediated pathogenesis during dengue
infection is discussed.
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Dengue disease is caused by single-strand@80,000 reported cases of DHF (Monath 1994). In
positive sense RNA arboviruses, belonging to thBrazil, about 400,000 cases of dengue were noti-
Flaviviridae family and classified as four antigeni- fied this year during the first six months (Brazilian
cally distinct dengue virus serotypes (Sabin &ational Health Foundation, Heath Ministry 1998).
Schlesinger 1945, Hamon et al. 1960, Brown The pathogenesis of dengue disease is not fully
1986). Infection can be asymptomatic or lead tanderstood and is considered an immunopathologic
different forms of disease. Dengue fever (DF) iprocess associated with prior immune sensitization
characterized by mild systemic manifestations sudiy a heterotypic virus (Halstead 1980, Monath
as fever, retro-orbital headache, severe myalgiak986, Kurane et al. 1991). Dengue infection pro-
and rash. Some patients develop a more severe andes lifelong homotypic immunity, but only tran-
life-threatening syndrome termed dengue hemosient cross-protection against other serotypes is
rhagic fever (DHF) where plasma leakage takeachieved, making sequential infection possible
place into interstitial spaces, resulting in(Pang 1987, Kliks et al. 1989). The relative risk of
hypovolaemia, thrombocytopenia and hemorrhagexperiencing most severe forms of disease has been
circulatory collapse leading to shock may occuconsidered to be several fold higher after second-
and is then referred as dengue shock syndronagy infection (Monath 1986).

(DSS) (Halstead et al. 1988, Halstead 1990, PAHO Mononuclear phagocytes appear to be princi-
1994). The worldwide number of annual DF casegal target cells for dengue virus replication
is estimated to be more than 100 million, with(Halstead 1980, Anderson et al. 1997). The under-
lying mechanism is believed to involve activation
of virus infected macrophages and producion of
cytokines such as tumor necrosis facoff NF-

a), interleukin-6 (IL-6) and interleukinkl(IL-1b)
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of endothelial cells leading to vascular permeabileonsidered as secondary infection for a post-epi-
ity which may be the phenomenon involved in thelemic period. Nine healthy individuals (3 women,
pathogenesis of dengue infection (Anderson et @.men; 22-45 years old, average 32.4 + 7.9) were
1997). The production of pro-inflammatory used as negative controls.
cytokines (TNFa, IL-6 and IL-1b) and the extent Cytokine and receptor cytokine assagerum
of the inflammatory response are partially modusamples were obtained during appointment and were
lated by anti-inflammatory compounds. Solublestored in aliquots at -20°C until use for different
extracellular domains of 55-kDa and 75-kDaassays. Serum levels of TMFIL-6 and IL-1b were
STNFRp55 and sTNFRp75, are liberated extracegssayed in High Sensitivity ELISA kits
lularly from membrane-bound TNF receptorgQuantikind™ HS, R&D Systems) and STNFRp55,
(Kornelisse et al. 1996). IL-1 receptor antagonis§TNFRp75 and IL-1Ra in ELISA kits (Quantikifié,
(IL-1Ra) may function as an inhibitor by antago-R&D Systems) according to the manufacturer’s in-
nizing IL-1 binding to IL-1 cell surface receptor instryctions. They presented the following limits of
a competitive interaction (Pereda et al. 1995).  sensitivity achieved in standard curves: TAIB.5
Several cytokines were detected in sera fromg/m|; IL-6, 0.156 pg/ml; IL-b, 0.125 pg/mi;
patients undergoing viral infections. Their exacersTNFRpS5, 7.8 pg/ml: STNFRp75, 7.8 pg/ml and
bated induction is associated with pathological .1Rra; 46.9 pg/ml.
changes such as hepatic lesions in acute (Torre et gtatistical analysis Statistical analysis was
al. 1994) and chronic (Yoshoka et al. 1989) Virgherformed by calculating &2.306value, found
hepatitis or HIV-1 replication in AIDS (Poli & in the table of percentage points of thRistribu-
Fauci 1993). They play also a role in septic shock, - n=g is the number of control sample fni-
which has some clinical features similar to DS, ,s1 anda=0.025is the degree of significance

