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ABSTRACT. Objective. In inflammatory diseases, differentiation between infection and disease flares is often clini-
cally difficult because of similar signs and symptoms, such as fever and elevation of inflammatory
markers. In rheumatoid arthritis (RA), infection is not only one of the major complications but also one
of the frequent causes of death. Use of biologic agents such as tumor necrosis factor-o. blockers has
been reported to increase the incidence of tuberculosis or opportunistic infections. We examined the
utility of CD64 (FcyRI) expressed on neutrophils as a marker for detection of infection complicated
with RA.

Methods. We measured the expression level of CD64 per neutrophil quantitatively by flow cytometry
in 279 samples from 237 patients with RA with various levels of disease activity or types of infection,
and in 52 samples from 36 controls including subjects with infection.

Results. CD64 expression was significantly higher among RA patients with infection (median 4156
molecules per neutrophil, interquartile range 2583-8587) than in those without infection (884, IQR
670-1262) (p < 0.001). The sensitivity of CD64 on neutrophils for the diagnosis of infection (using a
cutoff value of 2000 molecules per cell) was 92.7% and specificity was 96.5%. CD64 expression was
not affected by the disease activity of RA or the use of corticosteroids, disease modifying antirheumat-
ic drugs, and biologic agents. CD64 was upregulated in infection by bacteria, viruses, fungi, and
mycobacteria.

Conclusion. Our results suggest that quantitative measurement of CD64 expression on neutrophils can
be used as a sensitive and specific marker to detect infection complicating RA. (First Release Oct 15
2006; J Rheumatol 2006;33:2416-24)
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Infection is one of the major complications in patients with
rheumatoid arthritis (RA). The hazard ratio for infection in
RA compared with healthy controls has been reported to be
1.70". In addition, infection is a major cause of death in RA2?3.
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This may be due to the immunomodulatory effects of RA
itself or the use of immunosuppressive agents for RA treat-
ment. A population-based study indicated that the risk factors
for infection were increasing age, presence of extraarticular
manifestations, leukopenia, corticosteroid use, and concomi-
tant comorbidities (e.g., chronic lung disease, alcoholism,
organic brain disease, and diabetes)*. Recently, concerns
about infection in RA have become heightened because of
reports of opportunistic infections or tuberculosis in patients
treated with biologic agents>”’. So far, the rates of infection
seen during clinical trials of tumor necrosis factor (TNF-o)
blockers (etanercept, infliximab, and adalimumab) in RA have
not significantly increased compared with those in the place-
bo groups®!'. However, recent reports suggest that the inci-
dence of tuberculosis!?!3 and a variety of other infectious dis-
eases is increased in patients with RA treated with TNF-a
blockers!?.

Patients with RA complicated by infection may present ini-
tially with signs and symptoms of nonspecific inflammation
such as fever, malaise, and polyarthralgia, which were also
present in patients experiencing RA flare. Further, elevations
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of C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) cannot differentiate between infection and RA
flare. Radiological findings or other diagnostic techniques
such as imaging lack sensitivity in the early stage of infection.
Microbiological cultures or polymerase chain reaction (PCR)
testing of specimens are time-consuming and often lead to
false-negative results. Because the treatment differs dramati-
cally, differentiation between a disease flare and infection in a
patient with RA is important and often urgent at bedside, but
sometimes very difficult clinically. Therefore, a highly specif-
ic and sensitive infection marker that can provide results rap-
idly and easily is desirable for distinguishing infection from a
flare of disease in RA.

CD64 (FcyRI), one of the Fc receptors for IgG, plays a role
in antibody-dependent cytotoxicity, clearance of immune
complexes, and phagocytosis of targets opsonized with IgG,
and also mediates release of cytokines including interleukin 1
(IL-1), IL-6, and TNF-a.. CD64 is constitutively expressed on
macrophages and monocytes and is upregulated on neu-
trophils as a physiological response to microbial wall compo-
nents such as lipopolysaccharide (LPS), complement split
products, and some cytokines such as interferon-y (IFN-y)!3
and granulocyte colony stimulating factor (G-CSF)©.
Upregulation of CD64 expression on neutrophils occurs with-
in 4 to 6 hours after stimulation with IFN-y, G-CSF, or LPS.
In RA, it was reported that CD64 expression on the peripher-
al neutrophils was within normal limits in patients with active
disease as well as inactive patients”; however, CD64 expres-
sion on neutrophils in the synovial fluid was increased in
patients with active disease'8. In infection, CD64 expression
was reported to be induced not only by bacteria!->? but also
by viruses'? and mycobacteria®.

Based on these observations, several reports had shown
that upregulation of CD64 on neutrophils is a useful diagnos-
tic marker of infection, especially in infants?>->2. Recently,
Allen, et al reported that neutrophil CD64 expression could
distinguish adult patients with acute inflammatory autoim-
mune disease from those with systemic infections*.
However, it remains unclear whether CD64 can be useful to
distinguish infection from a disease flare in patients with
autoimmune inflammatory diseases including RA.

