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Introduction
Acute appendicitis is the most common paediatric surgical 
emergency requiring operative intervention with more 
than 80 000 cases per annum in the United States,1 with 
up to 10% of children who present with abdominal pain 
at an Emergency department being diagnosed with acute 
appendicitis.2  Suspicion of the diagnosis of acute appendicitis 
is based on clinical findings, however, misdiagnosis at the 
initial evaluation of paediatric patients who present with 
abdominal pain may occur in up to 30% of patients.3 This 
is cause for considerable concern. It is known that a delay 
in diagnosis increases the likelihood of patients presenting 
with complicated appendicitis and misdiagnosis further 
increases the risk of children having unnecessary operations, 
thereby increasing morbidity and mortality associated with 
the disease. Paediatric patients present more frequently with 
atypical symptoms compared with their adult counterparts, 
and a wider differential diagnosis exists in paediatric patients 
who present with abdominal pain.4-6 Imaging modalities 

are used to aid in the diagnosis in acute appendicitis but 
have variable sensitivity. Abdominal ultrasound is the least 
invasive radiological investigation and most freely available 
in our institution. Its sensitivity is operator dependent, with 
sensitivity varying from 73–100% and specificity between 
80–97%.7,8 CT scans have improved diagnostic yield in aiding 
in the diagnosis of acute appendicitis with a sensitivity of 
97–100%, but are more expensive, and the increased radiation 
exposure to paediatric patients poses a considerable concern.7,9 
Despite these radiological modalities to aid in the diagnosis, 
28–57% of children under the age of 12 years, and up to 100% 
of patients under the age of 2 years will be misdiagnosed 
initially.3,4,10 

To improve the diagnostic yield, adjuncts such as white 
blood cell count (WCC) and C-reactive protein (CRP) 
in evaluating paediatric patients with suspected acute 
appendicitis have become routine. Both inflammatory 
markers have limited specificity, since they might be raised 
in a host of other pathologies in patients who present with 
abdominal pain, such as; urinary tract infections (UTIs), 
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mesenteric lymph adenitis, neoplasms and tuberculosis 
(TB), which are prevalent in our paediatric population.6,11 In 
addition to this, there are conflicting reports on the correlation 
of these inflammatory markers with the presence of acute 
appendicitis.12-20 This retrospective study aimed to describe 
the correlation of WCC and CRP, alone and in combination, in 
paediatric patients with acute appendicitis in our population. 

Methods
This study was conducted as a retrospective record review 
of all paediatric patients who presented to the Department 
of  Paediatric Surgery, University of the Witwatersrand at 
Chris Hani Baragwanath Academic Hospital and Charlotte 
Maxeke Johannesburg Academic Hospitals between June 
2010 and December 2016 with acute appendicitis. Records 
and laboratory results were reviewed to obtain demographic 
data on all patients; white blood cell count, C-reactive protein 
results from admission were recorded, and the histology of the 
appendix specimens was reviewed. 

Normal values for WCC were based on normal reference 
ranges according to the age of the patient.15

Normal values for CRP were established as < 10 mg/l as per 
the local laboratory cut-off values. 

Statistical analysis
Data analysis was performed using Statistica version 13 
(Tibco Software Inc.). Continuous data were described in 
terms of means and standard deviations for data with a normal 
distribution, and in terms of median and interquartile ranges 
for non-parametric data. Categorical data are expressed as 
proportions. Kruskal-Wallis ANOVA tests were performed 
on non-parametric data and chi-square tests on categorical 
variables.

Results
Records for 763 children who were diagnosed with acute 
appendicitis and had undergone an appendicectomy were 

included in the study. There were 447 males included in 
the study. The mean WCC was 15.35 x 10^9/L (Range:  
1.98–49.14, SD: 7.33), and median was CRP 145 mg/L 
(Range: 0–705, IQR: 188 ). Histology results for 683 patients 
were found. Appendix histology was defined as normal if there 
was no evidence of inflammation. Uncomplicated appendicitis 
was defined as inflamed, non-perforated appendicitis. 
Complicated appendicitis was defined as acute appendicitis 
with perforation, gangrenous appendicitis, presence of 
appendiceal abscess, or an appendix mass. Normal appendix 
specimens were found in 10% of patients. Forty per cent of 
patients had uncomplicated appendicitis, whereas 50% of 
patients had complicated appendicitis.  Descriptive statistics 
for the patients in this study are depicted in Table 1. 