(Dinarello 1996a). used for the test. peferential limit value for posi-

. Pro-lnflgmme}to.ry cytokines were fognd to t.’etivity was calculated according to the following
increased in Asiatic and American patients W'”?ormula'

Oy ober ol 19651098 KoL 50y "Wt of vlues o conl samies

and recently soluble TNF receptor was detectedj%‘ganldar?(tDeV'at'on of values from control

DHF/DSS patients (Hober et al. 1996b, Bethell 12 "P1eS X{(n=8:2=0.025} o

al. 1998). Nevertheless, these investigations are far Determinations above referential limit values

from elucidating the complex mechanisms of imWwere considered positive.

munopathology during dengue disease; more cases The correlation coefficient) was calculated

in different countries and several immunologicabetween levels of different factors.

parameters deserve to be studied. Moreover, none The Fisher exact test was applied to determine

of these works discuss the cytokine profile for DFf the frequency of positive patients for circulating
During the present work we observed the presoluble factors was significative and to associate

ence of pro-inflammatory cytokines (TNE-IL-6  arthropathy or the type of infection (primary/sec-

and IL-1b) and anti-inflammatory compounds ondary) with the production of soluble factors. A

(STNFRp55, sTNFRp75 and sIL-1Ra) in sera op value of£ 0.05 was required for differences to

Brazilian patients with exanthematic DF withoutbe considered significant.

hemorrhagic manifestations and infected with Den- RESULTS

gue-1 or -2 viruses. Clinical estati d laboratory feat
inical manifestations and laboratory features
MATERIALS AND METHODS - All 31 patients showed always fever, rash and no

Patients and laboratory diagnosticsThirty —hemorrhagic manifestations, except for one case
four cases of DF included in this work originatedwithout fever and three others who exhibited dis-
from a study on exanthematic virosis with patientsrete petechia. Seventeen patients, all adults, had
attended at the Anténio Pedro University Hospiarthritis and/or arthralgia, besides usual dengue
tal, Niter6i in 1995-1996 (22 women, 12 men; 1<linical manifestations (malaise headache and
58 years old, average 29 + 14.9). All patients wereetroorbital pain, myalgia, anorexia, nausea, vom-
diagnosed based on clinical manifestations of DFing). Fifteen out of 28 patients tested for HI had
and confirmed serologically by the presence of Ighbrimary infection and 13 had secondary. Viruses
in MAC-ELISA test (Nogueira et al. 1992). Also, isolated in the State of Rio de Janeiro during the
all patients were seronegative for measles angar 1990 and onwards were serotypes 1 and 2.
rubeolla specific IgMs. Hemagglutination inhibi- During the years 1995-1996 Dengue-1 and Den-
tion test (HI) (Clarke & Casals 1958) was carriedjue-2 co-circulated in Niteroi, but serotypes of in-
out and titers equal or greater than 1/160 werdividual sera were not tested.
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Pro-inflammatory cytokines level§he TNF- Soluble receptor and receptor antagonist levels
a concentration in plasma was increased in oneFive patients out of 31 (16%) showed increased
third (10 out of 31) of tested patients with DFlevels of sIL-1Ra (Table Il). The maximal value
(Table 1), in comparison with healthy individuals.detected was approximately 5 ng/ml, in a patient
The maximal value achieved was 17.5 pg/ml, inluring the first day of disease.
an adult patient on day 8 of disease. Approximately Among all factors STNFRp75 was found at high-
half the patients (16 out of 31) showed a rise ipst frequency, 84% (26 of 31), in the sera of dengue
levels of IL-6 (Table ). The maximal value waspatients. The concentration of STNFRp55 in plasma
102 pg/ml in the same patient whose value fawas elevated in 42 % (13 of 31) DF (Table III).
TNF-a was the highest. Age-dependent incidence of soluble factors

