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Abstract
We aimed to systematically evaluate the accuracy of nCD64 in diagnosing infection in patients with autoimmune diseases.
Studies were searched in PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure, Wanfang, and
Chongqing VIP databases up to October 2018. There was no restriction for language and age. Prospective studies examining
the accuracy of nCD64 in diagnosing infection in patients with autoimmune diseases were included. The Quality Assessment of
Diagnostic Accuracy Studies-2 tool was used to assess the quality of eligible studies. Stata 15.1 andMeta-DiSc 1.4 software were
used for data analysis. Eleven studies fulfilled the inclusion criteria (677 patients, 229 patients with bacterial infection, and 448
without infection). The pooled sensitivity and specificity of nCD64 were 89% (95% confidence interval (CI) 82–93) and 94%
(95%CI 91–96), respectively. The pooled positive likelihood ratio and negative likelihood ratio were 14.9 (95%CI 9.3–23.8) and
0.12 (95% CI 0.07–0.20), respectively. The diagnostic odds ratio and area under the summary receiver operating characteristic
curve were 123 (95% CI 53–283) and 0.97 (95% CI 0.95–0.98), respectively. The univariate meta-regression analysis showed
that region, type of disease, antibiotic therapy, and presentation of nCD64 measurement results were responsible for the hetero-
geneity. The Deeks’ funnel plot asymmetry test showed that there was no publication bias (p = 0.15). nCD64 has a good overall
diagnostic performance for differentiating infection from disease flare in patients with autoimmune diseases. Further studies are
needed to confirm the optimized cutoff value.
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Introduction

Autoimmune diseases are a spectrum of chronic systemic in-
flammatory diseases; however, their etiology and mechanism
have not been completely illustrated. In the course of a dis-
ease, a patient can develop multiple autoimmune diseases si-
multaneously and experience a wide variety of pathological
changes and clinical manifestations. The most indispensable

therapeutic modality used against autoimmune diseases is im-
munosuppressant therapy. However, an accompanying immu-
nocompromised state and recurrent infections can contribute
to a fatal outcome [1]. Fever is a common symptom of infec-
tion or disease flare in patients with autoimmune diseases.
Rheumatologists are often faced with difficulties when it
comes to identifying the etiology of autoimmune diseases.
Administration of additional or increasing dosages of immu-
nosuppressive agents to improve disease flare can exacerbate
infection in those patient populations. Thus, it is of great value
to distinguish infection from disease flare in febrile patients
with autoimmune diseases in a timely manner.

Prediction of infection has already been extensively studied
in patients with various conditions, especially those with sep-
sis [2], one of the most attractive predictors is a biomarker.
However, only a few studies [3–6] have evaluated the diag-
nostic value of different biomarkers in detecting infection in
patients with autoimmune diseases. The conventional
markers, for instance, white blood cell count (WBC), erythro-
cyte sedimentation rate (ESR), and C-reactive protein (CRP),
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lack specificity and are susceptible to immunosuppressive
drugs. In recent years, procalcitonin (PCT) shows promise,
but the diagnostic performance is moderate [3, 7]. Hence, a
new marker for diagnosing infection avoiding the above dis-
advantages with high sensitivity and specificity is urgently
demanded.

The fragment crystallizable (Fc) portion of human im-
munoglobulin G has three classes of receptors: FcgRI
(CD64), FcgRII (CD32), and FcgRIII (CD16). Among
them, CD64 is the only high-affinity receptor and is con-
stitutively expressed on macrophages, monocytes, and eo-
sinophils. In healthy individuals, the expression of CD64
on neutrophils (nCD64) is at very low levels. However,
when microorganisms and some inflammatory cytokines
such as interferon-gamma (IFN-γ) and granulocyte
colony-stimulating factor (G-CSF) are present, those stim-
ulating factors can induce significant expression of CD64
on neutrophils [8, 9]. The diagnostic value of nCD64 in
the detection of sepsis [10] and neonatal infection [11] has
been investigated in previous meta-analyses. Recently,
some published studies have focused on the usefulness
of nCD64 in diagnosing infection in autoimmune disease
patients, but the sample sizes used were small and indi-
vidual studies showed discordant results. In addition, pre-
vious studies have suggested that patients with vasculitis
[8], active interstitial pneumonia [12], and Behcet’s dis-
ease [13] exhibited higher circulating levels of nCD64
during acute exacerbations in the absence of infection.
Thus, we aimed to perform this diagnostic meta-analysis
to assess the usefulness of nCD64 in diagnosing infection
in autoimmune disease patients with fever.

