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ABSTRACT

To evaluate risk factors for infection

and the role of C-reactive protein

(CRP) in the diagnosis of infection, a
retrospective case control study was
performed among Korean systemic
lupus erythematosus patients. Of 120

proven infections, 31 episodes (25.8%)

occurred in patients taking no corticos -
teroids (CS). The risk of infection was
lower in patients taking low-dose CS
(< 300 mg prednisolone/month) than

no CS (odds ratio (OR) 0.36). In pa -
tients receiving high-dose CS (> 1000

mg prednisolone/month), however, the
riskincreased (OR 2.9). In patientstak -
ing no CS, disease activity manifested
as increased SLEDAI, anemia and
active urinary sediment, was associat -
ed with infection. The CRP was higher

in the patients with infection than con -
trols and the CRP levels over 50 mg/l

were observed only in infection. These
results suggest that CS have a bimodal

influence on infection depending on
dose. Disease activity is an important
risk factor for infection in patients tak -
ing no CS. Finally, CRP levels greater

than 50 mg/l suggest the presence of

infection.

Introduction

A high incidence of infection among
patients with systemic lupus erythe-
matosus (SLE) has been well described
(1, 2). The increased rate of infection
presumably reflects the global dysregu-
lation of the immune system that is the
hallmark of SLE. Clinical studies have
provided conflicting data regarding risk
factors that predispose SLE patients to
infection (1-7). The diagnosis of SLE
itself, the presence of active nephritis
and the degree of overall disease activi-
ty have all been linked to the increased
risk of infection (1-5) but not confirm-
ed by others (6, 7). In addition,immun-
osuppressive drugs such as corticos-
teroids (CS) are known to increase the
risk of infection. Several reports, how-
ever, showed that the infection rate did
not correlate significantly with pred-
nisolone dose (1, 2, 5).

Fever in SLE always poses the problem
of differential diagnosis between dis-
ease flare and superimposed infection.
The value of C-reactive protein (CRP)
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levels in distinguishing between dis-
ease activity and infection has been a
controversial matter (8-11). In one stu-
dy, in the absence of serositis, CRP lev-
els exceeding 60 mg/l were always
associated with infectionin SLE (9).
The aim of this study was to ascertain
risk factors that predispose SLE to
infection and the role of CRP in the
diagnosis of infection.

Patients and methods

173 SLE patients being followed in the
Rheumatology Clinic of Yonsei Uni-
versity Medical Center from January
1992 to December 1996 were included.
All fulfilled at least 4 of the American
College of Rheumatology 1982 Revis-
ed Criteriafor SLE.

Infections were confirmed both by clin-
ical findings and by positive culture.
Herpes zoster was considered when the
patient was found to have the charac-
teristic vesicular rash in a dermatomal
distribution. Controls were age- and
sex-matched SLE patients with no evi-
dence of infection.

The following information present at
diagnosis and at infection were record-
ed:demographic data, CS dose and lab-
oratory parameters including complete
blood count, erythrocyte sedimentation
rate (ESR), creatinine, complement,
anti-ds DNA antibody and urinaysis.
C-reactive protein was determined by
nephelometry. Disease activity was
assessed by the SLE disease activity
index (SLEDALI), the presence of cyto-
penia, complements level, anti-ds DNA
antibody and active urinary sediment
(hematuria or urinary cast). To clarify
the contribution of CSto therisk of in-
fection, we divided patients into 4 sub-
sets based on the cumulative pred-
nisolone equivalent dose per month;
none, 1-300 mg, 301-1000 mg, and >
1000 mg. The presence of these poten-
tial risk factors was determined at the
time of infection and over a similar
time period for controls. The 2 test, t-
test, Mann-Whitney U test, or multiple
logistic regresson analysis was used
where gppropriate.

Results
Seventy-three SLE patients had at |east
one documented infection during 5
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Table |. Comparison of SLE patients with infection and controls.

Variable Patients with infection Controls Pvalue
n=73 n=100
Diagnosis age, years# 265+11.1 29.7+105 0.148
Femade sex, % 93.0 89.2 0.355
Disease duration, months# 54.6 + 36.3 454 + 33.9 0.237
Initial corticosteroid dose,
mg predni solone/day* 448.5 (0 - 1250) 290.5 (0 - 1000) 0.026

#Va ues are the means + SD, *Value represents the mean (range) because of skewed distribution.

Tablell. Influence of corticosteroid dose on the infection.

