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ABSTRACT

Background: The neutrophil/albumin ratio (NAR) has emerged as a novel biomarker in
inflammatory conditions. This work aimed to assess the role of the neutrophil/albumin
ratio in the differentiation between systemic lupus erythematosus (SLE) activity and
infection in lupus patients. Methods: A cross-sectional study was conducted on SLE
patients classified into two groups according to the evidence of infection: 36 non-infected
lupus patients and 53 infected lupus patients at the Rheumatology and Rehabilitation
Department. The Neutrophil/albumin ratio (NAR), erythrocyte sedimentation rate/C-
reactive protein ratio (ESR/CRP), neutrophil/lymphocyte ratio (NLR), Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI-2K), and evidence of bacterial infection
were detected in both groups. Results: NAR had significant positive correlations with
other parameters of infections, including procalcitonin levels (r = +0.73, P<0.001) and
NLR (r = +0.582, P<0.001). Additionally, there was a significant negative correlation
between NAR and ESR/CRP ratio (r = -0.450, P<0.001); however, the correlation between
NAR and SLEDAI was very weak (r = +0.080, P=0.455). NAR at a cut-off of 110.85 and
95% CI was 96.2% sensitive, 80.6% specific, and 89.9% accurate for the detection of
infection among SLE patients; however, at the same cut-off, it was 70.9% sensitive, 44.1%
specific, and 60.7% accurate for prediction of flare among SLE patients. Conclusion:
NAR is a rapid, feasible, affordable, and valid test for detecting infection in SLE patients.
It has 96.2% sensitivity, 80.6% specificity, and 89.9% accuracy, which would be valuable
in distinguishing infection from flare-up in SLE.

Introduction

disease activity, immunosuppressive treatments,

Infections are common complications in renal and vascular involvement, and organ failure
patients with systemic lupus erythematosus (SLE) with irreversible damage [2]. Infection is one of the
and affect 25-50% of them [1]. Lupus patients are main causes of morbidity, mortality, and hospital
more susceptible to infections due to a combination admissions in lupus patients [3].

of factors, including immune dysregulation, high
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In clinical practice, it might be difficult to
distinguish between activity and infection in SLE
because of their similarities in clinical spectra.
Infections and disease activity need different
treatment regimens [4]. Fever is a typical symptom
not only of infection but also of SLE flare-up. When
SLE patients present with fevers, physicians should
determine the cause of the fever [2]. Appropriate
treatment of lupus flare with immunosuppressive
drugs is often delayed until an infectious process is
ruled out, so an accurate diagnosis is essential [5].

Numerous biomarkers have been identified
to distinguish between an infection and a flare in
SLE, but they have certain drawbacks.
Inflammatory biomarkers such as erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP),
low serum albumin, and white blood cell count
(WBC) are of limited utility since they cannot
particularly discriminate bacterial infections from
SLE flare-ups [6-9]. Furthermore, confirming or
ruling out infection likely requires more than one
biomarker. This suggests that new scores, including
different biomarkers, could better differentiate these
two clinical spectrums [10].

As previously reported in active-SLE
patients, neutrophils are the first inflammatory cells
present at the inflammatory site, leading to
neutrophilia [11]. Although high neutrophil count is
a significant indicator of systemic infection,
neutrophil counts alone are of limited value in
differentiating infection from flare in SLE [12,13].
This is attributed to the multiple causes of
neutrophilia in lupus patients, such as flare-ups,
infection, corticosteroid bursts, or pregnancy [14].

Hypoalbuminemia is common in SLE and
occurs in 30% to 50% of patients. Low serum
albumin levels in SLE may be due to increased
fractional catabolism of albumin in active disease,
nephrotic range proteinuria, poor protein and calorie
intake, chronic lupus peritonitis with ascites,
protein-losing enteropathy, and liver disease [15].
Additionally, albumin is a negative acute-phase
reactant and decreases in acute infection [16]. The
clinical importance of these results is that
hypoalbuminemia alone will not be a reliable
marker for determining disease activity in SLE [17].