WCC and CRP were analysed to evaluate the sensitivity 
and specificity of predicting acute appendicitis in isolation, 
and when combined (Table 2). Age-dependent cut-off values 
were utilised for WCC and a CRP of greater than 10 mg/L 
was defined as a raised CRP, as per the values provided by our 
laboratory. 

The WCC was noted to be above the normal range for age 
in 341 (54.56%) patients, and below the normal range in 15 
(2.40%) patients who had acute appendicitis. 158 (25.28%) 
patients had a normal WCC despite having histologically 
confirmed acute appendicitis. There was borderline 
relationship between the presence of a raised WCC and the 
presence of acute appendicitis on histology (chi-square test 
3.861, p-value: 0.0494). The sensitivity and specificity of 
the WCC in predicting the presence of acute appendicitis is 
69.6%, and 43.1%, respectively, with and accuracy of 66.90%. 

Chi-square test showed a strong relationship between a 
raised CRP, and the presence of acute appendicitis (chi-square 
test: 31.444, p-value < 0.00001). The CRP was more sensitive, 
and accurate in predicting the presence of acute appendicitis 
than the WCC, with a sensitivity of 95.4%, and an accuracy of 
88.65%. The specificity of the CRP was 24.50%. 

When the WCC and CRP values were combined and rated 
as either one being raised, both negative or both raised, the 
presence of a combined raised WCC and CRP showed a 
statistically significant correlation (p-value < 0.0001). In 

Table 1. General descriptive statistics of paediatric patients with acute appendicitis
Variable Descriptive statistics

Valid N Mean Confidence SD
-95,000%

Confidence SD
+95,000%

Age at diagnosis (years) 751 8,7390 (+/- 2.91) 2,7668 3,0617
WCC (x10^9/L) (+/-SD) 625 15,3465 (+/- 7.33) 6,9460 7,7618
CRP (mg/L) (IQR)* 595 145.00* (188.00) 110,3689 123,6743
Appendix histology**

Normal (%)
Uncomplicated (%)
Complicated (%)

683
70 (10%)

275 (40%)
338 (50%)

* Median
** Expressed as number and (percentage)
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addition to this, it was noted that the sensitivity, positive 
predictive value (PPV), and accuracy were increased to 
97.47%, 93.70%, and 91.28%, respectively than when these 
markers were evaluated in isolation. Results also showed 
that where either the CRP or WCC were negative when the 
other inflammatory marker was raised that the sensitivity, 
specificity, PPV and accuracy were decreased compared with 
the sensitivity, specificity, PPV and accuracy of the CRP 
alone.

The association between an increasing WCC or CRP 
and the prevalence of complicated acute appendicitis was 
investigated. A Kruskal-Wallis ANOVA was performed to 
evaluate the effect of an increasing WCC on the severity of 
acute appendicitis as found on histology (normal appendix, 
uncomplicated appendicitis, or gangrenous/perforated 
appendicitis). There was a statistically significant difference 
in the WCC between the three groups (p-value: 0.0002). 
When each category was compared (using Tukey (HSD))  
(Figure 1), there was a statistically significant difference 
between the group with complicated appendicitis (p = 0.003) 
compared to the group with uncomplicated appendicitis 
(p = 0.003) and normal appendix specimens (p = 0.003), 
with a mean WCC of 16.52 in the complicated appendicitis 
group and 14.40 and 13.05 in the uncomplicated and normal 
appendix specimens respectively.