We quantitatively measured the expression level of CD64
on neutrophils in patients with RA with various disease activ-
ities and in those whose disease was complicated by various
types of infection, and evaluated whether neutrophil CD64, as
a marker, could differentiate between infection and RA flare.
Further, we measured neutrophil CD64 expression longitudi-
nally in 3 patients with RA treated with biologic agents (2
patients with infliximab and one patient with etanercept) to
confirm the clinical utility of CD64 for differentiating RA
flare and infection.

MATERIALS AND METHODS

Patients. Patients for the first study were monitored at Sagamihara National

Hospital from January to June, 2004. Samples were collected from consecu-
tive inpatients and outpatients treated at the Department of Rheumatology.
For the first study, 279 peripheral blood samples were collected from 237
patients with RA who met the 1987 revised criteria of the American College
of Rheumatology?®. They included 6 patients treated with biologic agents
(infliximab 2, etanercept 1, abatacept 3). A previous study indicated that
CD64 expression on neutrophils was upregulated by vasculitis?4. Further, our
preliminary study indicated that CD64 expression was upregulated by nonin-
fectious interstitial pneumonia in RA (data not shown). Based on this back-
ground, RA patients were divided into 3 groups: Group 1 (simply called
“RA”): patients with neither vasculitis nor noninfectious active interstitial
pneumonia (219 patients; 185 women, 34 men; mean age 61.1 yrs, age range
18-84); Group 2 (“RA-V”): patients with vasculitis (12 patients; 11 women,
1 man; mean age 62.4 yrs, range 51-78); and Group 3 (“RA-IP”): patients
with noninfectious active interstitial pneumonia (6 patients; 5 women, | man;
mean age 68.0 yrs, range 60-74).

Interstitial pneumonia was diagnosed by high-resolution computed
tomography. All the patients in Group 3 were improved by administration of
high-dose corticosteroid without antimicrobial, antiviral, or antifungal agents.
Of the 6 patients in Group 3, 3 had methotrexate (MTX)-related interstitial
pneumonia and the other 3 had RA-related interstitial pneumonia. There were
217 samples from patients without infection (201 from RA, 10 from RA-V,
and 6 from RA-IP) and 62 from patients whose disease was complicated by
infection (56 from RA and 6 from RA-V). Infection was defined as follows:
(1) pathogen was proven by microbiologic culture or PCR; (2) infection was
diagnosed by radiological findings or other imaging diagnostics by more than
2 physicians; or (3) patient had obvious symptoms of infection (e.g., cough
and purulent sputum with fever for respiratory infection, local heat, redness,
and swelling with pus of skin for skin infection, pollakisuria and residual
urine with pyuria for urinary tract infection) and/or obvious effects of treat-
ment (improvement of symptoms shown above) with antimicrobial, antiviral,
or antifungal agents were observed clinically. As controls, 52 samples from
36 healthy subjects were examined (30 women, 6 men; mean age 62.3 yrs,
range 27-91). Controls were selected from healthy hospital personnel to
match for age and sex with the patients. There were 40 samples from controls
without infection and 12 samples with infection. Controls had no underlying
disease including RA.

Blood samples used for this study were the unused portions of samples
obtained for routine blood tests, and were not collected only for this study.
CD64 was measured once per subject during the period. In some RA patients
and controls, samples were collected both during infection and when there
was no infection. All samples from patients and controls with infection were
collected during active periods of infection and before starting treatments for
the infection. For the second study, serial blood samples were collected from
3 RA patients treated with biologic agents (2 patients with infliximab, 1 with
etanercept).

The study was approved by the medical ethics committee of Sagamihara
National Hospital and all subjects gave consent.

Quantitative measurement of CD64 expression. CD64 expression on neu-
trophils was measured by staining whole blood with QuantiBrite
CDG64PE/CD45PerCP (Becton-Dickinson, San Jose, CA, USA) according to
the manufacturer’s instructions. Briefly, 20 ul of QuantiBrite CD64PE/
CD45PerCP was added to 50 1 of whole blood and incubated for 60 min in
the dark at room temperature. This was followed by lysis of red blood cells
with 2 ml of 1x FACS™ lysing solution (Becton-Dickinson), without wash-
ing, followed with an additional 60 min incubation to reduce nonspecific
background staining?!. These specimens were analyzed using a FACScan
flow cytometer (Becton-Dickinson) calibrated with QuantiBrite PE beads
(Becton-Dickinson). The QuantiBrite PE beads contain 4 different beads with
known numbers of phycoerythrin (PE) molecules that make it possible to cre-
ate a standard curve for determining the mean number of PE molecules pres-
ent on a cell. As the CD64-PE antibody has been designed to bind one PE
molecule per antibody, the mean number of CD64 molecules expressed on
cells can be calculated using the PE fluorescence quantification kit with
QuantiBrite PE beads. The 3 different cell populations (lymphocytes, mono-
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cytes, and granulocytes) were identified and gated by their CD45/side-scatter
profile.