Neutrophil/albumin ratio (NAR) is a novel
peripheral inflammatory biomarker that indicates
systemic inflammation and mortality [18]. Recently,
NAR has been evaluated in patients with COVID-
19 infection, cancer, cardiogenic shock, and

schizophrenia because higher NAR denotes an
enhanced inflammatory condition [18, 19]. To our
knowledge, no studies have been done to clarify the
utility of the neutrophil/aloumin ratio in the
differentiation between SLE activity and infection in
SLE. Therefore, the current research aimed to
evaluate the role of the neutrophil/albumin ratio for
this purpose.
Methods
Design and Setting

A cross-sectional study was conducted in
the inpatient and outpatient clinics at the
Rheumatology & Rehabilitation Department,
Zagazig University hospitals, Egypt, between
February 2023 and May 2024.

Study participants

All patients enrolled in the study were > 16
years old and diagnosed to have SLE if they fulfilled
the Systemic Lupus International Collaborating
Clinics (SLICC) criteria revision of the American
College of Rheumatology (ACR) classification
criteria for SLE [20]. On the other hand, patients
with other auto-immune diseases, malignancies,
chronic infection (e.g., osteomyelitis, endocarditis,
HIV), and ischemic heart disease were excluded
from this study. Moreover, any patient with a history
of antimicrobial use during the 7 days before the
assessment day was also excluded.

Sample size and patient selection

The sample size was calculated using Epi
software version 6 at a confidence interval of 95%,
the percentage of infection among SLE patients
according to the Dorgham et al. study was 69,6%
[3]. So, the sample was 89 SLE patients selected by
a simple random sample.

The SLE patients were classified into two
groups according to the evidence of infection as
follows: 36 SLE patients without infections and 53
patients with infections. Evidence of bacterial
infections, such as positive microbial culture or
polymerase chain reaction, was done for viral
infection. The fungal infection was detected by an
expert dermatologist who took a scraping from
infected skin or nails for analysis by molecular tests,
while protozoal infections were diagnosed by
microscopic analysis or biochemical tests such as
stool analysis.

Data was collected from patient records
and clinical consultations, including history taking,
general, musculoskeletal, and systemic
examinations. Additionally, patients were assessed
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for disease activity by the Systemic Lupus
Erythematosus Disease Activity Index 2000
(SLEDAI-2K) score [21]. SLE activity was
categorized according to Yee et al. as follows:
Active SLE: SLEDAI > 4, Inactive SLE: SLEDAI
<4 [22].

All laboratory tests were done in Zagazig
University Hospital laboratories, such as complete
blood cell count (CBC), including differential cell
count, was done by an automated cell counter symex
KX21, erythrocyte sedimentation rate (ESR) by
using the Westergren method recorded in mm/hr, C-
reactive protein (CRP) by Nephelometer System BN
ProSpec, Siemens, serum albumin using Dimension
RxXL max auto-analyzer, and serum procalcitonin
levels by immunoassay techniques
(Electrochemoluminescence on cobas 6000).

All routine laboratory tests, including full
blood count, C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and serum albumin, were
done. The erythrocyte sedimentation rate/ C-
reactive protein (ESR/CRP) ratio was calculated by
dividing the ESR value by the CRP value [9]. The
neutrophil/lymphocyte ratio (NLR) was calculated
by dividing the absolute value of neutrophils by the
absolute value of Ilymphocytes [4]. The
neutrophil/albumin ratio (NAR) was calculated by
dividing the absolute neutrophil counts by the
albumin levels [18]. Serum procalcitonin levels
were also obtained.

Administrative & Ethical Design:

Official approval had been received from
the Institutional Review Board (IRB) (ZU-
IRB#8072) at the Faculty of Medicine, Zagazig
University Hospitals, as well as the Rheumatology&
Rehabilitation Department at this University.
Written informed consent was gained from every
participant. This research was conducted in
compliance with The Code of Ethics of the World
Medical Association for research including humans,
which is the 1964 Helsinki Declaration.

