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Objective: To determine the diagnostic value of blood cells surface markers in patients with acute appendicitis.
Methods: In this cross-sectional study, 71 patients who underwent appendectomy following a diagnosis of
appendicitis were recruited during a one-year period. The patients were divided into two groups: patients with
histopathologically confirmed acute appendicitis and subjects with normal appendix. Blood cell surface markers
of all patients were measured. Univariate and multivariate analytical methods were applied to identify the most
useful markers. Receiver operating characteristics (ROC) curves were also used to find the best cut-off point,
sensitivity, and specificity.
Results: Overall we included 71 patients with mean age of 22.6±10.7 years. Of the 71 cases, 45 (63.4%) had
acute appendicitis while 26 (36.6%) were normal. There was no significant difference between two study
groups regarding the age (p=0.151) and sex (p=0.142). The initial WBC count was significantly higher in those
with acute appendicitis (p=0.033). Maximum and minimum area under the ROC curve in univariate analysis
was reported for CD3/RA (0.71) and CD38 (0.533), respectively. Multivariate regression models revealed the
percentage of accurate diagnoses based on the combination of γ/δ TCR, CD3/RO, and CD3/RA markers to be
74.65%. Maximum area under the ROC curve (0.79) was also obtained for the same combination.
Conclusion: the best blood cell surface markers in the prediction of acute appendicitis were HLA-DR+CD19,
α/β TCR, and CD3/RA. The simultaneous use of γ/δ TCR, CD3/RA, and CD3/RO showed the highest diagnostic
value in acute appendicitis.
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Introduction

patients with acute appendicitis.

A

Materials and Methods

ppendicitis, occurring as a result of an obstruction
in the appendiceal lumen, is one of the most
common acute abdominal pains requiring surgical
interventions. Timely diagnosis of appendicitis is
critical considering its deadly complications, such as
appendiceal rupture and peritonitis [1]. As definitive
clinical diagnosis of appendicitis is commonly
challenging even for experienced surgeons, the
negative appendectomy rate has been reported as
10-30% [2-4]. Ultrasonography (US) and computed
tomography (CT) have been widely applied to the
diagnosis of appendicitis. There are substantial
differences between US and CT. US requires
considerable skill and experience and it is difficult
to recognize the normal appendix. CT is relatively
operator independent but exposes patients to increase
risks of ionizing radiation and the consequent cancer
risks in adults and particularly in children [5,6]. Flun
et al. indicated the use of CT and US did not decline
incidence of negative appendectomy over 2 decades
and it could be related to the low sensitivity of CT/
US [7]. For these reasons, alternative diagnostic
approaches are required.
Despite the use of white blood cell (WBC) count in
the diagnosis of appendicitis; its limited sensitivity
has necessitated the application of other laboratory
tests. Following medical advances, new instruments
have been used in the diagnosis of acute appendicitis.
However, no particular diagnostic tool can definitely
confirm or reject the presence of appendicitis [8].
Thus a combination of various tests is required to
achieve maximum accuracy, sensitivity, specificity,
and diagnostic value. It has been shown that adding
appendicitis inflammatory response (AIR) scores
to common diagnostic variables could provide
an efficient screening method for identification
of patients at risk of appendicitis. However, other
inflammatory markers could not lead to more reliable
diagnosis [9]. In addition it has been demonstrated
that interleukin 6 (IL-6) and tumor necrosis factor
alpha (TNF-α) have higher diagnostic value than
WBC count for acute appendicitis [10]. It has also
been hypothesized that some types of lymphocyte in
the appendiceal tissue might contribute to intestinal
inflammation based on the finding that patoents with
ulceratice colitis and acute appendicitis have elevated
levels of lymphocytes in the tissue [11]. Mononuclear
cells, especially cluster of differentiation 19 (CD19)
has been found to be increased in various stages of
acute appendicitis [12].
Previous studies have compared the numbers of
various cells in individuals with acute appendicitis
and healthy subjects [9-17]. The aim of the current
study was to determine the diagnostic value of blood
cell surface markers in acute appendicitis. It also
sought to identify the most important markers and
their best combination to obtain maximum sensitivity
and specificity in classification and prediction of
66

