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Abstract

Introduction

Acute appendicitis has been associated with viral infections, but mostly in stud-

ies with immunocompromised patients and without controls. We studied the 

association of cytomegalovirus (CMV) and human herpesvirus 6 (HHV-6) with 

acute appendicitis in immunocompetent children. 

Methods

In this prospective study we included 79 children (5-18 years)  suspected of 

appendicitis. Acute appendicitis was diagnosed in 25 patients, the remaining 

54 patients served as controls. Real-time PCR for CMV and HHV-6 on whole 

blood was performed in 79 children, while serology was performed in 74 chil-

dren. Also real-time PCR on appendix tissue was performed in 29 children who 

underwent an appendectomy.

Results

CMV IgG antibodies were present in 20% of patients with appendicitis com-

pared to 29% of control patients (P = 0.28). CMV DNA was not detected in 

blood or appendix of any patient. All patients with appendicitis and 98% of 

control patients had HHV-6 IgG antibodies. In 21 out of 25 patients with ap-

pendicitis we detected HHV-6 in their appendices compared to half of control 

patients (P = 0.29). In addition, HHV-6 DNA was detected in all appendices 

of patients with perforated appendicitis compared to 79% of patients with 

non-perforated appendicitis (P = 0.54). 

Conclusion

In our study population of immunocompetent children, no association between 

CMV and acute appendicitis was found. Nevertheless, due to low CMV seroprev-

alence a possible relation cannot be ruled out. No clear association between 

HHV-6 and acute appendicitis was found, since HHV-6 DNA was detected in 

patients with and without appendicitis.
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Introduction

Acute appendicitis is the most common reason for abdominal surgery in chil-

dren. To date, however, the etiology of acute appendicitis is not precisely 

known. Several mechanisms, such as obstruction of the appendix lumen by 

enlarged lymphoid follicles or by fecalith, have been proposed [1]. Such en-

largement of lymphoid follicles has been associated with bacterial and parasitic 

infections [2]. The association between viral infections and acute appendicitis 

has been studied, but mostly in immunocompromised patients without using 

control groups [2-6]. Cytomegalovirus (CMV) and human herpesvirus 6 (HHV-

6) are closely related members of the Betaherpesvirinae subfamily, which are 

commonly found in children. Worldwide, the seroprevalence of CMV ranges 

from 45% to 100%, with primary infection during childhood or adolescence 

[7,8]. After primary infection, CMV establishes latency in numerous cellular 

sites. In case of HHV-6, almost all children are infected within their first two 

years and the virus remains latent hereafter [9,10]. Reactivation of both HHV-

6 and CMV may occur. Even though a possible association of CMV and/or HHV-

6 with acute appendicitis was reported in various studies, their precise role in 

the pathogenesis is not yet fully understood [2-6]. 

Our aim, therefore, was to study the association between CMV and HHV-6 and 

acute appendicitis in immunocompetent children.

Materials and methods

Patients

In this prospective observational study, we included 79 patients (5-18 years 

old) who were referred to the Emergency Department of University Medical 

Center Groningen (UMCG) between February 2014 and June 2016 with suspi-

cion of appendicitis. The medical ethics committee of the UMCG approved the 

study (METc2012/393). All included patients and their parents or legal guard-

ians signed an informed consent form. 
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Sample collection and analysis

All samples were analyzed in an ISO-15189 accredited laboratory for clinical 

microbiology. Blood samples were collected from all 79 patients. Of the 29 

patients who underwent an appendectomy, a biopsy from the base of the re-

moved appendix was collected. Both whole blood and appendix tissue were 

tested for CMV and HHV-6 DNA by real-time PCR used for routine diagnostic 

purposes, described previously [11-13]. Furthermore, serum samples, drawn 

at the time of clinical presentation at the hospital, were used for serology to 

determine the serostatus in relation to acute appendicitis. In case of CMV, 

IgG and IgM antibodies were detected using an enzyme immunoassay (Vidas 

30204 and 30205; bioMérieux, Marcy l’Etoile, France). To detect IgG antibodies 

against HHV-6, immunofluorescence (Biotrin, Ireland) was performed.