Statistical analysis. The SigmaStat statistical program (SPSS Science,
Chicago, IL, USA) was used for statistical analysis. CD64 values on neu-
trophils were reported as medians and interquartile range (IQR). Comparisons
of the expression levels of CD64 on neutrophils were made using the Mann-
Whitney U test for evaluation of pairwise differences and the Kruskal-Wallis
test for evaluation of differences between groups. The correlation coefficient
was obtained using simple regression analysis. The optimal cutoff value for
the CD64 expression level was determined from the receiver-operator curve
(ROC) analysis.

RESULTS

Neutrophil CD64 expression in RA. Among subjects without
infection, CD64 expression on neutrophils in RA (Group 1:
median 884, IQR 670-1262) did not differ significantly from
that of controls (median 864, IQR 753-1026); however, CD64
expression in RA-V (Group 2: median 1390, IQR 1058-2606)
differed significantly from those in RA and in controls.
Among subjects with infection, the median CD64 expression
in the 3 groups, that is, controls, RA, and RA-V, was 4130
(IQR 1514-11136), 4156 (2583-8587), and 3219
(2427-7137), respectively. The expression was significantly
increased compared with those without infection, but CD64
expression levels among subjects with infection in each group
did not differ from other groups significantly. CD64 expres-
sion among patients with noninfectious active interstitial

pneumonia (RA-IP) (median 5002, IQR 2646-8367) was sig-
nificantly higher than in those without infection in both RA
and RA-V, but did not differ significantly from those with
infection.

Relationship of CD64 level to disease activity in RA. To deter-
mine whether the disease activity of RA affects the expression
level of CD64 on neutrophils, we compared the CD64 expres-
sion with the level of CRP in RA patients (Group 1; Figure 2).
In RA patients with infection, CD64 expression was correlat-
ed significantly with CRP (r =0.378, p = 0.004) and tended to
be upregulated even if CRP was not above the normal range.
On the other hand, in RA patients without infection, CD64
expression did not increase even though CRP was elevated by
the high activity of RA itself.

Cutoff level of CD64 for detection of infection complicated
with RA. With ROC evaluation using the above results from
RA (Group 1), a level of CD64 > 2000 molecules per neu-
trophil was found to be sensitive and specific for detection of
infection in RA patients without vasculitis or noninfectious
active interstitial pneumonia. This cutoff level of CD64 was
the same as that which could differentiate systemic infection
from autoimmune diseases reported in a previous study?*. A
CD64 level of 2000 was found to have a sensitivity of 92.7%
(CD64 > 2000 in 51 of 55 patients with infection) and speci-
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Figure 1. Expression of CD64 molecules per neutrophil in RA. Groups were defined as “RA”: RA with neither vas-
culitis nor noninfectious active interstitial pneumonia; “RA-V”": RA with vasculitis; and “RA-IP”: RA with nonin-
fectious active interstitial pneumonia. Line inside the box indicates the median value; box shows the 25th and 75th
percentiles, and bars indicate 10th and 90th percentiles. Broken line shows the cutoff point for presence of infec-
tion in RA, i.e.,> 2000 CD64 molecules per neutrophil. P values are as follows: control (-) vs control (+), p <0.001;
control (=) vs RA (=), not significant (NS); control (-) vs RA-V (-), p < 0.001; control (-) vs RA-IP, p < 0.001; con-
trol (+) vs RA (+), NS; control (+) vs RA-V (+), NS; control (+) vs RA-IP, NS; RA (=) vs RA (+), p < 0.001; RA
(=) vs RA-V (=), p < 0.005; RA (-) vs RA-V (+), p < 0.001; RA () vs RA-IP, p < 0.001; RA (+) vs RA-V (-),p <
0.001; RA (+) vs RA-V (+), NS; RA (+) vs RA-IP, NS; RA-V (-) vs RA-V (+), p < 0.05; RA-V (-) vs RA-IP, p <

0.005; RA-V (+) vs RA-IP, NS.
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Figure 2. Comparison of CD64 expression on neutrophils with CRP in RA. Data represent RA patients with infec-
tion (upper panel) and without infection (lower panel). Broken line shows the cutoff point for infection in RA: 2000

CD64 molecules per neutrophil.

ficity of 96.5% (CD64 < 2000 in 195 of 202 patients without
infection).

Pathogens and expression levels of CD64. A variety of infec-
tions were observed among subjects with infection whose
CD64 expression was over 2000 molecules per neutrophil
(Tables 1 and 2). The types of infection were diverse, and
CD64 was upregulated by various kinds of pathogens includ-
ing bacteria, mycobacteria, viruses, and fungi. Further, CD64
was upregulated in RA patients regardless of the use of corti-
costeroids, disease modifying antirheumatic drugs (DMARD)
of any kind, or biologic agents. Comparing the expression lev-
els of CD64 among subjects with infection, CD64 expression
in tuberculosis tended to be higher compared to any other type
of pathogen, although the difference was not statistically sig-
nificant (p = 0.063 by Kruskal-Wallis test; Figure 3).

