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Abstract

Objective: Tonsils and adenoids are lymphoid tissues that are located in the pharynx and play an important role

against invading antigens of the upper respiratory tract. The present study analyses serum immunoglobulin levels and

peripheral blood (PB) lymphocyte subsets in children, 24�/48 h prior to and 4�/6 weeks after adenotonsillectomy, in

order to determine early effects of adenotonsillectomy on the immune system. Methods: The study population consists

of 15 children (aged 4�/10 years) who underwent adenotonsillectomy because of adenoidal hypertrophy and chronic

tonsillitis and 15 age-matched healthy children without a history of adenotonsillectomy. Serum IgG, IgA and IgM levels

were measured by nephelometry. PB lymphocyte subsets were analysed by using monoclonal antibodies and flow

cytometry. Results: Children with chronic tonsillitis have increased levels of CD19�/ B lymphocytes compared to

healthy controls in the pre-operative period. The percentage of B lymphocytes bearing CD23 was found to be

significantly higher in patients, most likely representing in vivo B lymphocyte activation due to chronic antigenic

stimulation. After the adenotonsillectomy, despite ongoing B lymphocyte activation, CD8�/ T lymphocyte levels

increased and B cell levels returned to normal. A slight decrease in serum IgG, IgA and IgM levels was detected in the

post-operative period compared to prior levels. Conclusion: Adenotonsillectomy performed in children leads to

alterations that may reflect a compensatory response of the developing immune system after the removal of the

lymphoid tissue in the setting of chronic antigenic stimulation. However, these changes do not cause significant immune

deficiency.
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1. Introduction

Human palatine tonsils and the adenoids are the

largest components of Waldeyer’s ring. They are

located at the entrance of the respiratory and
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alimentary tracts and represent the first site of

contact with a variety of microorganisms and

other antigenic substances present in food and

inhaled air [1]. The growing understanding in

recent years of the immunologic functions of both

tonsils and adenoids has led to arguments against

adenotonsillectomy. Much of the controversy has

focused on the benefits of extirpating chronically

inflamed tissues versus the possible harm which

tonsillectomy may produce by eliminating an

important local source of mucosal defence in the

host [2] and has led to a reconsideration of the

indications for the procedure. In the present study,

in order to determine the early effects of adeno-

tonsillectomy on humoral and cellular immune

systems, serum immunoglobulin levels and periph-

eral blood (PB) lymphocyte subsets were analysed

in children prior to and after adenotonsillectomy.

2. Material and methods

This study was conducted on 15 children aged

4�/10 years (median 6.5 years) undergoing surgery

because of adenoid hypertrophy and chronic

tonsillitis at 1.ENT Department of Ankara Nu-
mune Hospital. The indications for operation were

(a) at least five repeated attacks of sore throat in

the last 2 years and (b) mouth breathing and

snoring. Sleep apnea was diagnosed in five of the

fifteen children. All subjects were normal in

growth. None of the patients had a family history

Fig. 1. Serum IgG, IgA and IgM levels of healthy Turkish children and patients before and after adenotonsillectomy. HTC: Healthy

Turkish Children. BAT: Before Adenotonsillectomy. AAT: After Adenotonsillectomy.
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of immunodeficiency or atopic disease. Fifteen

control cases were selected among children of the

same age (4�/10 years, median 7 years) with no

history of adenotonsillectomy or symptoms indi-

cating need for the operation. An informed con-

sent was obtained from the parents both of

patients and controls.

Immunological studies were carried out in the

Pediatric Immunology�/Allergy Research Labora-

tory of Ankara University. Venous blood samples

were taken from the patients 24�/48 h prior to and

4�/6 weeks after the surgery. Serum IgG, IgA and

IgM levels were measured by using the liquid

phase immunoprecipitation method (Turbox TM,

immunoglobulin G, A, M, Orion Diagnostica,

Finland) and compared to age-matched serum

immunoglobulin reference ranges of Turkish chil-

dren [3]. Total lymphocyte counts were calculated

Table 1

PB lymphocyte subsets and activation markers in healthy children and in patients before and after surgery
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according to the formula:

TLC : % lymphocyte�WBC count=100

PB lymphocyte subsets and activation markers
were determined by using CD3�/FITC/CD 25�/PE,

CD 4�/FITC/CD 25�/PE, CD 8�/FITC/CD 25�/PE,

CD 25�/FITC/CD 56�/PE, CD 23�/FITC/CD 19�/

PE monoclonal antibodies (Immunotech, Mar-

seille, France) and flow cytometry (Coulter-

EPICS-XL-MCL).