Methods

Search strategy

Before this study was undertaken, a protocol was regis-
tered at the PROSPERO (CRD42018114454). We
reported this study in accordance with the Preferred
Reporting Items for Systematic Review and Meta-
Analysis statement [14]. Studies were systematically
searched in PubMed, Embase, Cochrane Library data-
bases, China National Knowledge Infrastructure,
Wanfang, and Chongqing VIP databases up to
June 2018 by two independent investigators. We updated
the literature search of the above electronic databases in
October 2018. There was no restriction for language and
age. The following MeSH terms and text words were used
to locate relevant studies: Breceptors,^ BIgG,^ Bfc
receptor,^ BCD64,^ Bneutrophils,^ Binfection,^ Bsepsis,^
Bseptic shock,^ Bbacteremia,^ Bsystemic inflammatory re-
sponse syndrome,^ Bsepticemia,^ Bautoimmunity,^ and

Bautoimmune disease.^ For additional studies, we also
screened the relevant references listed in the searched pa-
pers and reviews. We had also contacted relevant authors
for further details.

Literature inclusion and exclusion criteria

The studies were included if they fulfilled the fowling criteria:
(1) studies that included autoimmune disease patients
suspected of infection; (2) studies that involved collection of
blood samples from participants to detect nCD64; (3) studies
that presented true positive (TP), false positive (FP), false
negative (FN), and true negative (TN) results of the diagnostic
tests performed to detect infection; (4) studies that conducted
diagnostic accuracy tests with prospective data collection; (5)
studies that involved diagnosing an autoimmune disease
based on each classification or diagnostic criteria; and studies
that usedmicrobiological culture or polymerase chain reaction
(PCR), clinical symptoms, biochemical or radiological or im-
aging evidence, or obvious effects observed by physicians
after empirical antibacterial therapy to confirm an infection.

The following studies were excluded: (1) reviews, case
reports, letters, conference papers, editorials, and expert opin-
ions; (2) studies with less than ten samples; (3) studies that
included healthy persons as controls; and (4) studies with
incomplete data.

Data extraction and qualitative assessment

Two reviewers independently identified the studies and ex-
tracted the data to obtain information on the studies. The fol-
lowing characteristics were extracted: name of first author,
region, publication year, study design, type of disease, diag-
nostic criteria for autoimmune disease, definition of infection,
cutoff value, prevalence of infection, sample size, detecting
instrument, whether the samples were collected before antibi-
otic therapy, analytical method, source of CD64 antibody re-
agents, and presentation of nCD64 measurement results. The
number of TP, FP, FN, and TN was extracted or calculated.

The Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool [15] was used to assess the methodological
quality of the included trials by two independent authors.
Disagreements between the two authors were resolved by
consensus.

Statistical analysis

Stata software version 15.1 (Stata Corporation, College
Station, TX, USA) and Meta-DiSc software version 1.4
(http://www.hrc.es/investigacion/metadisc_en.htm) were
used for this meta-analysis. The bivariate mixed-effects re-
gression model was used to calculate the pooled pairs of sen-
sitivity and specificity, the pooled positive and negative
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likelihood ratios, and the summary diagnostic odds ratio along
with their 95% confidence interval (CI) [16]. A summary re-
ceiver operating characteristic (SROC) curve analysis was
performed to evaluate the overall diagnostic accuracy.
Fagan’s nomogram was used to calculate the post-test proba-
bility. When between-study heterogeneity existed, Cochran’s
Q test and I2 index were calculated. I2 values of 25%, 50%,
and 75% were nominally assigned as low, moderate, and high
estimates, respectively. The presence of a threshold effect on
the diagnostic accuracy of nCD64 was evaluated using the
Spearman correlation coefficient between the logits of sensi-
tivity and specificity. In addition to the heterogeneity that was
likely due to the threshold effect, univariate meta-regression
analysis and subgroup analysis were performed to explore the
sources of potential heterogeneity in sensitivity and specifici-
ty. The covariates included the following elements: region
(whether the trial was conducted in Asia), disease (whether
the type of disease was systemic lupus erythematosus), ex-
pression (whether CD64 molecules per cell was used as the
presentation of nCD64 measurement results), sampling
(whether samples was collected before antibiotic therapy),
instrument (whether the detecting instrument was BD
FACSCalibur), and size (whether the sample size was equal
or greater than 30). p values less than 0.05 were considered
significant. Publication bias was tested by Deeks’ funnel plot
asymmetry test.