Statistical analysis 

For the statistical analyses of data we used SPSS 23.0 for Windows (IBM SPSS 

Inc, Armonk, NY). Categorical data are presented as numbers and percentages. 

Fisher exact or chi-square tests were used for univariate analyses. Multivariate 

logistic regression was used to correct for possible confounding factors. P val-

ues below 0.05 were considered statistically significant.

Results

Respondent characteristics

Of the 79 included patients, 29 underwent surgery due to high suspicion of 

appendicitis. The diagnosis of acute appendicitis was confirmed in 25 patients 

and rejected in four patients based on pathological examination of the appen-

dix after appendectomy. For the analysis, patients were divided in two groups: 

patients with appendicitis (n = 25) and control patients without appendicitis 

(n = 54). Of the 25 patients diagnosed with appendicitis, 6 had a perforated 

appendicitis. The 54 control patients were diagnosed with a disorder other 

than appendicitis (including non-specific abdominal pain, constipation, gas-

tritis/gastroenteritis, mesenteric lymphadenitis, intussusception, epididymitis, 

urinary tract infection, pyelonephritis, urolithiasis, hyperglycemia, and peri-
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carditis). The mean age in both groups was 11 years old (P = 0.97). There 

were more boys in the group with appendicitis than without appendicitis (76% 

versus 24%, P = 0.029). No child had comorbidities or used medication that 

could influence their immune status. 

Association CMV and HHV-6 with appendicitis

No CMV DNA was detected in either whole blood sample nor appendix tissue 

of all tested patients with and/or without appendicitis (Table 1). IgG antibodies 

against CMV were present in 20% of patients with appendicitis compared to 

29% of patients without appendicitis (P = 0.28). Only one patient without ap-

pendicitis had both CMV IgM and IgG antibodies, but no CMV DNA in the blood 

sample, therefore, no active CMV infection could be diagnosed in this patient. 

Age, sex and perforation status had no significant influence on the association 

between CMV IgG antibodies and appendicitis (P = 0.47, P = 0.99 and P = 

0.99, respectively). 

One IgG HHV-6 seropositive patient without appendicitis, also tested positive 

for HHV-6 DNA in both whole blood and appendix tissue (Table 1). Whereas, 

no HHV-6 DNA was detected in whole blood of any other patients. All patients 

with appendicitis (irrespective of their perforation status) and 98% of patients 

without appendicitis had IgG antibodies against HHV-6 in their serum (Table 1). 

Age and sex did not influence the association between HHV-6 IgG antibodies 

and appendicitis (P = 0.54 and P = 0.99, respectively). Furthermore, HHV-6 

DNA was detected in 21 of 25 appendix tissues (84%) of patients with ap-

pendicitis in comparison to two out of the four appendices of patients without 

appendicitis. In patients with perforated appendicitis HHV-6 DNA was detect-

ed in all appendices, compared to 15 out of 19 appendices of patients with 

non-perforated appendicitis (P = 0.54). 
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Table 1. Association of CMV and HHV-6 with appendicitis

CMV
Appendicitis 
n = 25

No appendicitis
n = 54

P value

Blood

DNA + 0/25 0/54 0.99

IgM + 0/25 1/51* 0.68

IgG + 5/25 15/51* 0.28

Appendix DNA + 0/25 0/4 0.99

HHV-6
Appendicitis 
n = 25

No appendicitis
n = 54

P value

Blood
DNA + 0/25 1/54 0.68

IgG + 24/24* 52/53* 0.69

Appendix
DNA strong + #
DNA weak + ##
DNA -

1/25
20/25
4/25

0/4
2/4
2/4

0.29

CMV and HHV-6 detection in whole blood and appendix tissue of patients with and without appen-
dicitis
 * Missing data
# Defined as ct value < 30
## Defined as ct value > 30