Only one adult patient out of 31 was positivePro-inflammatory cytokines and anti-inflammatory
for IL-1b and exhibited a high level of the compounds were present in children as well as in
cytokine, 80 pg/ml (Table II). Again this was theadults. Due to the low number of child patients
same patient who had high levels of TlHFand (seven), though, no statistics was performed among

IL-6. age groups.
TABLE |
Determination of TNFa and IL-6 in sera from patients with dengue fever
TNF-a (pg/mlIp IL-6 (pg/ml)
Days of Controls=2.69+0.62 Controls=0.66+0.22
disease Referential limit of positivity=4.16 Referential limit of positivity=1.79
1 363 1.62
2 292 343 1.99 071
3 215 211394 0.96 2.96 10.88
4 228 4 7.52 4.07 119 1.711.88 3.25
5 396 3.35 3.145.39 15.26 4.57 10.363.88 3.77 0.63 137 1.1 066 152 1.1 1.59
6 4.38 3.03 294 1.22
7 335 3.3510.8 4.74 3.43 0.57 0.53 0.46
8 3.0817.48 2.8 261 3.25 0.6.02.21 0.62 0.68 0.59
12 3.14 0.85
14 2.9 0.75

a: patients with dengue had a higher frequency of positive aN&vels (P=0.0004) and IL-6 (P=0.001) when
compared with controls in Fisher exact test (one-siae@;05);b: bold numbers represent values above referential
limit of positivity.

TABLE I
Determination of IL-b and IL-1Ra in sera from patients with dengue fever
IL-1b2 (pg/ml) IL-1Ra (pg/ml)

Days of Controls= 0.33+0.10 Controls= 439+226
disease Referential limit of positivity=0.56 Referential limit of positivity= 962
1 055 4839
2 0.18 0.51 322 350
3 0.32 023 04 6471392
4 0.4 0.45 0.25 0.19 753 584 427 367 220
5 0.28 0.26 0.27 0.23 043 036 032 03 350 394 48334 833 443 164
6 0.15 0.41 4602373 831
7 0.25 0.41 0.28 0.22 209 168 276 300 268
8 0.39 79.95 0.37 0.33 0.27 448 190 295 600969
12 0.2 286
14 0.22

a: patients with dengue had a higher frequency of positive IL-6 IL-1Ra (P=0.0237) but notlo{P=0.5000)
when compared with controls in Fisher exact test (one-sa&e@,05); b: bold numbers represent values above
referential limit of positivity.
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TABLE Il
Determination of STNF-Rp5&nd sTNF-Rp7%n sera from patients with dengue fever
STNF-Rp5% (pg/ml) sTNF-Rp75 (pg/ml)

Days of Controls= 4512+96 Controls= 1416+ 176
disease Referential limit of positivity=674 Referential limit of positivity=1822
1 1069 2233
2 434 425 1688 1910
3 829 573 1005 1903 3196 2344
4 634 1731 625 535 1975 2335 1940 2090
5 784 451 747 470 866 1032 930 298 1387 2092 2021 1995 2057 2307 2064
6 559 1056 1907 1897 1919
7 583 864 771 520 2215 1874 2130 2100
8 498 505 392 583 816 2058 2170 21311554 2023
12 515 1638
14 404 1106

a: patients with dengue had a higher frequency of positive sTNF-Rp55 (P<0.0001) and sTNF-Rp75 (P<0.0001)
when compared with controls in Fisher exact test (one-sae@,05); b: bold numbers represent values above
referential limit of positivity.