Study Population
In this cross-sectional study, of the initial sample
of 81 patients [12] who underwent appendectomy
due to a diagnosis of acute appendicitis, only 71
remained after exclusion of those with incomplete
marker data. All surgeries were performed in Vali
Asr Hospital affiliated with Arak University of
Medical Sciences (Arak, Iran) during a one-year
period from March 2011 and March 2012. Since
complete data from all markers were required
for analysis, those with incomplete marker data
(for whatever reason) were excluded. The patients
were only included if they had acute abdominal
pain (suspected appendicitis) and underwent
appendectomy and was finally diagnosed to have
acute appendicitis based on the histopathological
examination. The gold standard for diagnosis of
the acute appendicitis was considered to be the
histopathogy report by the same pathologist. A
surgeon examined the patients and completed a
questionnaire accordingly. The criteria used to
establish the diagnosis of acute appendicitis were
CT scan and periappendiceal inflammatory changes
such as leukocytosis and C-reactive protein. An
appendix larger than 6-mm in transverse diameter were
considered abnormal. The study protocol was approved
by the institutional review board and the medical ethics
committee of Arak University of Medical Sciences. All
the patients provided their informed written consents
before inclusion in the study.
Study Protocol
About 10-cc venous blood sample was drawn from
each patient under sterile conditions. Appendectomy
was performed based on standard protocols and the
removed appendix was sent to the laboratory where
lymphocyte culture was conducted and the severity
of appendicitis was assessed. The phenotypic
characteristics of lymphocyte subsets in peripheral
blood (before and 48-72 hours after appendectomy)
and in appendix tissue were analyzed by three
color-flow cytometry. The proliferative response of
mononuclear cells was assessed by MTT method
[12]. Once the markers were examined and counted,
levels of 14 markers were recorded for each patient.
All the removed appendixes were graded based on
histopathological criteria as the gold standard [18].
The patients were divided into two groups: acute
appendicitis and normal appendix.
Statistical Analysis
In univariate methods, the sensitivity and specificity
of all markers were determined after determining
the optimal cut-off point. The predictive value
and accuracy of each marker were also assessed
by calculating the AUC. In multivariate methods,
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binary logistic regression analysis was applied
to evaluate the combinations of markers. The
percentage of accurate diagnoses and the AUC were
used to determine the best combination of markers
along with the diagnostic value and accuracy of each
combination. All statistical analyses were conducted
using MedCalc 13.1.2 (MedCalc Software, Belgium).
Results
The levels of 14 markers were recorded for all 71
patients. Of the 71 cases, 45 (63.4%) had acute
appendicitis while 26 (36.6%) were normal. There was
no significant difference between two study groups
regarding the age (p=0.151) and sex (p=0.142). The
initial WBC count was significantly higher in those
with acute appendicitis (p=0.033). The baseline
characteristics of patients in both study groups are
summarized in Table 1.
The α/β T cell receptor (α/β TCR) showed
maximum sensitivity (86.7) at the cut-off point 60

and γ/δ TCR had the highest levels of specificity
(92.3) at the cut-off point 6.7 in univariate analyses.
While maximum AUC was observed in case of CD3/
RA (0.709), α/β TCR, HLA-DR+CD19, and CD3
were also found to have high AUC (0.696, 0.691,
and 0.679, respectively). Overall, CD3/RA, CD3/
RO, and CD19 had relatively acceptable sensitivity
(82.2, 75.6, and 71.1, respectively) and specificity
(61.5, 57.7, and 69.2, respectively) (Table 2).
In order to perform multivariate stepwise logistic
regression analysis, all cell markers were first entered
into the binary logistic regression analysis. Three
markers, i.e. γ/δ TCR (p= 0.021), CD3/RA (p=0.017),
and CD3/RO (p=0.023), eventually remained in the
model (Table 3). Evaluating the diagnostic value of
different combinations of markers showed that the
regression model had the highest diagnostic value
in the presence of γ/δ TCR, CD3/RA, and CD3/
RO (LR1 model) (AUC=0.788). The AUC for the
regression model was 0.738 in the presence of γ/δ
TCR and CD3/RA (LR3 model) and 0.735 for two