Discussion

In this study we investigated the role of CMV and HHV-6 in the development 

of acute appendicitis in immunocompetent children and we were unable to 

demonstrate an association between CMV and HHV-6 and appendicitis. For 

CMV, a seroprevalence of approximately 26% was found. No CMV DNA in whole 

blood nor appendix tissue of patients with or without appendicitis could be de-

tected. This indicates that appendicitis was not associated with an active CMV 

infection in our study population, in contrast to Katzoli and colleagues who did 

find CMV DNA in the appendices of Greek children with appendicitis, with a 

seroprevalence of 54% [4]. This difference may be explained by our relatively 

low CMV seroprevalence, caused by the relatively high social economic status 

and good hygiene in the Netherlands [7]. Furthermore, we studied immu-

nocompetent children in contrast to other studies who found an association 

between CMV and acute appendicitis in immunocompromised patients [3,5,6]. 

This may either indicate that CMV is only associated with appendicitis in specif-

ic patient populations, or that these patient populations have a higher rate of 

(reactivated) CMV, regardless of presence of acute appendicitis. As suggested 
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by Dzabic and colleagues, the appendix may function as a CMV reservoir in 

immunocompetent individuals and may reactivate in case of acute appendicitis 

[3]. They also stated that it remains unclear whether CMV plays a role in the 

pathogenesis of acute appendicitis or if it is simply an epiphenomenon of the 

inflammation in the appendix. Even though we did not find an association be-

tween CMV and appendicitis, we cannot rule out a possible causal relation or 

epiphenomenon due to low seroprevalence in our study population. 

For HHV-6, DNA was only present in both whole blood and appendix tissue of 

one seropositive patient without appendicitis. Since only low viral loads were 

detectable in absence of HHV-6 associated symptoms, an asymptomatic reac-

tivation of HHV-6 seems the most likely explanation and not chromosomally 

integrated HHV-6 [14]. Apart from this patient, no other patient tested posi-

tive for HHV-6 DNA in whole blood. In addition, as expected we found a high 

HHV-6-seroprevalence of 97% [9,10]. HHV-6 DNA was detected in appendix 

tissue of 84% of patients with appendicitis. In patients without appendicitis, 

we found two out of four appendix biopsies to be positive for HHV-6 DNA. One 

of these biopsies was of the seropositive patient who also had HHV-6 DNA in 

the blood sample. Since HHV-6 was present in appendices of patients with and 

without appendicitis, no clear relation between HHV-6 and appendicitis can 

be made. When taken into account the perforation status of appendicitis, we 

found that all perforated appendices tested positive for HHV-6 DNA compared 

to 79% of non-perforated appendices. Even though this result was not statisti-

cally significant, it may indicate that HHV-6 is present more often in perforated 

appendicitis where the inflammation is more severe. Katzoli and colleagues 

found similar results with HHV-6 DNA detected in the appendix of 78% of pa-

tients with appendicitis, and no significant differences between perforated and 

non-perforated appendicitis [4]. Several explanations have been proposed for 

the presence of HHV-6 DNA in the appendix of patients with appendicitis, such 

as that the appendix may serve as a host for latent herpesviruses after primary 

infection [4]. We found that all patients with HHV-6 DNA in their appendix were 

also HHV-6 seropositive, making it plausible that HHV-6 reactivates in case of 

an inflammatory process such as appendicitis. Another possibility is that HHV-6 

migrates within latent infected immune cells to the inflamed appendix. How-

ever, because we did not perform immunohistochemical staining of appendix 



48

Chapter 3

tissues, we cannot determine whether HHV-6 reactivated in the appendix or if 

it migrated to the appendix. Another study limitation was that we did not make 

a distinction between the subtypes of HHV-6, namely HHV-6A and HHV-6B. 

Furthermore, the number of appendix tissue of patients without appendicitis 

was relatively small. Only a few patients had a negative appendectomy, due 

to frequent use of diagnostic laparoscopy before appendectomy, resulting in 

few negative controls. Further studies with larger patient groups and biopsy 

staining are required to clarify whether an association exists between CMV or 

HHV-6 and acute appendicitis. 
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