Statistical analysis:

The collected data were coded, entered,
presented, and analyzed by computer using a
database software program, Statistical Package for
Social Science software (SPSS) (Version 20.0,
Armonk, NY: IBM Corp). Quantitative variables
were expressed as the mean + standard deviation
(SD) (and median with range for not normally

distributed data), while the qualitative variables
were expressed as a number and percentage. For
quantitative variables, independent samples t-test (t)
was used as appropriate for normally distributed
data, while nonparametric data was evaluated with
the Mann-Whitney U Test. Chi-square test (x2) or
Fisher's exact test was used to assess and detect the
relation between different qualitative variables.
Sensitivity, specificity, predictive value for positive
(PVP), predictive value for negative (PVN), and
accuracy were calculated at a 95% confidence
interval (Cl) to measure the validity. Spearman
correlation (r) was used to correlate NAR with
procalcitonin, ESR/CRP, and SLEDAI. The results
were considered statistically significant and highy
statistically significant when the significance
probability (P value) was < 0.05* and <0.001%*%*,
respectively.

Results

A total of 89 SLE patients were included in
this study. They were classified according to the
evidence of infection into two groups: 36 SLE
patients without infections and 53 patients with
infections, with a percentage of 40.4% and 59.6%,
respectively (Figure 1). The most common type of
infection in our patients was urinary tract infection
(UTI), 34 %, and the most frequent pathogen was
bacterial infections, 66% , as shown in Table 1.

As shown in Table 2, the mean age of our
patients was 33.3+8.5 years old and the higher
proportion of them were females (87.6%) with a
disease duration median of 7 years. Assessment of
SLE disease activity by SLEDAI revealed that
61.8% of our patients had active SLE (SLEDAI >4);
however, 38.2% of them had inactive disease
(SLEDAI <4). SLEDAI grades are illustrated in
Figure 2.

By assessing the relation between the
clinical parameters of SLE patients and the presence
of infection, there was a significant relation between
the disease activity measured by SLEDAI-2K and
the presence of infection (P= 0.044). Additionally,
in our patients’ infections were significantly
associated with the presence of comorbidities
(P=0.003), especially diabetes mellitus and
dyslipidemias. Also, there was a significant relation
between infections and the use of azathiopurine,
corticosteroids, cyclophosphamide, and
mycophenolate mofetil. Relations among the
infection and the laboratory findings in SLE patients
are shown in Table 3. There were highly significant
associations (P <0.001) among the presence of
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infection and the number of leucocytes, especially
neutrophils, serum albumin, CRP, procalcitonin
levels, NLR, and the lower median of the ESR/CRP
ratio. Moreover, the levels of NAR were
significantly higher in SLE patients with infections
than those without infections, with a median of
191.3 and 76.4, respectively (Figure 1).

Correlations of NAR with the other
parameters of infections in Figure 3 showed a
statistically significant positive correlation between
NAR and procalcitonin levels (r = +0.73, P<0.001)
and also with the NLR (r = +0.582, P<0.001).
Additionally, there was a highly statistically
significant negative correlation between NAR and
ESR/CRP ratio (r = -0.450, P<0.001); however, the
correlation between NAR & SLEDAI was very
weak (r = +0.080, P=0.455). Moreover, the
correlation of SLEDAI with procalcitonin,
ESR/CRP, NLR among SLE patients demonstrated

that there was statistically significant positive
correlation between SLEDAI & ESR/CRP (r =
+0.309, P=0.003*) but there was weak positive
correlation between SLEDAI & procalcitonin (r =
+0.201, P=0.059) as well as with NLR (r = +0.162,
P=0.129) (Figure 4).

The ROC curve analysis was done to
determine the cut-off value of the NAR to detect the
presence of infections in SLE patients, and it was
found to be 110.85 with an area under the curve
0.969.

In terms of validity, NAR at cut-off 110.85
and 95% CI was 96.2% sensitive, 80.6% specific,
and 89.9% accurate for prediction of infection
among SLE patients; however, at the same cutoff it
was 70.9% sensitive, 44.1% specific, and 60.7%
accurate for prediction of flare among SLE patients
(Table 4, Figure 5).

Table 1. Characteristics of infections among SLE patients (n=53).