Results

Literature search and study characteristics

We initially retrieved 961 studies by electronic searching, and
2 more relevant studies were identified in the bibliographies of
original studies. Of the 961 studies, 364 were from PubMed,
485 from Embase, 31 from Cochrane Library, 18 from China
National Knowledge Infrastructure, 55 from Wanfang, and 8
from Chongqing VIP. Among these studies, 944 studies that
were repeatedly published, categorized as review articles, in-
volved animal or in vitro experiments, with irrelevant topics,
and categorized as conference abstracts were excluded by
screening the title and abstract; the remaining 19 possible
correlative studies were scrutinized in a full-text review.
Among the 19 studies, 8 could not be used to reconstruct the
2 × 2 table. Thus, 11 studies fulfilled our eligibility criteria and
were included in the final analysis (Fig. 1).

A total of 677 patients were included, comprising 229 in-
fected patients and 448 non-infected patients. The included
studies were published from 2002 to 2018, eight studies were
published in English, and three [17–19] were published in
Chinese. In addition to one study [18] that recruited adults
and children, the other ten studies only recruited adult patients.
These studies consisted of five [12, 17, 19–21] patients with

rheumatoid arthritis, three [18, 22, 23] with systemic lupus
erythematosus, two [8, 9] with systemic autoimmune diseases,
and one [24] with inflammatory bowel disease. Most of the
studies used a FACSCalibur flow cytometer (Becton-
Dickinson) for nCD64 measurement. The CD64 antibody re-
agents in nine studies were provided by the Becton-Dickinson
company, and those in the two remaining studies [9, 24] were
from Dako and Medarex. The prevalence of infection across
studies ranged from 21 to 57%. The characteristics of the
included studies are shown in Table 1.

Quality assessment of the included studies

The methodological quality assessment of original diagnostic
trials was carried out by using QUADAS-2 tool. It mainly
consisted of four parts that cover patient selection, index test,
reference standard, flow, and time interval between index test
and reference standard test. The first three parts were evaluat-
ed for clinical applicability, and all four parts were evaluated
for risk of bias. As shown in Table 2, none of the studies
presented all of the above items. The most obvious limitation
of original studies is the lack of report blinding. However, the
methodological quality was moderate, and the included stud-
ies had high clinical applicability.

Data synthesis and meta-analysis

Figure 2 schematically showed the forest plot of sensitivity
and specificity of nCD64 in the diagnosis of infection in pa-
tients with autoimmune diseases. Sensitivity (TP rate) reflects
the probability of actual patients to show positive diagnostic
test results. By contrast, specificity (TN rate), reflects the
probability of nonpatients to show negative diagnostic test
results simultaneously. The pooled sensitivity and specificity
of all studies in our meta-analysis were 89% (95% CI 82–93)
and 94% (95% CI 91–96), respectively. The area under the
SROC curve (AUC) was 0.97 (95% CI 0.95–0.98), and the
diagnostic odds ratio (DOR) was 123 (95% CI 53–283), indi-
cating a high diagnostic accuracy (Fig. 3). Likelihood ratios
(LRs) are a composite index comprehensively reflecting those
two independent parameters; it can be distinguished into pos-
itive likelihood ratio (PLR) and negative likelihood ratio
(NLR). PLR is the ratio of TP rate to FP rate, while NLR is
the ratio of FN rate to TN rate. The pooled PLR was 14.9
(95% CI 9.3–23.8) in our meta-analysis, suggesting that a
person with infection was about 15 times more likely to have
a positive test than a person with disease activity. Moreover,
the pooled NLR was 0.12 (95% CI 0.07–0.20), indicating
individuals with disease activity were about ten times more
likely to have a negative test than individuals with infection. A
method based on the Bayes’ theorem that combines the appli-
cation of LRs and pretest probability of a disease to predict the
post-test probability of the disease, and can be visually
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presented using the Fagan’s nomogram [27]. The Fagan’s no-
mogram can be used to show the probability of a patient to
develop a disease once the test results are known. The pretest
probability of having infection was 34%. As we know, the
pretest probability increases with a positive test and decreases
with a negative test. The Fagan’s nomogram indicated that the
nCD64 detection would raise the post-test probability to 88%
and decrease the post-test probability to 6% (Fig. 4), suggest-
ing a practical and clinical value to perform the nCD64 test.