Table 1. Demographic and clinical characteristics of 71 patients undergoing appendectomy based on the histopathological
examination.
Acute appendicitis (n=45)
Normal Appendix (n=26)
p value
Age (years)
24.0±11.5
20.2±9.5
0.142
Sex
Men (%)
25 (55.5%)
10 (38.4%)
0.151
Women (%)
20 (44.5%)
16 (61.6%)
Initial WBC count (×103 cells/mL)
14.4±3.3
12.8±3.9
0.003

Table 2. Sensitivity, Specificity, cut-off-point and AUC for blood cell surface markers in appendectomy patients
Markers
AUC
Cut off point
Sensitivity (CIa)
Specificity (CI)
b
CD 3
0.6790
≤55
48.9 (33.7-64.2)
80.8 (60.6-93.4)
CD 4
0.6390
≤32
44.4 (29.6-60.0)
80.8 (60.6-93.4)
CD 8
0.6130
≤19
64.4 (48.8-78.1)
61.5 (40.6-79.8)
α/βTCRc
0.6960
≤60
86.7 (73.2-94.9)
53.8 (33.4-73.4)
γ/δTCRd
0.6170
>6.7
31.1 (18.2-46.6)
92.3 (74.9-99.1)
CD3/RA
0.7090
≤33
82.2 (67.9-92.0)
61.5 (40.6-79.8)
CD3/RO
0.6780
≤28
75.6 (60.5-87.1)
57.7 (36.9-76.6)
CD 19
0.6690
>15
71.1 (55.7-83.6)
69.2 (48.2-85.7)
CD 5
0.6760
≤52
53.3 (37.9-68.3)
80.8 (60.6-93.4)
CD19+CD5
0.5470
>0.7
48.9 (33.7-64.2)
73.1 (52.2-88.4)
CD3+CD38
0.5740
≤7.5
82.2 (67.9-92.0)
38.5 (20.2-59.4)
CD 38
0.5330
≤32
60.0 (44.3-74.3)
57.7 (36.9-76.6)
HLA-DRe
0.6460
>18
82.2 (67.9-92.0)
46.2 (26.6-66.6)
HLA-DR +CD19
0.6910
>15
68.9 (53.4-81.8)
73.1 (52.2-88.4)
a
CI: Confidence Interval; bCD: Cluster of differentiation; c α/βTCR : Alph/Beta T cell receptor; d γ/δTCR: Gamma/Delta T cell
receptor; e HLA-DR: Human leukocyte antigen- D-related HLA locus in humans

Table 3. The result of multivariate logistic regression analysis
Variable
Coefficient
Odds ratio
γ/δTCR
0.25324
1.2882
CD3/RA
-0.07949
0.9236
CD3/RO
-0.08670
0.9170
Constant
4.0193
a
p value <0.05 is significant
www.beat-journal.com