Association and correlation between solubléA 120

factors present in serum from dengue patients -
Soluble receptors for TNB- (STNFRp55 and 100 A b
sTNFRp75) appeared simultaneously in 12 out of r=0.60
30 patients studied. The association of TéN#ith £ 87
sTNFRp75 wase more frequent than Tallend >
STNFRpS55. Concomitant TNE-and IL-6 was = |
observed in only six patients (Fig. 1). S 40
If the correlation coefficient is calculated, TNF-
a and IL-6 show a significant correlation; a weaker 20 4
correlation was also found for STNFRp55 and °
STNFRp75 (Fig. 2). Other factors could not be as- 0 -
sociated. 0 5 10 15 20
In the only exception for a positive ILblthe TNF-alpha (pg/ml)

patient had levels 255-fold higher than the aver-
age of the rest of the patients and no sIL-1Ra wa& 4000

produced in this serum. As mentioned before this r=0.41
patient had the highest values for the three ®
cytokines, but clinical manifestations remained & 3000 1
>
£ [
2000 M
‘ ‘ & e
. . LL [ ]
'r=0.06 zZ °
IL-1/sIL-1Ra . : : ; 1000 -
'r=0.60
TNF/IL-6 : :
'r=0.04:
TNF/sTNFRI . . 0 i i i
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TNF/sTNFRII .
r=0.41 STNFRp55 (pg/ml)
sTNFRI/sTNFRII y
o o 20 20 20 50 Fig. 2: correlation between TNé-and IL-6 (A) and between
Association rate (%) STNF-Rp55 and sTNF-Rp75 (B) patient sera during dengue

fever. Individual levels (pg/ml) for each patient and tendency
Fig. 1: association ratio between different soluble factors preseliie are plotted. The value for the correlation coeficient r was
in patient sera during dengue fever. calculated.
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without outstanding features. All five patients posi- DISCUSSION
tive for sIL-1Ra produced no ILkt thus, no asso-
ciation between these two factors was shown.
Association of soluble factor production with
arthropathy or to the type of infection (primary or

Dysregulated expression of inflammatory
cytokines TNFa, IL-6 and IL-1 is known to be
implicated in immunopathologic mechanisms such

) as inflammation, necroinflammatory injuries and
secondary) during dengue feveAHempts 10 as-  onqotoxic shock (Dinarello 1996a). Viral genic

sociate arthritis and/or arthralgia with pro-inflam-products originating from HTLV-I, Hepatitis B
matory cytokines or with anti-inflammatory com- ;¢ are able to activate promoters from transcrip-

in data from all factors measured. Furthermore,

statistical difference was observed between grou
of primary and secondary infection in the produc-
tion of these soluble factors (Table V).

tokines which are frequently detected circulat-
during viral infections (Hober et al. 1989).
During this work, TNFa, IL-6, STNFRp55 and
sTNFRp75 were detected in the sera of Brazilian
patients with DF, devoid of hemorrhagic manifes-
tations and infected with Dengue-1 or -2. In gen-
eral, the levels of cytokines in most of our DF pa-
TABLE IV tients were lower than those described in literature
Association of soluble factor presence in sera with for.IDHF/DSS (Holl()er etal. ::'993’ 19968' Illiuno &I
arthropathy during dengue fever. Frequency of Bailey 1994, lyngkaran et al. .1995’ Kubelka e.t al.
patients with significative production 1995, Bethell et al'1998). Thls may b.e explained
either by relative disease mildness, virus load, by

Soluble Arthritis differences in viral serotype, host genetic factors
factor Positive Negative P that may influence in the immunological responses
TNF-a 6/19 4/15 0.3499 O In test sensitivity. .
Our results reveal that cytokines, TiFand

IL-6 6/15 3/15 0.2135 .
L1 /15 115 0.5000 IL-6 and soluble TNF receptors were present in

i ) significantly increased levels until the eighth day
TNF-Rp55 6/15 7/15 0.5000 ¢ DF, in several but not in all patients. Factor pro-
TNF-Rp75 13/15 10/14 0.2908

duction at later stages of disease remains to be de-

IL-1Ra 4/13 1/14 0.1862 termined. The levels of TNE-observed suggest a

a: no difference in frequencies was found. P value wakroduction from the third day of disease onwards.

calculated in Fisher exact test (one-sidad.05); IL-6 was already present at significant levels at

b: number of patients with positivity for the solublepatients at the first two days and sTNFRp75 ap-

factor/total number of patients. peared in the first day and could be detected in
most patients (four out of five) at the eighth day.
Nevertheless, higher number of patients should be
tested to confirm these results.