Clinical utility of measurements of CD64 expression in RA. To
evaluate the clinical utility of neutrophil CD64 for detection
of infection in RA, we measured CD64 expression longitudi-
nally in patients with RA, especially in those treated with bio-

logic agents. Data from a representative case are presented in
Figure 4.

Patient S was a woman with RA. Her disease activity
remained very high even after treatment with prednisolone
plus MTX or other DMARD. The CRP level was elevated (>
100 mg/l), nonetheless, the CD64 level was low, less than
1000 per neutrophil. She started to receive infliximab and
responded immediately. CRP level decreased dramatically
and remained around 10 mg/l. Periodic treatments with inflix-
imab kept disease activity, CRP, and CD64 expression level
stable. Interruption of treatment with infliximab because of a
cholecystectomy for gallstones worsened the RA disease
activity, with elevation of CRP (up to 120 mg/l); however,
CD64 expression remained less than 1000 per neutrophil.
Resumption of treatment with infliximab improved her RA
disease activity, and CRP level was again reduced. Treatment
with infliximab kept her RA stable without adverse effects,
but her left gonalgia was not improved, because of knee joint
destruction. Therefore, she underwent a left total knee arthro-
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Table 1. CD64 expression levels in pathogen-proven infections.

Sample No. Disease Age Sex Pathogen Group Type of Infection CD64 CRP,mg/l Steroid, mg DMARD/Biologic Agent

RAI RA 78 F M. tuberculosis Mycobacterium Miliary TB 33407 90.5 PSL 10 —

Contl Control 81 F M. tuberculosis Mycobacterium Miliary TB 28000 15.6 — —

RA2 RA 7TM M. tuberculosis Mycobacterium  Pulmonary TB 19745 162.2 PSL 10 —

RA3 RA 66 F M. avium Mycobacterium Pneumonia 6758 164 PSL 7 Leflunomide 20 mg

RA4 RA 83 F  Strep. pneumoniae  Gram-pos Bronchitis 1720 20 PSL 5 MTX 6mg/wk,

bucillamine 50 mg

Cont2 Control 27 F  Staph. epidermidis ~ Gram-pos Phlegmone 14689 167.8 — —

RAS RA 78 F  Staph. epidermidis ~ Gram-pos Spondylitis 2990 300.3 PSL 4 Cyclosporine 100 mg

RA6 RA 84 F MRSA Gram-pos Sepsis 17301 1754 PSL 5

RA7 RA 84 F MRSA Gram-pos Pneumonia 10893 3109 PSL5 —

RA8 RA 70M MSSA Gram-pos Sepsis 4069 230.6 PSL 10 —

RA9 RA 66 F L. monocytogenes  Gram-pos Meningitis 7486 22.8 PSL 5 —

RA10 RA 83 F E. coli Gram-neg Sepsis 11799 3359 PSL7 —

RALl RA 81 F E. coli Gram-neg Cholecystitis 10198 713 mPSL 3 —

RAI12 RA 62 F E. coli Gram-neg  Cholecystitis/sepsis 4852 46.2 PSL 10 MTX 4 mg/wk

RAI13 RA 74 F E. coli Gram-neg Sepsis 4712 183.1 — —

RA14 RA 68 F P. aeruginosa Gram-neg UTI 3942 70.0 PSL 22.5 —

RA15 RA 60 F P. aeruginosa Gram-neg Bronchitis 3537 47.0 mPSL 3 MTX 4 mg/wk

RAl6 RA 56 F Salmonella paratyphi B Gram-neg Colitis 17097 2193 PSL 8 MTX 6 mg/wk

RA 17 RA 78 F  Varicella-zoster virus Virus Herpes zoster 22849 16.1 PSL 30 MTX 8 mg/wk

RAI18 RA 29 F Varicella-zoster virus Virus Herpes zoster 4157 19.0 — MTX 6 mg/wk

RAI19 RA 72 F Varicella-zoster virus Virus Herpes zoster 2261 11.7 PSL7 Leflunomide 20 mg

Cont3 Control 36 M Influenzavirus Virus Influenza 11897 NT — —

RA20 RA 54 F Influenzavirus Virus Influenza 5553 0.5 PSL 4 —

RA21 RA 74 F Influenzavirus Virus Influenza 2914 222.6 mPSL 2 Bucillamine 200 mg,
SASP 500 mg