95% CI
(1.04 to 1.60)
(0.87 to 0.99)
(0.85 to 0.99)

p valuea
0.0212
0.0170
0.0230
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models with CD3/RA and CD3/RO (LR2 model) and
γ/δ TCR and CD3/RO (LR4 model) (Table 4, Figure
1). The percentage of accurate diagnoses using the
LR1 regression model was 74.65%. The pairwise
comparisons of the models based on the AUC did
not reveal any significant differences between the
models. Also, Power of study was found 99% for
the model with 3 markers.
Discussion
The current research attempted to examine the
diagnostic value of blood cell surface markers
in acute appendicitis. According to the results
of univariate analysis, none of the markers had
an acceptable diagnostic value, i.e. the greatest
diagnostic value was less than 0.71 [ROC (CD3/
RA)=0.709]. This value was lower than the diagnostic
values of rebound tenderness (ROC=0.84) and WBC
count (ROC=0.89) calculated by Andersson et al.,
[9]. However, simultaneous use of markers increased
the diagnostic value by 8%. The combination of γ/δ
TCR, CD3/RA, and CD3/RO had a diagnostic value
of 0.79.
Univariate analysis results indicated α/β TCR to
have the highest sensitivity and γ/δ TCR to have the
highest specificity. Multivariate analyses, on the other
hand, revealed the most powerful regression model

(LR1) to be the combination of γ/δ TCR, CD3/RA,
and CD3/RO (accuracy=76%, sensitivity=80%, and
specificity=73%). Various studies have suggested
certain tests and variables for accurate diagnosis of
patients with acute appendicitis. Malone et al. found
unenhanced computed tomography (CT) to be an
accurate imaging method for the diagnosis of acute
appendicitis (accuracy=93%, sensitivity=87%, and
specificity=97%). However, the high costs of this
method prevented its wide application [19]. Farooqui et
al. used logistic regression analysis and AUC to assess
the diagnostic value of a set of serological markers in
the diagnosis of acute appendicitis. They calculated
an AUC of 0.745 for the optimal combination of the
markers [17]. Andersson et al. obtained maximum
AUC when a combination of inflammatory markers
(MPO, SSA, and MMP9) were considered (AUC=0.71)
[9]. Maximum AUC (0.79) using blood cell surface
markers in the present study was respectively 5% and
4% higher than the values reported by Farooqui et al.
[20] and Andersson et al., [9].
The diagnosis accuracy of markers described in
the present research was comparable to the rates
reported by previous studies [9,19,20]. Based
on our findings, blood cell surface markers were
cost-effective tools to predict acute appendicitis as
accurately as common variables and tests could do.
The percentage of accurate diagnosis (74.65%) in our

Table 4. The percent of correct classification and AUC for four regression models (LR1, LR2, LR3, LR4)
Model
Sensitivity
Specificity
AUC
Percent of cases correctly classified
LR 1
80.0
73.1
0.788
74.65 %
LR 2
77.78
61.54
0.735
66.20 %
LR 3
55.60
92.30
0.738
64.79 %
LR 4
73.3
65.40
0.735
71.83 %

Fig. 1. The AUC for four regression models (LR1, LR2, LR3, LR4)
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study was higher than the most accurate diagnostic
method (AIR score, accuracy=58.3%) suggested
by Andersson et al., [9]. Since the importance of
these markers in the diagnosis of appendicitis has
received little attention, future studies in this regard
are recommended. Furthermore, adjustments for age
and sex may lead to more favorable results about the
diagnostic values of the studied markers. Therefore,
further studies are warranted to assess the accuracy
of the mentioned markers in different age groups of
male and female patients along with conventional
diagnostic tests.
One of the strong points of this study is the
diagnostic accuracy of markers is similar to other
methods (according to results from other studies).
Thus, markers provide a new method for diagnosis of
acute appendicitis, and since only a blood sample is
required, risks and complications due to radiation are
significantly reduced for high-risk people (pregnant
women, infants, and the elderly) compared to CT and
ultrasound. There were several limitations to this
study. First, the sample size is small. Also, better
results may be obtained using these markers along

with usual diagnostic tests for appendicitis and
variables of age and sex.
In conclusion, based on the results of univariate
analyses, the best blood cell surface markers in
the prediction of acute appendicitis were HLADR+CD19, α/β TCR, and CD3/RA. The simultaneous
use of γ/δ TCR, CD3/RA, and CD3/RO showed the
highest diagnostic value in acute appendicitis.
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