TABLE V In contrast, IL-b seems not to be altered as
DF progresses. This is in agreement with earlier
studies on DHF/DSS (Hober et al. 1993). Circu-

Association of soluble factor presence in sera during
dengue fever with the type of infection (primary or
secondary). Frequency of patients with significative

; lating IL-1b levels detected usually in pathologic
production - . .
. conditions are relatively low compared with lev-
Soluble Type of Infection els of IL-6 and TNFa. Unlike TNF4a, IL-6 or IL-
factor Primary ~ Secondary ap 1Ra, a significant amount of prollbXemains in-
TNF-a 414 411 0.5042 side the cell. IL-b al'so binds to large proteins such
IL-6 8/14 6/11 06075 28 a2-macr0lglobulln,. complement,. and the sIL-
L1 014 111 0'4400 1RII, which in turn binds preferentially to 1Lb1
- : when compared to IL4l or IL-1Ra (Dinarello
TNF-RpS5 6/14 6/11 0.4296 1996a), being not easily reactive in regular ELISA
TNF-Rp75 11/13 11/12 0.5313 assays.
IL-1Ra 3/15 2/13 0.6038 The biological properties of TN&-share re-

a: no difference in frequencies was found. P value wad@rkable similarities to those of IL-6 and 1b:1
calculated in Fisher exact test (one-sidag0.05); they are endogenous pyrogens and inducers of
b: number of patients with positivity for the solubleacute-phase responses. |l nd TNFa induce
factor/total number of patients. IL-6 production. It has been claimed that levels of
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IL-6 often may better correlate with severity of areventually be acting during dengue infection. This
infectious disease (Dinarello 1992, 1996b). In oucould explain IL-1Ra has increased expression in
work IL-6 was the most frequently detectedive patients but attempts to inversely correlate with
cytokine. Moreover, one patient with all threepro-inflammatory cytokines have failed until now.
cytokines elevated had levels of IL-6 six-foldMoreover, in an earlier work, Hober et al. (1996a)
higher than TNFa and 1,5-fold higher than IL- described that in Dengue-3-induced DHF/DSS no
1b. Previous work studying DHF patients describedpparent correlation between TN¥F-and
contradictory data relating IL-6 levels and seversTNFRp75 could be made.
ity of disease (Hober et al. 1993, Kuno & Bailey Taken together, clinical observations and se-
1994, Bethell et al. 1998). rum titration described here show that pro-inflam-
Exanthema is not exclusively dependent on theatory cytokines (such as TNFand IL-6) are
elevation of circulating factors, since all patientsalso produced during mild non hemorrhagic mani-
developed rash and some were negative for thd@stations of exanthematic DF and it is likely that
production; on the other hand, hemorrhagic manthey play a role in this pathology, as described ear-
festations cannot be directly associated with prdier for DHF/DSS. Severity may be related to the
duction of any of the circulating factors. Moreoveramount of circulating cytokines. Soluble receptors,
the presence of cytokines in circulation seems natainly STNFRp75, are also increased and, con-
to be related to arthropathy. During malignant assidering its association with TN&; may be used
cites (Van Zee et al. 1992) the concentration ads a marker of immunological activation, since it
sTNFR in plasma was lower than in the synovials more stable than pro-inflammatory cytokines.
fluid where inflammation actually occurred; more-From our findings the question still remains: could
over, differences in factor localization were corresTNFp75 act as modulator of an excessive biologi-
lated with disease severity. If cytokines and/ocal activity of TNFa (Tilg et al. 1997) preventing
soluble receptors play some role in joint manifessevere disease during DF? Further studies deserve
tations during dengue disease, local productioto be performed to broaden our understanding
should be investigated. about the balance among different circulating im-
An association found between two soluble TNFmunological factors and their effects in develop-
receptors (STNFRp55 and sTNFRp75) could indiment of disease.

cate that their induction mechanisms might be re-
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