Heterogeneity assessment and meta-regression
analysis

The I2 test revealed that the pooled sensitivity and specificity
were 49.25% (95% CI 14.09–84.41) and 0% (95% CI 0–
92.20), respectively, which showed high heterogeneity among
studies. No statistically significant difference was observed
when exploring for the threshold effect (Spearman’s correla-
tion coefficient = − 0.388; p = 0.238), suggesting that non-
threshold effect factors were the source of heterogeneity. A
univariate meta-regression analysis was performed to deter-
mine the source of heterogeneity among included studies.

Results showed that type of disease influenced sensitivity,
while region, type of disease, whether sample was collected
before antibiotic therapy, and the presentation of nCD64 mea-
surement results accounted for the heterogeneity of specificity
(Fig. 5). Results of subgroup analysis implied a good diagnos-
tic value of nCD64, which was similar to the total population
(Table 3).

Evaluation of publication bias

Deeks’ funnel plot asymmetry test showed that publication
bias was not statistically significant (p = 0.15).

Discussion

On the clinical context of autoimmune diseases, clinicians are
frequently faced with challenges when distinguishing infec-
tion from disease flare in a febrile patient. Administrating
immunosuppressive drugs to infected patients may often lead
to prolonged hospitalization, extra hospital charges, and even
life-threatening complications. Establishing the correct

Records identified through database searching (n
= 961):
PubMed (n = 364)
Embase (n = 485)
Cochrane Library (n = 31)
China National Knowledge Infrastructure (n = 18)
Wanfang (n = 55)
Chongqing VIP (n = 8)

Additional records identified
through other sources

(n = 2)

Records combined (n = 963)
Records excluded for duplication
(n = 104)

Records screened (n = 859)

Records excluded based on
titles/abstracts (n = 840):
Review (n = 95)
Animal or in-vitro experiments (n = 34)
Irrelevant topics (n = 708)
Conference abstracts (n = 3)

Full-text articles assessed for eligibility (n = 19)

Studies included in quantitative synthesis
(n = 11)

Without 2 × 2 table (n = 8)

Fig. 1 Flow diagram of the selection process
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diagnosis is the most essential premise. Researchers had con-
centrated on various biomarkers such as mannose binding
lectin, high mobility group box chromosomal protein 1, and
those that could be good markers of disease activity [6]. In
addition, soluble triggering receptors expressed on myeloid

cell type 1 [4], mean platelet volume [5], delta neutrophil
index [6], and molecular signatures [28] were also studied as
differential diagnostic tools in patients with autoimmune dis-
eases who developed an infection, but these studies were con-
ducted individually. A previous meta-analysis [3] including

Table 2 Quality assessment of the included studies using the Quality Assessment of Diagnostic Accuracy Studies-2 tool