RA 22 RA 62 F Cytomegalovirus Virus Pneumonia 8192 174.5 PSL 10 —

RA 23 RA 74 F Cytomegalovirus Virus Pneumonia 5514 11.0 PSL5 SASP 1000 mg

RA 24 RA 70 F P. carinii Fungus Pneumonia 5360 80.9 PSL 30 —

RA 25 RA 62 F A. fumigatus Fungus Pneumonia 4033 106.6 — —

Cont4 Control 67 F A. fumigatus Fungus Pneumonia 3750 63.5 — —

RA-V1 RA with 66 F C. albicans Fungus Esophagitis 3000 25.6 PSL 17.5 SASP 1000 mg

vasculitis

UTI: urinary tract infection, PSL: prednisolone, mPSL: methylprednisolone, MTX: methotrexate, SASP: salazosulfapyridine, NT: not tested, MRSA: methi-
cillin-resistant S. aureus.

plasty. CRP was transiently elevated after the surgery, but
CD64 expression was not affected. Afterwards, she had an
upper respiratory tract infection of Streptococcus pneumoni-
ae, with increased CD64 expression on neutrophils as well as
upregulation of CRP. Administration of antibiotics improved
her infection, with decreases of CRP and CD64. This treat-
ment series and associated measurements noted above indi-
cated the clinical utility of CD64 to detect infection regardless
of the influences of biologic agents, RA disease activity, and
total knee arthroplasty.

DISCUSSION

In inflammatory diseases including RA, infection is often hard
to detect because fever and the elevation of inflammatory
markers such as CRP or ESR are nonspecific signs and symp-
toms and do not enable physicians to distinguish infection
from a flare of the underlying disease. The utility of CD64 to
detect infection has been reported in subjects without under-
lying diseases?02% and in those with inflammatory diseases

including a small number of patients with RA?*; however, this
is the first report demonstrating that CD64 is a useful marker
for infection in patients with RA, regardless of its disease
activity.

Quantitative measurements of CD64 can be performed eas-
ily and rapidly (within 2 hours) in any laboratory with flow
cytometry facilities. We have confirmed that the test can be
performed in less than 1 hour by our modified protocol for
staining (data not shown). In addition, the cost for this test is
not high (about $30 US per test in our laboratory) compared
with other inflammatory markers. Considering these advan-
tages, this test can be easily and broadly used for the routine
clinical detection of infection. However, the number of facili-
ties using flow cytometry is limited. Our preliminary study
indicated that expression of CD64 on neutrophils is fairly sta-
ble for at least 24 hours (data not shown). Therefore, meas-
urement of CD64 could be contracted to an outside laborato-
ry or company.

Upregulation of CD64 on neutrophils was observed in
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Table 2. CD64 expression levels in pathogen-unproven infections.

Sample No. Disease Age Sex Type of Infection CD64 CRP, mg/1 Steroid, mg DMARD/Biologic Agent
RA26 RA 57TF Organizing pneumonia 42082 280.8 — Infliximab 3 mg/kg, MTX 8 mg/wk
RA27* RA 46 F Pneumonia 10207 2592 PSL 2.5 MTX 4 mg

Cont5 Control 91 M Pneumonia 3091 47.1 — —

RA28 RA 72 F Pneumonia 2553 37.3 mSPL 6 —

RA29 RA 79F Bronchitis 5124 372 mPSL 2 —

RA30 RA 64 M Bronchitis 4971 56.8 PSL 10 SASP 1000 mg, auranofin 6 mg
RA31 RA 54 F Bronchitis 2772 03 PSL 4 —

RA32 RA 67F Bronchitis 2427 6.1 — MTX 8 mg/wk

RA33 RA 68 F Bronchitis 2175 158.5 PSL 8 —

RA34 RA 54 F Bronchitis 1795 0.2 PSL 3 —

RA35 RA 26 F URI 12872 159 — SASP 250 mg

RA36 RA 73 F URI 9231 112.0 PSL 10 —

RA37 RA 54 F URI 5753 10.1 PSL5 MTX 4 mg, SASP 1000 mg
Cont6 Control 27F URI 4583 NT — —

Cont7 Control 38M URI 4509 29 — —

RA38 RA 73 F URI 2973 235 PSL 8 —

RA39 RA 54 F URI 2848 NT PSL 4 —

RA40 RA 61 F URI 2553 55 mPSL 4 Infliximab 3 mg/kg, MTX 4 mg/wk
RA41 RA 53F URI 2473 42 PSL 6 MTX 8 mg/wk

RA42 RA 63 M URI 2331 8.1 mPSL 2 Leflunomide 20 mg
RA43 RA 63 F URI 2269 12.5 — GST 25 mg/m

Cont8 Control 48 M URI 2062 44 — —

RA44 RA 60 F URI 2018 6.0 mPSL 2 MTX 6 mg/wk

RA45 RA 57TM URI 1991 242 PSL 15 —

RA46 RA 76 M URI 1643 535 PSL 3 MTX 4 mg/wk

Cont9 Control 31F URI 1331 NT — —

Cont10 Control 38M URI 478 NT — —

RA47 RA 71F Pleuritis 5581 162.4 PSL 4 Bucillamine 200 mg
RA-V2 RA with vasculitis 48 F Sinusitis 1996 127.7 PSL 25 —