Characters Infected SLE(n=53)
No (%)
Site of infection
UTI 18 (34%)
Chest 11 (20.8%)
Skin 6 (11.3%)
Oropharangeal 6 (11.3%)
Sinusitis 4 (7.5%)
GIT 6 (11.3%)
Vaginal 2 (3.8%)
Type of pathogen
Bacterial 35 (66 %)
Viral 10 (18.9%)
Fungal 4 (7.5%)
Protozoal 4 (7.5%)
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Table 2. Relations between clinical features of SLE patients and the presence of infection (n=89).
Features All SLE SLE without SLE with P value
(n=89) infection infection (n=53)
No (%) (n=36) No (%)
No (%)
Age in years (mean + SD) 33.318.5 34.1+8.1 32.7+8.8 40.424
Gender
Male 11 (12.4%) 3.0 (27.3%) 8.0 (72.7%) ®0.342
Female 78 (87.6%) 33 (42.3%) 45 (57.7%)
Disease duration (years)
Median (range) 7(1-25) 5.5(1.5-17) 7 (1-25) €0.344
SLEDAI
Median (range) 6 (0.0-23) 4 (0.0-20) 6 (0.0-23) ©0.044*
<4 Inactive SLE 34 (38.2%) 20 (58.8%) 14 (41.2%)
>4 Active SLE 55 (61.8%) 16 (29.1%) 39 (70.9%)
SLEDAI Grades
No activity 23 (25.8%) 13 (56.5%) 10 (43.5%) 90.074
Mild activity 17 (19.1%) 9.0 (52.9%) 8.0 (47.1%)
Moderate activity 24 (27.0%) 6.0 (25.0%) 18 (75.0%)
High activity 17 (19.1%) 7.0 (41.2%) 10 (58.8%)
Very high activity 8.0 (9.0%) 1.0 (12.5%) 7.0 (87.5%)

1. Co-morbidities 28 (31.5%) 5.0 (17.9%) 23 (82.1%) 90.003*
Hypertension 16 (18.0%) 5.0 (31.2%) 11 (68.8%) 40.408
Diabetes mellitus 8.0 (9.0%) 0.0 (0.0%) 8.0 (100%) b0.015*
Dyslipidemia 8.0 (9.0%) 0.0 (0.0%) 8.0 (100%) £0.015*
Hypothyroidism 1.0 (1.1%) 0.0 (0.0%) 1.0 (100%) ®0.407
Osteoporosis 2.0 (2.2%) 0.0 (0.0%) 2.0 (100%) ®0.238
Medications
Azathioprine 31 (34.8%) 17 (54.8%) 14 (45.2%) 90.043*
Hydroxychloroquine 80 (89.9%) 33 (41.2%) 47 (58.8%) 90.646
Corticosteriods 63 (70.8%) 18 (28.6%) 45 (71.4%) 4<0.001**
Mycophenolatemofetil 28 (31.5%) 5.0 (17.9%) 23 (82.9%) 90.003*
Vitamin 49 (55.1%) 16 (32.7%) 33 (67.3%) 0.097
Cyclophosphamide 24 (27.0%) 4.0 (16.7%) 20 (83.3%) 940.005*
Analgesic 26 (29.2%) 12 (46.2%) 14 (53.8%) 90.481
Methotrexate 10 (11.2%) 6.0 (60.0%) 4.0 (40.0%) ®0.181
Rituximab 2.0 (2.2%) 2.0 (100%) 0.0 (0.0%) ®0.083

SD: Standard deviation, * Independent samples t-test, ® Fisher's exact test, ¢ Mann-Whitney U Test, ¢ Chi square
test, Statistically significant (P<0.05*), Highly statistically significant (P<0.001**)
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Table 3. Relations between laboratory findings and infection in SLE patients (n=89).

Findings All SLE SLE without SLE with infections P value
Median (range) (n=89) infections (N=36) (n=53)