Studies Risk of bias Applicability

Patient
selection

Index
test

Reference
standard

Flow
and
timing

Patient
selection

Index
test

Reference
standard

Allen 2002 Unclear High Low Low Low Low Low

Matsui 2006 Low Unclear Unclear Low Low Low Low

Wolfgang Tillinger
2008

Unclear Unclear Unclear Unclear Low Low Low

Hussein 2010 Unclear Unclear Unclear Low Low Low Low

Nishino 2010 Unclear Unclear Unclear Low Low Low Low

EI-Said 2010 Unclear High Low Low Low Low Low

Mokuda 2012 Unclear Unclear Unclear Low Low Low Low

Li 2013 Unclear High Unclear Unclear Low Low Low
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Fig. 2 Forest plot of the sensitivity and specificity of nCD64 for the diagnosis of infection in patients with autoimmune diseases. Forest plot of the
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nine studies had evaluated the effectiveness of serum PCT in
diagnosing bacterial infections in patients with autoimmune
diseases; results showed that the AUC value was 0.91 (95%
CI 0.88–0.93), which indicated a good diagnostic value.
However, the pooled sensitivity and specificity of serum
PCT for diagnosing bacterial infections were 75% (95% CI
63–84) and 90% (95% CI 85–93), respectively; a low sensi-
tivity indicated that serum PCT is not a good marker.

Each measure of diagnostic accuracy reflects some specific
aspects of a diagnostic procedure. In the present study, the
pooled sensitivity and specificity indicated that nCD64 was
an effective diagnostic marker. However, both of these mea-
sures have limitations, that is, they change in the opposite
direction as the cutoff value changes. Alternatively, the AUC
is a good indicator of overall diagnostic accuracy; the closer
the AUC value is to 1, the better the diagnostic performance of
a test. Our AUC value showed an excellent diagnostic accu-
racy. In the clinical practice, however, the AUC is not easy to
interpret. By contrast, the LRs are more clinically meaningful.
With LRs, we can adapt the results of a test to patients. The
further LRs are from 1, the higher the probability for the pres-
ence or absence of a disease. In most circumstances, we con-
sider PLR above 10 as a strong evidence to rule in diagnoses,
while with NLR below 0.1, we can rule out diagnoses [29].
Our NLR is a bit high; hence, we speculate that the special
reason may be related to the moderate sensitivity. The sensi-
tivity of nCD64 test is affected by collecting blood samples
after antibiotic treatment, which may lead to a negative test in
patients with infection. Due to lack of data, we did not conduct
a subgroup analysis for this factor. However, this result is
much less than 1; that means for patients who showed a neg-
ative nCD64 test result, performing the nCD64 test is helpful
for ruling out a possible infection. In addition, the results of
the post-test probability indicate that performing the nCD64
test is of great importance in clinical practice. We performed a
subgroup analysis to explain the high heterogeneity between
studies, which also suggested that nCD64 had high diagnostic
accuracy. In a word, our meta-analysis results suggested that
nCD64 had a good diagnostic performance in detecting infec-
tion in patients with autoimmune diseases.

Neutrophils are very important immune cells in the human
body and are the host’s first line of defense against the inva-
sion of foreign pathogens. The activation of neutrophils re-
sults in respiratory burst and degranulation in order to combat
infections [30]. However, when neutrophils are excessively
activated, it may trigger the development of some autoim-
mune diseases [31]. This finding may explain the results of
previous retrospective case-series studies [8, 12, 13], which
showed that nCD64 expression may be upregulated in vascu-
litis, active interstitial pneumonia, and Behcet’s disease in the
absence of infection. However, we could not perform a sub-
group analysis of those diseases as there was insufficient data,
but we still cannot ignore those confounding factors. It is
worth noting that glucocorticoids can inhibit the
overactivation of neutrophils [31], and other immunosuppres-
sive agents can also affect the count and function of neutro-
phils. However, a recent trial [32] had concluded that neutro-
phil count did not affect the expression of nCD64. Other pre-
vious trials also confirmed that the blood nCD64 level in
autoimmune disease patients is unaffected by the use of im-
munosuppressive agents, and the specific mechanism is
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unknown [8, 12]. In addition, nCD64 as a credible biomarker
to facilitate testing is feasible for the following reasons. First,
with a stimulating factor, an initial increase of blood nCD64
levels after 4–6 h suggest that nCD64 [8] can be detected as
early as PCT, which maintaining a plateau between 8 and 24 h
[33]. Second, in terms of time cost, quantitative measurements
of nCD64 can be conducted more easily and rapidly (within
2 h) compared with microbiological cultures or PCR testing of
specimens. Finally, in the clinical setting, the stability of sam-
ples is crucial to the reliability of test results. The nCD64 was
confirmed to be stable within 72 h at 4 °C and 36 h at room
temperature in stored blood samples [24]. Commercial
analyte-specific reagent kits and automatic analysis software
[34] today allow those with no experience to perform this test
and finally achieve consistent, reliable results.