RA48 RA 76 F UTI 11119 430 PSL 7.5 SASP 500 mg

RA49 RA 80 F UTL 6138 85.7 PSL5 MTX 6 mg

RAS0 RA T4 F UTI 2671 10.2 PSL 10 Bucillamine 200 mg
RAS1 RA 63 F Gingivitis 3539 49.7 PSL 5 MTX 5 mg

RA52 RA 82 F Enteritis 4155 139.4 PSL 7 SASP 1000 mg, bucillamine 200 mg
RA-V3"  RA with vasculitis 56 F Tleus 3437 115.1 PSL5 Infliximab 3 mg/kg, MTX 6 mg
RA-V4"  RA with vasculitis 68 F Cholecystitis 4725 1.9 mPSL 18 —

RAS3 RA 79F Cholecystitis 2818 107.2 PSL 7 MTX 4 mg/wk
RA-V5"  RA with vasculitis 59F Cholecystitis 2571 833 PSL7 MTX 4 mg/wk

Contl1 Control 57TM Meningitis 1264 157.2 — —

RA54 RA 67F Skin infection 2768 96.3 — Leflunomide 10 mg
Contl2 Control 60 F Phlegmone 8851 122.6 — —

RA-V6 RA with vasculitis 70 F Sepsis 14371 217.1 mPSL 6 MTX 8 mg

RAS5 RA 70 F Sepsis 8719 1793 mPSIL 4 —

* Organizing pneumonia in RA27 was improved by the use of antibiotics, and not corticosteroids. Cholecystitis in RA-V4 and V5 and ileus in RA-V3 were
a consequence of infection, and not of vasculitis. URIL: upper respiratory infection, GST: gold sodium thiomalate, MTX: methotrexate, SASP: salazosul-

fapyridine, UTI: urinary tract infection.

infections caused by various pathogens, such as bacteria,
viruses, fungi, and mycobacteria. To date, the utility of meas-
uring CD64 for infection has been reported mainly for bacte-
rial infection?-2224, but our data suggest that CD64 may be
useful broadly as an infection marker for various kinds of
pathogens. Interestingly, although the number of patients in
the sample was small, we observed that the expression level of
CD64 in tuberculosis was higher than that in infection by any
other type of pathogen, although the difference was not statis-
tically significant. Considering that concern about occurrence

of infection, especially of tuberculosis, is increasing because
of use of biologic agents for treatment of RA, CD64 can be a
powerful, rapid, and easily accessible tool for screening of
infection. A study reported that CD64 expression in gram-neg-
ative infections tended to be higher than in gram-positive
infections?*; however, our results showed no difference
between them. The reason for this is unknown, but it may be
because all our test samples were obtained before use of
antibiotics; or it could be that all samples in the previous study
were collected after starting treatment with antibiotics.
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Figure 3. Comparison of CD64 expression on neutrophils among subjects
infected with various types of pathogens. The line in the box indicates the
median value; box shows 25th and 75th percentiles, and bars indicate 10th

and 90th percentiles. Tbc: mycobacterium tuberculosis; G(+): gram-positive
bacterium; G(-): gram-negative bacterium.

Our study showed that, in the absence of infection, the
expression levels of CD64 in patients with RA were compara-
ble with those in controls, and were not correlated with the
titer of CRP. These results suggest that CD64 expression is not
affected by the disease activity of RA itself. This supports the
previous report that CD64 expression on peripheral blood
neutrophils was within normal limits in patients with active
RAIS,

However, our preliminary data showed that even in the

absence of infection, CD64 expression was significantly
increased in RA patients with vasculitis and in those with non-
infectious active interstitial pneumonia. In patients with vas-
culitis, it has been reported that CD64 was upregulated
because of the activation of neutrophils?**%. There have been
no reports regarding CD64 expression in interstitial pneumo-
nia to date. However, Garcia, et al suggested from analysis of
bronchoalveolar lavage fluid that neutrophils in rheumatoid
interstitial lung diseases were activated?’. This may support
our results. Although RA, vasculitis, interstitial pneumonia,
and infection cause inflammation accompanied by elevation
of inflammatory markers such as CRP or ESR, regulation of
CD64 expression might be different among them. Their mech-
anisms are unknown; however, we speculate that different
regulation might depend on cytokines that play a pivotal role
in the respective diseases.