2.1. Statistical analysis

For statistical analysis, student’s t-test and
paired t-test were used, P -values B/0.05 were

regarded as significant.

3. Results

The serum IgG, A and M levels of the patients

(prior to and after the surgery) and controls are

shown in Fig. 1. A marked increase in serum IgA

levels was detected in patients with adenoid

hypertrophy and chronic tonsillitis as compared

to the healthy children. Serum IgG, A and M

levels were slightly decreased, but still in the

normal range, in the post-operative period com-

pared to prior levels.

PB lymphocyte subsets and activation markers

of patients and controls are shown in Table 1.

CD3�/, CD4�/, CD8�/ T lymphocyte and

CD56�/ natural killer cell levels did not show

any differences between the study groups. But, the

activated (CD3�/CD25�/, CD4�/CD25�/, CD8�/

CD25�/) T cell levels of the patients were found to

be slightly elevated in the pre-operative period

compared to controls (P �/0.05). After surgery,

the higher CD3�/CD25�/ and CD4�/CD25�/ cell

levels showed a slight decrease, but activated

CD8�/CD25�/ T lymphocyte levels continued

their rise and the difference reached a significant

level compared to healthy children (P B/0.01).

Prior to surgery, children with chronic tonsillitis

had increased levels of CD19�/ B lymphocytes

compared to healthy controls. However, CD19�/

B lymphocyte levels decreased to the normal range

after surgery. The percentage of B lymphocytes

bearing CD23 (CD19�/CD23�/) was found to be

significantly (P B/0.01) higher in patients before

Table 3

Results of patients ]/7 years before and after surgery

]/7 Years (n�/9)

Before AT After AT

CD 3�/ (%) 67.159/2.93 68.729/3.62

CD 4�/ (%) 40.429/2.62 42.429/3.09

CD 8�/ (%) 26.889/2.04 26.809/1.82

CD 56�/ (%) 13.309/1.23 12.139/2.61

CD 19�/ (%) 21.339/2.82 20.059/2.14

CD 3�/CD 25�/ (%) 1.389/0.36 0.439/0.09

CD 4�/CD 25�/ (%) 1.709/0.49 0.439/0.10

CD 8�/CD 25�/ (%) 0.229/0.07 0.239/0.09

CD 56�/CD 25�/ (%) 0.529/0.16 0.139/0.03

CD 19�/CD 23�/ (%) 0.579/0.08 0.239/0.11

IgG (g/l) 9.389/1.25 7.929/1.36

IgA (g/l) 1.809/0.41 1.209/0.27

IgM (g/l) 1.359/0.29 1.129/0.26

Table 2

Results of patients 5/6 years before and after surgery

5/6 Years (n�/6)

Before surgery After surgery

CD 3�/ (%) 66.139/2.10 70.279/2.05

CD 4�/ (%) 35.839/2.34 36.879/2.86

CD 8�/ (%) 29.349/1.51 31.739/1.85*

CD 56�/ (%) 13.029/1.70 12.299/1.71

CD 19�/ (%) 21.689/1.73 16.029/1.12**

CD 3�/CD 25�/ (%) 0.379/0.07 0.609/0.06*

CD 4�/CD 25�/ (%) 0.449/0.04 0.709/0.12

CD 8�/CD 25�/ (%) 0.089/0.03 0.219/0.02**

CD 56�/CD 25�/ (%) 0.189/0.05 0.299/0.08

CD 19�/CD 23�/ (%) 0.299/0.13 0.529/0.06

IgG (g/l) 10.879/1.06 9.879/0.89

IgA (g/l) 1.109/0.09 1.029/0.20

IgM (g/l) 1.309/0.18 1.279/0.14

* P B/0.05.