Corticosteroid Infection Control 95% Confidence
Dose (mg)# n=120 n=100 QOdds Ratio Interval
0 31 (25.8%) 20 (20%)
1-300 26 (21.7%) 46 (46%) 0.36 0.17-0.76
301-1000 36 (30.0%) 28 (28%) 0.83 0.39-1.75

1001- 27 (22.5%) 6 (6%) 2.90 1.02-8.28
#Cumulative prednisolone eguivalent dose of one month.
Tablelll. Influence of disease activity on the infection.
Variable Infection Control p vaue

(n=120) (n=100)

SLEDAI 8.72 6.64 0.005
Leukopenia (%) 24.0 30.0 0.333
Lymphopenia (%) 54.0 45.0 0.177
Anemia (%) 38.0 21.0 0.007
Thrombocytopenia (%) 17.0 11.0 0.238
Decreased C3 (%) 58.1 50.0 0.294
Decreased C4 (%) 258 325 0.343
Anti-ds DNA (%) 59.5 54.9 0.553
Active urinary sediment (%) 61.1 46.4 0.033

Table I'V. Influence of disease activity on the infection according to corticosteroid dose.

Corticosteroid SLEDAI Anemia (%) Active urinary sediment (%)
dose (mg)# Infection  Control Infection  Control Infection  Control

0 11.12* 5.10* 48.4* 20.0* 63.3* 31.6*

1-300 7.21 5.50 154 111 51.2 50.3

301- 1000 8.67 7.21 30.1 25.0 60.0 60.9

1001- 12.14 11.67 51.9 50.0 76.9 100.0

#Cumulative prednisolone eguivalent dose of one month; *p < 0.05.

years. The demographic characteristics
are summarized in Table |. There were
no demographic differences between
patients with infection and controlss, but
the mean prednisolone dose per day at
diagnosis was higher in infected pa-
tients than in controls (448.5 vs. 290.5
mg, p = 0.026). The distribution of ful-
filled ACR criteria was comparable in

the two groups.

One hundred and twenty infections
were diagnosed in 73 patients with an
overdl infection rate of 16.9 infections
per 100 patient-years of follow-up.
Twenty-four patients had more than
one infection (range; 2-5). Seventy-
eight bacterial infections, 11 infections
per 100 patient-years, were observed
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among 49 patients. Escherichia coli,
Saphylococcus aureus and Salmonella
species were common bacterial patho-
gens. The most common bacterial in-
fection site was the urinary tract. Sep-
ticemia and pneumonia were also com-
monly observed. Opportunistic infec-
tions were diagnosed 42 times among
39 patients with a frequency of 5.9
infections per 100 patient-years.
Opportunistic infections were common
on the skin and mucous membrane,
principally herpes zoster and oral
thrush.

The mean cumulative prednisolone
dose per month in patients with infec-
tion was higher than in controls (832.3
mgvs. 335.4 mg, p<0.001). Among
those with infection, 31 episodes (25.8
%) occurred in patients taking no CS
for a month before the infection. By
dividing patients based on the monthly
prednisolone dose, it was possible to
assess the influence of the CS dose.
The odds ratio (OR) in patients receiv-
ing low-dose CS (1-300 mg/month)
was 0.36 (95% confidence interval
[95% CI] 0.17 - 0.76) compared to pa-
tients taking no CS (Table II). In
patients receiving high-dose CS (>
1000 mg/month),the OR was increased
t02.9 (95% CI 1.02 - 8.28).

Disease activity was compared at the
time of infection and over a similar
time period for controls (Table 111). The
patients with infection showed higher
SLEDAI score than controls (8.72 vs.
6.64, p = 0.005). At the time of infec-
tion, anemia (38% vs.21%, p=0.007)
and active urinary sediment (61.1% vs.
46.4%, p = 0.033) were more frequent-
ly observed. Disease activity was in-
creased according to the CS dose
(Table IV). Ininfection, patients taking
no CS showed increased disease activi-
ty comparable to high-dose CS proba-
bly due to the patients initially diag-
nosed with infection. In patients receiv-
ing no CS clinical risk factorssuch asa
high SLEDAI score, anemia and acute
nephritis were commonly associated
with infection. However, risk factors
were not different between infection
and controls among patients taking CS.
The ESR and CRP were measured at
infection to assesstheir rolein the diag-
nosis of infection. The ESR was not
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Fig. 1. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levelsin SLE. The horizontal interrupt lines indicate cutoff level of normal value
There was no difference in ESR between patients with infection and controls. The patients with infection showed higher CRP than controls (66 mg/l vs 5.4
mg/l, p < 0.001). None of controls showed CRP level greater than 50 mg/l.

different between patients with infec-
tion and controls. The CRP, however,
was higher in infection than controls
(66 mg/l vs. 5.4 mg/l, p < 0.001). Near-
ly al patients with infection showed
CRP positivity. In controls, some
patients showed CRP positivity, but
none was higher than 50 mg/l (Figure
1).