A Kruskal-Wallis ANOVA was also conducted to show if 
there is an association between the CRP and the severity of 
acute appendicitis on histology. Results showed a statistically 
significant difference between an increasing CRP and increased 
severity of acute appendicitis. (p-value < 0.0001). Again, 
there was a significant difference between the CRP of the 
complicated appendicitis group and that of the uncomplicated 
and normal appendix groups (p < 0.001 in each group), and 
no statistically significant association between the CRP level 
and the presence of uncomplicated appendicitis compared 
with normal appendix specimens (p = 0.989).   The means for 
the 3 categories of patients showed significant higher values 
than the cut-off of 10 mg/l of 123.08 mg/l, 125.43 mg/l and  
196.32 mg/l in the normal appendix, uncomplicated appendicitis 
and complicated appendicitis groups respectively (Figure 2).

A combined normal WCC and CRP showed a sensitivity 
and specificity of 15.38% and 98% of acute appendicitis not 
being present, with a negative predictive value (NPV) of 
91.6%. The odds ratio of not having acute appendicitis when 
both of these tests were within the normal range was 8.69.

Discussion
Acute appendicitis is a common surgical condition and the 
most frequent reason for emergency surgery in the paediatric 

Figure 1: Tukey (HSD) test results of the WCC in normal appendix specimens, uncomplicated 
appendicitis and complicated appendicitis 

Hist_CAT1-3; LS Means
Current effect: F(2, 575)=8,6640, p=,00020

Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

Normal Uncomplicated Complicated

Histology

10

11

12

13

14

15

16

17

18

W
C

C
 (x

10
^9

/L
)

 

Figure 2: Tukey HSD result of the CRP in normal appendix specimens, uncomplicated appendicitis 
and complicated appendicitis 
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Figure 1. Tukey (HSD) test results of the WCC in normal 
appendix specimens, uncomplicated appendicitis and 
complicated appendicitis

Figure 2. Tukey HSD result of the CRP in normal appendix 
specimens, uncomplicated appendicitis and complicated 
appendicitis

Table 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy and odds ratio of 
inflammatory markers
Variable Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) Odds ratio
WCC 69.6 43.1 91.60 13.70 66.90 1.73
CRP 95.40 24.50 92.30 36.10 88.65 6.77
WCC raised, CRP raised 97.47 23.53 93.70 44.44 91.28 10.25
WCC raised, CRP normal 56.52 61.54 72.22 44.44 58.33 2.08
WCC normal, CRP raised 92.96 38.10 91.03 44.44 85.89 8.12
WCC normal, CRP normal –  
no appendicitis present

15.38 98.00 44.44 91.60 90 8.69
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population in high-income countries.1 The incidence of acute 
appendicitis is less in low- and middle-income countries 
(LMICs) such as South Africa, reportedly due to a difference 
in diet.21 Imaging plays an increasing role in confirmation of 
the diagnosis prior to treatment, however in LMICs resources 
require increased reliance on clinical grounds with the 
addition of investigations such as WCC and CRP to support 
the diagnosis. Inflammatory markers such as the WCC and 
CRP have, however, been shown to have varying sensitivity 
and specificity in paediatric patients with acute appendicitis. 

The sensitivity of the WCC in acute appendicitis ranges 
from 65–89.4% with a specificity of 55–80% in studies 
done in HICs;3,22-25 in comparison, our results show a lower 
sensitivity and specificity of 69.6% and 43.1%, respectively. 
This may perhaps be attributed to the higher incidence of 
other infections in our populations such as tuberculosis and 
worm infestation. Reliance on clinical acumen and WCC has 
been unreliable with multiple conflicting results published.12-20 
In contrast to the studies by Monsalve, Prada-Arias and Sarsu, 
we found a borderline statistically significant difference 
between an increase WCC and the presence of acute 
appendicitis. However, similar to other studies, we found 
a statistically significant association between the severity 
of acute appendicitis (whether complicated or not) and an 
increasing WCC.22,23 We found that this association was 
significant when comparing the perforated appendicitis with 
uncomplicated appendicitis and normal appendix specimens 
(p-value 0.03 in each group), and no significant difference 
between the WCC in the normal appendix and uncomplicated 
appendicitis groups (p-value 0.416). 