No (%) No (%) No (%)
Complete blood picture (CBC):
Leucocytes (x103/mm3) 7.3(1.9-17.9) 5.8 (1.9-9.9) 9.1(2.1-17.9) 20.001**
Lymphocyte (x103/mm3) 1.8(0.30-4.3) 1.75(0.30-4.3) 1.8(0.4-3.9) 40.598
Neutrophil(x103/mm3) 5.2(0.60-13.1) 3.1(0.60-5.9) 6.7(3.5-13.1) 2<0.001**
HGB (g/dI) 11.6(7.8-14) 11.6 (8.1-13.8) 11.6 (7.8-14) 20.828
Platelet(x103/mm3) 265(117-607) 243.5(176-451) 282(117-607) 20.003*
Inflammatory markers
Serum albumin(g/dl) 3.8(2.7-41) 4.26(3.2-41) 3.7(2.7-41) 2<0.001 **2
ESR(mm/h) 34(9-109) 34(12-109) 39(9-109) 40.245
CRP(mg/dl) 5.7(0.60-62.6) 4(0.66-13) 9.1(0.6-62.6) 2<0.001**
Procalcitonin 0.08(0.0-1.9) 0.0045(0.0-0.23) 0.57(0.05-1.9) 2<0.001**
ESR/CRP 6.3 (1.03-55) 9.5(3.07-48.7) 3.9(1.03-55) 2<0.001**
NLR 2.9(0.68-32) 2.17(0.68-32) 3.8(2.1-22.7) a<0.001**
NAR 128.5(16-335.7) 76.4(16-143.9) 191.3 (109- 335.7) 2<0.001**

SD: Standard deviation, ® Mann-Whitney U Test, ® Fisher's exact test, ¢ Chi square test, ¢ Independent samples
t-test, statistically significant (P<0.05*), Highly statistically significant (P<0.001*%*)

Table 4. Validity of Neutrophil/Albumin Ratio for prediction of infection and flare among SLE patients (n=89).

Neutrophil/Albumin
Ratio

Evidence of infection

Cl Cutoff AUC Sensitivity Specificity PPV NPV Accuracy P value
(95%0)

110.85 0.969 96.2% 80.6% 87.9% 93.5% 89.9% <0.001**
Neutrophil/Albumin SLEDAI
Ratio
Cl Cutoff AUC Sensitivity Specificity PPV NPV Accuracy P value
(95%0)

110.85 0.566 70.9% 44.1% 67.2% 48.4% 60.7% 0.299

Cl=Confidence Interval, PVP=Predictive value for positive, PVN= Predictive value for Negative

Figure 1. Box plot showing the difference in Neutrophil/Albumin Ratio (NAR) between SLE without infections
and SLE with infections (n=89).
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Figure 2. Pie diagram for distribution of SLEDAI Grades among the SLE patients (n=89).
i No activity
H Mild activity
i Moderate activity
H High activity
Figure 3. Correlation of Neutrophil/Albumin Ratio (NAR) with procalcitonin (A), NLR (B), ESR/CRP (C),
SLEDAI (D) among SLE patients (n=89).
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Figure 4. Correlation of SLEDAI with procalcitonin (A), ESR/CRP (B), and NLR (C) among SLE patients
(n=89).
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Figure 5. ROC curve for validity of Neutrophil/Albumin Ratio for prediction of infection (A) and flare (B)
among SLE patients (n=89).
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Discussion

Infection is one of the most serious
complications in lupus patients that could be life-
threatening and require urgent appropriate treatment
[1]. Differentiating infections from SLE flare is
crucial for the optimal management of lupus
patients; hence, in the current study, we evaluated
the role of NAR in distinguishing infection from
SLE disease activity and compared it with the other
parameters of infections in lupus patients [9]. In our
work, the most prevalent types of infections were
urinary tract infections, 34 %, and chest infections,
20.8%, followed by skin, gastrointestinal tract
(GIT), and oropharyngeal infections, 6%. Similarly,
Skare et al reported that UTI was the most common
infection among their patients [23]. In other studies,
chest and cutaneous infections were the most
frequent [3, 24].

In this study, the presence of infection was
highly associated with SLE disease activity,
assessed by SLEDAI-2K, and the presence of
comorbidities such as diabetes mellitus and
dyslipidemia. These findings were in agreement
with other studies [3, 25, 26]. While the grades of
activity by SLEDAI-2K showed a non-significant
association with infection occurrence in SLE.
Additionally, infections were significantly
associated with the usage of immunosuppressive
medications, including azathioprine,
corticosteroids, cyclophosphamide, and
Mycophenolate mofetil. Similar results have also
been reported with others [23, 27]. On the other
hand, Dorgham et al. reported a significant
association between infections and only the use of
cyclophosphamide in lupus patients [3].