Inflammation is caused both by RA and by infection; there-
fore, they cannot be distinguished by inflammatory markers
such as CRP or ESR. Our study showed that CD64 on neu-
trophils could distinguish inflammation caused by infection
from that caused by RA itself. Therefore, CD64 could possi-
bly be used as an infection marker in other inflammatory dis-
eases. For CD64 to be useful as a marker for infection, its
expression must be unaffected by the disease activity, as in
RA. Szucs, et al have reported that CD64 expression of
peripheral blood neutrophils in patients with systemic lupus
erythematosus (SLE) was not upregulated; however, the activ-
ity of SLE at the time of measurement was not addressed?8. In
this regard, our preliminary data indicate that CD64 expres-
sion on neutrophils was upregulated in patients with active
SLE. A similar phenomenon was observed in patients with
active dermatomyositis. It may partially depend on the exis-
tence of interstitial pneumonia, which is often complicated in
dermatomyositis. A recent study by Ureten, et al showed that
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Figure 4. Longitudinal measurements of CD64, CRP, and clinical signs and symptoms in a representative patient with RA treated with
infliximab, Patient S. TKA: total knee arthroplasty; URI: upper respiratory infection.
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neutrophil CD64 expression was increased during exacerba-
tion of Behget’s disease?”. We speculate that the clinical utili-
ty of CD64 as an infection marker in inflammatory diseases
other than RA might be limited. Further studies are needed to
examine the usefulness of CD64 in other inflammatory
diseases.

We have also confirmed the clinical utility of CD64
expression in RA regardless of the use of drugs, i.e., corticos-
teroids, DMARD, and also biologic agents. TNF-t is a key
molecule in RA. TNF-o blockers such as etanercept, inflix-
imab, and adalimumab are strong and effective agents for RA
treatment, but there is concern that use of such agents might
increase the incidence of opportunistic infection or tuberculo-
sis. Although TNF-a is one of the inducers of CD64 expres-
sion on neutrophils, clinical data from our representative
patient (Patient S) indicated not only that CD64 was useful for
detection of infection but also that CD64 was not affected by
the disease activity of RA, even during treatment with inflix-
imab. A preliminary study showed that CD64 was also a use-
ful marker in a patient with RA treated with anti-IL-6 receptor
antibody (data not shown). We are planning studies with larg-
er numbers of patients to establish the utility of CD64 during
treatment with various biologic agents.

Additionally, clinical data from Patient S indicated that
CD64 expression was unaffected by surgery such as total knee
arthroplasty. This suggests that measurement of CD64 may be
useful for detection of postoperative infection.

It should be kept in mind that there is limited clinical util-
ity of CD64 in RA patients with vasculitis or interstitial pneu-
monia, although methods to detect infection are especially
desirable in these cases. For treatment of vasculitis, we often
use high-dose corticosteroids or immunosuppressants, which
could induce immunosuppression in the patient. Interstitial
pneumonia can occur in association with RA, but is also
caused by drugs such as MTX or pathogens such as
cytomegalovirus. Thus, differentiation of the cause of intersti-
tial pneumonia is often clinically difficult. CD64 is useless
alone in these conditions; however, it may have greater utility
in combination with other laboratory markers. Further studies
are needed.

Our study suggests that expression of CD64 on neutrophils
is a highly sensitive and specific marker for detecting infec-
tion in RA and it can distinguish infection from an RA flare.
The method to analyze expression of this surface marker is
rapid and easily undertaken for diagnosis of infection. Further
studies should address the identification of pathogens in com-
bination with other surface molecules or the development of a
simple method to rapidly detect expression of CD64 on neu-
trophils for the diagnosis of infection.

REFERENCES
1. Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE.
Frequency of infection in patients with rheumatoid arthritis
compared with controls: a population-based study. Arthritis Rheum
2002;46:2287-93.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Wolfe F, Mitchell DM, Sibley JT, et al. The mortality of rheumatoid
arthritis. Arthritis Rheum 1994;37:481-94.

Suzuki A, Ohosone Y, Obana M, et al. Cause of death in 81
autopsied patients with rheumatoid arthritis. J Rheumatol
1994;21:33-6.

Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel SE.
Predictors of infection in rheumatoid arthritis. Arthritis Rheum
2002;46:2294-300.

Hyrich KL, Silman AJ, Watson KD, Symmons DP. Anti-tumour
necrosis factor alpha therapy in rheumatoid arthritis: an update on
safety. Ann Rheum Dis 2004;63:1538-43.

Giles JT, Bathon JM. Serious infections associated with
anticytokine therapies in the rheumatic diseases. J Intensive Care
Med 2004;19:320-34.

Criscione LG, St. Clair EW. Tumor necrosis factor-alpha
antagonists for the treatment of rheumatic diseases. Curr Opin
Rheumatol 2002;14:204-11.

Moreland LW, Schiff MH, Baumgartner SW, et al. Etanercept
therapy in rheumatoid arthritis. A randomized, controlled trial. Ann
Intern Med 1999;130:478-86.

Weinblatt ME, Kremer JM, Bankhurst AD, et al. A trial of
etanercept, a recombinant tumor necrosis factor receptor:Fc fusion
protein, in patients with rheumatoid arthritis receiving
methotrexate. N Engl J Med 1999;340:253-9.