** P B/0.01.
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Table 4

The effects of adenotonsillectomy on humoral and cellular immunity (literature review and the results of the present study)

Number of

subjects

evaluated

Age range

(years)

Time after sur-

gery

Immunological studies

BAT AAT Serum immunoglobulins Cellular immunity

Gogoi D, 1979 [5] 80 10 5�/14 3 months No significant change was de-

tected

Positivity rate to PPd, Candida and DNCB

increased after surgery

Cantani A, 1986 [2] 65 65 2�/11 1�/4 months Decreased after surgery ND

SIgA decreased after surgery

Bussi M, 1991 [6] 40 40 3�/30 3 months ND Increased CD3�/, CD4�/, CD8�/ and B cells,

increased HLA-DR and CD25 expression

Friday GA, 1992 [7] 268 152 1.5�/16 7�/30 months Decreased IgG levels after

surgery tend to occur more

commonly in surgery group

ND

Moreno PM, 1992 [8] 22 22 5�/10 1 month ND Decreased lymphoproliferative response to PHA, PWM,

ConA

Bock A, 1994 [9] 160 4�/8 0.5�/11 years Decreased IgA Increased CD21�/, CD4�/, CD4�/DR4 cell

numbers

Redondo F, 2000

[10]

117 117 1�/6 months Slight but not significant decrease

in IgG

ND

İkincioğulları A,

2002

15 15 4�/10 1�/1.5 month Slight but not significant decrease Increased CD3�/, CD8�/C25�/, CD19�/CD23�/

and decreased CD19�/ cell numbers

BAT: Before adenotonsillectomy, AAT: after adenotonsillectomy, ND: not determined.
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surgery and remained the same (P B/0.01) early
after surgery as well.

To investigate the influence of surgery on the

immune system of patients of different age, we

divided the patients into two groups*/those 5/6

years and those ]/7 years. In patients 5/6 years,

in the post-operative period there was an increase

in total T lymphocyte numbers due to a rise in

CD8�/ T lymphocytes. Activated T and B lym-
phocyte levels were also elevated. However, B

lymphocytes were decreased and returned to

normal compared to prior levels. In patients ]/7

years, activation of T and B lymphocytes declined

after surgery. The immunological profiles of these

two groups are shown in Tables 2 and 3.

4. Discussion

Although adenotonsillectomy is a common

surgical procedure, its possible immunological

sequelae have not been fully investigated. The

question of whether removal of tonsils and ade-

noids compromises the protection of the upper

respiratory tract resulting in immunodeficiency

continues to be the subject of debate [4].
A number of researchers have found decreased

immunoglobulin levels after adenotonsillectomy

while others have failed to find significant changes.

The effects of adenotonsillectomy on the cellular

immunity of children have not been investigated

extensively (Table 4: The effects of adenotonsil-

lectomy on humoral and cellular immunity. Lit-

erature review and the results of the present study)
[2,5�/10].

In the present study, serum immunoglobulin

levels decreased slightly in the post-operative

period compared to prior levels, but were still

within the normal range. This slight decrease in

immunoglobulin levels may be attributed to the

reduction in the antigenic load or to the removal of

antibody-producing tissue. However, there is no
associated humoral immunodeficiency state.

In our study, one of the striking findings was the

in vivo immune activation detected in children

with chronic tonsillitis before adenotonsillectomy.

This probably reflects the immune response of the

host against the various antigenic stimuli trigger-

ing the chronic tonsillitis. Cellular immunity
changes detected in the PB of patients after

adenotonsillectomy may be attributed to a mod-

ulating effect on systemic immunity of the tonsils.

Alterations in cellular immunity following surgery

are aimed at stabilising the activation caused by

chronic tonsillitis and adenoid hypertrophy.

Therefore, there is no indication that surgery

hinders the development of systemic immunity to
cause immunodeficiency.

In the light of our results, we speculate that

following adenotonsillectomy the immune system

response is age dependent, which could be a

reflection of immune maturation. In patients 5/6

years, the most prominent findings detected after

surgery are a decline in B lymphocyte counts and

the elevation of CD3�/, CD8�/ cells together with
T and B lymphocyte activation. The increased T

and B lymphocyte activation may be interpreted as

a struggle of the immune system to compensate for

the decrease in B lymphocyte counts. However, in

patients ]/7 years, T and B lymphocyte activation

declined after surgery. So, adenotonsillectomy in

patients over 6 years appears to eliminate the

immune activation caused by the chronic antigenic
stimuli.

The results of this study reveal the need for

further investigations to determine whether the

immune system maintains its normal status in the

long-term in the post-operative period and

whether the age of the patient influences the

immune alterations detected after surgery.
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