T
04

T T
06 0.8 1.0

1 - Specificity

On evaluating the laboratory markers of
infections, patients with infections had leukocytosis
with neutrophil predominance, low serum albumin,
and significantly higher levels of CRP, procalcitonin
(PCT), and NLR than those without infections.
These results were in line with Luo et al., who found
that CRP levels, PCT levels, percentage of
lymphocytes, and NLR were independent factors for
anticipating the presence of infection in lupus
patients [10]. Additionally, they stated that CRP has
more sensitivity and specificity than PCT in
detecting bacterial infection in lupus [10, 28]. On the
contrary, some studies reported that PCT is more
specific than CRP in the diagnosis of infection;
however, it could be more costly and less available
than CRP [29-31].

In another study by Broca-Garcia et al.,
they found significant associations between the
presence of infection and neutrophil count, CRP
level, and NLR. They also evaluated the role of NLR
in lupus patients and concluded that NLR could be a
promising new biomarker for infection in SLE,
especially when combined with CRP [4].

A recent study by Abdel-Magied et al [2]
comes in agreement with our results. They found a
statistically significant differences between SLE
patients with infection and without infection in the
mean value of neutrophils (p = 0.008), neutrophils
to lymphocyte ratio (NLR) (p = 0.023), ESR 1st
hour (p = 0.002), CRP value (p = 0.005), the mean
value of the ESR/CRP ratio (p = 0.029) and the
value of PCT (p = 0.002).

On the other hand, Littlejohn et al have
introduced the ESR/CRP ratio as a useful method for
differentiating infections from flares in lupus
patients with fever. They also stated that the
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increased value of the ESR/CRP ratio is more
suggestive of flare than infections [9]. Similarly, in
our study, we found a highly significant association
between infections and the lower median value of
the ESR/CRP ratio; however, there was no
significant association between infections and ESR
alone.

Recently, many studies have drawn
great attention to the role of NAR as a biomarker for
the inflammatory process in several conditions such
as COVID-19 infections, cardiogenic shock,
schizophrenia, and Behcet's disease [18,19, 32,33].

To the best of our knowledge, this is the
first study to evaluate the role of NAR as a marker
of infection in SLE. We found a highly significant
association between the presence of infection and
the NAR, with higher values in lupus patients with
infections. Furthermore, the NAR showed highly
significant correlations with the studied parameters
of infections, including procalcitonin levels, NLR,
and ESR/CRP ratio. On the other hand, the
correlation between NAR and SLEDAI was a very
weak positive correlation. Accordingly, NAR
showed high convergent validity with the other
methods of detecting infections in SLE patients and
could be a reliable test for diagnosing infection in
lupus patients.

In our study, the best cut-off value of NAR
to detect infection was 110.85 with 96.2%
sensitivity, 80.6% specificity, and 89.9% accuracy.
On assessment of the validity of the same cut-off
value of NAR to detect SLE disease activity, it was
found to be 70.9% sensitive, 44.1% specific, and
60.7% accurate. Therefore, NAR at a cut-off value
of 110.85 was considered a valid test for the
detection of infection among SLE patients, but not a
valid test for the detection of flare among SLE
patients.

Although the majority of our patients had
active disease and a large proportion of them
showed moderate activity, NAR showed a weak
correlation with the SLEDALI, and this added to the
value of NAR in differentiating SLE flare from
infection. In addition, we studied many parameters
of infections in SLE and compared them with the
performance of NAR, which showed a strong
convergent validity with them and added more
strength to our work. Moreover, NAR is a simple,
rapid, and applicable tool that can be easily used in
the day-to-day practice and follow-ups of lupus
patients. As a result, we strongly recommend the use

of NAR, in combination with the other clinical and
laboratory parameters of infections, to help in
solving the dilemma of distinguishing infections
from SLE disease activity. This study has been
conducted in one center with the same ethnic
groups; a wider cohort and multicenter research are
strongly recommended.

Conclusion:

NAR is a rapid, feasible, affordable, and
valid test for detecting infection in SLE patients with
96.2% sensitivity, 80.6% specificity, and 89.9%
accuracy, which would be valuable in distinguishing
infection from flare in SLE.
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