Our study had some limitations. A previous meta-analysis
[35] concluded that nCD64 represented a useful biomarker of
bacterial infection; their results demonstrated that the sensitiv-
ity and specificity was only 76% and 85%, respectively, and a
publication bias existed. Unlike the previous meta-analysis,
our meta-analysis expanded the retrieval database to avoid
retrieval bias and focused only on the area of autoimmune
diseases and found that nCD64 can be used to accurately
diagnose patients with autoimmune diseases. In addition,
Deeks’ funnel plot asymmetry test showed that publication
bias did not exist. Even so, we still could not ignore some
limitations in our meta-analysis. First, most of the included
studies did not discuss the blind method, which may result
in the overestimation of accuracy. Thus, specification of re-
ports needs to be emphasized. Second, the presentation of
nCD64 measurement results varied between each trail, and

Table 3 Results of subgroup analysis of the diagnostic accuracy of neutrophil CD64 expression in patients with autoimmune disease

Subgroup Studies Sample
size

Sensitivity
(%)

95%CI Specificity
(%)

95%CI PLR 95%CI NLR 95%CI DOR 95%CI AUC 95%CI

All 11 677 89 82–93 94 91–96 14.9 9.3–23.8 0.12 0.07–0.20 123 53–283 0.97 0.95–0.98

Type of disease

RA 5 450 89 81–94 96 92–97 20.2 11.6–35 0.11 0.06–0.20 177 72–437 0.97 0.95–0.98

RA/SLE 8 521 87 77–93 94 91–97 15.7 8.8–28.1 0.13 0.07–0.25 117 41–332 0.97 0.95–0.98

Region

Asia 6 474 88 81–93 95 91–97 17.5 9.8–31.1 0.12 0.07–0.21 143 58–354 0.97 0.95–0.98

Other 5 203 90 73–97 93 85–97 12.2 5.4–27.5 0.10 0.03–0.33 118 21–676 0.96 0.94–0.97

The presentation of nCD64 measurement results

Molecular/cell 5 478 89 81–94 95 91–97 17.6 10.1–30.9 0.1 0.07–0.21 152 59–392 0.97 0.96–0.98

Other 6 199 90 75–96 92 85–96 11.4 5.6–23.4 0.12 0.05–0.30 95 24–376 0.95 0.93–0.97

Detecting instrument

BD
FACSCali-
bur

8 538 89 82–93 94 90–96 14.9 8.8–25.4 0.12 0.07–0.19 127 54–299 0.97 0.95–0.98

Sample size

≥ 30 8 606 90 84–94 95 92–97 17.1 10.8–27.2 0.11 0.07–0.17 159 76–334 0.97 0.96–0.99
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Fig. 5 Univariate meta-regression and subgroup analysis. The covariates
included region (whether the trial was conducted in Asia), disease (wheth-
er the disease was systemic lupus erythematosus), expression (whether
the presentation of nCD64 results was CD64 molecules per cell), sam-
pling (whether samples was collected before antibiotic therapy), instru-
ment (whether the detecting instrument was BD FACSCalibur), and size
(sample size ≥ 30)
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the cutoff values of nCD64 differed greatly; thus, we could not
determine the optimized cutoff value. Third, the definition of
infection complications in each original trial varied. In partic-
ular, El-Said et al. [22] used only the clinical criteria to diag-
nose infection. Finally, interobserver and intraobserver varia-
tions, performance of different laboratory tests, and use of
different batches of the same reagents can also affect the re-
sults. Therefore, forming a unified presentation of nCD64
measurement results should be conducted in future studies.

In conclusion, our meta-analysis indicates that neutrophil
CD64 expression can be a sensitive and specific marker for
differentiating infection from disease flare in febrile patients
with autoimmune diseases. However, due to lack of optimized
cutoff value, more large-blinded prospective cohort studies
must be carried out to evaluate its accuracy in the field of
autoimmune diseases.
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