C-reactive protein is a known acute phase protein, and a 
sensitive marker of inflammation and tissue damage. The 
production of CRP starts within 4–6 hours of the tissue insult, 
and doubles its concentration every 8 hours, with a peak 
sensitivity at 24–48 hours after onset of the inflammatory 
event.26 The sensitivity and specificity of CRP vary from 
43.2–89.29%, and 40–81.9%, respectively.3,5,15-20,27 We found a 
higher sensitivity of the CRP in our study (95.4%) and found 
that the sensitivity of the CRP was higher than the WCC in 
contrast to studies by Beltran et al. and Siddique et al.20,28 
Interestingly, the higher sensitivity of the CRP compared 
to the WCC is also reported in another South African study 
done by Van den Worm et al. in Paarl Hospital in which they 
reported greater diagnostic accuracy of the CRP compared 
to the WCC.29 The specificity was, however, lower at 24.5%. 
The correlation between CRP values and the presence of acute 
appendicitis has been studied, with contradicting results.4,15,22,28 
We found a statistically significant difference between 
increasing CRP and the presence of acute appendicitis as well 
as a significant difference between the CRP in complicated 
appendicitis compared to uncomplicated appendicitis in our 
study (p < 0.001 in each group). Our study, similar to the 
WCC results, did not show a significant difference in CRP 
values when comparing uncomplicated appendicitis and 
negative appendicectomies (p-value 0.989). 

Current cut-off values provided by our laboratory were 
examined where CRP values of more than 10 mg/L are 

considered raised. We found that the NPV of the CRP was only 
34.62%, and that only 29.03% of patients in this study with a 
histologically normal appendix had a normal CRP. In addition 
to this, the cut-off value in our study at which the diagnostic 
accuracy of the CRP to discriminate between uncomplicated 
acute appendicitis from perforated appendicitis was a CRP 
of 196 mg/L. This value is much higher than other studies 
from high-income countries where a value of 30–50 mg/L 
was associated with an increased likelihood of complicated 
appendicitis,3,4,14,30 however is in keeping with another study 
from South Africa, albeit from an adult cohort, where a 
value of 215 mg/L had a high likelihood of complicated 
appendicitis.29 Our study is, to our knowledge, the first in a 
South African context to evaluate these values in a paediatric 
population. These findings may be attributable to the presence 
of other concomitant illnesses present in our population, or 
due to a delay in presentation which may be due to socio-
economic factors. 

When the WCC and CRP results were combined, and 
assessed in terms of the sensitivity and specificity, we found 
that the sensitivity improved to 97.47%, with a positive 
predictive value of 93.70%. This is in keeping with a 
study published by Beltran et al. and Siddique et al., which 
showed that the combination of a raised WCC and CRP 
had an enhanced sensitivity and accuracy in the setting of 
acute appendicitis.20,28 The odds ratio calculated in our study 
population of operating on a patient with a combination of 
a raised WCC and CRP and finding acute appendicitis was 
10.25. Conversely, in the presence of a normal WCC and CRP, 
the odds ratio of finding a normal appendix was 8.69, which 
signifies that a normal WCC and CRP accurately predict the 
absence of acute appendicitis in this study population which 
correlates with results from other studies.13,15,22

Conclusion
The WCC and CRP are important adjuncts to use in our 
paediatric patients who present with features of acute 
appendicitis. A raised WCC in isolation showed borderline 
significant correlation with the presence of acute appendicitis. 
Increasing CRP values, however, did correlate with the 
presence worsening acute appendicitis. The sensitivity and 
accuracy of the use of these inflammatory markers, when both 
WCC and CRP are raised, are markedly improved, but should 
still be used in conjunction with clinical signs and imaging, 
if available. Both increasing CRP and WCC correlated 
with an increased likelihood of the presence of complicated 
appendicitis in our study population. Perhaps even more 
important is the realisation that the chance of a patient having 
appendicitis with both normal WCC and CRP is unlikely.
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