Kavanaugh A, St. Clair EW, McCune WJ, Braakman T, Lipsky P.
Chimeric anti-tumor necrosis factor-alpha monoclonal antibody
treatment of patients with rheumatoid arthritis receiving
methotrexate therapy. J Rheumatol 2000;27:841-50.

Weinblatt ME, Keystone EC, Furst DE, et al. Adalimumab, a fully
human anti-tumor necrosis factor alpha monoclonal antibody, for
the treatment of rheumatoid arthritis in patients taking concomitant
methotrexate: the ARMADA trial. Arthritis Rheum 2003;48:35-45.
Keane J, Gershon S, Wise RP, et al. Tuberculosis associated with
infliximab, a tumor necrosis factor alpha-neutralizing agent. N Engl
J Med 2001;345:1098-104.

Gomez-Reino JJ, Carmona L, Valverde VR, Mola EM, Montero
MD. Treatment of rheumatoid arthritis with tumor necrosis factor
inhibitors may predispose to significant increase in tuberculosis
risk: a multicenter active-surveillance report. Arthritis Rheum
2003;48:2122-7.

Listing J, Strangfeld A, Kary S, et al. Infections in patients with
rheumatoid arthritis treated with biologic agents. Arthritis Rheum
2005;52;3403-12.

Buckle AM, Hogg N. The effect of IFN-gamma and
colony-stimulating factors on the expression of neutrophil cell
membrane receptors. J Immunol 1989;143:2295-301.

Kerst JM, de Haas M, van der Schoot CE, et al. Recombinant
granulocyte colony-stimulating factor administration to healthy
volunteers: induction of immunophenotypically and functionally
altered neutrophils via an effect on myeloid progenitor cells. Blood
1993;82:3265-72.

Goulding NJ, Guyre PM. Impairment of neutrophil Fc gamma
receptor mediated transmembrane signalling in active rheumatoid
arthritis. Ann Rheum Dis 1992;51:594-9.

Quayle JA, Watson F, Bucknall RC, Edwards SW. Neutrophils from
the synovial fluid of patients with rheumatoid arthritis express the
high affinity immunoglobulin G receptor, Fc gamma RI (CD64):
role of immune complexes and cytokines in induction of receptor
expression. Immunology 1997;91:266-73.

Leino L, Sorvajarvi K, Katajisto J, et al. Febrile infection changes
the expression of IgG Fc receptors and complement receptors in
human neutrophils in vivo. Clin Exp Immunol 1997;107:37-43.
Fjaertoft G, Hakansson L, Ewald U, Foucard T, Venge P.
Neutrophils from term and preterm newborn infants express the
high affinity Fc gamma-receptor I (CD64) during bacterial

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved. |—

Matsui, et al: CD64 as infection marker

2423

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

21.

22.

23.

24.

25.

infections. Pediatr Res 1999;45:871-6.

Ng PC, Li K, Wong RP, Chui KM, Wong E, Fok TF. Neutrophil
CD64 expression: a sensitive diagnostic marker for late-onset
nosocomial infection in very low birthweight infants. Pediatr Res
2002;51:296-303.

Layseca-Espinosa E, Perez-Gonzalez LF, Torres-Montes A, et al.
Expression of CD64 as a potential marker of neonatal sepsis.
Pediatr Allergy Immunol 2002;13:319-27.

Aleman M, Beigier-Bompadre M, Borghetti C, et al. Activation of
peripheral blood neutrophils from patients with active advanced
tuberculosis. Clin Immunol 2001;100:87-95.

Allen E, Bakke AC, Purtzer MZ, Deodhar A. Neutrophil CD64
expression: distinguishing acute inflammatory autoimmune disease
from systemic infections. Ann Rheum Dis 2002;61:522-5.

Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of theumatoid arthritis. Arthritis Rheum 1988;31:315-24.

26.

217.

28.

29.

Nakatani K, Takeshita S, Tsujimoto H, Kawamura Y, Kawase H,
Sekine I. Regulation of the expression of Fc gamma receptor on
circulating neutrophils and monocytes in Kawasaki disease. Clin
Exp Immunol 1999;117:418-22.

Garcia JG, James HL, Zinkgraf S, Perlman MB, Keogh BA. Lower
respiratory tract abnormalities in rheumatoid interstitial lung
disease. Potential role of neutrophils in lung injury. Am Rev Respir
Dis 1987;136:811-7.

Szucs G, Kavai M, Kiss E, Csipo I, Szegedi G. Correlation of IgG
Fc receptors on granulocytes with serum immune complex level in
systemic lupus erythematosus. Scand J Immunol 1995:42:577-80.
Ureten K, Ertenli I, Ozturk MA, et al. Neutrophil CD64 expression
in Behcet’s disease. J] Rheumatol 2005;32:849-52.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved. |—

2424

The Journal of Rheumatology 2006; 33:12

Downloaded on April 20, 2024 from www.jrheum.org


http://www.jrheum.org/