Discussion

It is generally believed that both CS
and disease activity are associated with
an increased incidence of infection in
SLE. The results of this study are con-
sistent with this hypothesis: high dose
CS treatment and disease activity, as
reflected by ahigh SLEDAI score, ane-
mia and acute nephritis, increase the
risk of infection.

Interestingly, in our study patients tak-
ing low-dose CS showed a lower inci-
dence of infection than those not taking
CS. CS have a dud influence on the
immune system in SLE (3). Suppres-
sion of abnormally functioning cells
may normalize other aspects of the
immune system. In untreated SLE pa-
tients neutrophil migration is signifi-
cantly depressed, but it is usually nor-
mal in the treated group (12). It has
been reported that patients treated with
low-dose CS have increased infection
(4). A meta-analysis of controlled clini-
cal trials showed that the infection rate
was not increased in patients given
low-dose CS (13), and as pharmacol og-
ical data show, this dose is inadequate

to impair host resistance against infec-
tion (14). Lupus patients treated with
low-dose CS reveal no significant pha-
gocyte dysfunction (15). Probably, the
observed infectionsin SLE treated with
low-dose CS are attributable to disease
activity. With intermediate-doses of
CS, the incidence of infection was not
much different from that in patients
taking no CS. However, it was increas-
ed by about 3 times in patients taking
high-dose CS. CS thus showed a bimo-
dal pattern in the risk of infection in
SLE; it decreased risk at low-dose and
increased at high-dose.

Even without CS, infections are com-
mon in SLE. These infections are usu-
ally associated with disease exacerba-
tion. Ginzler et al. (4) reported that ex-
acerbation was associated with increas-
ed infection, and that active urinary
sediment was a predictor of infection.
Similar results were observed; patients
with high SLEDAI, anemia and active
urinary sediment had an elevated infec-
tion risk. However, decreased comple-
ment and anti-ds DNA were not. If we
stratified patients according to the cum-
ulative monthly CS dose, disease activ-
ity was not different between infection
and controls in patients taking CS. In
patients taking no CS, however, infec-
tion was associated with a high SLE-
DAI, anemia and active urinary sed-
iment. These results support the view
that the increased incidence of infec-
tion in patients taking no CS is related
to elevated disease activity.
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It is well established that the incidence
of infection is increased in SLE. Two
studies (2, 4) reported an overall infec-
tion rate of 59-142 per 100 patient-
years, of which bacterial infection was
approximately 40%. The incidence of
infection in Korean was 16.9 per 100
patient-years and it was quite lower
than Caucasians. About 65% of the
infections were of bacterial origin.
These results suggest that there are
racial differences in the susceptibility
to infection. The lower infection rate
and higher incidence of bacterial infec-
tion are partially due to the fact that we
did not register clinically suspected
vira infection. Another difference from
previous reports is that Salmonella
infection and herpes zoster were more
common in Korean SLE.

Early diagnosis of infection in SLE is
very important because the timing of
therapeutic intervention is critical in
SLE with infection. Honig et al. (8)
reported that significant CRP positivity
in SLE might suggest the presence of
superimposed infection. Becker et al.
(9) suggested that CRP levels greater
than 60 mg/l indicated the presence of
intercurrent infection and served as a
valuable aid to differentiate pyrexiain
SLE. Two other studies (10, 11), how-
ever, showed that CRP elevation did
not differentiate between lupus activity
and infection. In Korean SLE, CRP
was significantly elevated in patients
with infection. Some controls showed
elevated CRP but not higher than 50
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mg/l. Therefore, CRP was useful in dif-
ferentiating infection from disease
activity, especialy CRP levels greater
than 50 mg/I.

In conclusion, high-dose CS and dis-
ease activity predispose to infection in
Korean SLE. Low-dose CS, however, is
associated with a lower risk of infec-
tion. Disease activity is an important
risk factor in patients not taking CS.
CRP levels greater than 50 mg/l sug-
gest the presence of infection.
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